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. Preface

While a surgeon many decades ago treated diseases from head to toe, this concept
has evolved, and today some degree of specialization is the rule worldwide. In
many countries various boards for sub-specializations are designed, and after a
broad training in general surgery, many young surgeons move on further into a

specific field.

Knowledge of anatomy and precise surgical technique remain the foundation of
high quality surgery. A knowledgeable surgeon, equipped with excellent theoreti-
cal and clinical skills, will only be accomplished when he or she masters the op-
erative techniques of the practice of surgery. The legacy of an academic surgeon
or a surgical teacher relies in great part on the transmission of his or her surgical
abilities. Significant influence on the development in esophageal surgery arises
from the surgical understanding of the anatomical and functional structures of
the esophagus as well as the ongoing developments in the multidisciplinary man-
agement in this challenging field of surgery.

In bringing forth this atlas, we were motivated by the desire to create a compre-
hensive and educational atlas on esophageal diseases, emphasizing all details of
pathophysiologies, diagnostic strategies, pre- and postoperative management, and
operative techniques covering minimally invasive and open procedures ranging
from straightforward to more complex procedures.

This Textbook and Atlas is intended for residents in surgery and for fellows spe-
cializing in esophageal surgery preparing themselves for the operation, and will
be useful for specialists and general surgeons, who may compare their techniques
with the one described herein or find some additional help or tricks when per-
forming rare procedures.

In summary, we hope that specialists as well as surgeons at various levels of
training will benefit from this huge effort, combining the work of many experts,
gifted artists, and the publisher.

THE EDITORS
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n Surgical Anatomy of the Esophagus

D.C. BROERING, ]J. WALTER, Z. HALATA

The esophagus is a part of the alimentary
tract. It is a muscular tube approximately
25 cm long extending from the pharynx to the
stomach. The esophagus begins at the lower
margin of the cricoid cartilage opposite the
sixth cervical vertebra and enters the gastric
orifice at the level of the twelfth thoracic verte-
bra.

There are some morphological and physio-
logical differences between the esophagus and
the remaining parts of the gastrointestinal
tract. The esophagus is the narrowest of the
digestive tubes and is collapsed under resting
conditions. The main function is to provide a
proper transit of the food bolus from the phar-
ynx into the stomach. Positioned in the poste-
rior mediastinum, the esophagus is surround-
ed only by adventitial tissue. The muscular
tube remains under permanent tension and is
proximally secured by the upper esophageal
sphincter and distally by the lower esophageal
sphincter. These sphincters create a high-pres-
sure zone of 2 to 4 cm in length. The upper
sphincter prevents any continous air flow into
the digestive tube. The lower sphincter func-
tions as a barrier against reflux of gastric juice
into the esophagus. The closure of the upper
and the lower sphincter is optimized by a sub-
mucous venous plexus. Both sphincters and
additionally the passage through the muscular
diaphragm describe 3 narrowings. Above these
narrowings diverticula may occur due to areas
of weakness in the muscular wall.

After deglutition starts with a pharyngeal
phase, the esophageal phase of swallowing con-
tinues with a progressing peristaltic wave. The
contraction is initiated in the external longitu-
dinal muscle layer and results in shortening
and dilating the esophagus simultaneously.
Secondly, the circular muscle layer narrows the
diameter of the esophagus. The peristaltic con-

traction moves down from oral to aboral at 2
to 4 cm per second. The transit time depends
on the consistence of the food. The passage of
liquids lasts for at least 1 to 2 seconds, mashed
food for at least 5 seconds, and solid food
needs a transit time of about 9 seconds to
reach the cardiac orifice of the stomach.

Topography of the esophagus

The esophagus passes through three compart-
ments: the neck, the chest, and the abdomen.
Therefore, it can be divided into a cervical,
thoracic and abdominal segment.

I The cervical segment (Cs-Th;) of the esopha-
gus begins as a continuation of the pharynx
about 15 cm from the incisors. Lying preverte-
bral between the deep and the middle cervical
fascia and anteriorly attached to the trachea,
the course of the esophagus deviates slightly to
the left.

I Relations. Anteriorly, the trachea passes the
cervical esophagus. The esophageal adventitia
is attached to connective tissue of the membra-
nous wall of the trachea and anchored to the
trachea and the pleura by fibromuscular tissue
bands. Posteriorly, the cervical esophagus is re-
lated to the longissimus cervicis muscles under
the prevertebral fascia. Bilaterally, there are the
common carotid arteries, the internal jugular
veins, and the vagal nerves. The left side of the
esophagus lies somewhat closer to the carotid
bundle than the right. The dorsal parts of the
thyroid gland are located bilaterally between
the esophagus and the carotid arteries. The
thoracic duct ascends for a short distance
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along the left side of the esophagus before ar-
riving to the left venous confluence. In a
groove between the trachea and the esophagus,
the recurrent nerves ascend on each side to
the larynx.

I The thoracic segment (Th;-Th,;) of the eso-
phagus descends from the superior mediasti-
num to the lower posterior mediastinum and
turns slightly to the right of the spine. It
courses behind the trachea from the superior
mediastinum downward, where it is attached
to the left main bronchus. The aortic arch
which becomes the descending thoracic aorta
runs on the left side of the esophagus. The
thoracic aorta gives rise to branches from
which this portion of the esophagus directly
receives its blood supply.

I Relations. The ventral thoracic esophagus is
covered by the trachea and the left main stem
bronchus. While descending, it passes the right
pulmonary artery and touches the pericardium
of the adjacent left atrium. Below the tracheal
bifurcation a vagal plexus surrounds the eso-
phageal wall. At the level of the diaphragm
hiatus, the plexus gives rise to an anterior and
a posterior vagal trunk. The anterior trunk
passes downward on the ventral surface of the
tube, and the posterior trunk runs on the dor-
sal esophageal wall.

In the superior mediastinum, the last part
of the aortic arch with the left subclavian ar-
tery lies left of the esophagus. Further to the
left, there are the thoracic duct and the left
mediastinal pleura.

The thoracic aorta descends on the left side
of the esophagus in the lower dorsal mediasti-
num. On the right side there is the mediastinal
pleura and the azygos vein ascending from
dorsal right to the upper mediastinum and
draining into the superior vena cava.

The vertebral column, the thoracic duct, and
the intercostal arteries are located dorsally. Di-
rectly above the diaphragm, the last part of the
thoracic aorta crosses behind the esophagus.

I The abdominal segment (Th;,-Th;;) is about
1.2-2.5 cm in length, it takes a conical course
while running below the diaphragm from the
esophageal hiatus to enter the cardiac part of
the stomach. This abdominal portion lies in-

traperitoneal and is surrounded by a serosa
coat.

I Relations. Ventrally runs the anterior vagal
trunk, the posterior vagal trunk is placed on
the dorsal muscular wall. To its right, the eso-
phagus lies in close contact to the left lobe of
the liver, which forms an esophageal groove.

While running through the diaphragm, the
esophagus is surrounded and attached by the
phrenoesophageal membrane. This ligament
consists endothoracically of the pleura, the
subpleural fascia, and the phrenoesophageal
fascia of Laimer. The subdiaphragmatic por-
tion of the membrane consists of peritoneum
and the transversalis fascia, blending into the
adventitial coat of the abdominal esophagus.
This membranous arrangement allows elastic
mobility of the distal esophagus.

Development of the esophagus

The esophagus is derived from the caudal part
of the foregut just below the germ of the phar-
ynx. In the fourth week of development, the
caudal portion of the foregut builds a fusiform
enlargement to mark the site of the future
stomach. Above this dilatation, the tracheo-
bronchial diverticula develop ventrally. In later
periods, the development of a tracheoesopha-
geal septum partitions the future trachea from
the future esophagus. The trachea originates
from the ventral part, the esophagus from the
dorsal part of the membranous septum.

The endoderm of the primitive gut gives
rise to the mucosal epithelium. The remaining
layers are derived from mesenchyme of the
caudal branchial arches and from the segmen-
tal splanchnic mesenchyme. Two thirds of the
muscular esophageal wall contains striated
muscle fibers. In the middle third both smooth
and striated muscle fibers are represented. The
lower third of the muscle coat is dominated by
smooth muscle fibers only.

The arterial blood supply (Fig. 1.1) repre-
sents the complicated development and seg-
mentation of the esophagus. The cervical eso-
phagus receives its blood supply mainly from
the inferior thyroidal artery of the thyrocervi-
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phrenoesophageal
membrane

Fig. 1.1. Arterial supply of the esophagus. 1 Thoracic aorta;
2 trachea; 3 left and right subclavian artery; 4 inferior thy-
roid artery with (5) esophageal branches; 6 bronchial artery;
7 aortic esophageal arteries; 8 left gastric artery; 9 ascending
branches of the left gastric artery; 10 ascending branches of
the phrenic artery.

cal trunk and from the superior thyroidal ar-
tery. Together with branches of the tracheoeso-
phageal artery, the vessels build a dense net-
work of collateral anastomoses on both the
anterior and posterior esophageal wall. In rare
cases, the subclavian artery may give rise to an
esophageal branch. The thoracic esophageal
segment is proximally supplied by two to three
bronchial arteries originating from the arch
and the upper descending aorta. Distally, one
or two esophageal arteries arise directly from
the thoracic aorta. These vessels divide into
one ascending and one descending branch
some distance before entering the esophageal
wall. The abdominal esophagus receives its ar-
terial blood from the ascending branches of
the left gastric and inferior phrenic arteries.
The branches of the left gastric artery run on
the lateral side of the cardia following the
longitudinal axis of the esophagus. The dorsal
wall of the distal esophagus is supplied by
branches of the inferior phrenic arteries and

by branches of the splenic artery. All of the
main esophageal arterial branches follow the
longitudinal course of the esophagus after
entering the submucosal layer. They form a
longitudinal network and give rise to minute
branches at right angles which surround the
circumference to communicate with the oppo-
site side. Altogether, the cervical, thoracic, and
abdominal esophageal arterial branches are
connected by a dense anastomosing submuco-
sal network of small vessels. This network pro-
vides an adequate circulation during surgical
mobilization.

The venous drainage continues the division
into three segments. The veins of the cervical
portion drain into the inferior thyroid vein. In
the thoracic region, the blood empties into the
azygos, hemiazygos, and the accessory hemi-
azygos veins. Caudally, the venous plexi of the
abdominal esophagus return blood into the left
gastric vein, and into the coronary vein. This
communication belongs to the portocaval anas-
tomoses. In case of portal venous obstruction,
collaterization through the venous plexus may
occur and result in esophageal varices.

For clinical aspects and especially for thera-
py of malignant tumors, knowledge of the lym-
phatic vessels (Figs. 1.2-1.5, Table 1.1 and 1.2)
and the regional lymph nodes is of immense
importance. The lymphatic capillary vessels
form a plexus in the submucosal layer of the
esophageal wall. The flow of lymph runs
mainly in a longitudinal direction. During con-
traction of the muscular tube, the lymph can
flow bidirectionally, cranial and caudal. There
can be a direct connection from lymphatic
capillary vessels to the thoracic duct in the
middle part of the esophagus.

Lymph ducts of the cervical esophagus drain
mainly into the paraesophageal lymph nodes,
lying laterally to the esophagus, and into the
retropharyngeal lymph nodes, which are posi-
tioned behind the pharynx on the prevertebral
fascia. These lymph nodes drain into the cervi-
cal lymph nodes, running with the external
and internal jugular veins.

Lymph flow from the upper third of the me-
diastinal compartment enters the superior
paraesophageal lymph nodes which are later-
ally attached to the esophagus, and the prever-
tebral lymph nodes, located caudally. In com-
mon, lymphatic drainage of the mid-third
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Fig. 1.2. Mediastinum — ventral view including esophagus (1),
thoracic aorta (2) and trachea (3). 4 Right principal bronchus;
5 left principal bronchus; 6 nodi lymphatici bronchopulmo-
nales; 7 nodi lymphatici juxtaesophageales pulmonales; 8 nodi
lymphatici tracheobronchiales inferiores; 9 nodi lymphatici tra-
cheobronchiales superiores; 10 nodi lymphatici mediastinales
anteriores; 11 thoracic duct.
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Fig. 1.3. Mediastinum — ventral view including esophagus
(1) and thoracic aorta (2). 3 Brachiocephalic trunk; 4 left
common carotid artery; 5 left subclavian artery; 6 nodi lym-
phatici mediastinales anteriores; 7 nodi lymphatici juxtaeso-
phageales pulmonales; 8 nodi lymphatici prevertebrales;
9 anterior facies of the stomach; 10 celiac trunk with nodi
lymphatici coeliaci; 11 nodi lymphatici gastrici sinistri; 12 nodi
lymphatici pancreaticolienales; 13 nodi lymphatici gastroomen-
tales.
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Fig. 1.4. Mediastinum — ventral view including thoracic aor-
ta (2) and thoracic duct (8). 1 Esophagus; 2 thoracic aorta;
3 superior vena cava; 4 brachiocephalic veins; 5 external
jugular veins; 6 subclavian veins; 7 azygos vein; 8 thoracic
duct; 9 nodi lymphatici prevertebrales (UICC-108 — nodi lym-
phatici paraesophageales mediales); 10 (nodi lymphatici in-
tercostales — not constantly); 11 nodi lymphatici aortici;
12 nodi lymphatici phrenici.

Fig. 1.5. Mediastinum — dorsal view. 1 Esophagus; 2 des-
cending aorta; 3 internal jugular vein; 4 pharynx; 5 common
carotid artery; 6 trachea; 7 right principal bronchus; 8 left
principal bronchus; 9 left vagus nerve; 10 right vagus nerve;
11 left pulmonary artery; 12 left and right lung; 13 nodi
lymphatici retropharyngeales and nodi lymphatici paraeso-
phageales; 14 nodi lymphatici tracheobronchiales inferiores;
15 nodi lymphatici juxtaesophageales pulmonales; 16 thorac-
ic duct.
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Table 1.1. Lymph nodes of the esophagus

Draining region  UICC Anatomical nomenclature Position
I Cervical 100 Nodi lymphatici cervicales laterales:
EETRERELS gy — superficiales along the external jugular vein
102 — profundi along the internal jugular vein
101 (Nodi lymphatici paraesophageales) beside the esophagus
Nodi lymphatici retropharyngeales inbetween the dorsal aspect of the
pharynx and the prevertebral fascia
103
104 Nodi lymphatici supraclaviculares the lowest of the deep cervical lymph nodes
I Mediastinal 105, 108, 110 Nodi lymphatici prevertebrales beside and
[ (Nodi lymphatici paraesophageales above
superiores)
108 (Nodi lymphatici paraesophageales beside and behind the esophagus
mediales) in the middle
110 (Nodi lymphatici paraesophageales beside and behind the esophagus below
inferiores)
106 Nodi lymphatici paratracheales along the trachea
107 Nodi lymphatici tracheobronchiales inbetween the bifurcation of trachea along
the principal bronchi
109 Nodi lymphatici bronchopulmonales at the pulmonary hilum
and hilares
111 Nodi lymphatici diaphragmatici superiores along the attachment of the pericardium
with the diaphragm
112 Nodi lymphatici prevertebrales along the caudal thoracic aorta
I Perigastrical 1and 2 Nodi lymphatici gastrici sinistri right and left to the cardia

compartment 3

Nodi lymphatici gastrici dextri

4 Nodi lymphatici gastroomentales
5and 6 Nodi lymphatici pylorici
7 Nodi lymphatici preaortici (coeliaci)

along the lesser curvature
along the greater curvature
above and below the pylorus
along the left gastric artery

courses into the medial paraesophageal lymph
nodes and into the paratracheal, tracheobron-
chial and bronchopulmonary lymph nodes.
However, it can also enter the thoracic duct di-
rectly in rare cases. Another course for the
lymphatic pathway can be to the lymph nodes
of the cranial or caudal compartment. The
lymphatic flow from the lower mediastinal
third runs to the inferior paraesophageal and
prevertebral lymph nodes. Additionally, the su-
perior diaphragmatic lymph nodes have to be
mentioned. They rest on the diaphragm along
the dorsal connection between the pericardium
and the diaphragm.

Lymphatic flow from the abdominal segment
empties into the left and right gastric lymph
nodes along the lesser curvature and into the
gastroomental, pyloric, and/or coeliacal lymph
nodes along the greater curvature. The lym-
phatic pathways, the UICC and the anatomical
nomenclature are summarized in a table.

The innervation of the esophagus is pro-
vided by both sympathetic and parasympa-
thetic fibers. The sympathetic nerve supply is
through the cervical and thoracic sympathetic
chain. Commonly, the branches run with the
arterial vessels. The parasympathetic nerve is
primarily through the recurrent laryngeal
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Table 1.2. Lymph nodes of the mediastinum

Anatomical nomenclature

Position

Draining region

I Nodi lymphatici parasternales

B Nodi lymphatici mediastinales
anteriores

I Nodi lymphatici prepericardiales

I Nodi lymphatici mediastinales
posteriores:

I Nodi lymphatici juxtaesophageales
pulmonales

I Nodi lymphatici bronchopulmonales

I Nodi lymphatici tracheobronchiales
inferiores

I Nodi lymphatici tracheobronchiales

along the internal thoracic vessels
aortic arch, brachiocephalic vein
inbetween the sternum

and the pericardium

along the esophagus

pulmonary hilum
inbetween the bifurcation of trachea

in the angle between the trachea

Thoracic wall, mamma, diaphragm,
pericardium, prepericardial lymph nodes

Pericardium, thymus, parasternal lymph
nodes

Pericardium

Esophagus, lung

Lung and bronchi
Lung, bronchi, trachea

Lung, bronchi, trachea

superiores
I Nodi lymphatici paratracheales along the trachea

I Nodi lymphatici prevertebrales

posterior mediastinum between

and the principal bronchi

Trachea, esophagus

Dorsal thoracic wall, esophagus

the thoracic spine and the esophagus

I Nodi lymphatici phrenici

and the costalic part
I Nodi lymphatici gastrici

right and left on the diaphragm
inbetween the tendinous center

around the gastric vessels along the

Diaphragm, pericardium, right side
of the liver, left side of the pericardium

Esophagus, liver, gall bladder, stomach

lesser curvature of the stomach

nerve and the esophageal plexus arising from
the vagus nerve.

Due to the close relationship to the respira-
tory tract and an extending increase of muco-
sal epithelium, malformations can occur in sev-
eral cases. Most common are esophageal steno-
sis, atresia, fistula, and diverticula.

Structure of the esophagus

The esophageal wall consists of four layers. It
is comprised of a characteristic tissue texture
of the mucosa - the internal mucous coat (tu-
nica mucosa), the submucosal (tela submuco-
sa), and the muscular layer (tunica muscu-
laris). The external layer is an adventitial coat
(tunica adventitia) composed of loose connec-
tive tissue.

The mucous layer consists of three layers:

B the lamina epithelialis, characterized by
stratified, non-keratinizing squamous epithe-
lium

I the lamina propia mucosae, and

I the lamina muscularis mucosae, containing
a small layer of smooth muscle fibers.

The submucosa consists of loose fibrous con-
nective tissue and contains mucous and tubu-
lar glands, arterial and venous blood vessels as
well as lymphatic vessels. The fine lymph cap-
illaries run in a longitudinal direction. Conse-
quently, lymph flow may empty both cranially
and caudally into regional lymph nodes. In the
upper two thirds of the esophagus, the lymph
flow courses mainly cephalad and caudad in
the lower third. Lymph from the middle part
may directly drain into the thoracic duct. In
rare cases, lymphatic follicles can be found in
the submucosal layer.
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The submucosal layer also contains a network
of nerves, representing parasympathetic inner-
vation through the vagus nerve and sympathetic
innervation. Innervation of glands, smooth and
striated muscle fibers is given through vegetative
neural branches of this network.

The muscular coat can be divided into an in-
ternal circular-oriented muscle layer and an ex-
ternal muscle layer of longitudinal orientation.
In the superior third of the esophagus, these
layers are exclusively composed of striated mus-
cle fibers. In the middle third the striated muscle
fibers dominate, but smooth muscle fibers are
intermingled. In the lower third, smooth muscle
fibers predominate. Most likely, the striated
muscle originates from the mesenchyme of the
caudal branchial arches, and the smooth muscle
develops from the surrounding segmental mes-

enchyme. A somewhat helical direction of the
muscular layer has been described. This obser-
vation together with the longitudinal course of
the lymphatic vessels in the submucous layer
could explain the spreading of carcinoma cells
over a long distance before entering the regional
lymph nodes both superiorly and inferiorly.

The nerve supply of the esophageal muscles
is through both vagus nerves and their
branches and the sympathetic nervous system.
There are no muscle spindles in between the
striated muscle fibers. Stretching of the muscu-
lar wall is detected by specific mechanorecep-
tors which are similar to the Riffini bodies of
the locomotor apparatus.

The esophagus is enveloped and connected
with its surrounding structures by loose con-
nective tissue, the tunica adventitia.
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Diagnostic Methods of Examination

G. Krupski, V. NIcoLAS

Conventional methods of examination

To judge the anatomy, the function, as well as
pathologic findings in the esophagus, contrast
esophagographies are needed. Applied contrast
media are the barium swallow and water solu-
ble contrast media. For the diagnostic routine
examination, viscous barium suspensions are
required in order to judge motor disorders, the
mucous membrane, and lateral boundaries. If
perforation, rupture or postoperative suture
dehiscence is suspected, water soluble contrast
media or contrast media used in bronchogra-
phy should be taken. These contrast media
should also be used in case of suspected eso-
phago-tracheal fistula and where risk of aspira-
tion is present. The double contrast of the eso-
phagus can be improved by mixing the usual
contrast medium with gas, or if necessary with
intravenous application of anticholinergic sub-
stances.

For the investigation of dysphagia, a 100 mm
camera should be applied or cinefluorography is
required; with the use of these techniques, espe-
cially proximal tumors can be demonstrated and
documented. The patient can be examined in an
upright or a lying position. The latter is used to
slow down the passage of contrast media. To get
an impression of the organs of the thorax, a
roentgenoscopy should be performed first. Ab-
normalities of the lungs, the diaphragm, and
the heart can be seen with the use of this tech-
nique.

The standard projections are frontal, right
oblique and lateral positions, as well as target
radiography in two planes of pathological or-
gan regions. The esophagogram is the method
of first choice to detect diverticula, hernias,
varices, and achalasia.

Diverticula

Depending on their origin pulsion-, traction-
and mixed diverticula can be detected as well
as cervical, thoracic and epiphrenic diverticula.

I Cervical diverticula show a progression in
complaints with increasing size of the diverti-
culum during the course of the disorder. Ini-
tially the patients complain of a sensation of a
foreign body and difficulty in swallowing.
Congestion, regurgitation, and the linked dan-
ger of aspiration take place only with progres-
sion of disease. In the beginning the com-
plaints may be misinterpreted as of cardiac
origin. Depending on its size, a diverticulum
usually lies on the left side of the neck. Occa-
sionally distension of the neck or even a palp-
able tumor is evident. A diverticulum may be
compressed in order to limit further filling.

Posterior pharyngeal diverticula (Zenker’s di-
verticulum), in most cases, lie on the left hand
side. With progression of the disease, it may
reach such a size that the esophagus may be
compressed and displaced. In this case, we refer
to a false diverticulum created by pulsation in
the region of Killian’s triangle. This is a region
with a scarce amount of muscle above the M.
cricopharyngeus, but it is more likely due to a
failure of opening of the M. cricopharyngeus.
It may occur as a result of an error in the coor-
dination between the closure of the sphincter
and the emptying of the pharynx. Piriform di-
verticula fill during swallowing earlier than the
esophagus and usually show a neck.

These characteristically show retention of
food. Since the neck of the diverticulum is sit-
uated quite cranially, the diverticulum is often
seen as a mass lesion within air fluid levels in
plain radiographs.
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Fig. 2.1. Typical depiction of a cervical esophageal diverticu-
lum (Zenker) in a.p. and lateral projection after barium swal-
low. On the lateral film the esophagus is compressed and

I Traction diverticula are usually found arising
from the anterior or lateral wall of the esopha-
gus, at the level of the tracheal bifurcation.
The cause is thought to be inflammatory,
lymph nodes as a result of e.g. tuberculosis.
This infiltrates the wall of the esophagus and,
with remission of disease, a cricatricial retrac-
tion of the esophagus wall occurs. The x-ray
findings tend to show clearly defined 0.5-1 cm
deep extrusions of the esophagus wall, usually
with a pointed above and a broad basic. Trac-
tion diverticula generally are incidental find-
ings, since the patient usually has no symp-
toms or suffers from non-specific symptoms
only. They can be missed on x-ray, if the ex-
amination is performed in an upright position
with a minimal filling of the diverticulum, or
if a patient has not been examined in the
oblique or lateral position especially if the di-
verticulum is the anterior extrusions of the
esophagus.

I Epiphrenic diverticula, as their name implies,
are situated near the diaphragm arriving from
the right posterolateral aspect of the esopha-
gus. They develop due to mal- or dysfunction
of the esophagus. If the diverticula is in com-
bination with achalasia, diffuse spasm of the

shows ventral displacement (—). Therefore, it can be classi-
fied as stage Il according to Brombard.

esophagus or hypertonic sphincter may be as-
sociated findings. Dysphagia, nocturnal heart-
burn due to emptying of the diverticulum in
the horizontal position, and epigastric abdom-
inal pain are the resulting symptoms. The ab-
sence of gastric mucosa in the diverticulum as
well as the connection to the esophagus allows
the diverticulum to be differentiated from a
prolapsed part of the stomach.

Achalasia

Dysfunction in the esophageal body and lower
esophageal sphincter serve as a guide to the
clinical picture of achalasia. The causative
agent of achalasia (cardio spasm, mega esopha-
gus) is unknown. The rare mega esophagus
congenitus must be separated from the mega
esophagus of achalasia. The predominant guid-
ing symptom of achalasia is difficulty in swal-
lowing. The sensation of food sticking or
cramping pain is often projected retrosternally
or around the xiphoid process. As the disease
progresses the patients present with regurgita-
tion and weight loss. There is a risk of aspira-
tion and bronchopulmonary complications.
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Depending on the severity of the disease, on
plain chest x-rays broadening of the mediasti-
nal silhouette located on the right side due to
a distended esophagus may be visible. On the
lateral view, the retrocardial space is often opa-
cified and the trachea is anteriorly displaced.
After the swallow there is a slow filling of the
dilated esophagus and the barium contrast me-
dium mixes with retained food resulting in an
inhomogenous image. The esophageal wall ap-
pears smooth. With varying prestenotic dilata-
tion of the esophagus in its distal part, there is
a smooth narrowing in the gastroesophageal
junction. To rule out a malignant stenosis, the
proof of the continuity of the longitudinal eso-
phageal fold is essential. Suction of remaining
food and additional application of glucagons
may help to distinguish achalasia from other
conditions.

Gastroesophageal reflux and hernias

The term reflux disease summarizes clinical
findings resulting from reflux of gastric acid
and aggressive duodenal secretors into the eso-
phagus. In association with food intake and
position of the body, the leading symptoms of
retrosternal pain or burning sensations as well
as projected pain in the epigastrium or throat
are reported. The diagnosis of gastroesophageal
reflux is primarily made from the typical clinical
findings with proof of either reflux of inflamma-
tory mucosal reactions being achieved by endo-
scopy or radiology.

The radiological examination of gastroeso-
phageal reflux or hiatus hernia is performed
with the patient head down or prone. Valsalva
maneuver followed by deep inspiration and
coughing can provoke gastroesophageal con-
trast media reflux and herniation. The early
stage of the disease often lacks clear signs. Ad-
ditional findings are disturbed motility (tertia
1 contractions) and swollen folds. Evidence of
a short esophagus or hiatus hernia supports
the diagnosis. Minor ulceration is not normally
detectable radiologically but is seen by endo-
scopy. However more extensive ulceration is

seen as contour irregularities or a niche partic-
ularly using a double contrast technique. Pep-
tic stenosis resulting in a shortened esophagus
and post-inflammatory scarring of the eso-
phageal wall is the final stage of the disease.
The involvement of the esophageal musculature
in the disease becomes obvious by spastic
changes in stenotic areas and disturbed motil-
ity in prestenotic dilatation proximal to tubular
stenoses. These causes reduce contrast media
outflow on x-rays.

There are no specific clinical findings in hia-
tus hernia. Most of the patients are completely
free of symptoms, and the hernia is detected
as an incidental finding in gastrointestinal ex-
aminations for other reasons. Large hernias
may already have been diagnosed from a plain
chest x-ray as translucencies in the right peri-
cardial angle or retrocardial and paravertebral
space, respectively. The surrounding margin is
formed by the gastric wall and shows varying
air fluid levels. Using oral contrast media, hia-
tus hernias can be classified and clearly differ-
entiated from hernias of the diaphragm. For a
sliding hiatus hernia the level of pretubular
esophagus, gastroesophageal vestibulum, and
Schatzki-ring (mucosal border of esophagus
and stomach) (if present) as well as an intra-
thoracic and infradiaphragmal stomach have to
be described. For all types of hernias (sliding,
paraesophageal, mixed, upside-down-stomach)
primary or acquired brachyesophagus has to
be ruled out prior to surgery.

Varices

The examination for the detection of esopha-
geal varices is performed in a supine position
in expiration. Submucosal varices present with
linear, nodular, and pearly thickenings in the
lower third of the esophagus. In the same ex-
amination fundal varices in the stomach
should be ruled out as well. If varices are lim-
ited to the upper third of the esophagus,
thrombosis or stenosis of the SVC should be
considered and further investigations such as
CT or angiography are necessary.
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Fig. 2.2. Esophageal varices: round-shaped filling defects
lined up like pearls.

Foreign bodies

The localization of ingested foreign bodies is
an important radiological examination. Re-
tained foreign bodies in the esophagus or
throat cause vomiting and coughing and may
disturb swallowing. Before using contrast
agents plain x-rays should be taken from the
neck and chest region in at least two planes.
One has to look for air trapping in soft tissues,
frontal positioning of the pharyngoesophageal
segment, broadening of the mediastinum, dis-
turbed motility of the diaphragm, atelectasis,
pleural effusion, or free intraperitoneal air as
markers for complications of foreign body in-
gestion. Most foreign bodies are trapped in the
upper third of the esophagus by its strong
musculature. The esophageal lumen is flattened
at this level by the cricoid cartilage anteriorly
and at the 6th cervical vertebra posteriorly.
Flat foreign bodies tend to become positioned
in a frontal plane which plays an important
role for the differentiation from tracheal for-

eign bodies because these tend to be posi-
tioned in a sagittal plane. The precise localiza-
tion of either endotracheal or esophageal for-
eign bodies needs a lateral view. After oral ap-
plication of water soluble contrast media, the
foreign body becomes smoothly covered. Large
foreign bodies, such as a bit of meat, might
block the contrast passage completely. Swal-
lowing of a cotton pad previously dipped into
contrast media can enable visualization of pre-
viously invisible foreign bodies. Apart from
the direct demonstration of foreign bodies, the
oral contrast application facilitates the detec-
tion of associated mucosal ulceration, fistulas,
or perforations which determine further thera-
peutic approaches.

Esophageal tumors

Dysphagia is the first und most common clini-
cal sign of an esophageal carcinoma. Quite
often the disease starts with uncharacteristic
burning sensations or retrosternal pressure
while swallowing. Surprisingly, patients can pre-
cisely localize the level of obstruction. In con-
trast to esophagitis or esophageal spasm, pain
sensations are well described and localized.
The diagnosis of an esophageal carcinoma is
made by radiology, endoscopy, and biopsy.
Characteristic findings in the esophagogram of-
ten enable the differentiation between malignant
and benign lesions. Depending on the extent
and growth, the appearance may vary. Based
on x-ray morphology there are three main
types:
I Scirrhous carcinoma with intramural growth
and early stenosis
I the ulcerated or medullary carcinoma with
ulceration
I the exophytic, polypoid carcinoma with intra-
luminal growth and filling defect with irregu-
lar surface at the periphery.

Plaque-like lesions are an early sign of an in-
filtrating growth. For the detection of small
lesions, a multiplanar examination using dou-
ble contrast is obligatory. Mucosal folds tend
to be only slightly thickened and can be dis-
rupted. There might be remaining contrast de-
pots in lesions. In the early stages motility and
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Fig. 2.3. Platelet-cell carcinoma of the thoracic esophagus
demonstrated in double-contrast technique. Apple-core
shaped filling defect of the otherwise adequately distended
esophagus with an irregular and ulcerated surface (—).

flexibility of the esophagus are normal. De-
pending on their growth, advanced tumors re-
sult in rigidity of the esophagus wall, destruc-
tion of the normal fold architecture, intralum-
inal filling defects, and stenoses with presteno-
tic dilatation. Due to ulceration and loss of
small tumor parts, the radiological aspect can
vary from examination to examination. Fibrous
types of the esophageal carcinoma are very dif-
ficult to detect in the early stage because mini-
mal wall deformities are easily missed. In the
advanced stages hourglass-like circular ste-
noses develop which primarily have smooth
margins (increasing infiltration and ulceration
finally leads to irregular contours).

I Benign esophageal tumors (0.6%) are rare
compared with malignant tumors. The presen-
tation of symptoms and signs depend on the
site, extent, configuration, and growth direc-
tion of the tumor. Most benign tumors are
asymptomatic. Dysphagia is the leading symp-

Fig. 2.4. Distal adenocarcinoma of the esophagus (Barrett
carcinoma) positioned in the esophagogastric junction. A
small rim of the distal esophagus in the hiatus shows residu-
al normal epithelial folds (—).

tom for submucosal and intraluminal growth
when the lumen becomes obliterated. Intra-
mural and extraesophageal growth can lead to
very large tumor size before symptoms become
clinically apparent (dysphagia, vomiting, retro-
sternal pain). Depending on their growth pat-
tern, benign esophageal tumors can be classi-
fied as intraluminal (papilloma, adenoma, car-
cinoid, hemangioma, fibrovascular polyp, gran-
ular cell myoblastoma), intramural (leiomyoma)
and cysts. After histological examination 50-
70% of benign tumors are found to be leiomyo-
mas which are located in the mid and lower
third in 90% of cases. Radiologically they pres-
ent with well defined round filling defects with-
out disruption of the mucosa. Compared with
the normal esophagus there might be a slight
flattening of the folds in the neoplastic area.
Peristalsis is normal. With circular growth pre-
stenotic dilatation and a mega esophagus can
result in rare cases. Sometimes, there is ulcera-
tion which can be difficult to differentiate from
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malignant lesions such as carcinomas or sarco-
mas or polyps (a short course of the disease,
weight loss and rapid deterioration with diffuse
leiomyomatosis, diverticula, gastric carcinoma
and a synchronous malignant lesion in benign
esophageal tumors. Hence on barium swallow
only intraluminal growth can be observed. Peri-
esophageal growth has to be demonstrated using
cross sectional imaging techniques: CT, MRI,
and endosonography.

CT and MRI

Indications for a CT examination in esophageal
disease are: diagnosis of lymphatic and hema-
togenous metastatic spread, periesophageal tu-
mor extent, and tumor localization for irradia-
tion. For the detection of the longitudinal ex-
tent of a tumor the esophagogram is superior.
The application of water soluble oral contrast
media for the demonstration of the esophageal
lumen has shown to be of value. In the CT in-
filtrative or medullary growing scirrhous carci-
nomas might present with a thickening and
demarcation of the periesophageal tissues.
Proximal to a stenotic tumor a fluid-air level
can be seen. In polyploidy growing tumors the
intraluminal tumor or an eccentric wall thick-
ening might strike ones eyes. Wrong estima-
tion of tumor size and lymph node staging are
common in cachectic patients or after surgery
and irradiation, respectively. In cachectic pa-
tients the differentiation of the esophagus from
surrounding tissues might be almost impossi-
ble due to reduction of mediastinal fatty tissue.
In this situation the missing fat pad does not
necessarily suggest an infiltration of the adja-
cent structures or vessels. The 90° rule is helpful
to decide whether there is a vascular infiltration:
if the contact area of tumor and aorta lies above
1/4 of the circumference of the vessel (which
equals an angle of 90°) there is an infiltration
of the aorta in 80% of the cases. However, with
an area less than 45° (1/8 of the circumference)
there is no infiltration to be expected. Preopera-
tive irradiation leads to increased fatty tissue
densities and therefore impossibility to differ-
entiate such changes from infiltration.

—_—

Fig. 2.5. Cross-sectional (T-image of the thorax in a patient
with esophageal platelet-cell carcinoma (same case as in Fig.
2.3.). After barium swallow, a narrowed residual lumen is
visible (—) surrounded by tumor mass.

With the introduction of multislice CT-imag-
ing slight improvements in the imaging of eso-
phageal tumors could be achieved for primary
and secondary staging as well as detection of
distant metastasis (Figs. 2.1-2.3). Nevertheless
this still cannot be called a true breakthrough.

Indications for MRI are equal to CT, but cor-
onal and sagittal image planes allow sufficient
differentiation for longitudinal tumor extent de-
finition. Nevertheless, in all publications to date,
there is no evidence that MRI is superior to CT
in the imaging of malignant esophageal disease.
Since the T1 and T2 weighted images, esopha-
geal musculature is equal to skeletal muscle or
a good differentiation from tumor can be ex-
pected in T2 weighted sequences. However,
due to low signal to noise ratios and motion ar-
tifacts in long acquisitions, the anatomical spa-
tial resolution is worse. To enhance the differ-
ences in relaxation of tumor and surrounding
tissue the application of i.v. Gadolinium DTPA
can be advantageous. Because of diaphragmatic
motion, particularly the inferior part of the eso-
phagus and the esophagogastric junction are
difficult to image on MRI (Figs. 2.4-2.6).

The lymphatic spread of malignant esopha-
geal tumors follows the esophageal wall to lo-
coregional paraesophageal lymph nodes. De-
pending on the localization of the tumor, low,
cervical and supraclavicular lymph node sta-
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Fig. 2.6. T1-weighted axial and sagittal MR images of the
mid esophagus in a patient with platelet-cell carcinoma

o E0 -
Fig. 2.7. Axial T2-weighted MR image in a patient with
proximal platelet-cell carcinoma of the esophagus presenting

with suspicious paratracheal lymphoma. In addition, there is
an infiltration of the pars membranacea of the trachea (proven

tions have to be included in CT examinations.
They can be visualized from 5-10 mm depend-
ing on slice thickness. Normal lymph nodes
may reach a diameter of up to 10 mm. Diame-
ters above 15 mm are suspect for metastatic

(same patient as in Figs. 2.3 and 2.5). In both planes the tu-
mor extent can clearly be outlined (—).

-_

by tracheoscopy and biopsy) best seen on the left image
(disruption of the low signal intensity outer margin of the
trachea). The tumor has to be staged as T4 N2.

infiltration but cannot be differentiated from
reactive lymph node enlargement in e.g. asso-
ciated pulmonary diseases.

In the literature the accuracy for the T-stag-
ing in CT is 60% and 47-74% for the N-stag-
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<« Fig. 2.8. Sagittal T1-weighted image of a large esopha-
geal carcinoma from a modern 1.5 T MRI: both proximal
and distal tumor borders are visible.

ing, whereas endosonography is doubtlessly bet-
ter with an accuracy of 73-95% and 73-80%, re-
spectively. Although the accuracy of CT and MRI
is insufficient for N- and T-staging, in esopha-
geal malignant disease both are obligate for de-
tection of hepatic and pulmonary metastases.

I Perspectives in imaging

New imaging techniques are subsequently in-
troduced and applied in the diagnosis of eso-
phageal disease. Promising first results were
presented using e.g. intraluminal MRI probes
and PET (Figs. 2.7, 2.8). The latter seems to
bear a certain impact on early detection of
non-responding tumors undergoing neoadju-
vant treatment regimes.

Fig. 2.9. Sagittal T1-weighted MR images in advanced eso-
phageal carcinoma of the middle third. Both tumor mass
and pulmonary metastases of the left apical lung lobe as
well as multiple suspicious lymph nodes are displayed with a
solitary sequence.
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Introduction

Endoscopy is well established in the evaluation
of esophageal disease. With the widespread
availability of endoscopy in nearly every hospi-
tal around the world, it has largely supplanted
radiological examination as the primary inves-
tigation of choice. The major advantage over
radiological examination is that the endo-
scopist can directly visualize the mucosa and
obtain targeted biopsy specimens. Further-
more, endoscopic treatment (e.g., balloon dila-
tation for achalasia or stent inception for eso-
phageal carcinoma) can often be performed
immediately after the diagnostic examination.
Conventional endoscopy has most recently
been complemented by endoscopic ultrasonog-
raphy, which adds a new dimension to endo-
scopic diagnostic capability. Using an endo-
scope equipped with a miniaturized ultrasound
transducer at its tip (echoendoscope), or cathe-
ter ultrasound probes (‘miniprobes’) that can
be inserted through the working channel of a
standard endoscope, the endoscopist is able to
sonographically “look” into and beyond the
esophageal wall.

Equipment and normal anatomy

Videoendoscopes that use an electronic CCD
(charge-coupled device) or chip for generation
of an image are rapidly replacing the older fi-
beroptic endoscopes. The videoendoscopes
produce clear high-resolution color images of
the luminal wall lining that are displayed on a
television monitor. Since videoendoscopic
images can be viewed by multiple observers, it
has improved coordination between endosco-

pist and assistant, such as the timely opening
and closing of biopsy forceps. Videoendoscopy
has also significantly improved the teaching of
endoscopy.

The normal color of the wall is a pale sal-
mon pink. On close inspection, tiny vessels
can be seen shimmering through the mucosa.
Small whitish papules are commonly some-
times seen along the mucosa and represent a
benign entity without clinical significance (gly-
cogenic acanthoses). In the proximal esopha-
gus an isolated patch of reddish mucosa may
be seen, which histologically represents hetero-
topic gastric (columnar) mucosa. The upper
and lower esophageal sphincters (at approxi-
mately 15 cm and 40 cm from the incisors, re-
spectively) can be recognized endoscopically as
regions of luminal constriction that can be eas-
ily passed with gentle advancement of the en-
doscope. Occasionally, neighboring organs
such as the aorta can impinge on the esopha-
gus and cause mild luminal narrowing. This
may mimic a submucosal tumor. In this case
endosonography is helpful.

The transition of the squamous epithelium
of the esophagus to the columnar epithelium
of the stomach is always sharp and readily
identified by an abrupt change in the color
and appearance of the mucosa from a glossy
pale pink (squamous epithelium) to a velvety
deep red (columnar epithelium). This transi-
tion is referred to as the Z-line, derived from
its irregular zig-zag appearance.

Malignant tumors

Because esophageal carcinoma originates from
the mucosal layer, it is easily recognized on
endoscopic examination. Patients usually pre-
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sent at an advanced stage of disease when ste-
nosis has resulted in dysphagia and weight
loss. Most esophageal malignancies are squa-
mous cell carcinoma, but the incidence of ade-
nocarcinoma has been steadily rising. The en-
doscopic appearance may vary, but typically
presents as a lumen-occluding ulcerating poly-
poid lesion. There is often increased vascular-
ity and contact friability. The sudden onset of
a coughing spell or respiratory distress during
endoscopy should alert the endoscopist to the
possibility of an esophago-tracheal fistula,
which can be confirmed by a radiographic gas-
trograffin study or bronchoscopy. Stenosing tu-
mors that cannot be traversed with a thin-cali-
ber endoscope (e.g., pediatric gastroscope) will
require preliminary bougienage, which should
be done cautiously in graduated steps. Rarely,
a diffusely infiltrating scirrhous cancer may
present as thickening and rigidity of the eso-
phageal wall of variable length. This may be
falsely interpreted to represent fibrosis of
chronic esophageal reflux disease. It is impor-
tant to recognize that the visible tumor may
not represent its true extent. A tumor may
spread submucosally and even establish satel-
lite lesions far removed from the primary le-
sion.

Although carcinomas are easily accessible to
endoscopic biopsy and brushings for histocy-
tological confirmation, the diagnosis may be
missed if faulty biopsy technique is used. Mul-
tiple biopsies and brushings should be taken
from different sites of the tumor, avoiding
areas of obvious necrosis. When 6 to 10 biopsy
specimens are obtained, the diagnostic accu-
racy has been reported to be around 80%. The
type of forceps selected may improve the tissue
yield; if possible, large-cupped biopsy forceps
with a needle should be used. Forceps that
open laterally are preferable for flat lesions that
are approached tangentially.

Endoscopic detection of early or superficial
cancer in the esophagus is difficult to diagnose
and is often overlooked in the asymptomatic
patient. Their detection requires mass screen-
ing programs, as have been established in Ja-
pan where the incidence is around 40% (com-
pared to <5% in Europe and the United States
where screening is absent). In line with the Ja-
panese experience, early malignancy is subdi-
vided into three main macroscopic types ac-

cording to the tumor’s height in relation to the
neighboring normal epithelial surface:

I Type I, elevated or protruded type

I Type II, superficial flat type

I Type III, depressed or excavated type.

Type II is divided into three subtypes:
I Type IIa, flat with elevation
I Type IIb, flat without elevation
or depression
I Type Ilc, flat with depression.

The typical appearance of an early cancer is a
circumscribed polypoid lesion (Type I), but
the lesion may appear as a patch of mucosal
discoloration (Type II).

Chromoscopy using dye stains such as Lu-
gol’s solution and methylene blue may be used
to facilitate the detection of early carcinomas
or Barrett’s epithelium. Lugol’s solution stains
glycogen components of normal nonkeratin-
ized squamous epithelium and will fail to stain
severely dypsplastic and carcinomatous tissue
(“negative staining”). Methylene blue stains ab-
sorptive epithelium and will identify regions of
intestinal metaplasia or dysplasia [3].

Benign tumors

Benign non-epithelial tumors include leiomyo-
mas, lipomas, granular cell tumors, neurofibro-
mas and fibrovascular tumors. All of these typ-
ically appear on endoscopic examination as a
“submucosal” tumor, ie., a rounded, raised
mass with normal appearing overlying mucosa.
The most common benign tumor of the eso-
phagus is a leiomyoma, which arises from
smooth muscle cells in the mucularis propria
or less commonly the muscularis mucosa. Pal-
pation of this solid mesenchymal tumor with
an endoscopic accessory (e.g., closed biopsy
forceps) reveals the submuscosal lesion to be
firm in consistency. The overlying mucosa is
normal and can be moved against the underly-
ing tumor. Forceps biopsies are usually too
superficial to establish a diagnosis.
Hemangiomas, composed of numerous cap-
illary or cavernous channels lined with endo-
thelial cells within the mucosa or submucosa,
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typically appear as a nodular mass with a blue
or plum hue. In contrast to leiomyomas and
other mesenchymal tumors, they are soft to in-
strumental palpation. Endoscopic biopsies of
these lesions have been reported without sig-
nificant bleeding.

EUS is the procedure of choice to evaluate
submucosal lesions. EUS is capable of defining
the origin of the lesion relative to the histolog-
ic layers of the gastrointestinal tract and the
extent of its spread. Genuine submucosal tu-
mors can be distinguished from extramural
structures that can compress the esophageal
wall and thereby mimic a submucosal tumor
(e.g., aorta, bronchogenic cyst, lymph node).
Although EUS cannot provide a histologic di-
agnosis, the layer of origin and the echogeni-
city of the lesion are often highly suggestive of
the diagnosis. Leiomyomas present characteris-
tically as a well demarcated hypoechoic mass
originating from the muscularis propria or
muscularis mucosae layer (Fig. 3.1). A leiomyo-
ma can be differentiated from a leiomyosarco-
ma with reasonable certainty by assessing so-
nographic features such as size, homogenicity,
and margins, and following these features
longitudinally over time. Lipomas are typically
well demarcated hyperechoic structures origi-
nating from the submucosal layer.

Fig. 3.1. Benign leiomyoma; hypoechoic mass originating from
the muscularis propria or muscularis mucosae layer.

Esophagitis

Gastroesophageal reflux disease (GERD) leads
to inflammation of the esophageal mucosa that
can be detected on endoscopy. The most reli-
able endoscopic markers of inflammation are
erosions and ulcers. Erythema alone is often a
nonspecific finding and poorly reproducible
among examiners. Numerous classification
schemes have been proposed to grade the sev-
erity of esophagitis, but the most commonly
used is that of Savary Miller:

0 normal

1 Erythema or edema

2 noncircumferential erosions
3 Circumferential erosions

4 Ulcerations

Savary Miller stage ‘0’ is GERD without endo-
scopic evidence of esophagitis. The diagnosis
of GERD is established by histologic evidence
of esophagitis or 24-hour pH manometry. Re-
flux is usually acid in nature, but may be alka-
line, such as after a partial Billroth-II gastrec-
tomy.

Complications of GERD include ulcerations,
peptic stenosis, and Barrett’s esophagus.

GERD is often associated with a hiatal her-
nia, which may contribute to incompetency of
the lower esophageal sphincter. The axial slid-
ing hernia is the most common type, but occa-
sionally a paraesophageal hernia (stomach fun-
dus herniated into the thorax alongside the
esophagus) is encountered, of which the “up-
side-down” stomach is an extreme variant.

Endoscopy is the method of choice for the
detection of nonreflux-induced esophagitis.
The most common cause of infectious esopha-
gitis is Candida. The diagnosis is usually sug-
gested by the typical endoscopic appearance
showing multiple isolated or confluent yellow-
whitish plaques. The proximal esophagus is
preferentially involved. At an advanced stage,
these plaques become circumferential and may
result in luminal narrowing. The diagnosis is
established by brush cytology.

Viral esophagitis due to cytomegalovirus
(CMV) and herpes simplex virus (HSV) cause
mucosal ulcerations. The appearance can vary
considerably depending on the cause of immu-
nodeficiency and severity of disease. The ear-
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liest lesion of HSV is the vesicle, usually seen
in the oropharynx, but occasionally encoun-
tered in the esophagus. HSV ulcers are superfi-
cial and often scattered throughout the esopha-
gus. By contrast, CMV ulcers tend to be large
and more well-circumscribed with sparing of
intervening mucosa. Brushings of HMV lesions
for cytology are usually diagnostic, whereas
the diagnosis of HMV requires large forceps
biopsies taken from the ulcer base.

Complications of esophagitis

I Peptic strictures. Peptic strictures may occur
in as many as 10-20% of patients with chronic
GERD. The endoscopic appearance is typically
that of a concentrically fixed narrowing that
does not distend with air insufflation at or
slightly above the level of the cardia. The length
of the stricture is rarely greater than 1-2 cm,
and the mucosa appears scarred. Inflammatory
mucosal changes are usually present.

Tissue sampling is mandatory to exclude
malignancy.

I Barrett's esophagus. Barrett’s esophagus is
defined as metaplastic change of squamous
epithelium to columnar lined epithelium caused
by chronic GERD. The diagnosis is a histological
one and requires the identification of goblet
cells on histopathology to establish the presence
of intestinal metaplasia. The entity is more com-
mon in men than women, and the frequency of
Barrett’s esophagus in patients undergoing
endoscopy for clinical indications approaches
1% for men [1, 2]. The entity is widely regarded
as pre-malignant owing to a risk of developing
cancer that is 30- to 100-fold higher than healthy
controls. However, the actual likelihood of an in-
dividual with Barrett’s esophagus over a lifetime
is difficult to define. Prospective series define an
incidence of adenocarcinoma ranging from 1 in
52 patient years of follow-up to 1 in 278 patient
years. The prognostic significance of Barrett’s
esophagus will depend on whether dysplasia is
present and what the estimated life expectancy
is (patient’s biological age and comorbid condi-
tion). Barrett’s esophagus has received greater
attention in recent years due to the rising inci-

dence of adenocarcinoma relative to squamous
cell carcinoma of the esophagus.

Barrett’s esophagus should be suspected
when the squamocolumnar junction (Z-line) is
proximally displaced from the gastroesopha-
geal (GE) junction. This may be difficult to di-
agnose when the Z-line is obscured - as may
be the case with accompanying inflammation -
or the GE junction is obscured - as may be
the case with an accompanying hiatal hernia
or tortuous anatomy. Barrett’s epithelium typi-
cally appears as “tongues” of velvety red muco-
sa that extends into the tubular esophagus.
However, a long circumferential segment of
Barrett’s can mimic normal squamous epithe-
lium.

Barrett’s esophagus has been defined in the
past as metaplastic tissue extending 3 cm into
the tubular esophagus. However, recently “short
segment” (<3 cm) and “ultrashort segment” (at
the gastric cardia) Barrett’s esophagus have been
found to have malignant potential. Endo-
scopically inapparent but histologically con-
firmed Barrett’s metaplasia has received greater
appreciation as endoscopists have begun to sys-
tematically evaluate for Barrett’s with biopsies.
The use of vital dyes such as methylene or tolui-
dine blue, which specifically stain intestinalized
epithelium, can help to identify Barrett’s change.

Varices and other sources
of upper gastrointestinal bleeding

In the patient with upper gastrointestinal bleed-
ing, endoscopy is indicated as a first-line proce-
dure to localize the bleeding source. Vomiting of
fresh blood suggests variceal bleeding as the
most likely source. Other less frequent sources
may be hemorrhagic esophagitis or a Mallory-
Weiss tear, the latter a linear mucosal tear at
the cardia caused by violent retching. A deep
tear may result in perforation (Boerhaave’s syn-
drome) with signs of mediastinitis or media-
stinal emphysema. Hematemesis may also be
caused by swallowed blood from the nose or hy-
popharynx, mimicking gastrointestinal bleed-
ing.

Dilated esophageal veins may be seen in pa-
tients with portal hypertension and do not
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pose any risk for bleeding. By contrast, visible
varices may rupture and bleed, as they are lo-
cated in the mucosa (lamina propria mucosa).
Varices are typically seen in the lower third of
the esophagus and are categorized according
to their risk of bleeding in 3 grades:
I Grade 1: discretely protruding into the lumen
I Grade 2: protruding into the lumen and per-
sisting even after maximal insufflation of air
I Grade 3: filling the variceal lumen with no
normal mucosa between columns.

Additional signs that correlate with an in-
creased risk of bleeding are red spots over
varices (‘red color signs’) and small venules
over varices (‘blue wale sign’).

Esophageal varices are usually a complication
of portal hypertension (pre-, intra- and posthe-
patic block). Rarely, varices may complicate
mediastinal compression with obstruction of
venous emptying (‘down-hill’ varices in the
upper third of the esophagus). In northern
Europe portal hypertension is most commonly
caused by alcoholic liver cirrhosis and in south-
ern Europe by posthepatic cirrhosis (especially
hepatitis B and C). Portal hypertension caused
by a liver tumor is characterized by recurrent
bleeding.

Endoscopic hemostasis is the procedure of
choice for acute variceal bleeding. The injec-
tion of Histoacryl (Braun-Melsungen) to oblit-
erate the bleeding varix is the best endoscopic
treatment [4]. After hemostasis is achieved, en-
doscopic ligation with rubber bands and para-
variceal sclerotherapy are well established as
effective treatments to prevent variceal rebleed-
ing, the risk of which is very high and asso-
ciated with significant mortality. After variceal
eradication, endoscopic follow-up examinations
are indicated to treat new varices. Varices that
have not previously bled are generally treated
by beta-blockers to prevent first-time bleeding.
Variceal band ligation is undergoing investiga-
tion as a possible treatment for the primary
prevention of variceal bleeding.

Diverticula

Diverticula are outpouchings of the esophageal
wall. True diverticula comprise all layers of the
esophageal wall (e.g., the typically asympto-
matic mid-esophageal traction diverticula),
whereas pseudodiverticula are herniations of
the mucosa through the muscle layer (e.g.,
Zenker diverticula of the proximal esophagus,
whereby the diverticulum protrudes posteriorly
through the muscle fibers of the Kilian triangle
and can cause severe symptoms of dysphagia
and regurgitation of food). Epiphrenic divertic-
ula are often found in association with eso-
phageal motility disorders (see below).

Achalasia and other motor disorders

Endoscopy is a relatively insensitive method for
assessing esophageal motility disorders, as the
anatomy and mucosal lining of the esophagus
do not show pathognomonic changes. However,
the diagnosis may be suggested in advanced
cases. Achalasia, an acquired neurodegenerative
disease of the esophagus, in which there is a se-
lective loss of inhibitory neurons to the ganglion
cells of the Auerbachs plexus, has several char-
acteristic findings. Firstly, the esophagus proxi-
mal to the gastroesophageal (GE) junction may
be dilated and filled with food or secretions.
Stasis may result in varying degrees of inflam-
matory changes. Secondly, the GE junction
may show a puckered appearance without evi-
dence of fibrosis or tumor. Characteristically,
the endoscope will “pop” through the tight
opening with pressure. It is imperative to distin-
guish primary achalasia from secondary achala-
sia due to malignancy involving the cardia. The
careful examination of the cardia region, includ-
ing a retroflexed view from the stomach, is re-
quired, and biopsies should be liberally taken
from any suspicious area.
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As a rule, manometric studies should be
obtained to confirm the diagnosis of primary
achalasia. Manometric studies may also sug-
gest other motility disorders such as diffuse
esophagospasm, nutcracker esophagus, or
sclerodermia, all of which can mimic achalasia.
It must be emphasized that motility disorders
are a diagnosis of exclusion, and that all pa-
tients should undergo an endoscopy to exclude
malignancy and GERD. The diagnosis of reflux
disease is of importance, as this can be easily
and effectively treated.
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Role of Endoscopic Ultrasound for Diagnosis
and Staging of Esophageal Cancer

A. FRiTSCHER-RAVENS, M. X. PELLING

Introduction

Despite radical and aggressive combination che-
motherapy, the prognosis for esophageal cancer
remains poor.

Any decision about the best and/or most
suitable treatment with curative or palliative
intent is dependent on the depth of penetration
of the primary tumor and on the presence or
absence of local or distant lymph node meta-
stases.

Computer tomography remains the “gold
standard” for pre-operative staging of esopha-
geal cancer. Measurements of wall thickness
serve as criteria for depth of invasion by the
primary tumor. A wall thickness of less than
1 cm is classified as T1-T2 and a wall thickness
greater than 1 cm as T3. The limited spatial re-
solution of CT and its inability to visualize the
layers of the esophageal wall make it unreliable
for detection and staging of early cancers,
although the accuracy of CT improves in ad-
vanced disease.

To improve preoperative staging, including
evaluation of depth of invasion and involve-
ment of local nodes, it is necessary to use an
imaging technique that is able to resolve the
different layers of the esophageal wall, as well
as the surrounding tissues. Over the past 20
years endoscopic ultrasound (EUS) has devel-
oped and become established as a high-resolu-
tion technique for the evaluation of upper gas-
trointestinal lesions. At present it is the only
imaging modality able to demonstrate the de-
tailed anatomy and layers of the esophageal
wall. This allows correct tumor staging, which
can be correlated with the post-operative his-
tology.

In many centers it is now standard practice
to perform precise staging with endoscopic ul-

trasound after CT has been obtained. Also, en-
doscopic ultrasound has emerged as the most
important new tool for pre-operative treatment
decision.

Principles of EUS tumor staging

Endoscopic ultrasound with 5-10 MHz probes
enables visualization of 5 different layers of the
wall of the upper gastrointestinal tract, which
makes tumor staging (T-staging) according to
the UICC TNM classification possible [4, 5, 82]
(Table 4.1, Fig. 4.1). The T-staging is based on
the definition of “normal” and “destroyed or ab-
normal” wall structures [6]. The normal ana-
tomical wall structures consist of two mucosal
layers (echorich and echopoor), an echorich
submucosal layer and an echopoor muscle layer.
Sometimes the echorich adventitial layer can be
visualized (Fig. 4.2a,b). Malignant T1 or T2 tu-
mors appear as echopoor lesions within the nor-
mal mucosal layer leaving the submucosal and/
or muscle layers intact. Once the echopoor le-
sion extends through the muscle layer the tumor

Table 4.1. TNM classification and stage grouping of esopha-
geal carcinoma

Tx — Primary tumor cannot be assessed

TO — No evidence of primary tumor

Tis — Carcinoma in situ

T1 — Tumor invades lamina propria or submucosa
T2 — Tumor invades muscularis propria

T3 — Tumor invades adventitia

T4 — Tumor invades adjacent structures
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Fig. 41.a T1sm; b T2; ¢ T3; d T4.

L. muscularis mucosae L. muscularis propria
L. submucosa Adventitia

~ Water-filled
.~ ballon

Fig. 4.2. a Echo rich submucosal layer and echo poor muscle
layer; b configuration of the layers.
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is defined as T3 (Fig. 4.1). If there is invasion of
adjacent organs, such as the trachea or dia-
phragm, it is defined as T4.

Although usually well visualized these tu-
mors can be difficult to stage correctly. There
is often edema around the lesion, which has
similar echogenicity as the tumor itself and
can lead to overstaging. Tumor understaging
with endoscopic ultrasound is rather rare
(7, 8].

Endoscopic ultrasound can penetrate about
5-7 cm, allowing visualization of the posterior
mediastinum, celiac axis, part of the liver, the
spleen and the body of the pancreas. Conse-
quently in addition to T-staging it is possible
to stage local nodes larger than 3-5 mm (N-
staging) [9, 10] as well as some distant meta-
static nodes (M-staging), in particular celiac
axis nodes. Assessment of these distant nodes
is most important if primary surgery with
curative intent has been planned.

Tytgat and Tio [11] attempted to define EUS
criteria for “normal” and “metastatic” lymph
nodes in the presence of malignant disease.
Criteria such as size, echogenicity, round
shape, and smooth borders were used to classi-
fy nodes. Published data show an accuracy of
up to 80% using this classification. However,
this does not allow reliable differentiation of
benign and malignant involvement [12, 13],
and CT or EUS guided needle aspiration of de-
tected nodes is required if these would change
the treatment plan. This applies particularly to
celiac axis nodes.

Examination technique
and instrumentation

Esophageal cancers are generally examined
with mechanical or electronic radial echoendo-
scopes with shaft diameter of 11.5-13 mm and
probes switchable from 5 to 10 MHz (Fig. 4.3,
left). The mechanical echoendoscopes are side-
viewing and have a 360° ultrasound image
(Olympus Optical Inc, Tokyo, Japan). Newer
electronic radial echoendoscopes are forward
viewing and have color Doppler ultrasound.

Fig. 4.3. Echoendoscopes.

A water filled balloon is mounted on the tip
of the scope for better acoustic coupling to the
bowel wall, which is sometimes needed to ob-
tain optimal ultrasound images. Radial echoen-
doscopes have a scanning plane perpendicular
to the endoscope and create images of the eso-
phagus and surrounding structures in the
same projection as axial CT. As a consequence
the structures seen on EUS are moderately
easy to recognize even for examiners not
experienced in interpretation of ultrasound
images. Consequently, evaluation and inter-
pretation of pathologies is quite easily learnt
(Fig. 4.4).

Unfortunately at the time of presentation
many esophageal tumors are already quite ad-
vanced in the lumen, preventing passage of the
main echoendoscopes. A special tapered echo-
endoscope, “the esophagoprobe”, with a shaft
diameter of only 7.9 mm has been developed
for these patients (GF MH 908, Olympus Optical
Co., Tokyo, Japan) (Fig. 4.3, centre) [14, 15].

For very small and superficial or highly ste-
notic tumors, miniprobes are available. These
are mechanical catheter-like 2.4 mm probes
with a 360° view. They cannot be used inde-
pendently but are operated through the acces-
sory channel of a gastroscope (Fig. 4.3, right).
The depth of penetration of these catheter
probes varies from a maximum of 1.8 cm for
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Lymph node (LN)

Aorta

azygos vein Thoracic duct

b

Fig. 4.4. a Evaluation of pathologies and structures; b interpretation of pathologies and structures.

the 20 MHz probe (UM 3R, Olympus Optical
Co., Tokyo, Japan) to 2.9 cm for the 12 MHz
probe (UM 2R, Olympus Optical Co., Tokyo,
Japan). If necessary an additional water filled
catheter sleeve can be used for better acoustic
coupling. The higher resolution of these high
frequency probes allows up to 7-9 layers to be
seen in the wall of the bowel [16]. For endo-
scopic ultrasound guided fine needle aspiration
(EUS-ENA) electronic linear array echoendo-
scopes with a 100-180 degree sector parallel to
the long axis of the endoscope are available
(Pentax GmbH, Hamburg, Germany; Olympus
Optical Co., Tokyo, Japan; Toshiba, Tokyo, Ja-
pan) (Fig. 4.5).

The anatomical views seen with linear endo-
scopic ultrasound are quite different to those
with radial echoendoscopes. Reliable identifica-
tion of anatomical landmarks and pathology
takes some time, and there is a rather longer
learning curve [17]. A major advantage of the
linear system over the radial is the ability to
visualize the entire length of a biopsy needle
advanced through the accessory channel. The
needle can be seen endoscopically as it
emerges from the channel and can then be fol-
lowed on ultrasound in real time as it is
pushed through the bowel wall into the target
tissue. The needle can be advanced and re-
tracted under direct ultrasound visual control.

For fine needle aspiration 170 cm long 19-
22 gauge needle systems are commercially

Fig. 4.5. EUS-FNA echoendoscopes.

available. These can be securely screwed onto
the accessory channel of the endoscope [18].
Color Doppler ultrasound can be used to iden-
tify and avoid vessels in the path of the needle.
With this technique it is possible to sample
nodes as small as 5 mm adjacent to large ves-
sels or the heart. The fine needle aspiration is
performed through the esophageal or gastric
wall and does not leave any visible mark in the
gut wall. Generally 22 gauge needles are used
to obtain cytology. If histology is necessary,
particularly for suspected GIST tumors or
non-Hodgkin’s lymphoma, a 19 gauge needle is
available. These are similar to the smaller nee-
dles but are more rigid and slightly more diffi-
cult to handle, so they should be reserved for
cases where cytology might not be sufficient.
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The complication rate with these larger needles
has not been established but is likely to be
higher [19].

EUS compared to other imaging techniques

Several earlier studies compared the accuracy
of CT and EUS in the staging of esophageal
cancer. EUS correctly staged the primary tu-
mor in 76-88% and nodes in 70-86%. CT in
the same patients was significantly less accu-
rate correctly staging the primary tumor and
nodes in 43-59% and 46-58% respectively [2,
8, 20, 24, 26, 27].

Newer studies using helical or multi-slice CT
showed slightly improved results. Of 60 patients
with esophageal cancer who underwent pre-op-
erative CT and EUS, sensitivities for T and N
staging were 58% and 79% for CT and 72%
and 91% for EUS, respectively (Figs. 4.6, 4.7).
Specificity for both T and N stages was 80%
and 84% for CT and 85% and 68% for EUS, re-
spectively [28]. The impact of the tumor stage
on final therapy was assessed in 125 patients.
CT was less accurate (51%) than EUS (74%)
for nodal staging. EUS-FNA further improved
these results [29].

In recent years Positron Emission Tomogra-
phy (PET), a new imaging technique, has been
introduced to overcome some of the shortcom-
ings of CT for staging. This technique relies on
increased uptake of the positron emitting glu-
cose analogue by neoplastic tissue and has the

advantage over conventional imaging of not re-
lying only on anatomic imaging. Recent studies
comparing CT, PET and EUS showed sensitiv-
ity for T staging of 83-95% for PET, which was
similar to EUS but higher than for CT (67%).
Sensitivity for local N staging was 33-37-55%
for PET compared to 69-81-89% for EUS.
However the specificity for local node involve-
ment was 89-100% with PET and only 54-67%
for EUS, while accuracy was 63% for PET, 66%
for CT and 75% for EUS [30-32]. These data
clearly suggest EUS is superior to PET for
staging local nodes. The relatively low specific-
ity of EUS imaging alone can be improved by
performing FNA during the procedure. PET
detected distant metastases in 47% and CT in
33%, while EUS cannot be used for distant dis-
ease other than celiac nodes [30].

CT and PET add important information
about possible distant metastases, and particu-
larly CT remains an important imaging tech-
nique for the staging of esophageal cancer. It
is readily available, relatively inexpensive, and
fees are usually reimbursed. PET has a high
specificity for nodal involvement and therefore
may be indicated in selected cases. Wallace et
al. compared the health care cost and effective-
ness of all three imaging techniques for staging
esophageal cancer in the USA. CT and EUS-
FNA was the most inexpensive strategy and
offered more quality-adjusted life-years than
other strategies. PET+EUS-FNA were slightly
more effective but also more expensive [33].
All in all CT and EUS are complimentary tech-
niques for the staging of esophageal tumors,

L. musc. propria

Aorta

® Thoraci

. duct
azygos vein

Fig. 4.6. a T2-tumor, N1-status; b schematic demonstration of the pathologies and structures.
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Fig. 4.7. a T3-tumor; b schematic demonstration.

and PET may add additional useful informa-
tion in certain cases where there is uncertainty
about nodal involvement.

EUS and tumor stenosis

A prerequisite of a complete EUS examination
is that the esophageal tumor allows the scope
to pass into the stomach. If there is a tight ma-
lignant stenosis it may be impossible to pass
the echoendoscope. Stenoses are present in 25-
36% of tumors at the time of diagnosis [2, 34-
36], and in most of these cases EUS evaluation
is limited and incomplete. Images exclusively
obtained from the proximal part of the tumor
are not representative of the entire tumor, and
correct T staging is possible in only 32% com-
pared to 81% if the scope can pass (34%).

In general patients with tight strictures due
to esophageal cancer have a higher tumor
stage (T3-T4) and a less favorable prognosis.
To be able to identify at EUS those strictures
with a lower T stage suitable for curative sur-
gery, endoscopic dilatation would be required.
Despite controversial results such dilatation is
not recommended only for imaging as the risk
of perforation is as high as up to 25% [35, 36].

To reduce the risk of perforation in tight
strictures a small calibre tapered echoendo-

Tumor behind the
L. muscularis propria

scope has been developed, the esophagoprobe,
which has a shaft of only 7.9 mm and a slip-
pery tapered metal tip (Fig. 4.3, middle) [14,
15, 37]. As it has no optics it has to be intro-
duced over a guide wire, which is advanced
into the stomach via a small calibre gastro-
scope prior to the EUS examination. Guided
by the wire the echoendoscope can pass
blindly through even the narrowest stenosis as
the tapered tip serves as a dilator. A minor en-
doscopic dilatation is only rarely necessary
[15]. Using this probe correct T staging is pos-
sible in up to 89% and N staging in 79%. The
evaluation of nodes at the celiac axis can be
achieved in 91%. There have been no reported
complications using this scope [14, 15, 37].

In addition to the esophagoprobe ultra-thin
miniprobes with 12, 20 and 30 MHz are avail-
able, which can be advanced via the accessory
channel of a standard gastroscope through
tight strictures. With these catheters T staging
is possible in 87-90% of cases [38, 39]
although evaluation of celiac nodes is more
difficult because of the limited depth of pene-
tration.

Results using either the esophagoprobe or
the miniprobes for evaluation of strictures due
to esophageal cancer show that 12-19% of
these patients have T2 stage disease and may
be eligible for surgery [15, 37]. In these cases
EUS can significantly change further manage-
ment of these patients.



4 Role of Endoscopic Ultrasound for Diagnosis and Staging of Esophageal Cancer 1

31

EUS and re-staging of esophageal cancer

For patients with advanced tumors not suitable
for surgery, combined chemoradiotherapy is an
option. Post therapy follow-up and re-staging
is necessary, at least in patients receiving neoad-
juvant therapy, to evaluate whether the patient
has become eligible for surgery. Imaging tech-
niques used for this purpose include EUS.

Extent of the tumor, wall thickness, and
number and size of locoregional nodes are
used to evaluate therapeutic response. A num-
ber of studies have shown that EUS is not able
to differentiate true extent of residual tumor
from fibrosis and peripheral edema following
therapy. These appear hypoechoic similar to
the tumor and may result in over-staging. As a
result T staging correlates with surgical staging
in only 27-43% following neoadjuvant chemo-
radiotherapy [41-47]. This is also true if the
patient receives radiotherapy alone [48].

Patients who have had an R, resection re-
quire regular follow-up. Nearly 50% of patients
develop local recurrence or distant metastases.
In these cases EUS can help detect irregulari-
ties of the wall and echopoor areas [49, 50].
The sensitivity is over 75% [49, 50]. However
because of the surgery the normal wall layers
are destroyed in the area of the anastomosis
and early recurrence might be missed. False
positive results also occur so special care has
to be taken not to over-interpret the altered
anatomy.

However in the presence of focal wall thick-
ening or tumor near the esophageal or gastric
wall EUS achieved a positive predictive value
of 100% for recurrence.

EUS may provide satisfactory results for the
detection of involved local nodes, but echo-
genicity and altered node shape and size alone
does not prove malignancy as the specificity of
EUS is low [13]. In these cases EUS-FNA is
necessary for definitive tissue diagnosis.

Endoscopic ultrasound
in early tumor stages

Since endoscopic mucosal resection (EMR) and
other endoscopic methods such as photody-
namic therapy and argon plasma therapy were
introduced for the treatment of early esopha-
geal cancer, accurate staging of these cancers
has become even more important [52].

Early esophageal cancer can only be de-
tected endoscopically as most imaging tech-
niques are not sensitive enough to detect these
subtle changes. Once proven histologically, ac-
curate selection of patients for mucosectomy is
vital. This includes the ability to differentiate
T1lm (tumors which are limited to the mucosa)
from Tlsm tumors (those which invade the
submucosa). Tlm tumors metastasise rarely to
lymph nodes (<5%) and EMR may be cura-
tive. TIsm tumors behave like more advanced
tumors and node metastases are more likely.
Therefore these may better be treated with sur-
gery, depending on the general condition of
the patient [53-55].

Although EUS performed with 5-10 MHz
probes can differentiate between T1 and T2 ma-
lignancies, their resolution is not sufficient to
reliably diagnose and differentiate between
Tlm and Tlsm tumors. Although correct diag-
nosis may be possible in up to 71% (Fig. 4.8a,b)
the evaluation of these lesions is best per-
formed with miniprobes at 12-30 MHz. These
probes enable up to nine wall layers to be visu-
alized resulting in easier differentiation be-
tween mucosal and submucosal spread. This
differential diagnosis is possible in up to 86%
of cases (Fig.4.9) [56]. Failure to correctly
stage these tumors is mainly due to the known
surrounding edema, resulting in overstaging of
a mucosal lesion into a Tlsm or T2 stage tu-
mor [57]. 30 MHz probes provide the best re-
solution but have poor penetration. Recently
three dimensional probes have been developed,
which transform two dimensional images into
virtual three dimensional images and allow
measurement of tumor volume [58].

With T1 tumors intended for endoscopic
therapy it is especially important to evaluate
lymph node status. In general local lymph
nodes are correctly described in 67-91% with
EUS [28, 30-32, 56, 59].
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Fig. 4.9. a T1 m-tumor; b schematic demonstration.

Miniprobes have limited depth of penetra-
tion and therefore limited potential for the ex-
amination of local nodes. This is reflected by
the lower accuracy of only 56% for N staging
T1 tumors using miniprobes [56].

In general lymph node metastases are only
to be expected with Tlsm tumors. If fit en-
ough, those patients with Tlm tumor would
undergo surgery, and it is hardly ever neces-
sary to exchange a miniprobe for an echoen-
doscope to complete nodal staging in these
cases. There may be some critical cases where
therapy would be altered, in which case staging
with both EUS probes is required. If nodes are

umor within
submucosal
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detected tissue proof is necessary to confirm
metastatic involvement, as specificity of EUS
alone is not sufficient for final diagnosis.

Endoscopic ultrasound guided
fine needle aspiration

CT evaluation of mediastinal and celiac nodes
and their differentiation into benign and meta-
static lacks precision [61, 62]. EUS is able to
detect up to 90% of involved nodes, but the
imaging alone using criteria such as echogeni-



4 Role of Endoscopic Ultrasound for Diagnosis and Staging of Esophageal Cancer 1

33

city, clear margins and small size (>1 cm) is
not able to define their aetiology with suffi-
cient specificity (2, 7, 8, 12, 13, 20, 25, 28, 30-
32, 63].

The required tissue diagnosis of detected
nodes can be provided by EUS guided fine
needle aspiration (EUS-FNA) of the mediasti-
num, performed at the same time as the EUS
staging. Potentially this method is comparable
to CT guided transthoracic biopsy, but this is
burdened with a complication rate of 9%; 7.7%
pneumothorax, which needs drainage in 1.6%;
1.3% bleeding [65-67]. In addition the accu-
racy of transthoracic needle biopsy of nodes
smaller than 1 cm is low and cannot be per-
formed in close proximity to large vessels.
EUS-FNA represents a fairly new and alterna-
tive modality for tissue diagnosis. This can be
used for all nodes within 5 cm of the GI tract
as long as vision is not inhibited by air
(Fig. 4.10). For esophageal cancer all lesions lo-
cated within the posterior mediastinum 3 mm
or larger, as well as celiac nodes can be visual-
ized and punctured in real time under direct
vision [10].

The pretracheal area and the anterior me-
diastinum are not accessible due to interfering
air from the trachea. Nodes proximal or distal
to the tumor are easily accessible. Nodes visi-
ble directly behind the primary tumor mass,
which can only be approached through the
tumor are to be avoided. The needle may be
contaminated by malignant cells from the pri-
mary tumor giving rise to a false positive node
cytology (68%). Around 20% of patients with
esophageal cancer have celiac metastases, which
are easily assessed (Fig. 4.11).

Technically EUS-FNA of mediastinal and ce-
liac nodes is not demanding, especially when
compared with fine needle aspiration of pan-
creatic masses or peri-pancreatic lymph nodes.
The echoendoscope is straight, and the nodes
are in close proximity to the gastrointestinal
wall. Color Doppler allows the identification of
nearby or interfering vessels allowing safer
puncture. Advancement of the needle can be
seen endoscopically as well as on ultrasound
in real time. Complications of EUS-FNA for
lymph node puncture are extremely rare. One
esophageal perforation was reported when the
echoendoscope was forced to pass a malignant
esophageal stricture [62]. In general EUS-FNA

Aorta

Lymphnodes

Celiac trunk

Fig. 4.10. Scheme of EUS-FNA.

provides cytology. It is able to verify the etiol-
ogy of the tumor as well as metastases from
other primaries such as breast, kidney, or lung
cancer. False positive results are rare [69].

The technical success rate of EUS-FNA for
mediastinal nodes is 89-96% [70-74] and is in
the same range for the staging of lymph nodes
in esophageal cancer [29, 75-78]. In a large
prospective study of 125 patients EUS-FNA
with lymph node involvement was significantly
more sensitive (83% vs 29%) and more accu-
rate (87% vs 51%) than CT, and also more ac-
curate than EUS alone (87% vs 74%), resulting
in a change in management in 77% of patients
[29].

EUS and EUS-ENA of celiac nodes may re-
quire esophageal dilatation because stenosis
may be seen in patients with advanced disease.
No complications were observed from esopha-
geal dilatation in a study using EUS. 18 (90%)
of 20 nodes biopsied were positive for malig-
nancy. CT detected only 6 (30%) of 20 cases of
suspicious celiac lymph nodes, of which 83%
were positive for malignancy by FNA [79]. In
another study helical CT achieved a sensitivity
and specificity for celiac nodes of 53%, and
86% of those nodes were detected and proven
to contain malignancy by EUS-FNA [80]. An-
other group performed EUS-FNA in 94% [51,
54] of patients with celiac lymph nodes. The
accuracy of EUS-FNA in detecting malignant
nodes was 98% [78].
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Needle

Fig. 4.11a,b. Schematic demonstration of EUS-FNA at the
celiac trunk.

In recent studies comparing the health care
cost and effectiveness of multiple staging strat-
egies EUS-FNA and/or CT +EUS-FNA were the
most inexpensive options and offered the most
quality-adjusted life-years. EUS-FNA+CT can
therefore be considered the preferred strategy
(33, 81].

Conclusion

EUS represents a highly sensitive and accurate
method for the staging of esophageal cancer,
which is not achieved by any other imaging
modality to date. Simultaneously performed
EUS guided FNA adds cytology for regional
and celiac node staging, thus providing valu-
able information for the management of eso-
phageal cancer patients.
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Preoperative Evaluation
of the Operative Risk Profile

K.A. Gawabp, C. BuscH, D.C. BROERING, E.E YEKEBAS

Introduction

The primary goal of a preoperative risk analy-
sis is the reduction of perioperative morbidity
and mortality. The latter is still ranging up to
10% for esophageal cancer despite all progress
in intensive care therapy and the refinement of
surgical technique. The morbidity, in particu-
lar the incidence of pulmonary complications,
is by far higher and amounts to approximately
50%.

To reduce this high morbidity, insufficient
organ systems are to be recognized and their
function should be improved by suitable
means, preoperatively.

Definition of “risk”

Mortality and morbidity are affected by tumor-
related and patient-related factors, which have
to be differentiated.

Tumor-related factors of risk such as tumor
size, infiltration of neighboring organs, lym-
phatic spread, or possible distant metastasis
are evaluated by preoperative staging.

The patient-related risk is characterized by
pre-existing diseases leading to dysfunctions of
certain organ systems not related to the malig-
nant disease, thus accounting for the individu-
al risk of the patient.

Methods for the ascertainment and objectifi-
cation of this risk will be described in the fol-
lowing.

Methods of risk ascertainment

Traditionally risk assessment is a subjective
appraisal of the patient by the surgeon sup-
ported by objective findings such as routine
blood chemistry, chest x-ray, and ECG. By
questions evaluating physical performance
such as “How many floors can you walk up
without shortness of breath or chest pain?”,
the surgeon tries to objectify his appraisal.

This procedure assumes extensive clinical
experience and is not suitable for a standard-
ized, objective patient evaluation and selection.

Different instruments for the objective esti-
mation of the risk are established. The ASA
classification predominantly applied in anes-
thesia. It combines objective findings, the sub-
jective impression, and the clinical findings of
the examiner into a 5-step classification. It is
designed, however, for the application to a
broad spectrum of surgical patients and is not
suitable for the individual risk assessment be-
fore esophagectomy.

Different analyses described in the literature
could isolate a multiplicity of independent risk
factors, which significantly affect postoperative
mortality and the incidence of postoperative
complications. However, none of these investi-
gations lead to the establishment of a simple,
practicable scoring system allowing a general
evaluation.
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Table 5.1. Classification of organ dysfunction

1 — normal
2 — restricted
3 — highly restricted

I Pulmonary function

1 — normal
2 — restricted
3 - highly restricted

I Hepatic function

1 — normal
2 — restricted
3 - highly restricted

I Cardiac function
(cardiological appraisal)

1 - normal
2 — restricted
3 - highly restricted

I General status

VC>90% and Pa0,>70 mmHg
VC<90% or Pa0, <70 mmHg
VC<90% and Pa0, <70 mmHg

ABT>0.4
ABT < 0.4; cirrhosis
cirrhosis

normal risk
increased risk
high risk

Karnofsky Index >80% and good cooperation
Karnofsky Index < 80% or bad cooperation
Karnofsky Index <80% and bad cooperation

ABT: Aminopyrine breath test; VC: vital capacity; Pa0,: arterial O, partial pressure; Karnofsky Index, see Table 5.2

Table 5.2. Karnofsky Index

100%
90%  Marginally reduced activity and capacity

Normal activity, no complaints

80%  Normal activity only with exertion,
clearly reduced activity

70%  Unable for normal activity, autonomous
maintenance

60%  Occasional help, largely autonomous
maintenance

50%  Continuous support and care, regular medical
help needed

40%  Mostly bedridden, professional nurse needed

30%  Continuously bedridden, professional nurse
needed

20%  Badly ill, hospitalized, active supportive therapy
10%  Moribund

one of a total of 3 risk groups (small risk (11-
15 points), moderate risk (16-21 points), high
risk (22-33 points)).

In our own patient collective the use of
scores established in thoracic surgery [2] has
been shown to be effective for the assessment
of pulmonary and cardiac risk. Based on our
experience, these are the limiting factors that
substantially affect postoperative morbidity
and mortality. In particular a preoperative op-
timization of the patient condition can be
achieved in a suitable manner. The function of
other organ systems is assessed by means of
laboratory analyses and, if necessary, function
tests.

An instrument for preoperative risk analysis,
particularly in esophageal cancer patients, was
recently established on the basis of an analysis
of 553 patients [1]. It seems to allow the iden-
tification of patients with a clearly increased
risk who may have to be admitted to a non-
surgical treatment. The factors shown in Table
1 are multiplied with a priority factor (general
state x4, cardiac function X3, hepatic function
x2 and respiratory function x2), and a total
score is calculated allowing the assignment to

Measures for preoperative
risk minimization

We are in favor of an interdisciplinary
approach with participation of surgeons, cardi-
ologists, and pulmonologists. Patients in whom
a restriction of the pulmonary or cardiac func-
tion is evitable by the preoperative analysis
can possibly be brought into a lower risk
group by suitable measures. To achieve an im-
provement of cardiac function above all, the
optimization of the medication for hyperten-
sion, cardiac insufficiency or arrhythmia is
mandatory. In coronary obstruction, stenting
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or even bypass procedures should be per-
formed to improve the cardiac risk of the pa-
tient. To improve pulmonary function the sen-
sible use of mucolytic agents, bronchodilators
as well as effective respiratory therapy (drain-
age, percussion, vibration, and breathing exer-
cises) under physiotherapeutic guidance or
machine measures (incentive spirometry, “Con-
tinuous positive airway pressure” (CPAP), “in-
termittent positive pressure breathing” (IPPB))
have to be considered. In patients with cachex-
ia, a high caloric enteral nutrition should be
supported by infusion therapy.

Patients with esophageal cancer represent a
difficult patient group, usually afflicted with
multiple pre-existing diseases. An exact history
provides initial information on possible risk
factors. It is especially necessary to ask about
active alcoholism or other intoxicant consump-
tion. For the minimization of the perioperative
morbidity and mortality, an exact analysis of
the organ systems is necessary by appropriate
function tests. These should cover an examina-
tion of the cardiac function by means of
echocardiography and ergometry. If necessary,
further investigations have to be conducted after
cardiological evaluation. If an improvement of
function by respective treatment is possible, this
has to be documented by repeat assessment after
an appropriate interval. Pulmonary function
testing should include plethysmography and ar-

terial blood gas analysis. Following appropriate
pretreatment, a new analysis is also necessary.

In patients with pathological creatinin val-
ues, a determination of the creatinin clearance
is mandatory.

After the execution of the investigations spe-
cified above, the operative risk for the patient
can be objectified by assigning the findings
into a scoring system. The following patients
should be excluded from an operation: patients
assigned to a high risk group according to the
scoring system previously described, patients
with a severe dysfunction of individual organ
systems, or those with an accumulation of less
severe but still serious dysfunctions. However,
surgery can be indicated as an individual
approach and only after an intensive consent
discussion.
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Developments in surgical as well as anesthetic
management have meant that the morbidity
and the mortality of esophageal surgery have
substantially reduced during the last decade.
Modern anesthetic management allows tar-
geted risk stratification, especially of cardiac
and pulmonary risk factors, thus providing a
rationale for intraoperative monitoring and
choice of anesthetic technique as well as post-
operative pain and intensive care therapy. It is
essential for the attending anesthesiologist to
understand the underlying principles of the
pathophysiology and surgery of esophageal
diseases and to cooperate closely with the sur-
geon in order to provide the best care possible
for the patient.

Preoperative evaluation

Depending on the pathologic condition of the
esophagus, chronic, subacute or acute aspira-
tion may occur. Aspiration often results in a
poor preoperative respiratory status with re-
curring pneumonia. Furthermore, during in-
duction of anesthesia the risk of regurgitation
and aspiration is increased [1]. Patients with
malignancies of the esophagus often present a
history of smoking with resulting complica-
tions of chronic obstructive lung diseases.
Treatment of malignant esophageal tumors
with bleomycin may cause further deteriora-
tion in the respiratory status especially after
periods of ventilation with high oxygen tension
[2]. Dyspnea due to obstruction of the airways
by large mediastinal masses is a rare finding.
Initial screening of the severity of esopha-
geal diseases with respect to tumor mass, oc-
currence of dyselectasis or atelectasis and

pleural effusions may be achieved by basic
clinical techniques such as inspection, palpa-
tion, auscultation, and percussion. The preop-
erative chest X-ray in anterior-posterior and
lateral position allows diagnosis of emphyse-
ma, pneumonia or intrapulmonary metastases.
Displacements or obstructions of the trachea
may indicate a difficult endotracheal intuba-
tion. The computed tomogram of the lung al-
lows an even more detailed analysis of pulmo-
nary and mediastinal pathologies. Forced ex-
pired volume in one second (FEV1) and func-
tional vital capacity are the most important
parameters determined by specialized lung
function tests indicating obstructive or restric-
tive lung disease often accompanied by an in-
creased risk of postoperative morbidity and
mortality. Preoperative hypoxia and/or hyper-
capnia may indicate a postoperative need for
mechanical ventilation as well as difficult
weaning phase with a prolonged stay on the
intensive care unit (ICU) [3].

Patients with obstructive diseases of the eso-
phagus often have a poor nutritional status.
Depending on the severity of the dysphagia
solids and sometimes even fluids cannot pass
the esophagus. Improving the nutritional sta-
tus prior to surgery can lead to lowered mor-
bidity and mortality. If the intake of fluids is
restricted thus leading to hypovolemia, fluids
need to be replaced by parenteral therapy.
Many patients with malignancies of the eso-
phagus are older than 40 years and have a his-
tory of hypertension, smoking, diabetes melli-
tus, claudication, and hyperlipoproteinemia.
Further evaluation is necessary if history and
examination reveal symptoms of coronary ar-
tery disease, a previous myocardial infarction,
or congestive heart failure. The routine preop-
erative ECG does not exhibit signs of myocar-
dial ischemia in 15-50% of patients with coro-
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nary artery disease. Another 25% of the pa-
tients present with dysrhythmias that prohibit
the use of ECG as a marker for myocardial
ischemia. In addition to routine testing, exami-
nations such as a stress ECG, echocardiograhy
with and without stress, pharmalogical stress
tests, or diagnostic coronary angiography may
reveal evidence of the severity of cardiac dis-
ease [4]. Depending on the results of the pre-
operative evaluation, a cardiologic or cardio-
surgical intervention may be necessary be-
fore the planned operation. Chemotherapeutic
agents such as daunorubicin and adriamycin
as well as chronic alcohol abuse, which are
often present in these patients, may also lead
to cardiomyopathies.

The extent of preoperative laboratory testing
depends on the history and physical examina-
tion of the patient. Basic testing includes he-
matologic parameters, electrolytes, glucose, se-
rum creatinine, blood urea nitrogen, transami-
nases, alkaline phosphatases, and serum albu-
min. If the coagulation status exhibits abnor-
malities, factors and platelets should be admin-
istered as needed. A preoperative autologous
blood donation should be considered if the un-
derlying disease is not of malign nature, hemo-
globin concentration is in the normal range,
and the planned operation is not urgent.

The goal of premedication is sedation, anxio-
lysis and amnesia. This profile is best achieved
by administration of short acting benzodiaze-
pines. Additionally, if the patient is in pain or
if preemptive analgesia is desired an opioid
can be given. If signs of gastric reflux are pres-
ent, H2-receptor antagonists may reduce gastric
secretions and gastric pH. However, these agents
require a sufficient interval between administra-
tion and anesthesia in order to provide adequate
effects. Cimetidine and the more potent raniti-
dine are currently the preferred agents. Admin-
istration is usually orally. However in the pres-
ence of severe dysphagia they may be given
carefully intravenously. Increased rates of bac-
terial pneumonia have been reported after ad-
ministration of H2-antagonists. However, the
significance of these findings is still being dis-
cussed. Metoclopramide increases the lower
esophageal sphincter pressure and may thus
reduce the risk of aspiration. In contrast, anti-
cholinergic drugs may reduce the lower esopha-
geal sphincter tone (Table 6.1).

In addition to routine monitoring, a central
venous line and an arterial catheter are neces-
sary to continuously monitor hemodynamics
and to perform frequent analyses of the blood
gas status. The intraoperative manipulation of
the mediastinum and the accompanying com-
pression of the heart or major vessels as well
as the induction of cardiac arrhythmias to-
gether with massive blood loss often lead to
severe intraoperative cardiocirculatory depres-
sion that makes continuous online monitoring
of arterial and venous blood pressure manda-
tory. Depending on the preoperative status of
the patient, the use of a pulmonary artery
catheter should be considered [5]. Pulse oxime-
try is imperative for monitoring of oxygen de-
livery, especially during one-lung ventilation.

Anesthesia in esophageal surgery is per-
formed as balanced anesthesia or as a total in-
travenous anesthesia (TIVA). Additionally a
thoracic epidural catheter may be applied for
intra- and postoperative pain therapy. Epidural
analgesia has been demonstrated to provide
better postoperative lung function, better spon-
taneous ventilation, and higher arterial oxygen
tensions than systemic administration of anal-
gesics [6]. In patients with coronary artery dis-
ease and myocardial infarction epidural analge-
sia has been demonstrated to be beneficial.
Due to a favorable effect on the ratio between
oxygen demand and oxygen delivery sym-
patholysis may improve stress-induced left
ventricular function [7]. Placement of the epi-

Table 6.1. Preoperative minimal diagnostic requirements for
patients undergoing major esophageal surgery

Laboratory tests Apparative tests

I Hemoglobin, hematocrit I plain chest x-ray

I Serum electrolytes
(sodium, potassium)

I electrocardiogram (ECG)

I pulmonary function test
I Serum creatinine and urea

1 Blood glucose

I Liver enzymes

1 Blood group

1 Coagulation status

Further investigations might be necessary depending on
test results
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Table 6.2. Influence of various drugs on pressure of the lower esophageal sphincter

Reduction Increase No change

1 Atropine I Metoclopramide 1 Propranolol
1 Glycopyrrolate 1 Droperidol I Cimetidine
1 Dopamine 1 Edrophonium I Ranitidine

I Nitroprusside I Neostigmine I Atracurium
I Ganglionic blocking agent I Histamine

I Thiopentone 1 Succinylcholine

B Tricyclic antidepressant I Pancuronium

I Beta-adrenoceptor agonist 1 Metoprolol

1 Volatile anesthetics I Alpha-adrenoceptor agonist

1 Opioids I Antacida

dural catheter is best performed before induc-
tion of general anesthesia because of the better
positioning of the patient, early detection of
complications such as hematoma or neural in-
juries, and more rapid detection of catheter
displacements [8]. The injection of local anes-
thetics via an epidural catheter under general
anesthesia is currently under discussion.
Although analgesia, good surgical exposure
due to a small and contracted gastrointestinal
tract, and muscle relaxation are benefits of this
approach, one has to consider increased risk of
intraoperative hypotension and blood loss due
to peripheral vasodilatation.

The role of the new volatile anesthetics sevo-
flurane and desflurane in anesthesia for eso-
phageal surgery has not yet been determined.
The rapid pharmacokinetics of these agents al-
lows achievement of spontaneous ventilation
and extubation of the patient shortly after skin
closure. However, the use of TIVA may improve
outcome with respect to postoperative shiver-
ing as well as nausea and vomiting. The opioid
remifentanil possesses an extremely short con-
text-sensitive half-time, thus allowing a better
adaptation to surgical stress. Nitrous oxide
may diffuse into preformed gaseous bubbles,
for example in the gastrointestinal tract, thus
leading to bowel distention. Furthermore, one-
lung ventilation requires the administration of
high fractions of oxygen (FiO,), thus prohibit-
ing the use of nitrous oxide.

Aspiration during induction of anesthesia is
a frequent complication in patients with eso-

phageal diseases. Therefore the trachea should
be intubated after rapid-sequence induction
with cricoid pressure. The introduction of ro-
curonium as a muscle relaxant allows perform-
ing a modified rapid-sequence induction with-
out using succinyl choline and may thus re-
duce the risk of a massive release of potassium
or the triggering of a malignant hyperthermia
(MH) episode. Tumors of the esophagus or
mediastinal lymph nodes may lead to a com-
plete collapse and obstruction of the upper air-
ways after loss of muscle tone due to adminis-
tration of muscle relaxants [9]. Ventilation of
the patient may be impossible unless an endo-
tracheal tube is placed distally to the obstruc-
tion. However, placement of an endotracheal
tube may be extremely difficult leading to a
“cannot ventilate, cannot intubate” situation. If
a difficult intubation is expected preoperatively,
a fiberoptic intubation is performed in the
awake, spontaneously breathing patient. In or-
der to facilitate intubation, lidocaine is adminis-
tered topically in nose and larynx. Additionally,
parasympatholytics, sedatives, and analgesics
may be administered systemically. Transcricoi-
dal administration of lidocaine is often useful
to suppress coughing, thus aiding endotracheal
intubation. After identification of the trachea,
the endotracheal tube, which is placed on the
fiberscope prior to starting the procedure, is
pushed forward. Before securing the tube, a fi-
nal fiberoptic check of placement is performed.
An awake nasal intubation should only be per-
formed in emergency situations.
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If preoperative hypovolemia is not treated
accordingly, hypotension is a common finding
after induction of anesthesia. Thus adequate
fluid therapy is mandatory before induction of
anesthesia. Administration of anesthetics for
induction is dependent on their effect. Etomi-
date has been demonstrated to exert the least
cardiocirculatory depression and is thus the
preferred induction agent at many hospitals.

During surgery of the lower esophagus via a
left thoraco-abdominal incision or during blunt
esophagectomy, it is not necessary to collapse
one lung using a double lumen endotracheal
tube. A single lumen endotracheal tube can be
placed, and surgical exposure may be obtained
by retraction of the left lung. For esophageal
surgery via a thoracotomy, it is usually neces-
sary to place a double lumen endobronchial
tube to collapse the ipsilateral lung. Double lu-
men tubes allow selective intubation of the
right or left main stem bronchus (Fig. 6.1).
Although some investigators have advocated
the placement of a double lumen tube accord-
ing to the side of surgery, a right-sided double
lumen tube carries the risk of a collapse of the
right upper lobe due to obstruction of the
upper right bronchus. Thus left side double lu-
men tubes have been demonstrated to be more
beneficial, independent of the side of operation
if the operation does not involve the left main
bronchus [10]. However, a right-sided double
lumen tube is technically easier to place in the
correct bronchus because of the steep angle
between trachea and left main bronchus. Place-
ment of a double lumen tube is checked by
clamping and auscultation. However, additional
fiberoptic control is indispensable [11] (Fig.
6.1). As an alternative to the double lumen
tube a Univent tube may be placed (Fig. 6.2).
This endotracheal tube consists of a one-lumen
tube with a small lumen for insertion of a
bronchus blocker. The patient is intubated in
the usual fashion following in which a cuffed
catheter is introduced under fiberoptic surveil-
lance. Collapse of the lung is achieved via de-
flation through a small lumen in the bronchus
blocker. The disadvantages of the Univent tube
comprise frequently inadequate differential
ventilation, especially if blocking the right
lung, the lack of suction through the blocker
lumen, and the often insufficient inflation and
deflation of the lungs.

> >
% %(

Fig. 6.1. Schematic depiction of placement of a left-sided
double-lumen tube in a patient in the supine position. a Ini-
tially the tube is inserted by holding its end to one side.
After passage of the laryngeal cords the tube is rotated by
90° to the left while it is gently pushed forward into the left
main bronchus. b After placement of the tube positioning is
checked by clamping and auscultation. However, fiberoptic
control of the tube position is mandatory. Modified from Be-

numof and Alfery [11].
\%ﬁ
b

Fig. 6.2. Schematic depiction of a Univent tube. The pa-
tient’s trachea is intubated in the usual fashion as for a sin-
gle-lumen tube. Under fiberoptic surveillance the bronchus
blocker is promoted through a thin working channel. The
blocker is positioned by turning the attached catheter until
the chosen left or right main stem bronchus is clearly shut
off. Care has to be taken that the right upper lobe bronchus,
which is close to the carina, is not obstructed by the cuff of
the blocker. Modified from Benumof and Alfery [11].
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Fig. 6.3. Schematic depiction of the relation between venti-
lation and perfusion during operations in a lateral position.
The upper lung is well ventilated until clamped. However
due to gravitation, perfusion is preferentially directed to-
wards the dependent lung. Ventilation of the dependent
lung is reduced because of suboptimal positioning, high ab-
dominal pressure, and surgical manipulation. Some parts of
the lung may even be atelectatic. However, oxygenation of
the blood is improved by hypoxic pulmonary vasoconstriction
(HPV), leading to a reduced perfusion of non-ventilated parts
of the lung by reflex mechanism. Examples of factors reduc-
ing the positive influence of HPV are high pressures in pul-
monary artery, hyperventilation, vasodilators, and volatile an-
esthetics. Modified from Benumof and Alfery [11].

If the trachea is injured during the course of
operation, only the endobronchial lung should
be ventilated until definite repair is achieved.
If the patient has been intubated with a one lu-
men tube, the tube is advanced until an endo-
bronchial position is obtained. During one-
lung ventilation for esophageal surgery hypoxia
may occur more often than during one-lung-
ventilation for lung surgery (Fig. 6.3). This is
because the patient presenting for lung surgery
may already have limitations of blood flow to
the diseased lung and, thus, less ventilation/
perfusion mismatching during one-lung anes-
thesia. Frequently, parts of the pulmonary ves-
sels are ligated during lung surgery, thus de-
creasing the shunt.

Should hypoxia occur during one-lung ven-
tilation, the FiO, is increased to 1.0 and the
position of the double-lumen tube should be
checked using a fiberoptic bronchoscope. Thus,
the immediate availability of a fiberoptic
bronchoscope is mandatory during one lung

ventilation. Another method to increase the ar-
terial oxygen saturation is the administration
of positive endexpiratory pressure (PEEP) to
the ventilated lung [12]. However, because
PEEP increases the pulmonary vascular resis-
tance, perfusion of the unventilated lung may
increase, thus increasing the shunt volume and
increasing the ventilation/perfusion mismatch.
Administration of a continuous positive airway
pressure (CPAP) to the unventilated lung po-
tentially increases arterial oxygenation, in this
case. Finally, clamping of the pulmonary artery
to reduce the shunt volume may be considered
as a last resort. If none of these measures is
successful in restoring oxygenation, conven-
tional ventilation of both lungs has to be rein-
stituted [10].

Patients who require postoperative ventila-
tion on the intensive care unit should have the
double-lumen tube replaced by a single-lumen
endotracheal tube. However, an inadvertent
intubation of the esophagus must be strictly
avoided not only because of the catastrophic
consequences of the hypoxia, but because the
distension by ventilated air may lead to an in-
sufficiency of the anastomosis. If a Univent
tube has been used, simple retraction of the
bronchus blocker allows this tube to be used
as a single-lumen tube.

In patients who do not present with esopha-
geal perforation, a nasogastric tube is placed
by the anesthesiologist preoperatively. This
tube will be accurately positioned by the sur-
geon intraoperatively. In some cases the distal
end of the tube is placed close to the anasto-
mosis in order to test for leaks by administra-
tion of methylene blue. After esophagectomy
and gastric or colon replacement, the tube is
needed to remove secretions. In order to avoid
an accidental removal of the nasogastric tube
securing by a suture has been suggested.

The patient is positioned intraoperatively by
the surgeon. Especially in a lateral position
care has to be taken to support the patient
without exerting too much pressure and to
cushion exposed body parts. At risk are espe-
cially the brachialis plexus, peroneal nerves, as
well as soft tissues such as ears, eyes, and gen-
itals. Peripheral pulses have to be checked in
order to prevent obstruction of the arterial
blood supply. The intraoperative control of
body temperature is mandatory because it has
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been demonstrated that even mild hypothermia
results in an increased frequency of wound in-
fections and prolonged hospital stay [13]. Ef-
fective measures of temperature maintenance
are increase of room temperature, warm water
blankets, convective warming devices, wrap-
ping of exposed extremities in metallic foil,
warming of fluids, as well as warming of venti-
lated air.

The decision to extubate the patient at the
end of the surgical procedure depends on the
preoperative status, the cardiac status, the tem-
perature, and the extent of surgery. Weaning
from mechanical ventilation should begin
when the patient is awake and cooperative,
able to protect the airway, have adequate re-
turn of pulmonary function, and when the pa-
tient is hemodynamically stable. Muscle relaxa-
tion should have faded or been antagonized.
Usually this condition will only be achieved in
the intensive care unit. Basically the patient
should be weaned and extubated as soon as
possible to reduce the risks due to prolonged
mechanical ventilation. The use of a thoracic
epidural catheter may facilitate this goal. How-
ever, patients with esophageal perforation often
develop mediastinal infection and should be
ventilated during the immediate postoperative
period.

Postoperative phase

Only after short surgical procedures on the
esophagus (such as esophageal dilatation in
achalasia) will postoperative care in the recov-
ery room and consecutive transfer to the ward
be possible. In all other cases a transfer to the
intensive care unit offering the option of me-
chanical ventilation is necessary. Complications
in the postoperative period comprise: first im-
mediate problems such as pain, respiratory in-
sufficiency and blood loss, second problems
due to preexisting conditions, and third prob-
lems caused by insufficiencies of anastomoses
and consequent infection.

Postoperative hypotension is most likely due
to hypovolemia caused by hemorrhage or fluid
imbalances. In case of hemorrhage, the sur-

geon should be notified immediately and a sur-
gical revision be performed. The coagulation
status should be optimized by substitution of
coagulation factors or platelet concentrates.

Respiratory insufficiency is frequent after
esophageal surgery especially if the patient is
obese or presents with lung disease [14]. Pain
due to the surgical incision leads to hypoventila-
tion and that is often complicated by retention
of secretions and dystelectasis. Pneumonia is a
frequent complication under these circum-
stances. Postoperative pain therapy via a thorac-
ic epidural catheter can reduce these complica-
tions and may facilitate postoperative mobiliza-
tion of the patient. The prophylactic use of
broad spectrum antibiotics is still a matter of
discussion. A pneumothorax may lead to dete-
rioration of the respiratory function of the pa-
tient. An immediate diagnosis by chest X-ray
is necessary unless the patient is hypoxic and re-
quires urgent chest decompression. Therapeuti-
cally an additional chest drainage is inserted.
Care has to be taken that the laryngeal nerves
on both sides are not injured during surgery.
However, if the patient develops inspiratory stri-
dor after extubation this possibility has to be
considered. A reintubation and then tracheoto-
my is necessary in such circumstances.

Depending on the existence and the nature
of preexisting diseases, a rapid or prolonged
postoperative course can be expected. Cardiac
and pulmonary diseases may exacerbate prob-
lems and lead to decompensation after the sur-
gical procedure. In patients with malignant
diseases of the esophagus pulmonary compli-
cations including the adult respiratory distress
syndrome (ARDS) have been reported after a
preoperative combination of chemotherapy and
radiation [15]. Furthermore patients with ma-
lignancies frequently have a history of alcohol
abuse. These patients often develop a delirium
due to withdrawal that can considerably in-
fluence the postoperative course. Recently the
administration of a,-adrenergic agonists has
shown to be successful in the therapy of these
conditions [16]. In rare cases the administra-
tion of alcohol cannot be avoided in order to
keep the patient cooperative.

Leakage from anastomoses can occur from
the third to the twelfth postoperative day. The
diagnosis is confirmed if acidic fluids (pH<6)
with a high concentration of amylase issue
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from a thoracic drain. Endoscopy, X-ray (pos-
sibly with contrast medium) and computed to-
mography will further confirm the diagnosis.
Consequences are mediastinitis and sepsis with
a high rate of mortality. The therapy includes
the administration of broad spectrum antibiot-
ics and surgical revision with additional place-
ment of drainage tubes.
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Pathophysiology of Gastroesophageal Reflux
Disease and Indication for Surgical Therapy

K.-H. FucHs

Introduction

Gastroesophageal reflux disease is one of the
most common diseases in western societies.
The prevalence is estimated to be around 10%
in those populations, if the presence of the dis-
ease is based on weekly or daily reflux symp-
toms [1-3]. The disease has been diagnosed
more often due to increased and improved di-
agnostic activities, but there is also a true in-
crease in incidence of the problem. Since it is
related to western lifestyle, eating habits and
environmental factors are discussed. In addi-
tion in recent years, detection of extraesopha-
geal problems, especially respiratory symptoms
and problems, is increasing, often related to re-
flux [4, 5]. A special interest in this disorder
has emerged in the past 15 years since studies
have shown the possible connection between
reflux, the development of intestinal metaplasia
in the esophagus, and the increase in the inci-
dence of adenocarcinoma in Barrett’s esopha-
gus [6-10].

The pathophysiologic background of the
disease is multifactorial, as has been shown in
recent years [11, 16]. The main reason for
pathologic reflux is a malfunction of the anti-
reflux barrier at the level of the gastroesopha-
geal junction. This antireflux barrier consists
of the high pressure zone of the lower esopha-
geal sphincter as well as the hiatus or the
phrenico-esophageal ligament, also causing a
pinching effect at the level of the lower esopha-
geal sphincter [13, 14]. The lower esophageal
sphincter has been assessed quantitatively by
mechanical parameters such as the lower eso-
phageal sphincter pressure, the overall length,
and the intraabdominal length. On the other
hand, a functional description of transient low-
er esophageal sphincter relaxations described

by many gastroenterologists brings up more
dynamic facts on the antireflux barrier [13,
16].

Definition

An important issue when discussing patho-
physiology is the appropriate definition of the
disease. Several definitions have been dis-
cussed in the past decades. Currently, the defi-
nition of the GENVAL-consensus conference is
being widely used [1]. Based on the latter, gas-
troesophageal reflux disease is present when
the person/patient has a risk of complications
due to excessive reflux and/or a significant re-
duction of her/his quality of life and well-
being. Of course, the definition of gastroeso-
phageal reflux disease can be discussed contro-
versially since there is no diagnostic test that
proves the presence of this disease in all cases
and is able to exclude the disease at the same
time [11, 12]. Endoscopy has a high specificity
and can show the presence of esophagitis.
However, its sensitivity is not sufficient since
only about 60% of patients with gastroesopha-
geal reflux disease have developed an endosco-
pically-visible esophagitis at the time of the
initial investigation. Similar circumstances can
be discussed for 24-hour-esophageal pH moni-
toring, which is often called the gold standard
in the objective assessment of gastroesophageal
reflux disease [13]. It quantitatively measures
gastroesophageal acid exposure in the esopha-
geal lumen. Negative results may be caused by
technical failures, a “good day” in borderline
reflux cases, the combination of mixed reflux
with high proportion of duodenal juice, or a
non-acidic stomach under PPI therapy. More-
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over, typical symptoms such as heartburn and
regurgitation are of course present in many
but not in all reflux patients. As a conse-
quence, symptoms cannot be a reliable guide
for a definitive diagnosis. Therefore the detec-
tion of the disease must be based on a spec-
trum of diagnostic investigations in order to
prove its presence [14].

The most accurate definition for the disease
is a pathophysiologic explanation: The disease
is present when pathologic exposure of the
esophageal lumen to gastric juice occurs, and
this can be a pathologic amount of acid and/or
a pathologic amount of duodenal components
such as bile [12]. The most frequent condition
in gastroesophageal reflux disease is pathologic
acid exposure, and therefore this is often used
synonymously. Nevertheless, the role of duode-
nogastroesophageal reflux has been investi-
gated recently, and its importance in complica-
tions of the disease such as Barrett’s esophagus
has been shown [15].

In order to obtain more information about
the definition of gastroesophageal reflux dis-
ease used in clinical practice, the definitions of
the disease used in randomized trials for anti-
reflux therapy can be reviewed. It is surprising
what a variety of definitions have been used
for the disease by several authors performing
randomized trials in the past decades. In 25
randomized trials focusing on surgical therapy
of the disease, the definition used by the ma-
jority of the studies was the presence of symp-
toms and esophagitis [17-40]. Only in about
one-third of the studies was positive pH-moni-
toring as a more specific tool to verify patho-
logical esophageal acid exposure used as the
definition. Only a few studies relied on symp-
toms only, since symptoms can be an unreli-
able guide for the presence of gastroesophageal
reflux disease.

It must be emphasized that the presence of
typical symptoms such as heartburn and acid
or fluid regurgitation have been shown to be
very specific symptoms with a positive predic-
tive value for therapeutic success [41]. The
authors of this study have shown that a good
result of laparoscopic antireflux surgery is
more probable in patients with preoperative
presence of typical symptoms of reflux such as
heartburn and regurgitation, a preoperative
positive test in 24-hour-esophageal pH moni-

toring showing a pathological acid exposure in
the esophagus, and a positive response to pro-
ton-pump inhibitors, indicating that medical
acid reduction will also reduce at least some of
the heartburn of the patient.

Regarding the diagnostic requirements, pH
monitoring and endoscopy are necessary for
the objective documentation of the disease
[11-13]. With manometry other esophageal
functional disorders can be excluded, which
potentially cause a postoperative failure, espe-
cially spastic disorders [11]. Since a weak low-
er esophageal sphincter has been shown to be
a poor prognostic sign regarding the future
prognosis of GERD, one could use this criteri-
on for the indication [42]. In addition, selec-
tion of patients with preoperative normal lower
esophageal sphincter parameters can be indica-
tive for worse postoperative results [43]. How-
ever, several studies have shown that its predic-
tive value for the postoperative results remains
controversial and is therefore not recommend-
ed by gastroenterologists [44, 45].

Currently gastroesophageal reflux disease has
been redefined in three subgroups [1]. These
subgroups are nonerosive reflux disease, erosive
reflux disease, and Barrett’s esophagus. This is a
reasonable division. However, it must be kept in
mind that there is some overlapping especially
between patients with Barrett’s esophagus and
erosive gastroesophageal reflux disease, since it
has been shown that this overlapping is present
in at least 30% of the Barrett’s patients in several
series [11, 12, 15, 46, 47].

The antireflux barrier

The lower esophageal sphincter has been as-
sessed quantitatively by mechanical parameters
such as the lower esophageal sphincter pres-
sure, the overall length, and the intraabdom-
inal length [11, 13]. Since reflux can be caused
by different factors such as elevation of intra-
gastric pressure, elevation of intraabdominal
pressure and loss of gravity when persons lay
down. In persons in a supine position, the
sphincter system must prevent reflux in several
ways. The intraabdominal portion of the lower
esophageal sphincter is involved in preventing
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reflux during the swallowing of the patient.
Both the intraabdominal sphincter length and
the pinching effect of the diaphragm help to
close the sphincter during elevation of intraab-
dominal pressure. The high pressure zone on
itself at rest prevents reflux in a person’s su-
pine position. Transient sphincter relaxation
has been described by many gastroenterolo-
gists as the most important causes of reflux
disease [13, 16]. This is supported by a num-
ber of studies showing abnormal acid exposure
in the esophagus correlating with sphincter re-
laxation on simultaneous pH and motility re-
cordings. In healthy volunteers the majority of
reflux episodes occur during transient sphinc-
ter relaxations [1]. In reflux patients, especially
in the postprandial phase, these relaxations
occur more often. However, it is somewhat
controversial that in patients with severe reflux
disease, reflux episodes occur also without
transient sphincter relaxations.

The mechanical incompetence of the lower
esophageal sphincter has been described by
DeMeester, using the overall length of the
sphincter which is in the physiologic situation
3-4 cm long at the distal end of the esophagus
as relevant criteria [11]. The resting tone of
the sphincter characterized by the lower eso-
phageal sphincter pressure varies in healthy
volunteers in relation to the intragastric pres-
sure between 10 and 30 mmHg. There are cir-
cadian changes with a low level in the post-
prandial phase and a high level at night. The
sphincter tone is regulated by intrinsic and ex-
ternal factors and is influenced by intraabdom-
inal pressure changes, gastric dilatation as well
as composition of food and medication. As
mentioned above, the intraabdominal length of
the sphincter characterizing the segment of the
sphincter which is exposed to the intraabdom-
inal pressure is important for the optimal
functioning of the antireflux barrier. Stress re-
flux occurs if an elevation of the intraabdom-
inal pressure causes an overriding of the pres-
sure level of the lower esophageal sphincter.
Free reflux occurs without any changes of
intragastric pressure and the pressure of the
sphincter. Quantification of the lower esopha-
geal sphincter and its mechanical components
is expressed by manometric assessment of
sphincter length, the intraabdominal length,
and the sphincter pressure.

The role of a hiatal hernia has been inter-
preted controversially over the years [13, 48].
In the past decades hiatal hernia often ob-
served with the presence of the reflux disease.
Currently it has been shown that 80% of pa-
tients with GERD have a hiatal hernia, thus
loosening the pinching effect of the dia-
phragm. It is also true that hiatal hernia is a
promoter of gastroesophageal reflux. In the
physiologic situation a substantial part of the
lower esophageal sphincter is kept tight in the
abdominal cavity and to the hiatal crura by a
narrow fixation of the phrenico-esophageal
ligament. The area of the lower esophageal
sphincter is integrated in the architecture of
the hiatus and the hiatal crura, causing the
pinching effect mentioned above. In case of a
hiatal hernia which usually develops in a per-
son older than 50 years, the loosening of the
phrenico-esophageal ligament fixation and the
tissue of the GE junction allows gliding and
causes temporary to permanent incompetence
of the lower esophageal sphincter system.

Esophageal peristalsis

Esophageal clearance and peristaltic function
of the esophageal body is also involved in pro-
ducing increased esophageal exposure to gas-
tric juice [11, 12]. The physiologic swallowing
function is involved in neutralizing the reflux
of gastric acid through the swallowing of
saliva. Another reason is impaired esophageal
peristalsis either by a pre-existing motility dis-
order resulting often in simultaneous and in-
terrupted contractions or weak peristalsis due
to inflammation of the esophageal wall caused
by esophagitis. Impaired esophageal peristalsis
can be defined as more than 30% of non-effec-
tive contractions such as weak amplitude lower
than 30 mmHg or non-propulsive peristalsis.
Impaired esophageal peristalsis can lead to in-
creased exposure of gastric juice to the esopha-
geal mucosa by delayed esophageal emptying.
This can cause a vicious cycle, since pre-exist-
ing esophageal motility disorders will cause an
increase in acid exposure which again will
cause inflammation and further loss of peri-
staltic activity. This, in turn, causes more eso-
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phagitis. So far it is not exactly known which
level of physiological motor activity is neces-
sary to keep a sufficient peristalsis for suffi-
cient esophageal emptying. In healthy volun-
teer studies up to 30% of peristaltic action is
non-effective. Severe motility disorders become
clinically relevant probably only when 70-80%
of the peristaltic actions are non-effective,
since gravity compensates a lot [43-45, 49].
Recent studies with impedance manometry
have provided more insights [50].

Mucosal resistance

Mucosal resistance is not investigated on a
routine basis in patients with the disease. It is,
however, an important factor in assessing the
ability of gastric juice to cause toxic effects in
the esophageal wall [51, 52]. Few investigations
have been reported to describe this process. It
has been shown that toxic activity of gastric
juice containing acid and bile as well as pan-
creatic components is a major factor in eso-
phageal injury.

Duodeno-gastroesophageal reflux

Gastroduodenal dysfunctions in reflux disease
have been neglected for decades [11, 12]. Ever
since new pathophysiologic understandings
emerged that Barrett’s esophagus is significant-
ly associated with duodeno-gastroesophageal
reflux, more attention and research activities
have been focussed on this matter [15, 46]. It
has been shown that acid production can be
elevated in Barrett’s esophagus. It has also
been shown duodeno-gastroesophageal reflux
can be detected in 10-15% of patients with re-
flux disease. Only recently it has been proven
by many centers that Barrett’s esophagus is as-
sociated with an increased exposure to bile
and pancreatic components. Even though duo-
deno-gastric reflux is a physiologic phenome-
non, once present it is obviously involved in
the development of more serious esophageal
mucosal injury together with acid.

Gastroduodenal disorders

The backup of gastric contents in the intraduo-
denal segment due to delayed gastric emptying
can cause pathologic acid reflux and bile reflux
into the esophagus. In some patients delayed
gastric emptying can be the only cause of
pathologic reflux through a normal physiologic
sphincter mechanism [53]. Transient sphincter
relaxations are very important in these patients
for deflation of the stomach. This is of major
importance in patients who are candidates for
antireflux surgery since after a fundoplication
this deflation mechanism is not possible any-
more and can cause severe gas bloat syndrome
if the stomach cannot deflate air neither in a
proximal direction nor in the distal direction.

Indication for surgery

There is very little evidence-based information
to justify certain factors for the indication of
antireflux surgery. With the introduction of
minimal invasive technique, antireflux surgery
has boomed in the past ten years. In most wes-
tern countries the number of antireflux opera-
tions have more than tripled as compared with
the time before the introduction of minimal
access techniques. This happened at a time
when the most potent antisecretory drugs were
on the market, which stimulates the controver-
sial discussion between gastroenterologists and
surgeons regarding the indication for surgery.

The presence of severe esophagitis was for
many surgeons an indication for surgery. To-
day many authors are convinced that the only
criteria for therapeutic success is the removal
of symptoms, may it occur by healing of eso-
phagitis or not [1]. In surgical literature, both
removal of symptoms and healing of esophagi-
tis are necessary to determine a successful sur-
gical therapy [54, 55].

In summary, for the establishment of the in-
dication of a surgical procedure, gastroenterol-
ogists and surgeons should use more than one
criteria for the definition and the verification
of gastroesophageal reflux disease. In several
consensus projects it was documented that en-
doscopic signs of esophagitis should have been
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documented at present or in the past at least
once. In addition, a positive 24-hour pH moni-
toring together with typical symptoms of the
disease such as heartburn and/or regurgitation
are important criteria for the presence of dis-
ease, which are needed for indication.

Conclusions

Gastroesophageal reflux disease is a multifac-
torial process. The most frequent pathophysio-
logic cause is a functional incompetence of the
gastroesophageal junction as antireflux barrier.
In a substantial part of patients other factors
are also involved isolated or in combination
which usually aggravate the disease and also
implicate a special therapeutic consideration.
Prior to any decision for a long term therapeu-
tic management or especially prior to anti-
reflux surgery these pathologic components
should be assessed and documented. The indi-
cation for antireflux surgery, which should be
performed by minimal access technique, must
be based on multiple factors such as severe
symptoms for a long time, documented pres-
ence of the disease and documented morpho-
logic and functional defects.
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Gastroesophageal Reflux
and its Surgical Management

G.G. JAMIESON, D.I. WATsON

Introduction

In Western societies, gastroesophageal reflux
has assumed importance for two reasons. First
it is a common disorder with as many as 40%
of the adult population having heartburn at
least once a month and 7% experiencing it dai-
ly. Secondly, it is associated with adenocarci-
noma of the cardia. Because the incidence of
this is rising at a considerable rate (particular-
ly in white Western males), cure of reflux may
assume an important role in preventing this
cancer in the future.

In the past, surgical treatment of gastroeso-
phageal reflux disease has tended to be limited
to those patients with complicated reflux disease
or those with very severe symptoms of reflux.
Recently the surgical role has changed some-
what, and although varying from country to
country, there is now an increasing tendency
to utilize surgery at earlier stages in the course
of reflux disease. This is because of changes in
surgical technique (most notably the introduc-
tion of laparoscopic surgery), the previously
mentioned rising incidence of adenocarcinoma
of the cardia associated with uncontrolled reflux
disease and, paradoxically, because of improve-
ments in medical therapy (see later).

Which patients should be considered
for antireflux surgery?

Patients with gastroesophageal reflux disease

can be divided broadly into 2 groups:

I first are patients who have complicated re-
flux disease, and

I second are patients who have straight for-
ward symptoms without complications.

I Patients with complicated reflux disease

I Reflux with stricture formation. With extreme-
ly dense and undilatable fibrotic strictures, re-
section is the only effective treatment, but for-
tunately it is unusual today to see patients with
such advanced strictures. Dilatable strictures
in young and fit patients are best treated by
fundoplication and dilatation [2]. However,
many patients who develop strictures are el-
derly or infirm and the use of proton pump in-
hibitors with dilatation has proven very effec-
tive treatment and thus has lessened the need
for operation in high risk patients [3].

I Reflux with respiratory complications. When
gastro-esophageal regurgitation leads to spill-
over into the respiratory tree, this can cause
chronic respiratory illness, such as recurrent
pneumonia and asthma [4]. This is a firm in-
dication for antireflux surgery, as proton pump
inhibitors’ predominant action is to block acid
secretion rather than alter gastroesophageal re-
gurgitation.

Such problems as halitosis, acid taste in the
mouth, chronic laryngitis, chronic pharyngitis,
and loss of enamel on teeth are sometimes at-
tributed to gastroesophageal reflux. There is a
little doubt that on occasions such problems
do arise in refluxing patients, but acid is
usually the damaging agent in these situations,
and antireflux surgery should not be consid-
ered unless proton pump inhibition has shown
unequivocally that it ameliorates the problem.

I Reflux with columnar lined esophagus (Barrett’s
esophagus). At the present time it remains an
open question whether Barrett’s esophagus per
se is an indication for antireflux surgery. There
is experimental evidence to suggest that con-
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tinuing reflux may be deleterious in regard to
malignant change in esophagus mucosa [5],
and one prospective randomized trial has sug-
gested that antireflux surgery gives superior
results to drug therapy [6]. However proton
pump inhibitors were only introduced into the
medical arm of that trial in its later years.
Therefore, one recommendation which might
be given at present is that the indications for
surgery are related to the reflux symptoms and
not to the presence of columnar lined esophagus
per se. However, as most observers regard co-
lumnar lined esophagus as being at the severe
end of the reflux spectrum, it seems reasonable
to factor it in as a further reason for giving
strong consideration to antireflux surgery. One
must also keep an open mind in regard to the
link between reflux and intestinal metaplasia at
the lower end of the esophagus. If this link
and the progression to adenocarcinoma become
firmly established, then the role of antireflux
surgery will almost certainly be expanded.

I Patients with uncomplicated reflux disease

In the past, it was easy to make the recommen-
dation for antireflux surgery on the basis when
the disorder was spoiling the patients’ enjoy-
ment of living, in spite of the best that medical
therapy has to offer. This indication remains
valid, but medical therapy in the form of pro-
ton pump inhibitors is so effective today that
it is only a small minority of patients who do
not get substantial or complete relief to their
symptoms with the use of such agents [7].
Why then does there appear to be a trend for
patients to present for antireflux surgery in
greater numbers than ever? There are several
reasons for this.

First, if patients will stop taking their proton
pump inhibitors, symptoms of reflux recur
very rapidly, and sometimes the symptoms are
worse than they were prior to taking proton
pump inhibitors. This may relate to parietal
cell hyperplasia which has been reported in
patients taking proton pump inhibitors [8].
The importance of this finding remains to be
elucidated. Regardless, many patients do not
like to be dependent on drugs to be symptom
free. Thus, the second and related reason is
that many patients with reflux potentially have

years of life remaining, and they do not wish
to take drugs in the long term when the drugs
have not been established as safe if taken for
many years. It must be said, however, that
there is no particular reason to think they will
not establish such a record of safety.

The cost of proton pump inhibitors to the
patients varies from country to country, but it
is an additional factor, as is the cost of the
drugs to society as a whole.

An additional factor, already mentioned, is
the rising incidence of adenocarcinoma of the
cardia associated with gastroesophageal reflux
disease [9,10]. However, whether antireflux
surgery is more effective at preventing the
development of columnar lined esophagus and
carcinoma of the cardia than long term proton
pump inhibition remains a controversial issue.

But perhaps none of these reasons, even
taken together, would have convinced patients
to take the operative alternative, if open sur-
gery had remained the standard. There seems
little doubt that the advent of laparoscopic fun-
doplication [11,12] with its greatly reduced
morbidity has also been a major factor in the
swing to operation in the treatment to reflux.

What are the advantages and
disadvantages of antireflux surgery?

I Advantages

The advantages are fairly clear. The operation
is the only treatment which actually cures the
problem, i.e. stops gastric contents from reflux-
ing into the esophagus. So in terms of their re-
flux, patients can eat whatever foods they
choose, they can lie down flat, bend over etc.,
without reflux occurring; importantly, they do
not have to take any tablets.

I Disadvantages

The first disadvantage is the morbidity asso-
ciated with the operation (see later in regard to
complications). It is true that the advent of
laparoscopic surgery has meant that the pain
of the open operation has abolished. Neverthe-



8 Gastroesophageal Reflux and its Surgical Management 1l

61

less, most patients have some difficulty in
swallowing in the immediate postoperative per-
iod. Fortunately, in the great majority of cases
this is only a temporary problem, but the time
it takes to get better is widely variable and oc-
casionally takes several months [12].

Furthermore, the great majority of patients
feel very full after eating even small meals,
which often leads to some postoperative weight
loss. In the patients who are overweight at the
time of surgery (the majority!) this is some-
times seen as an advantage of the operation,
rather than a disadvantage. This restriction on
meal size also usually disappears over a few
months. Because fundoplication, along with all
other effective antireflux operations, produces
a one way valve, swallowed air, which has
passed into the stomach, usually cannot pass
back through the valve. Thus, patients have to
be forwarned that they will not be able to
belch effectively after the operation and so
should be cautious about taking gassy drinks.
As swallowed gas cannot be belched either, the
great majority of patients are aware of in-
creased flatulence with increased borborygmi
and increased passage of wind after the proce-
dure. For similar reasons, patients will be un-
able to vomit after the procedure, and should
be informed of this. This is not of importance
with such conditions as gastroenteritis, when
patients will dry retch only. In fact, it only as-
sumes importance if the patient should develop
gastrointestinal obstruction. As vomiting cannot
occur in such circumstance, the patient has a
unique, large, closed loop obstruction (which
can be decompressed by passing a nasogastric
tube).

An overwhelming majority of patients state
that the disadvantage of the procedure is far
outweighed by the advantages of the operation,
but occasionally this is not the case. Perhaps it
may prove possible, by the use of preoperative
psychological questioning, to predict those
patients who will be troubled by what to the
majority of patients are minor nuisances,
although this remains to be proven [13].

Operations available

There is no doubt that the fundoplication in-
troduced by Rudolf Nissen in 1956, or some
variant of it, is overwhelmingly the most popu-
lar operation in the world today. Total fundo-
plications such as the Nissen or partial fundo-
plications, whether anterior or posterior, prob-
ably all work in similar fashion. And the fash-
ion may be as much mechanical as physiologi-
cal, as it has been demonstrated that these pro-
cedures are effective, not only when placed in
the chest in vivo [14] but also on the benchtop,
i.e. ex vivo [15].

The principles of fundoplication are to mo-
bilize the lower esophagus and to wrap the
fundus of the stomach, either partially or
totally, around the esophagus. When the eso-
phageal hiatus is enlarged, it is narrowed by
sutures to prevent paraesophageal herniation
postoperatively, and also prevent the wrap
being pulled up into the chest (although the
fundoplication will work in the chest, other
complications such as gastric ulceration some-
times occur in this situation).

These operations can be undertaken either
transthoracically or transabdominally. Although
the latter seems a simpler approach, the choice
tends to depend on whether the surgeon is
predominantly a thoracic or predominantly an
abdominal surgeon.

Operations which are limited to one or the
other approach (e.g. thoracic-Belsey and ab-
dominal-Hill) have never gained the wide-
spread popularity of the Nissen fundoplication
operation.

Traditional open fundoplication

Fundoplication was first described by Nissen
1956 [16] following the serendipitous discovery
that a fundal patch, used to reinforce an eso-
phageal suture line, also prevented gastroeso-
phageal reflux. Whilst achieving good control
of pathological reflux in the majority of pa-
tients [17], an incidence of adverse sequelae
has led to the subsequent modification of Nis-
sen’s original technique. Shortening the fundo-
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plication length to 1 to 2cm, dividing the
short gastric vessels to achieve full mobiliza-
tion of the gastric fundus, calibration of a
loose fundoplication over a large intra-esopha-
geal bougie, and modification of the complete
fundoplication to one of a number of partial
fundoplication variants, have all been advo-
cated. Few of these modifications, however,
have been evaluated within the context of pro-
spective randomized trials.

Following four decades of experience with
antireflux procedures, long term outcomes fol-
lowing open surgery have been well described.
The postoperative hospital stay following open
surgery ranges from 7 to 14 days, and short
term morbidity is acceptable. Long-term suc-
cess is achieved in the majority of patients
[18, 19].

Adverse outcomes following open Nissen
fundoplication include persistent dysphagia
and the gas bloat symptoms. Although less
common in late follow-up, many patients re-
port troublesome early dysphagia [21]. The as-
sessment of dysphagia symptoms, however, can
be difficult because variable methods of clini-
cal assessment and scoring are used in the var-
ious reported studies. There is also the poten-
tial for the introduction of assessment bias by
clinician investigators, particularly if follow-up
is performed by the operating surgeon. Despite
these difficulties, it is likely that the incidence
of persistent long-term troublesome dysphagia
is less than 5% following Nissen fundoplica-
tion. Uncontrolled reports suggest that the per-
formance of a partial fundoplication variant
may reduce this incidence [22]. However, to
date, this proposal has not been proven by ran-
domized trials.

Despite the large number of publications de-
scribing fundoplication outcomes in the era of
open surgery, few randomized trials have been
conducted. Three trials have compared a Nis-
sen fundoplication with a posterior partial fun-
doplication [23,24], and one has compared a
Nissen fundoplication with a Hill and a Belsey
procedure [25]. None of these studies describe
any significant increase in the likelihood or se-
verity of dysphagia following Nissen fundopli-
cation, compared to a posterior partial fundo-
plication procedure. However, with the excep-
tion of the study reported by Lundell et al.
[21] which enrolled 137 patients, all of the

studies assessing the partial fundoplication
variants enrolled small numbers of patients,
which were inadequate to allow one to draw
statistically valid conclusions. Other small
studies have compared Nissen fundoplication
with the Angelchik prosthesis and with the Li-
gamentum teres cardiopexy, demonstrating ad-
vantages for Nissen fundoplication [26, 27].
Another compared the Nissen procedure with
and without division of short gastric vessels
showing no difference [28], and a recent larger
study compared medication with surgical treat-
ment therapy [29]. Although findings were in
favor of operation, neither the medical nor the
surgical therapy used would now be regarded
as optimal.

Laparoscopic fundoplication

Initial reports of small case series of laparo-
scopic Nissen fundoplication with follow-up of
3 months or less first appeared in the pub-
lished literature in 1991 [11, 30]. Although
these studies confirmed the technical feasibility
of laparoscopic antireflux surgery, the lack of
adequate follow-up data and the small patient
numbers precluded any adequate assessment of
the merits of the procedures described. The
first large study was published by Cuschieri et
al. in 1993, who reported promising results
from a multicenter series of 116 patients [31].
Further large single center experiences describ-
ing series of more than 100 patients have been
published since, with follow-up intervals of 2
to 3 years described in some later studies [32].
Mean or median operating times vary from 30
to 185 minutes in these studies. Some of the
reported variation in operating may be due to
differences in laparoscopic technique, as well
as possible increased operation times in some
centers involved in teaching surgical trainees
[33, 34]. Reported complication rates range
from 2 to 26%, and surgical revision has been
needed in a small group of patients in most se-
ries. Variation in these rates may be influenced
by the effect of the institutional learning curve,
technical factors associated with the choice of
surgical technique, and different criteria used
for the recognition and classification of com-
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plications in different reports. For example
dysphagia rates may depend on the choice of
clinical measure used to determine post-opera-
tive dysphagia, and who applies the measure
chosen. The operating surgeon may elicit a dif-
ferent response from an independent investiga-
tor.

Laparoscopic Nissen fundoplication is re-
ported to control reflux symptoms in 91 to
100% of patients followed for up to two years,
results which mirror previous experience with
open antireflux surgery. Post-operative hospital
stays have been short in all published reports,
with mean/median stays ranging from 2 to 5
days. Overall results from these initial case se-
ries suggest that laparoscopic antireflux sur-
gery is effective, and that it results in an over-
all reduction in the short term morbidity asso-
ciated with surgery for reflux. However, several
complications, some of which may be unique
to the laparoscopic approach, have now been
described.

I Pneumothorax. This and accompanying pneu-
momediastinum is not an infrequent occurrence
in more difficult cases, such as reoperative sur-
gery. However, they are of no particular concern,
and the CO, is rapidly absorbed.

I Vascular injury. Vascular injury to the inferior
vena cava, the left hepatic vein, the abdominal
aorta, and the inferior phrenic vessels has all
been reported [35]. It is possible that this com-
plication is associated with a combination of
aberrant anatomy, inexperience, and the exces-
sive use of monopolar diathermy dissection.
Intraoperative bleeding more commonly fol-
lows inadvertent laceration of the left lobe of
the liver by a laparoscopic liver retractor or
other instrument, or hemorrhage from short
gastric vessels during fundal mobilization. A
rare complication is cardiac tamponade due to
laceration of the right ventricle by a liver re-
tractor [36].

The overall risk of perioperative hemorrhage
associated with antireflux surgery, however,
may well be reduced by the laparoscopic
approach. The risk of splenectomy due to inad-
vertent splenic injury during Nissen fundopli-
cation is dramatically reduced by the laparo-
scopic approach [37]. Whilst splenectomy rates
of 1 to 3% have been reported in association

with open fundoplication, splenectomy is a
rare event following laparoscopic fundal mobi-
lization. It is likely that the more precise dis-
section and better anatomical exposure af-
forded by the laparoscopic approach minimizes
the likelihood of inadvertent splenic trauma.

I Para-esophageal hiatus herniation. Although
para-esophagus hiatus herniation may occa-
sionally present in the late follow-up period
following open fundoplication, most large case
series of the laparoscopic procedure report an
incidence of paraesophagus herniation, partic-
ularly in the immediate post-operative period.
The incidence of this has ranged up to 7% in
published reports [38]. This problem may be
more likely following laparoscopic surgery for
several reasons. First is the tendency to extend
laparoscopic esophagus dissection well into
the thorax, second is the increased risk of
breaching the left pleural membrane, and third
is the effect of reduced post-operative pain. Re-
duced pain may permit more abdominal force
to be transmitted to the hiatal area during
coughing, vomiting or other forms of early ex-
ertion, thereby pushing the stomach into the
thorax. It is likely routine hiatal repair will re-
duce the risk of this problem [38, 39]. It is also
possible that some of the apparent variation in
the incidence of this problem reflects the steps
taken to actively look for this complication.
Also, the incidence following open fundoplica-
tion may be greater than previously recognized
[21].

I Dysphagia. Early severe dysphagia requiring
surgical revision has been reported in a num-
ber of series. Conversion of a Nissen fundopli-
cation to a posterior partial fundoplication has
been performed for troublesome dysphagia by
both open and laparoscopic techniques, usually
with success. Over narrowing of the esophagus
hiatus, another potential cause of early dyspha-
gia may be difficult to assess intraoperatively
because of reduced tactile feedback during
laparoscopic surgery. This can be corrected by
early laparoscopic re-intervention to release
one or two hiatal sutures. Late narrowing of
the esophagus hiatus due to the post-operative
scarring, even in patient’s not undergoing hia-
tal repair, has also been reported [40]. It is
possible that this complication is due to an
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idiosyncratic response to dissection which oc-
curs in certain patients. Correction requires
widening of the diaphragmatic hiatus by either
open surgical or laparoscopic techniques.

I Pulmonary embolism. Pulmonary embolism
has been reported following laparoscopic anti-
reflux surgery. This is likely to result from a
combination of primarily mechanical factors.
The combination of head up tilt of the operat-
ing table, intraabdominal insufflation of gas
under pressure, and placement of the legs of
patients in stirrups may greatly reduce venous-
flow in leg veins [41]. Coagulation changes as-
sociated with surgery are not altered by the
application of laparoscopic techniques [42]. To
prevent this problem it is mandatory that anti-
thromboembolism prophylaxis is routinely ap-
plied.

I Perforation of the gastrointestinal tract. Per-
foration of the esophagus, stomach, duode-
num, or bowel has all been described following
laparoscopic antireflux surgery. Whilst perfora-
tion of the small bowel and the colon may be
related to laparoscopic access in general, eso-
phagus and gastric perforations are specific
risks of laparoscopic antireflux surgery, with
an incidence of approximately 1% reported by
most series. Perforation of the back wall of the
esophagus can occur when dissecting the pos-
terior aspect of the esophagus with laparo-
scopic instruments. The anterior esophagus
wall is at risk when a bougie is passed to cali-
brate the tightness of the Nissen wrap. Gastric
perforation is usually an avulsion injury of the
gastric cardia due to rough handling by the
surgical assistant, or the use of inappropriate
grasping instruments to retract the stomach.
These injuries can be repaired by sutures,
applied either laparoscopically or by an open
technique. Awareness of the potential for these
injuries is likely to reduce their occurrence
[43].

I Mortality. Three deaths have been described
following laparoscopic antireflux procedures
[33, 44, 45]. The first was a patient who died
secondary to peritonitis and sepsis from a
duodenal perforation, presumably due to an
instrumental injury occurring outside of the
restricted field of view provided by the laparo-

scope [43]. Another was an instance of throm-
bosis of both the superior mesenteric artery
and the coeliac axis [44]. This rare complica-
tion has also been seen following laparoscopic
cholecystectomy, suggesting that it may be re-
lated to the use of positive pressure insuffla-
tion. A third was a case of infarction of the liver
following laparoscopic fundoplication [45].

Laparoscopic versus open surgery

Although laparoscopic approaches may reduce
short term surgical morbidity, on a priori
ground, it does not seem likely that long-term
outcomes will be different from equivalent
open procedures. It is even possible that tech-
nical modifications introduced to facilitate var-
ious laparoscopic approaches will result in
poorer long term outcomes. Equally the supe-
rior view of the operative field in laparoscopic
surgery might lead to better outcomes. Until
the results of long term studies are available
the true outcome of laparoscopic antireflux
surgery, and its status as compared with open
antireflux surgery will remain unknown.

Few direct comparisons of clinical outcome,
surgical morbidity, and cost effectiveness have
been attempted between early series of laparo-
scopic Nissen fundoplication and open surgical
experience (historical or otherwise) within
single institutions. Of the cost comparisons
attempted, all are within the context of the
American health system. Given the constraints
of the non-randomized research methodology
for almost all of these studies, and the different
cost structure of the American health care, a
fair comparison of laparoscopic and open tech-
niques is difficult. All published studies report
that laparoscopic antireflux surgery reduces
hospital treatment costs and early surgical
morbidity. Similar advantages were identified
by non-randomized studies which compared
laparoscopic inguinal hernia repair, appendec-
tomy, and cholecystectomy with their equiva-
lent open procedures. However, these advan-
tages have not always been supported when
prospective randomized trials were reported
subsequently. Three randomized controlled
trials which compare a laparoscopic Nissen
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fundoplication with its open surgical equiva-
lent have been reported [46-48], two in ab-
stract only. Nevertheless, the results of all of
these early trials confirm advantages for the la-
paroscopic approach, albeit less dramatic than
the advantages expected from the results of
non-randomized studies.

months significant differences had emerged
between the groups with the anterior group
having less dysphagia, gas bloat, and a higher
patient satisfaction rate [53]. Both of these
trials are continuing in order to look at the
important question of rates of recurrent re-
flux.

Randomzied trials of laparoscopic
antireflux surgery

Apart from the above three randomized trials,
which compare laparoscopic with open Nissen
fundoplication, five other randomized trials ex-
amining laparoscopic antireflux surgery have
been reported. Two of these studies compared
different techniques for dividing the short gas-
tric vessels during laparoscopic Nissen fundo-
plication. Laycock et al. [49] randomized 20
patients to have these vessels divided between
metal clips or by the Ultracision Ultrasonic
Shears (Ultracision, Smithfield, Rhode Island,
USA). A time saving was demonstrated for the
Ultrasonic Shears. Swanstrom and Pennings
[50] randomized 31 patients in a similar study
which also demonstrated a time saving of 10
minutes for the Ultrasonic Shear technique.
Neither of these studies enrolled a large group
of patients, or attempted to assess outcome dif-
ferences between different antireflux proce-
dures.

A third study, reported by Laws et al. [51],
randomized 39 patients to undergo either a
laparoscopic Nissen fundoplication or a laparo-
scopic Toupet fundoplication. No significant
short term outcome differences were demon-
strated between the two procedures.

The first of our own studies enrolled 103 pa-
tients to undergo either a total fundoplication
without division of short gastrics vs a total
fundoplication with division of short gastric
vessels. At six months there were no significant
or indeed appreciable differences between the
two operations with regard to dysphagia, re-
current reflux, gas bloat, or patient satisfaction
[52]. The second of our studies randomized
105 patients to undergo either a total fundo-
plication or an anterior fundoplication both
without division of short gastric vessels. At six

Controversies and questions in regard
to laparoscopic antireflux surgery

The advent of laparoscopic antireflux surgery
has focused debate between protagonists of
various antireflux surgical techniques. Whilst
the Nissen fundoplication remains the tech-
nique advocated by the majority of surgeons, a
number of variants such as posterior fundopli-
cation, anterior partial fundoplication, and
other techniques have been advocated to re-
duce the likelihood of post-operative dysphagia
and gas bloat. Some surgeons advocate selec-
tive use of partial fundoplication variants for
patients with esophagus dysmotility. Others
advocate routine application of a particular
partial fundoplication variant. Surgeons have
not reached agreement on these questions
which still require randomized studies for their
resolution.

Even the incidence of disease induced by fi-
brotic shortening of the esophagus remains in
doubt. Most surgeons report a very low inci-
dence of shortened esophagus during laparo-
scopic antireflux surgery, with the incidence of
conversion to an open procedure of this prob-
lem being less than 1% [54]. Although this
suggests that the problem is infrequent, the
ability of surgeons to determine adequate eso-
phagus length at the time of laparoscopic anti-
reflux surgery has been questioned with the
suggestion that the problem is more common
than usually appreciated [55, 56]. Because of
this Kauer et al. [55] have advocated an open
transthoracic approach to perform a Collis gas-
troplasty in patients with a hiatal hernia length
of more than 5 cm. Swanstom et al. [56] have
described a method for the laparoscopic con-
struction of a Collis gastroplasty if the surgeon
considers the gastroesophageal junction cannot
be brought down beyond the narrowed hiatus.
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Why do antireflux operations
sometimes fail

I Inappropriate surgery. If a patient does not
have reflux, operation will cure whatever is
causing the patient’s symptoms. Perhaps the
single most common non-reflux disorder,
sometimes treated as reflux, is achalasia. In a
collective review, the incidence of this occur-
ring was 8% of cases presenting for re-opera-
tion [57].

The situation with adynamic (scleroderma)
esophagus is not quite so clear cut although in
the collective review was seen as the reason for
reoperative surgery in 8% of cases also. There
is little doubt that the potential for creating a
relatively tight wrap in a patient with ady-
namic esophagus is quite high. Nevertheless,
authorities are divided as to whether the pre-
operative demonstration of an adynamic eso-
phagus should preclude the construction of a
total wrap. It seems not unreasonable to accept
that a very floppy complete wrap as advocated
by Siewert [53] should not prove obstructive,
although Skinner has stated that a partial fun-
doplication is preferred in these circumstances
[58]. Duranceau et al. have demonstrated that
a loose, short fundoplication can be con-
structed in patients with scleroderma esopha-
gus, but significant acid exposure persisted in
50% of 12 patients [60]. Our own preference
when an adynamic esophagus has been dem-
onstrated on manometry is to carry out an
anterior fundoplication.

As a general rule, it can be stated that if
reflux cannot be demonstrated then antireflux
surgery should not be undertaken.

I Obstructive problems. The usual problem is
the construction of wrap which is too tight
and therefore produces obstruction even to a
normally contracting esophagus. As mentioned
above, if the esophagus is adynamic, this prob-
lem is potentially more likely to occur. Shirazi
et al. compared 250 patients who had a short
total fundoplication carried out around a 60 Fr
bougie with 200 patients who had a long total
fundoplication carried out around a bougie of
<40 Fr, and found the incidence of dysphagia
in the latter group to be approximately double
that in the former group [61].

In the collective review about 12% of pa-
tients had this indication for their reoperation
[57].

Extrinsic obstruction can also occur by
three other means. First is when the esophagus
hiatus is narrowed too much in the placement
of crural sutures, and sedond is when an An-
gelchik prosthesis is inserted. Although this
device is effective in preventing reflux, it can
cause severe dysphagia, leading to a need for
early removal of the device in up to 20% of
patients [62]. The third mechanism has only
been described after laparoscopic fundoplica-
tion and consists of an excessive fibrous tissue
reaction in the hiatus leading to extrinsic ob-
struction [40].

I Gastric pullthrough (slipped Nissen)

In the presence of a shortened esophagus and
fixed sliding hiatus hernia, it is sometimes dif-
ficult to be certain where the stomach finishes
and the esophagus begins, when operating
from the abdomen, or vice versa, when operat-
ing from the chest. Under these circumstances,
it is possible that the inexperienced surgeon
may mobilize the herniated stomach, believing
it to be esophagus and then wrap the more
distal stomach around this mobilized stomach
- a so called gastric Nissen fundoplication. It
is impossible to glean from the literature how
often this occurs, as the end result is similar to
the gastric pullthrough problem. The gastric
pullthrough (slipped Nissen) is a moderately
common form of failure reported. It is usually
impossible to know if a gastric Nissen was
fashioned in the first place, or if the fundopli-
cation has slipped down from around the eso-
phagus to lie around the stomach (which is
probably unlikely), or if the longitudinal mus-
cle of the esophagus has pulled the distal
stomach through the fundoplication, which, a
priori, seems inherently the most likely cause.
This problem accounted for 29% of cases un-
dergoing re-operative surgery in the collective
review [57].
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I Breakdown of the repair

All patients who present with recurrent reflux
probably have breakdown of their repair to
some degree. Anatomical breakdown of the re-
pair is the most common cause for re-opera-
tion (46% in the collective review [57]). The
reasons why a repair should break down with
time are conjectural. It might be expected that
a loose wrap would be less likely to break
down than a wrap constructed under some
tension. There is no doubt that a floppy Nissen
is associated with almost no tension, and a
Nissen Rossetti repair (where only the anterior
wall of the stomach is used) is often under
quite a degree of tension. However, there is no
evidence from the literature that the one type
of repair is more likely to break down than the
other. The fact that many of the repairs seem
to break down early in the post-operative
course suggests that precipitating factors such
as straining coming out of anaesthesia, post-
operative vomiting, or just post-operative gas-
tric distension, may play a role. In the longer
term it is not difficult to imagine gastric dis-
tension with eating chipping away at the repair,
a factor which may explain why delayed gastric
emptying seems to have a strong association
with recurrent reflux [63].

When do antireflux operations fail?

I Open operations. If an inappropriate opera-
tion has been carried out, or if a total wrap
has been constructed too tightly, either in rela-
tive or absolute terms, or if the hiatus has been
made too narrow, or if an Angelchik prosthesis
is going to cause problems, then the failure of
the surgery should be evident from the outset.
The fact that, often, problems only become ap-
parent some months after the surgery probably
relates to the fact that many patients will take
liquid diets initially and only slowly progress
to solid food. It may also relate to the strong
placebo effect of a major abdominal operation.
However, it is surprising that many repairs
break down early after surgery, as mentioned
previously, with some even appearing to break
down in the immediate post-operative period.

Leonardi et al. found that the mean time to re-
flux recurrence was 19 months [64], and a sim-
ilar finding was reported in 29 children [65].
Furthermore, Varron et al. stated that 19 of
their 37 patients who came to re-operation de-
veloped recurrent reflux within 12 months of
their surgery [66]. Collected data from some
older series similarly showed that the majority
of reflux recurrences occurred within the first
2 years after surgery [67].

I Laparoscopic operations. Most large series of
laparoscopic antireflux surgery describe an in-
cidence of adverse outcomes requiring subse-
quent surgical revision [32, 65]. The incidence
varies with the length of post-operative follow-
up and the criteria used for reporting. An inci-
dence of 2 to 6% at short term follow-up is
usual with many of the reoperations required
to correct unique complications of the laparo-
scopic approach. Early identification of these
problems may facilitate early laparoscopic re-
pair. However, later identification, beyond the
first post-operative week, often necessitates a
more difficult open surgical procedure due to
adhesion formation and fibrosis rendering the
laparoscopic option in many instances more
difficult.

Laparoscopic revision procedures performed
more than 3 months after the original fundo-
plication have also been described [37, 68].
However, these are often technically demand-
ing operations. On the other hand, laparo-
scopic revision within a few days of the origi-
nal procedure for complications such as post-
operative paraesophagus herniation or early se-
vere dysphagia are technically less demanding,
and may not add greatly to the overall morbid-
ity of the laparoscopic approach [33, 37]. To
facilitate this, we recommend routine early
post-operative barium swallow x-rays to enable
early identification of problems and laparo-
scopic correction.

Re-operative surgery
for failed antireflux procedures

In general terms, the indications for second
time around surgery are similar to indications
for primary surgery, i.e. intractability of symp-
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toms in spite of the best that conservative mea-
sures have to offer. However, it must be re-
membered that operative mortality has to be
considered here (unlike with primary surgery).
For this reason it seems prudent to resort only
when symptoms are making a patient’s life
miserable.

It is extremely difficult to determine from
the literature what proportion of patients with
recurrent (or new) symptoms come to re-op-
erative surgery. In O’Hanrahan et al’s series
the number was 7 of 12 patients, with demon-
strated recurrent reflux [69]. However, what-
ever the proportion has been in the past, it is
reasonable to expect that, for recurrent reflux
at least, the figure will be somewhat less in the
future, since the introduction of proton pump
inhibitors.

The incidence of patients overall who come
to re-operation is also not known for certain,
as no series has achieved 100% follow-up of
their patients. Nevertheless, the figure is prob-
ably of the order of 4-6%.

As the esophagus hiatus can be approached
either from the thorax or from the abdomen,
theoretically it seems attractive to advocate an
approach for reoperative surgery via the pre-
viously unoperated route. In practice, however,
it seems that surgeons operate through the
route with which they are most familiar. Some
form of total fundoplication remains the most
popular re-operation, but equally a fundoplica-
tion constructed around an esophagus exten-
sion procedure may need to be performed.

Perhaps somewhat surprisingly, the results
of re-do antireflux surgery are not that much
different from the primary surgery [57], with
the one important exception being operative
mortality. Most series of patients having pri-
mary antireflux surgery show no or very low
mortality rates. Thus, Siewert et al. report a
collected series of 1240 patients with a 0.34%
mortality rate [70]. However, series of re-do
cases show operative mortality rates which
vary from 0 to 18%, underlining the fact that
this surgery can be technically extremely chal-
lenging [57].

The results of surgery worsen with the num-
ber of previous operations a patient has under-
gone for the problem. For example, Little et al.
found that 85% of 34 patients who had under-
gone one previous operation had a good result,

66% of 19 who had undergone two previous
operations obtained a good result, and only
42% of 8 patients who had undergone three or
more operations had a good result [71].
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Pathologic Classification
of the Esophageal Carcinoma

P. HERMANEK

In esophageal carcinoma as well as in other

malignant tumors, present-day oncology re-

quires a standardized classification for

I planning treatment procedures,

I estimation of prognosis and

I evaluation of treatment results and, thus,
quality assurance.

As in other malignant tumors the tumor classi-
fication of esophageal carcinoma is based on
four pillars and follows uniform international
recommendations by the World Health Organi-
zation (WHO) [4] and the International Union
Against Cancer (UICC) (2002, 2005) [16, 18].

Tumor classification

1. Tumor site UICC
2. Histomorphology
- Typing WHO
- Grading
3. Anatomical extent UICC

before treatment=TNM/pTNM

4. Anatomical extent after treatment UICC
=Residual tumor (R) classification

Tumor site

The esophagus commences at the lower border
of the cricoid cartilage. The UICC (2002, 2005)
distinguishes between the cervical and the in-
trathoracic esophagus. The latter is subdivided
into the upper thoracic, mid-thoracic, and low-
er thoracic portion (including the abdominal
esophagus) (Fig. 9.1). The upper thoracic por-
tion extends from the thoracic inlet to the level

D
\g
.. T W W
Cervical esophagus
e L . €150
Thoracic inlet

Upper thoracic esophagus
153

Tracheal bifurcation

Mid-thoracic esophagus
154

Lower thoracic esophagus
155
esophagogastric
junction

Fig. 9.1. Anatomic subdivision of the esophagus. Modified
from UICC 2005.

of the tracheal bifurcation. The mid-thoracic
portion is the proximal half, the lower thoracic
portion the distal half of the esophagus be-
tween the tracheal bifurcation and the esopha-
gogastric junction.

From a clinical point of view subdivision
into an infrabifurcational portion (=mid-tho-
racic and lower thoracic), a suprabifurcational
portion (including the region at the tracheal
bifurcation) (=upper thoracic portion) and a
cervical portion is important.

For the classification of tumors involving
the distal esophagus as well as the cardiac area
of the stomach the following rules of the UICC
(2003) [17] should be applied (Fig 9.2):

I If more than 50% of the tumor involves the
esophagus, the tumor is classified as eso-
phageal, if less than 50%, as gastric;
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Esophageal carcinoma Gastric carcinoma

Fig. 9.2. Distal esophageal carcinoma versus proximal gastric
carcinoma/adenocarcinoma of the gastroesophageal junction.

I if the tumor is equally located above and be-
low the esophagogastric junction or is desig-
nated as being at the junction, squamous cell,
small cell and undifferentiated carcinomas
are classified as esophageal, adenocarcinoma
and signet ring cell carcinoma as gastric.

Typing

The main histological types are the squamous
cell carcinoma and the adenocarcinoma. In sta-
tistics from the 1980s from Western countries
about 85-90% squamous cell carcinomas and
5-19% adenocarcinomas are reported. In the Er-
langen Cancer Registry 1978-1991 (n=581)
83.3% squamous cell carcinomas, 10.2% adeno-
carcinomas and 6.5% other or unclassified car-
cinomas were observed. While adenocarcino-
mas in Japan are very uncommon, in the Wes-
tern countries a considerable increase of adeno-
carcinomas during the last 10-20 years was reg-
istered: National Cancer Data base of USA: 1988:
33.2%, 1993: 43.1% adenocarcinomas [21]. How-
ever sometimes in such statistics carcinomas of
the cardia are included, and in these cases the
proportion of adenocarcinomas is considerably
higher than in statistics of carcinomas of the
esophagus only.

I Squamous cell carcinomas show intercellular
bridges and variable amounts of keratin.
Variants are:

I the verrucous carcinoma with papillary pat-
tern and well differentiated,

I the spindle cell (pseudosarcomatous) carci-
noma, a poorly differentiated carcinoma that
may be misinterpreted as sarcoma or carci-
nosarcoma,

I the basaloid squamous cell carcinoma, in
prognosis similar to the common squamous
cell carcinoma, with difficulties in differen-
tial diagnosis to small cell and adenoid cys-
tic carcinoma.

I The adenocarcinoma of the esophagus arises
as a rule from a Barrett syndrome (endobra-
chyesophagus, columnar epithelial-lined lower
esophagus, CELLO). Very uncommon are ade-
nocarcinomas arising from congenital foci of
heterotopic gastric mucosa, mostly in the upper
thoracic portion, or from esophageal glands.
Adenocarcinoma show papillary, tubular, or
tubulo-papillary pattern and may include
circumscribed areas with squamous meta-
plasia.

I Uncommon carcinomas (less than 5%) include

- mucinous adenocarcinoma

- adenosquamous carcinoma

- mucoepidermoid carcinoma

- adenoid cystic carcinoma

- lymphoepithelioma-like carcinoma

- small cell carcinoma (to be distinguished
from extension of a primary small cell
carcinoma of the lung)

- undifferentiated carcinoma

- choriocarcinoma.

Grading

Squamous cell carcinomas and adenocarcino-
mas are graded by considering the degree of
cytological and architectural similarity to the
tissue of origin as well as nuclear abnormali-
ties and mitotic activity:

I Gl Well Low grade
differentiated of malignancy

I G2 Moderately Low grade
differentiated of malignancy

I G3 Poorly High grade
differentiated of malignancy
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The small cell and the undifferentiated carci-
nomas are always G4 (Undifferentiated) and
high grade.

An independent prognostic influence of the
grade of differentiation could not be shown in
most multivariate analyses. Recently, for squa-
mous cell carcinoma a grading system (prog-
nostic score) considering only the pattern of
invasion and the inflammatory response was
proposed by [14]:

I Pattern of invasion

- Pushing well-delineated 1 point
tumor margins
- Infiltrating, solid cords 2 points
and bands
- Small groups of dissociated 3 points
cells (n>15)
- Marked cellular dissociation 4 points
I Inflammatory response
- Marked 1 point
- Moderate 2 points
- Slight 3 points
- None 4 points
- Sum of Prognostic
points group
2.3 1 Favorable prognosis
4 2 Favorable prognosis
5.6 3 Favorable prognosis
7.8 4 Poor prognosis

TNM/pTNM classification

The anatomic extent of esophageal carcinoma
is classified according to the TNM/pTNM clas-
sification of UICC (2002, 2005). It is applied to
the squamous cell carcinoma as well as to ade-
nocarcinoma and other uncommon carcino-
mas.

The clinical TNM Classification is based on
evidence from pre-therapeutic clinical exami-
nation, endoscopy, imaging, and from surgical
exploration. The pathological pTNM classifica-
tion entails relevant histopathological examina-
tion.

Requirement for pTNM classification
of esophageal carcinoma (UICC 2002, 2003)

pT1-3 Pathological examination of the pri-
mary carcinoma with no gross tumor at
the deep (radial, lateral), proximal and
distal margins of the resection (with or
without microscopic involvement)

pT4  Microscopic confirmation of invasion
of adjacent structures

Histological examination of a mediasti-
nal lymphadenectomy specimen which
will ordinarily include 6 or more lymph
nodes

pNO

pN1  Microscopic confirmation of at least
one regional lymph node metastasis
pM1  Microscopic (histologic or cytologic)

confirmation of distant metastasis

I Primary tumor: T/pT classification. The deci-
sive parameter for the classification of the pri-
mary tumor is the depth of invasion (Fig. 9.3).
In addition to the categories presented in Fig.
9.3 the categories T/pTX: Primary tumor can-
not be assessed and T/pT0: No evidence of pri-
mary tumor is available.

In Japan, frequently the term “superficial
esophageal carcinoma” is used to summarize
Tis and T1 tumors [11]. In contrast, in Japan
the term “early carcinoma of the esophagus”
characterizes a pT1 carcinoma without meta-
stasis in most publications.

I Regional lymph nodes. According to the UICC
rules the regional lymph nodes for the cervical
and the intrathoracic esophagus are different:

I Cervical esophagus. Cervical lymph nodes in-
cluding supraclavicular lymph nodes

I Intrathoracic esophagus
- Mediastinal lymph nodes
- Perigastric lymph nodes along the lesser
and greater curvatures (including right
and left cardial, supra- and infrapylorical
nodes) and along the left gastric artery

(Attention: The celiac lymph nodes are non-re-
gional, involvement is classified as distant me-
tastasis!)
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P - i
M Muscularis mucosae

Epthelium
Lamina propria

Submucosa

T/pTis
Carcinoma in situ

T/pT1a*)
Mucosa (Lamina propria,
Muscularis mucosae)

T/pT1b*)
Submucosa

T/pT2 T/pT3

Muscularis propria

¥) Facultative classification: TNM Supplement (UICC 2001)

Fig. 9.3. T/pT dlassification (UICC 2002). Modified from UICC 2005.

From surgical point of view and for describing
the extent of lymphadenectomy, the regional
lymph nodes are subdivided into compart-
ments or fields (cervical, mediastinal, and peri-
gastric).
Thus, a two field and three field lymphade-
nectomy can be distinguished:
I Cervical
compartment
I Mediastinal
compartment
I Perigastric
compartment

Three field (all

Two field [ compartments)

Two field

Within the 3 compartments various lymph
nodes stations are included and numbered by
the Japanese Society for Esophageal Diseases
[8] (Fig. 9.4).

I Regional lymph nodes for the cervical

esophagus (cervical compartment)

(100) Lateral cervical nodes bilateral

(101) Cervical paraesophageal nodes

(102) Deep cervical nodes (bilateral)

(103) Retropharyngeal nodes

(104) Supraclavicular nodes (bilateral), includ-
ing the so-called scalenus nodes

Adventitia

Mucosa
Submucosa

Muscularis
propria

T/pT4
Neighbored structures

Adventitia

i Cervical
. compartment
Mediastinal

compartment

Perigastric
compartment

Fig. 9.4. Regional lymph nodes of the esophagus. Subdivi-
sion into lymph node compartments and stations according
to the Japanese Society for Esophageal Diseases (1992).
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I Regional lymph nodes for the intrathoracic
esophagus

Mediastinal compartment

(105) Upper thoracic para-
esophageal nodes

(106) Thoracic paratracheal
nodes (bilateral)

Upper region

(107) Nodes at the tracheal
bifurcation

(108) Middle thoracic
paraesophageal nodes

(109) Pulmonal hilar nodes (bilateral)

Middle region

(110) Lower thoracic
paraesophageal nodes
(111) Diaphragmatic nodes

Lower region

Middle and
lower region

(112) Posterior mediastinal
nodes

Perigastric compartment

(1) Right cardiac nodes

(2) Left cardiac nodes

(3) Nodes along the lesser curvature
(4) Nodes along the greater curvature
(5) Suprapyloric nodes

(6) Infrapyloric nodes

(7) Nodes along the left gastric artery

The number of regional lymph nodes removed
by a systemic two-field lymphadenectomy is 25
to 40 nodes in the Western countries [3, 7].
With increasing number of nodes histologically
examined the number of node-positive cases is
increasing [3].

Number of nodes
examined per tumors

Frequency of node
positive resection

resection specimen specimen
1-5 1/10=10%
6-20 15/53=28%

>20 55/93 =59%

I N/pN dassification. The obligatory categories
of the UICC classification are:

N/pNX Regional lymph nodes cannot be as-

sessed
N/pNO No regional lymph node metastasis
N/pN1 Regional lymph node metastasis

Cases with micrometastasis only, i.e., no me-
tastasis larger than 2 mm, can be identified by
the addition of “(mi)”, e.g., pN1(mi) (UICC
2002).

In the TNM Supplement (UICC 2003) an op-
tional ramification of N/pN1 is proposed:

N/pNla 1 to 3 regional lymph nodes
involved

N/pN1b 4 to 7 regional lymph nodes
involved

N/pNlc More than 7 lymph nodes involved

Because the tumor length appears to be an in-
dependent indicator of mortality [2], in the last
edition of the TMN Supplement (UICC 2003)
an additional optional ramification of the T cat-
egories according to the tumor length is pro-
posed:

Tla-Tlb Tumor length <3 cm
T1b-T4b Tumor length >3 cm

I Classification of isolated tumor cells in the
regional lymph nodes [6] (UICC 2002, 2003)
Isolated tumor cells (ITC) are single tumor
cells or small clusters of cell not more than 0.2
mm in greatest dimension that are usually de-
tected by immunocytochemistry or molecular
methods (flow cytometry, DNA analysis), but
which may be verified H and E stains. Their
classification is as follows:

pNO (i-)  No regional lymph node metasta-
sis histologically, negative mor-
phological findings for ITC

pNO (i+)  No regional lymph node metasta-

sis histologically, positive morpho-
logical findings for ITC

pNO (mol-) No regional lymph node metasta-
sis histologically, negative non-
morphological findings for ITC

pNO (mol+) No regional lymph node metasta-
sis histologically, positive non-
morphological findings for ITC
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I Distant metastasis: M/pM. The categories are:

M/pMX Distant metastasis cannot be as-
sessed

M/pMO No distant metastasis
M/pM1 Distant metastasis

For carcinomas of the intrathoracic esophagus
the category M/pM1 is subdivided into
M/pMla and M/pM1b:

Tumors of the upper intrathoracic esophagus
M/pMla Metastasis in cervical lymph nodes
M/pM1b Other distant metastasis

Tumors of the mid-thoracic esophagus

All distant metastasis (including those in non-
regional lymph nodes) are classified as
M/pM1b

Tumors of the lower intrathoracic esophagus
M/pMla Metastasis in celiac lymph nodes
M/pM1b Other distant metastasis

The not uncommon so-called skip metastasis
(intramural metastasis, predominant in the
mucosa and submucosa) should not be classi-
fied as distant metastasis, their occurrence is
not considered in the present TNM system.

If all distant metastases are not larger than
2 mm in dimension, i.e. micrometastasis, this
may be indicated by the suffix “(mi)”, e.g.
pM1b(mi).

I Classification of isolated tumor cells in non-re-
gional lymph nodes or bone marrow. Such find-
ings are classified according to the same sche-
ma as for regional lymph nodes (see above),
e.g., isolated tumor cells identified by morpho-
logic techniques MO(i+) and non-morphologic
findings as MO(mol+).

For specification of the site of distant metasta-
sis the following notations may be used:

PUL Lung(s)

0SS Bone(s)

HEP Liver

BRA Brain

LYM Lymph node(s) (non-regional)
MAR Bone marrow

PLE  Pleura

PER  Peritoneum

ADR  Adrenals

SKI Skin

OTH Others

GEN  Generalized metastasis

1 Stage grouping

By considering of T, N and M and pT, pN and
pM categories respectively so-called

stages may be defined:

Stage 0 Tis NO MO
Stage I T1 NO MO
Stage ITA T2,3 NO MO
Stage IIB T1,2 N1 MO
Stage III T3 N1 MO
StageIV. AnyT AnyN AnyM

Additional descriptors and
optional categories of the TNM system

For identification of special cases in the TNM
or pTNM classification, the following symbols
are used:

I m symbol. Addition to T and pT to indicate
the presence of multiple synchronous primary
tumors in the esophagus. In this case, the tu-
mor with the highest T category should be
classified and the multiplicity or the number
of tumors should be indicated in parentheses.

Example: The pathological examination
shows a pT2 tumor and an additional primary
pT1 carcinoma. The classification is pT2(m) or
pT2 [2].

1 y symbol. In those cases in which classifica-
tion is performed following preoperative che-
mo- and/or radiotherapy, the TNM or pTNM
categories are identified by the y prefix, e.g.
yT2NOMO or ypT2pN1MO.

I r symbol. Recurrent tumors, when staged
after a disease-free interval, are identified by
the prefix r, e.g. rT2NOMO.

I a symbol. The prefix “a” indicates that classi-
fication is first determined at autopsy.
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I Lymphatic invasion. For description of lym-
phatic invasion the following categories are
used:

LX Lymphatic invasion cannot be assessed

L0 No lymphatic invasion

L1 Lymphatic invasion

I The C-factor (certainly factor) reflects the va-
lidity of clinical classification according to the
diagnostic methods employed. The C-factor is
added to the T, N, and M categories, e.g. T2C2
N1C3 MOCI. The definitions for the esophagus
[19] are:

I Primary tumor

Cl Physical examination, esophagogastroduo-
denoscopy, esophagography, bronchoscopy

C2 Chromoendoscopy, radiographs with spe-
cial projections, endoluminal ultrasonog-
raphy, CT, MRI, laparoscopy, biopsy, cy-
tology

C3 Surgical exploration including biopsy and

cytology

I Regional lymph nodes

Cl Physical
nodes)

examination (cervical lymph
C2 Endoluminal ultrasonography, CT, MRI,
PET, laparoscopy

C3  Surgical exploration including biopsy and
cytology

I Distant metastasis

Cl Physical examination, standard radiogra-
phy

C2 Tomography, CT, external ultrasonography,
MRI, scintigraphy, laparoscopy, biopsy,
cytology

C3  Surgical exploration including biopsy and

cytology

For pTNM the C-factor is not important and
may be omitted because the requirements for
pT, pN, and pM are defined in the general
rules of the TNM system and in the TNM Sup-
plement (UICC 2003).

Residual tumor (R) classification

While TNM and pTNM describe the anatomic
extent of tumor before treatment, the R classi-
fication deals with tumor status after treat-
ment. It reflects the effects of therapy, influ-
ences further therapeutic procedures, and is
the strongest predictor of prognosis.

The categories of the R classification are:

RX Presence of residual tumor cannot be as-
sessed

RO No residual tumor
R1 Microscopic residual tumor
R2 Macroscopic residual tumor

The Working Group of German Cancer Centers
[1] proposed a subdivision of the R2 category:

R2a Macroscopic residual tumor without mi-
croscopic confirmation

R2b Macroscopic residual tumor with micro-
scopic confirmation

In the R classification the loco-regional tumor
status (primary tumor and regional lymph
drainage area) as well as distant residual tu-
mor in the form of remaining distant metasta-
sis are taken into consideration. Thus the R
classification following surgical treatment re-
quires the co-operation of the surgeon and the
pathologist (Fig. 9.5).

In esophageal carcinoma loco-regional resid-
ual tumor is found most frequently in the medi-
astinal (circumferential, lateral, radial) resection
margins, more rarely on the oral, and very sel-
dom on the aboral margin: In 107 locally-re-
gionally incomplete esophageal resections the
mediastinal margin was tumor positive in
82%, the oral margin in 15%, and the aboral
margin in 3% [20]. Thus, the histological exam-
ination has to focus on the mediastinal resection
margins in the region of the deepest invasion of
the primary carcinoma. Transverse sections are
taken for histology after marking the margin
with India ink or white latex-emulsion (Tipp-
Ex). Because of the relatively frequent histologic
tumor extension beyond the gross tumor mar-
gins and microscopic skip metastasis, the addi-
tional histologic examination of the oral and
aboral resection margin is obligatory [5].
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Preoperatively/intraoperatively:
residual tumor/distant metastasis?

No

l

No

|

Resection margins
tumor free?

No residual tumor
microscopically?

Yes

Grading of histological regression
after neoadjuvant treatment

Following preoperative radio- and/or chemo-
therapy, a variable histologic regression of tu-
mor tissue is seen. For grading these changes,
two methods may be used [9].

I Assessment of “effectivity” (Ef) according to
the proposals of the Japanese Society for Eso-
phageal Diseases [8]:
Efl (no slight regression)
vital tumor cells with absent or slight de-
generative changes in more than 1/3 of
the tumor
Ef2 (moderate regression)
neither Efl nor Ef3

Ef3 (severe regression)
no vital tumor cells

I Assessment of tumor regression grade

(TRG) according to Mandard et al. [10];

TRG1 No identifiable residual cancer, only fi-
brosis with or without granulomas
(complete regression)

Rare residual cancer cells scattered

through fibrosis

TRG2

Increased number of residual cancer
cells, fibrosis still predominant

TRG3

TRG4
TRG5

Residual cancer outgrowing fibrosis
No regressive changes

Yes

Fig. 9.5 Assessment of the residual
tumor (R) classification. From Wagner
and Hermanek 1995 [19].

I Further prognostic factors (for more informa-
tion and references see Roder et al. [12] and
Stein et al. [5]).

The anatomic extent of tumor, assessed by the
TNM defined stage and after treatment, by the
R classification are the most important indica-
tors of outcome. For all other possible tumor-,
patient- and treatment-related prognostic fac-
tors is the independent significance by multi-
variate analysis not yet proven and only for
some patient subgroups probable [13]. This ap-
plies to the histologic type which influences
prognosis probably only in pT1 tumors. An in-
dependent prognostic influence has been
shown for the so-called lymph node ratio, i.e.
the ratio of involved and removed nodes, by a
single study from Munich [12]. This ratio re-
flects the extent of lymphatic metastasis as well
as the extent of lymphadenectomy. Following
neoadjuvant therapy the grade of histological
tumor regression is of prognostic importance
[10]. For all biological and molecular markers,
it has to be stated that their significance for
treatment decisions as well as for prognosis re-
mains to be proven.



9 Pathologic Classification of the Esophageal Carcinoma 1

79

Preconditions for adequate
histopathological tumor classification

An optimal histopathological tumor classifica-
tion requires the close co-operation between
clinicians and pathologists. Optimal methods
in the histopathological laboratories must be
supplemented by three preconditions to be met
by clinicians:

I Adequate sampling for pretherapeutic diag-
nostics,

I careful handling of specimen during the
transport into the histopathological labora-
tories,

I sufficient information on the clinical situa-
tion for the pathologist.

I Sampling for pre-therapeutic diagnostics. From
any grossly recognizable lesion multiple biop-
sies (at least 5 particles) have to be taken. In
ulcerous lesions, not only the ulceration itself
but also the margins should be biopsied. Poly-
poid lesions up to 1 cm in dimension should
be completely removed by diathermy snare as
primary diagnostic step (total biopsy). Diag-
nostic difficulties arise in case of tumor steno-
sis and oral submucous extension. If stenosis
cannot be passed by a baby endoscope, biop-
sies may be possible after dilatation. In such
cases, material for cytological examination
may be obtained by washing, brushing or bal-
loon sampling. The assessment requires special
experiences with esophageal cytology. During
esophagoscopy, biopsies should be taken not
only from the visible tumor, but also from the
adjacent grossly normal mucosa to detect an
associated in situ component. Synchronous
multiple primary tumors of the category Tis
and T1 sometimes can be detected only by
chromoendoscopy (with lugol solution).

I Handling of specimens during the transport to
the histological laboratories. Biopsies and ecto-
mized polyps should be immersed in fixative as
soon as possible. The type of fixative should
be chosen in agreement with the pathologist.
Mucosal resection specimens should be
mounted on cardboard or corkboard, mucosal
side up, and attached to it with pins (avoid
stretching!). If possible, esophagectomy speci-
mens should be transported to the pathologist

immediately after resection. Areas suspicious
of locally incomplete resection should be
marked by the surgeon. In addition the level of
tracheal bifurcation should be marked to en-
able a topographic assignment of the paraeso-
phageal lymph nodes. All lymph nodes sepa-
rately removed should be carefully labelled in-
dicating their localisation. If resection speci-
mens have to be sent to the pathologist by
mail, the specimens have to be opened longi-
tudinally, trying to cut on the side opposite to
the tumor, in circular tumors on the anterior
site and along the greater curvature of the
stomach. The specimens are pinned up on
styropore or corkboards (avoid stretching!)
and then immersed in sufficient fixative (ac-
cording to agreement with the pathologist).

I Information for the pathologist. An optimal
histological examination of incision and total
biopsies and resection specimens requires ade-
quate information for the pathologist on the
clinical situation including history.
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Throughout the last decades the results of sur-
gical treatment on esophageal cancer have im-
proved continuously. Before 1980 Isono [1] re-
ported a 5-year survival rate of 12.4%. In this
study he describes the mode of recurrence
after esophagectomy: 13.0% of patients had lo-
cal recurrence, 8.7% had recurrence in the re-
sidual esophagus, 43.5% had evidence of
lymph node metastasis, 28.3% had recurrence
in other organs, and 6.5% had pleural or peri-
toneal tumor dissemination. The relapse pat-
tern in lymph nodes showed recurrence in cer-
vical nodes in 21.7%, mediastinal nodes in
19.6%, and abdominal nodes in 2.2%. These
results suggest that extensive surgery with rad-
ical lymph node dissection could bear a
chance of cure for these patients.

Meanwhile the more radical en bloc esopha-
gectomy has found widespread approval. In Ja-
pan three field lymph node dissection, includ-
ing systematic lymphadenectomy of cervical,
mediastinal, and abdominal nodes has been
proposed to improve survival rates. However,
there is evidence that significantly improved 5-
year survival rates can not be achieved as com-
pared with two-field dissection [3, 27, 28].

The overall frequency of positive lymph
nodes according to all tumor sites is shown in
Table 10.1. Improvements in preoperative stag-
ing, with the introduction of CT, EUS, and
EUS plus FNA (fine needle aspiration) have
contributed to an improved treatment of pa-
tients with esophageal cancer. EUS has an
overall staging accuracy for N-status of about
60-70% [34], and CT is the appropriate means
to detect distant metastasis in secondary or-
gans such as liver or lung. An improvement of
staging accuracy may be achieved by comple-
mentarily supplementing FNA to EUS because
FNA improves N-stage accuracy, but has no
bearing on T-stage accuracy [35]. Thus, unre-

sectable cases can be excluded in most cases
preoperatively and can be treated with pallia-
tive modalities. This better selection of pa-
tients could amount for the improved survival
rates observed over the decades, rather than
the introduction of lymphadenectomy. The is-
sue of radical lymphadenectomy is discussed
very controversially in surgical oncology. After
initial enthusiasm a more realistic approach to
this issue has now been advocated, for example
in gastric cancer [4, 5, 29] and non small cell
lung cancer [6, 30]. It seems that only a limited
number of patients will experience a benefit
from this procedure. Patients with advanced
tumors (T4) and lymph node involvement
should undergo preoperative radiochemother-
apy and should only be operated in case of re-
sponse [7]. This better selection of patients
could account for the improved survival rates
observed over the decades, rather than the in-
troduction of lymphadenectomy.

Thus, prognosis of patients with esophageal
cancer still remains unsatisfying. Tumor recur-
rence occurs frequently even despite the ab-
sence of residual tumor detectable at primary

Table 10.1. Frequency of lymph node metastasis

Author Number Overall rate of
of patients lymph node
metastasis
Akiyama 1991 236 73.7%
Isono 1991 4590 72.9%
Ide 1994 403 58.0%
Nishihira 1995 171 58.5%
Izbicki 1995 67 55.2%
Altorki 2002 80 69.0%
Lerut 2004 174 70.1%
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surgery and by current clinico-pathological
staging procedures. This observation suggests
that a substantial fraction of these patients
present initially with occult micrometastases.
This is confirmed by our own results, with
50% of patients with tumor stage pT1 having
immunhistochemically detected individual tu-
mor cells in their lymph nodes. Histopatholog-
ically proven lymph node metastases are evi-
dent in about 30% of patients with small tu-
mors (pT1), which also underlines the early
metastatic potential of esophageal cancer [26].
This is of great clinical importance as lymph
node involvement is regarded as one of the
strongest prognostic factors for tumor recur-
rence [9-15]. Therefore, extensive lymph node
sampling is essential to facilitate correct post-
operative staging. Hence patients with an in-
creased risk for tumor recurrence may be se-
lected for adjuvant multimodal treatment.

Anatomy of the lymphatic system

Lymph nodes draining the esophagus are
widely distributed due to two different embry-
ologic origins of the esophagus. Throughout
embryologic development the branchial arches
and the yolk sac grow together in the area of
the tracheal bifurcation, forming the origin of
the esophagus. Thus, the organ has two main
lymphatic collection areas, in the abdomen
around the celiac trunk and at the neck. Pio-
neering work on the lymphatics of the esopha-
gus was done in 1903 by Sakata, who revealed
that the submucosal lymphatics do not drain
segmentally, but in a longitudinal fashion. The
lymphatic pathway of the middle and superior
esophagus goes to the neck before passing
through the muscular layer to finally reach the
deep cervical nodes and the nodes located
along the recurrent laryngeal nerve. The lym-
phatics of the lower esophagus drain down-
wards to the cardiac nodes and the nodes
around the celiac trunk. These results are also
reflected by the frequency of lymph node me-
tastasis according to tumor location (Table
10.2). To assess which lymph nodes have to be
dissected for correct staging, analysis of data
concerning the frequency of lymph node in-
volvement is necessary.

Table 10.2. Frequency of involvement of lymph node groups
assessed by three-field lymphadenectomy

Author No. of Cervical Media- Abdomi-
patients nodes  stinal nal nodes
nodes

Akiyama 1991 236 33.1% 58.1% 49.2%
Isono 1991 1740 274%  55.8%  49.2%
Kato 1991 79 36.7%  59.5%  41.8%
Altorki 2002 80 36.25% - -

Lerut 2004 174 236% - -

I Cervical nodes

The deep cervical node group is often affected
by metastasis, while superficial nodes usually
are not involved except in very advanced pri-
maries. The deep nodes consist of the deep
lateral nodes or “the accessory nerve chain
group” in the lateral part of the neck. The deep
external nodes include those of the internal
jugular chain and the supraclavicular nodes,
and the deep internal nodes are located medial
to the jugular chain. The lower part of the
deep internal nodes is also known as the “re-
current laryngeal nerve chain”. However, the
deep internal nodes bear a very high risk of
metastasis (Table 10.3).

I Superior mediastinal nodes

At the right side of the superior mediastinum,
the lymph node chain along the right recurrent
nerve winds around the subclavian artery. On
the left side of the superior mediastinum,
some smaller nodes are located along the left
recurrent laryngeal nerve. Since these nodes lie
along the left laryngeal border, they are also
called the “left paratracheal nodes”. Both right
and left laryngeal nerve chain groups bear a
high risk of metastasis.

I Middle mediastinal nodes

The nodes located at the tracheal bifurcation
are also known as the carinal nodes. They are
located closely to the mid-esophagus and are a
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Table 10.3. Lymph node metastases mapping and localization of the primary tumor

Lymph node Lymph nodes Kato 1991 Akiyama 1991 Nishira 1995
field
Rate of involvement Rate of involvement Rate of involvement
1 Cervical Accessory nerve chain (right/left) & 5% %)
Cervical paraesophageal 21.5% (%) 21.9%
Supraclavicular right 6.3% (%) 9.4%
Supraclavicular left 6.3% %) 6.3%
Deep cervical nodes right 15.2% 10.6% 9.4%
Deep cervical nodes left 21.5% 8.9% 3.1%
1 Superior Right recurrent nerve 34.2% 37.3% 17.5%
mediastinal Paratracheal (right/left) 38.0% 21.2% 12.3%
Brachiocephalic (%) 6.8% %]
Upper periesophageal 19.0% 9.8% 8.8%
1 Middle Infraaortic arch 2.5% 6.8% 1.8%
mediastinal  Tracheobronchial %) %) 0.6%
Pulmonary %) 14.8% 4.6%
Hilar (right/left) infracarinal 17.7% 14.8% 12.3%
Middle periesophageal 20.3% 25.4% 12.2%
Posterior mediastinal %) (%) 9.4%
I Lower Lower mediastinal %) 25.8% %)
mediastinal Lower periesophageal 13.9% %) 9.4%
Diaphragmatic (hiatal region) %) 2.1% 0.6%
I Superior Paracardiac (right/left) 38.0% 32.6% 25.2%
gastric Left gastric artery 21.5% 23.7% 10.5%
Lesser curvature 11.4% 18.2% 8.2%
B Distant Celiac trunk 8.9% 16.1% 3.5%
abdominal  gpjenic artery %) %) 4.7%
Common hepatic artery 2.5% 5.1% 1.2%

frequent site of metastasis. The posterior medi-
astinal nodes, paraaortic nodes, and nodes
along the thoracic duct can also be grouped to-
gether as “paraesophageal nodes”. Because of
their vicinity to the esophagus, they are partic-
ularly often involved in tumors located at the
level of the tracheal bifurcation, which is the
most frequent site of tumor occurrence.

I Lower mediastinal nodes

The description of the paraesophageal nodes
of the mid-esophagus also applies here.

I Superior gastric nodes

The paracardiac nodes are essential, as they
are frequently involved in esophageal cancer,
regardless of tumor location. They are located
along the highest branch of the left gastric ar-
tery. The nodes of the lesser gastric curvature
are an important route for tumor spread from
the esophagus to the celiac trunk. The major-
ity of the nodes affected by tumor dissemina-
tion are situated along the upper half of the
lesser curvature in the left gastric area. As a
matter of fact, positive nodes hardly ever occur
along the fifth branch of the left gastric artery.
Nevertheless, the lesser curvature should be re-
moved. The left gastric artery nodes are inter-
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posed between the route of the artery and less-
er gastric curvature. This is one of the main
routes of lymphatic spread from the primary
tumor.

I Distant abdominal nodes

The nodes along the short trunk of the celiac
artery, the root of the left gastric, the common
hepatic, and the splenic artery belong to the
group of the celiac nodes. Lymph node meta-
stasis occurring at this point indicates systemic
dissemination of the tumor. The common he-
patic artery nodes lie along the course of the
common hepatic artery, and metastasis in this
area also indicates distant tumor spread. Nodes
of the hepatoduodenal ligament, distal splenic
artery, or splenic hilum are very rare sites of
lymphatic tumor spread. Therefore these
groups are not discussed here.

The frequency of metastasis in certain
lymph node groups is influenced by the loca-
tion of the primary tumor. Akiyama published
data on 236 patients about this aspect of meta-
static spread [31]. All patients underwent cer-
vico-thoraco-abdominal lymph node dissec-
tion. Patients with carcinoma of the upper eso-
phagus had metastasis in the neck lymph
nodes in 44.1%, upper mediastinum in 50.0%,
middle mediastinum in 20.6%, and lower me-
diastinum in 5.9%. Remarkably 14.7% of the
cases presented with metastasis in the upper
gastric area.

Carcinoma of the mid-esophagus was asso-
ciated with metastasis in 32.9% in the neck,
38.1% in the upper mediastinum, 41.0% in the
mid-mediastinum, 20.2% in the lower media-
stinum, and 42.5% in the upper gastric region.
Carcinoma of the lower esophagus was asso-
ciated with 29.4% positive lymph nodes in the
neck and 30.9% in the upper mediastinum,
48.5% bad metastasis in the middle mediasti-
num, 35.3% in the lower mediastinum, and
69.1% in the upper gastric area.

In summary the incidence of metastases in the
superior mediastinum and the neck is high,
even in patients with primary tumors located
in the lower esophagus. These data underline
the importance of extensive lymph node sam-
pling for correct staging.

Table 10.4. Frequency and location of lymph node groups
affected by micrometastasis *

Lymph node field Lymph nodes  Rate of
involvement
(%)
I Superior mediastinal  periesophageal 3.0
paratracheal 45
I Middle and lower carinal 8.9

mediastinal tracheobronchial ~ 3.0

1 Abdominal paracardiac 7.5
hepatic artery 75

celiac trunk 14.9

I Periesophageal nodes 8.9

next to primary lesion

* Data from micrometastasis in 393 lymph nodes of 67 pa-
tients with esophageal cancer [26]

Since the present 5-year survival rates of
radical three-field lymph node dissection do
not seem to improve 5-year survival rates sig-
nificantly, a minimal tumor spread in seem-
ingly localized disease has to be assumed [26],
which is confirmed by our own data. 50% of
our pNO patients had single immuno-stained
tumor cells in their lymph nodes (Table 10.4).
The presence of these cells was an independent
factor for a significantly reduced relapse-free
survival. The demonstrated prevalence for de-
veloping distant metastases in our patients
with tumor cells in lymph nodes suggests that
the presence of these cells is an expression of a
generalized tumor disease rather than an indi-
cator of the site of subsequent metastasis. Thus
the majority of patients with esophageal cancer
cannot be cured by surgery alone. Therefore,
the benefit of radical systematic three-field
lymphadenectomy on relapse-free survival, and
overall survival, remains unclear. Therefore, we
recommend extensive lymph node sampling
for correct pathological staging to identify the
group of patients who may benefit from adju-
vant therapeutic regimes because of a minimal
residual tumor load.

Since lymph node spread remains an ex-
tremely rare event in patients with early cancer
confined to the lamina propria (Tis), new ther-
apeutic concepts of local treatment have been
advocated as an adequate therapy. Strip biopsy
of the mucosa and photodynamic therapy or
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laser therapy for local intraluminal treatment,
and minimally invasive surgery for resection
of the esophagus are applied to patients, in
whom endoluminal ultrasound suggests a limi-
tation of the tumor to the mucosa.

Operative procedure

I Abdomino-thoracic en bloc esophagectomy

The operation starts with the patient in a left
sided position with the thorax slightly angu-
lated, opening the right sided intercostal spaces
and a right anterolateral thoracotomy in the
fifth intercostal space is performed. After tho-
racotomy, a rib retractor is inserted, and de-
compression of the right lung is commenced.
Incision of the mediastinal pleura starts by di-
viding the hilum of the right lung along the
right pulmonary ligament, and then proceeds
at the back of the lateral side of the trachea
and the V. cava superior up to the thoracic
aperture. At this point the incision turns lateral
to the V. azygos and descends at its lateral side
down to the diaphragm and then medial to
complete the pleural incision. Care must be
taken not to compromise the phrenic nerve.

The azygos vein is now divided between
ligatures at the confluens to the V. cava supe-
rior. Lymphadenectomy starts along the vena
cava superior up to the laryngeal nerve, which
is identified properly. Lymphadenectomy ex-
tends now along the dorsal wall of the vena
cava to the pre- and paratracheal lymph nodes,
including the tracheobronchial, upper paraeso-
phageal, and retrotracheal node groups. The
vagus nerve is divided caudal to the laryngeal
nerve.

The intercostal branches of the azygos vein
are ligated and divided. Lymph node dissection
is carried out along the dorsal pericardium ex-
tending from the main carina down to the vein
of the right lower lobe including dissection
along the bronchus intermedius and the
bronchus of the right lower lobe paraaortal to
the left hilum. Lymphadenectomy continues
along the ascending aorta including the para-
aortal node groups, the subcarinal nodes, and
the lymph nodes of the left hilum.

Dissection continues at the anterior wall of
the descending thoracic aorta to the anterior
ligament of the spine up to the right brachio-
cephalic vein and the confluence of the anony-
mous veins, turning then to the left side of the
aorta.

While dissecting along the aortic arch,
branches supplying the esophagus are divided
and ligated. Lymphadenectomy now is directed
versus caudal on the adventitia of the aorta
descendens. At the tracheal bifurcation, the
thoracic duct is ligated cranially.

Dissection is completed down to the aortal
and esophageal hiatus where the thoracic duct
is ligated caudally.

The abdominal part of the lymphadenec-
tomy starts after changing the patient to the
supine position, with a bilateral subcostal inci-
sion combined with an upper median laparo-
tomy.

Lymphadenectomy starts at the hepatoduo-
denal ligament. The right gastric artery is di-
vided at the bifurcation from the gastroduode-
nal artery. Lymphadenectomy continues along
the common hepatic artery up to the celiac
trunk.

Next, the left gastric artery is divided at the
celiac trunk and lymphadenectomy is per-
formed along the upper margin of the pan-
creas along the splenic artery and down to the
origin of the celiac trunk at the aorta. From
there lymphadenectomy is performed along
the aorta up to the aortic hiatus of the dia-
phragm. Abdominal lymphadenectomy is com-
pleted by lifting up the lesser curvature and
dissecting the node groups at the cardia after
incision of the esophageal hiatus.

I Lymphadenectomy
in transhiatal esophagectomy

Operation starts in supine position with a bi-
lateral subcostal incision combined with an
upper median laparotomy, as it is done in the
abdominal part of the radical en bloc esopha-
gectomy.

Abdominal lymphadenectomy is performed
exactly as described for the abdominal part of
the en bloc esophagectomy.

After incision of the esophageal hiatus, lym-
phadenectomy is performed along the ventral
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side of the aorta up to the carina including the
paraaortal and paraesophageal lymph node
groups under direct vision. Both pulmonary li-
gaments are divided and the lymph nodes re-
moved.

Starting at the level of the pulmonary hilum
or the main carina, the dissection plane ap-
proaches the esophageal wall.

I Three-field lymphadenectomy

Two-field lymphadenectomy is conducted as
described earlier, except for the lymph node
dissection of the anterior mediastinum. Inci-
sion of the median laparotomy is now ex-
tended up to the neck, and a Kocher’s collar
incision is made subsequently.

After partial or complete sternotomy is per-
formed, cervico-mediastinal lymphadenectomy
begins with dissection of the paratracheal node
groups on both sides in the upper anterior and
upper posterior mediastinum. It starts from
the carina up to the node groups between
anonymous vein and clavicula, dissecting the
right and left laryngeal nerves from the origin
to the larynx. Lymph node dissection also in-
cludes the thymus in the anterior mediasti-
num.

Lymphadenectomy goes up to the central
cervical compartment between the carotid ar-
teries including the paratracheal, infra- and su-
prathyroidal and submandibular node groups.

Three-field lymphadenectomy ends with dis-
section of the lateral cervical compartments in-
cluding lymph nodes between the carotid ar-
tery and the trapezius muscle starting from
the subclavian vein up to the hypoglossus
nerve on the ventral and dorsal side of the cer-
vical plexus.

Sometimes the term three-field lymphade-
nectomy applies just to the combination of the
two-field lymphadenectomy with a bilateral
modified neck-dissection encompassing cervical
thymectomy without using a median sterno-
tomy.
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Rationale for Type of Resection in Cancer of
the Esophagus and Gastroesophageal Junction
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Despite new insights into its molecular basis
and various treatment options evaluated in nu-
merous trials, therapy of esophageal cancer re-
mains a challenge. In the past, surgery was the
only treatment option. A patient qualified for
surgery when he presented in stable condition
and when the tumor was believed to be resec-
table. Today a vast number of treatment strate-
gies, including induction chemotherapy, radio-
chemotherapy with or without combination
with surgery, administered in an adjuvant or a
neoadjuvant setting, are added to the tradi-
tional therapy of surgery alone. Even the ques-
tion, whether surgery after effective chemora-
diation does have any impact on prognosis at
all or is no more than a “big biopsy” is dis-
cussed today. There is increasing evidence that
patients may benefit from induction chemo-
therapy.

However, on the basis of the results of the
trials performed, complete resection of the tu-
mor currently remains the gold standard of
therapy and surgery by far offers the best
chance for cure. Ongoing trials concentrate on
an improvement of the chemotherapy and
radiotherapy regimens as well as on an im-
provement of the drugs used.

Adequate treatment for patients with eso-
phageal carcinoma and carcinoma of the car-
dia is based on tumor typing, anatomic loca-
tion, and tumor staging.

Resection usually entails subtotal esopha-
gectomy and radical lymphadenectomy. In
some cases, as discussed below, gastrectomy or
extended resections may be necessary. How-
ever, in order to give the patient the chance to
be cured, an RO resection is imperative.

Esophageal carcinoma, if untreated, leads to
death after diagnosis within 3-6 months. Ra-
diotherapy alone can achieve two-year survival
rates with a maximum of 20%. Results for che-

motherapy alone are even worse. The value of
chemotherapy lies in neoadjuvant protocols or
in combination with radiation, especially in
adenocarcinomas.

Tumor typing

In the past the majority of malignant esopha-
geal tumors were squamous cell carcinomas.
However, the frequency of adenocarcinomas is
rising, accounting for up to 60% of all malig-
nant esophageal tumors.

Due to the high potential of squamous cell
carcinomas to metastasize into the peri-eso-
phageal lymphatics, radical removal without
residual disease will usually require transtho-
racic en bloc esophagectomy. This includes
removal of the lymph nodes of the lower and
upper mediastinum, and the abdominal lymph
nodes. The value of removal of unsuspicious
cervical lymph nodes is still discussed contro-
versially. So far this three-field lymphadenec-
tomy has not been evaluated in a prospective
randomized fashion. Retrospective data collec-
tions of personal experiences favor three-field
lymphadenectomy over two-field lymphade-
nectomy with comparable morbidity and mor-
tality, while other large personal data collec-
tions advocate transhiatal esophagectomy. The
transhiatal approach enables removal of the
lymph nodes of the entire lower mediastinum
dorsal to the pericardium. However, lymphatic
clearance around and above the main carina is
dangerous and unreliable.

In contrast, adenocarcinomas, if localized at
the cardia (type II according to Siewert’s clas-
sification), metastasize mainly to the abdom-
inal or inferior mediastinal lymph nodes. Since
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these fields can be reached via a transhiatal
approach, this procedure is warranted, espe-
cially in patients who are not fit for a trans-
thoracic procedure. On the one hand some fa-
vor the transthoracic procedure in case of T2
tumors because of the probability of a high in-
cidence of positive lymph nodes in the upper
mediastinum. On the other hand, there are
some who favor the extended gastrectomy for
the true cardia carcinoma. According to Sie-
werts’ classification, for type III carcinoma the
extended gastrectomy is the standard proce-
dure.

Adenocarcinomas that arise more than 1 cm
proximal to the muscular border between eso-
phagus and stomach (type I according to Sie-
wert’s classification) may metastasize like squa-
mous cell carcinomas. The value of lymphade-
nectomy of the upper mediastinum in these
patients, however, is under discussion. Positive
upper mediastinal lymph nodes are found in
approximately 20% of patients with early ade-
nocarcinomas (T1b), and lymph node recur-
rence of adenocarcinoma above the carina has
been reported in over 20% of patients after
lymph node clearance of the inferior mediasti-
num only. Lymph node metastases in the upper
mediastinum are mainly present in T2 and T3.
Therefore transthoracic resection with radical
lymph node clearance of the lower and upper
mediastinum is indicated.

If all histological typings, including adeno-
carcinomas and squamous cell carcinomas, are
grouped together, a survival benefit has been
shown for transthoracic en bloc esophagec-
tomy. Consequently, if in doubt, this operation
should be performed if the patient is deemed
fit for the procedure.

chea. This anatomical structure is best visu-
alized on a barium swallow.

I The lower thoracic esophagus extends from
the main carina down to the hiatus of the
esophagus which corresponds to approxi-
mately 38-44 cm from the incisors.

I The gastroesophageal junction comprises
the area of the esophagus 5 cm proximal to
5cm distal to the anatomical cardia. Since
the epithelial border moves during the indi-
vidual’s life and especially in disease, it can-
not be used as a landmark for location.

Cervical esophagus

Tumors of the cervical esophagus have their
lymphatic drainage mainly to the neck and
into the thoracic duct. These tumors usually
arise from squamous epithelium. Due to their
close anatomic relationship to the larynx and
upper trachea these tumors are often primarily
irresectable. Therefore large T3 and especially
T4 tumors may benefit from preoperative com-
bined radiochemotherapy to downstage the
tumor. This enables transthoracic en bloc eso-
phagectomy, bilateral modified neck dissection,
and a reconstruction either with a gastric tube
or colon interposition. Occasionally a local
resection with free jejunal interposition may
be indicated. However, even in these cervical
lesions, lymphatic metastases to the mediasti-
num are frequent. These very high lesions are
rare and account for only about 5% of esopha-
geal cancers.

Anatomic location

The esophagus can be divided into 4 regions:

B The cervical esophagus extends from the
upper esophageal sphincter to the entrance
of the esophagus into the thorax. This corre-
sponds to a distance between approximately
15 and 20 cm from the incisors.

I The upper thoracic part of the esophagus
extends down to the bifurcation of the tra-

Upper thoracic esophagus

The majority of tumors of the upper esopha-
gus are squamous cell carcinomas with a tre-
mendous increase in the proportion of adeno-
carcinomas over the last years.

Lymphatic drainage of squamous cell carci-
nomas of the upper thoracic esophagus is
mainly towards the neck with 15-30% positive
lymph nodes in surgical specimens. If these tu-
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mors metastasize to the lymph nodes below
the carina, the location of these metastases is
infracarinal (15%), in the lower mediastinum
(15%), or directly adjacent to the cardia (23%).
The comparable data for adenocarcinomas are
not yet available, but there is no reason to be-
lieve they would be different. Accordingly radi-
cal removal of the tumor entails thoraco-ab-
dominal en bloc esophagectomy and resection
of the corresponding lymph node regions [39].

These tumors are more likely to be resec-
table than tumors of the cervical esophagus.
However, infiltration of the aorta, trachea, and
the main bronchi should be ruled out before
proceeding to surgery. If there is a strong sus-
picion of a T4 tumor involving the above men-
tioned structures, a preoperative radiochemo-
therapy might help to downstage the tumor
and enable radical resection.

Unfortunately, the randomized studies per-
formed included both adenocarcinomas and
squamous cell carcinomas, although epidemiol-
ogy, etiology, biology of metastases, and prog-
nosis differ markedly [23]. Available data indi-
cate that neoadjuvant chemoradiation is most
effective in patients with advanced squamous
cell carcinomas with a close topographical
relationship to the tracheo-bronchial system
[32]. The most effective adjuvant therapy in
advanced adenocarcinomas is preoperative
chemotherapy [32]. However, due to the weak
evidence provided in the trials performed, a
prospective randomized trial to assess the opti-
mal subgroups of patients that benefit from
this strategy is badly needed.

thoracic lymphatic metastases are frequent also
in patients with adenocarcinomas [21]. The
best chance for cure therefore lies in a thora-
co-abdominal en bloc esophagectomy with rad-
ical systematic lymph node clearance in the
thorax and the abdomen [31]. These tumors
are more frequently initially resectable without
residual tumor than those of the higher eso-
phagus. Only T4 tumors with infiltration of
the heart, the aortic wall, or vertebrae are gen-
erally considered non-resectable. Neoadjuvant
therapy is recommended according to the cri-
teria for the upper thoracic esophagus. T4 ex-
tension into the lung or the diaphragm is not a
contraindication for surgery since prognosis of
these tumors does not so much depend on
T stage, but on N stage [33]. Unfortunately,
these tumors metastasize in about 20% to the
lymph nodes in the celiac trunk (M1 lymph).
These M1 stages are currently considered a
contraindication for radical surgery, although,
for many surgeons, the difference between a
lymph node at the left gastric artery or one at
the celiac trunk is not striking. Convincing
data to support a nihilistic approach for M1
(lymph) stages at the celiac trunk in compari-
son to N1 stages at the left gastric artery are
lacking. However, detection of this stage by
preoperative imaging is unreliable. Also, dur-
ing the course of a routine thoraco-abdominal
esophagectomy the thoracic part is already
completed when the M1 stage is surprisingly
detected. Hence, occasionally in these tumors a
‘palliative’ thoraco-abdominal esophagectomy
ensues.

Lower thoracic esophagus

Tumors of the esophagus below the carina oc-
cur in an approximately equivalent frequency
as adenocarcinomas and as squamous cell car-
cinomas [8,9]. Squamous cell carcinomas of
this location metastasize in about 15% [10] to
the lymph nodes above the carina and also in
more than 10% to the lymph nodes in the he-
pato-duodenal ligament. Again, these data are
not available for adenocarcinomas, but upper

Tumors of the gastroesophageal junction

Most tumors that are summarized under this
definition are adenocarcinomas. In fact they
are defined as adenocarcinomas in the region
5 cm proximal to 5cm distal of the muscular
limit between esophagus and stomach. The
mucosal limit is unreliable since it moves due
to disease and age of the patient. Three tumor
entities are summarized under this definition
and require specific treatment.
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B The first entity, type I according to Siewert’s
classification [38], is a distal esophageal adeno-
carcinoma in the region between 5cm proxi-
mal to 1 cm proximal of the muscular limit be-
tween esophagus and stomach. They account
for 30-35% of the tumors of the gastroesopha-
geal junction [35].

These tumors tend to spread longitudinally
in the submucosal lymphatic vessels of the eso-
phageal wall. Data about the ideal surgical
approach are inconsistent. It is obvious that
radical lymphadenectomy of the lower media-
stinum is compulsory. No confident data are
available to decide whether this procedure
should be combined with thoraco-abdominal
esophagectomy or if transhiatal esophagectomy
with lymphadenectomy of the lower mediasti-
num and the periaortic compartment only is
sufficient or should be reserved for high risk
patients. The potentially higher oncological
safety of the extended operation comes with an
increased morbidity and mortality. Removal of
all lymph nodes in the area of the lesser curva-
ture, and especially around the celiac trunk
and probably also in the hepatoduodenal liga-
ment, remains advisable. After wide excision
of the diaphragm, the lower mediastinum up
to the carina can be cleared satisfactorily by
this route. Aortic branches to the esophagus
endanger the route above the carina during
blunt dissection. Therefore the esophageal wall
is reached at this level during dissection.

I Type II of these entities is the so-called car-
cinoma of the cardia. It is defined as an ade-
nocarcinoma between 1cm proximal to 2 cm
distal of the muscular border between esopha-
gus and stomach. Although most of these tu-
mors are truly adenocarcinomas, a certain per-
centage of up to 15% can occur as adeno-squa-
mous carcinomas. It is speculated that this is
due to an instable differentiation of these
tumor cell lines [36]. These tumors should be
treated just like the true adenocarcinomas.

For type II carcinomas of the gastroesopha-
geal junction staging becomes important to se-
lect adequate treatment. All of these tumors
except T1 NO carcinomas will require total gas-
trectomy with lymphadenectomy as performed

in patients with gastric carcinoma. In patients
with stage I or II carcinomas of the cardia,
total gastrectomy with distal esophageal resec-
tion and transmediastinal reconstruction with
a jejunal loop is sufficient. General experience
not based on large studies so far is that the
lymphatic spread into the periesophageal
lymph nodes as well as in the esophageal wall
is not extensive enough to justify an esophago-
gastrectomy. However, perigastric and lower
periesophageal lymphatic clearance is impor-
tant. It is also imperative to obtain negative re-
section margins on frozen section. In contrast
patients with stage III and IV carcinoma of the
cardia may benefit from esophagogastrectomy
with consecutive colon interposition. No ran-
domized prospective studies have shown a
benefit for this procedure so far. Therefore this
approach should be limited to low operative
risk patients with a high risk of recurrence, to
prospective studies, and eventually to patients
with a simultaneously occurring very long Bar-
rett’s segment in the thoracic esophagus. In
these tumors a transhiatal approach with re-
moval of the lymph nodes in the lower medias-
tinum is preferred to avoid excessive morbidity
and since no data exist so far showing a pre-
dominance for lymphatic relapse in the upper
thorax.

I Type III carcinoma of the gastroesophageal
junction is defined as a tumor between 2 cm
below the muscular gastroesophageal limit and
5 cm below this limit. These tumors account
for 40-45% of all tumors of the gastroesopha-
geal junction. Treatment of these tumors is
similar to early type II carcinomas with ab-
dominal transhiatal total gastrectomy including
distal esophagectomy. However, since these tu-
mors have not reached the longitudinal lym-
phatic vessels of the esophageal wall, subtotal
esophagectomy is not necessary unless nega-
tive margins on frozen section cannot be
reached. A subtotal proximal gastric resection
is, however, not recommended. Functional re-
sults are, due to a high incidence of alkaline
reflux, poor [37], and lymphatic clearance is
less sufficient than with total gastrectomy.



11 Rationale for Type of Resection in Cancer of the Esophagus and Gastroesophageal Junction 1

93

Limited resections

Limited resection of the gastroesophageal junc-
tion with reconstruction by jejunal interposi-
tion (Merendino procedure) between distal
esophagus and gastric fundus seems to be suf-
ficient in early stages of tumors of the gastro-
esophageal junction. A short Barrett’s segment,
ending below the carina and a Tla (T1b) NO
stage has to be confirmed before embarking
on this less invasive procedure.

Palliative esophageal resection

Palliative esophageal resection for esophageal
carcinoma is extremely rare. It can be indi-
cated if the palliative character becomes ob-
vious only after the point of no return has
been reached in the course of the operation.
For example, after completion of the thoracic
part of a thoraco-abdominal esophageal resec-
tion, a liver metastasis that eluded preoperative
staging is detected after opening the abdomen.
Another example is the postoperative detection
of tumor spread in a celiac trunk lymph node.
These palliative resections are incidental and
cannot be compared to intended palliative re-
sections. In extremely rare cases a palliative
esophagectomy may be planned ahead as an
individualized intent to treat or palliate. It is
still unclear whether the patient will gain
something in terms of quality of life or even in
survival in comparison to palliative radioche-
motherapy and stent placement [38]. Morbidity
and mortality, however, are high in these pa-
tients. Palliative resections should ideally be
limited resections, like cervical resection or a
Merendino operation.

So far, reliable assessment of quality of life
in these two patient groups is imperfect but is
becoming standardized [39]. It will deliver
guidelines for the treatment of this desperate
group of patients. So far, valuable data compar-
ing stent placement with surgical removal of
the esophagus are not yet available. An in-
dividualized decision, based on the general
and tumor specific condition of the patient as
well as on the experience of the surgeon, is so
far the only option.

Recurrences

Distant relapse of esophageal cancer such as
liver metastases, pulmonary metastases, etc.
are usually no indication for operative treat-
ment. In contrast, a localized relapse such as a
relapse after transhiatal gastrectomy for an
early type II carcinoma of the cardia may re-
quire surgery. The success depends very much
on the early diagnosis of this recurrence. If the
tumor has not spread to vital structures a radi-
cal surgical approach with consecutive colon-
interposition or free jejunal interposition may
be promising. For these recurrences, however,
an individualized approach is necessary.

Summary

Since current medical treatment has no other
promising therapeutic alternative to an RO re-
section, an aggressive surgical approach seems
to be warranted. Subgroups of patients might
qualify for different therapeutic approaches,
but definition of these subgroups remains un-
certain. Available data show that the parame-
ters histology, tumor location, and tumor stage
are not sufficient to define a tailored therapeu-
tic concept. The goal for the next years lies in
the development of tools to define these sub-
groups in order to avoid overtreatment and
undertreatment. Gene expression and genomic
profiling might help in the individualization of
therapy.
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Results of Extended en bloc Esophagectomy in
Treatment of Patients with Esophageal Cancer

D.I. WaTsoON, G.G. JAMIESON

Rationale for extended
en bloc esophagectomy

Unlike some other malignancies, such as colon
and breast carcinoma, recent progress in the
management of esophageal carcinoma has been
limited. The overall prognosis for this disease
remains dismal, having improved only margin-
ally over recent decades. Because most patients
present with advanced stage carcinomas, treat-
ment is usually palliative, and only a minority
of patients are cured by surgery. Even when
the disease is confined to the esophagus, there
is only about a 50% chance of 5-year survival
after surgical resection.

Opinions are divided as to the way forward.
Many Western surgeons believe that increas-
ingly radical surgical approaches are unlikely
to improve long-term outcomes, and indeed
could create further problems due to additional
complications which follow radical resection.
This body of opinion has supported the evalua-
tion of adjuvant treatment strategies, with evi-
dence now emerging that combined treatment
with synchronous chemotherapy and radio-
therapy improves overall survival [25]. On the
other hand, an opposing body of opinion, led
principally by the Japanese surgical commu-
nity, has advocated more radical lymph node
resection as the way forward, citing improved
outcomes in uncontrolled studies to support
this approach.

The concept of extensive lymph node resec-
tion combination with esophagectomy, i.e. en
bloc esophagectomy, was proposed by Logan in
1963 [17]. Originally this entailed the removal
of abdominal and thoracic lymph nodes up to
level of the aortic arch. A more extensive re-
section which included lymph nodes in the su-
perior mediastinum was the next step, whilst

recently the concept of 3 field (extended)
lymph node dissection has emerged. This in-
corporates the additional removal of lymph
nodes from both sides of the neck, as well as
mediastinal and upper abdominal lymph
nodes. This radical approach was devised fol-
lowing analysis of Japanese data which docu-
mented that recurrence of squamous cell carci-
noma (SCC) can occur initially in the cervical
lymph nodes. Therefore it was proposed that
removing the cervical lymph nodes might im-
prove the overall success rate following esopha-
gectomy.

The procedure of extended (3 field) esopha-
gectomy has been applied in Japan principally
in patients with potentially curable, i.e. earlier
stage SCC of the esophagus. Few Western stud-
ies have been reported, in part due to the lack
of enthusiasm for this approach, and also be-
cause of a lower incidence of curable esopha-
geal cancer. There has also been a general
skepticism that extensive lymph node resection
will achieve better surgical outcomes. In part a
surgeon’s acceptance of the concept of patterns
of metastatic spread of esophageal cancer. Sup-
port for extended resection depends on the hy-
pothesis that esophageal cancer spreads se-
quentially from the esophageal wall to local
lymph nodes initially, and that metastases are
arrested at this stage for a period of time be-
fore metastasis by hematogenous spread finally
occurs to distant organs. This concept of
tumor spread is often held to be correct for co-
lonic malignancy although even here there is
no universal acceptance of the concept, and
anyway it is unlikely to be applicable to all
malignancies. For example, radical lymph node
resection was proposed by Halsted for carcino-
ma of the breast, and it was universally ac-
cepted as correct treatment until approximately
20 years ago. Breast carcinoma, however, ap-
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pears to metastasize via both lymphatic and
hematogenous routes at the same stage in the
tumor development cycle. The understanding
of this process has led to the development of
conservative surgical approaches to breast can-
cer, and a greater emphasis on the role of sys-
temic management therapies. It was not until
the results of randomized trials of radical
mastectomy versus less radical surgery were re-
ported and their results widely disseminated
that it was agreed that survival following sur-
gery was not improved by radical lymph node
resection.

As current opinion about the role of lymph
node resection during esophagectomy is di-
vided, it is likely that only well conducted pro-
spective randomized trials will resolve the cur-
rent controversy surrounding this question.
However, as trials have not yet provided ade-
quate information which can resolve this, it is
important to closely examine outcomes follow-
ing esophageal resection with and without ex-
tended lymph node resection to determine the
level of support for radical lymph node resec-
tion during esophagectomy for cancer.

Proposed advantages and disadvantages
for extended en bloc esophagectomy

The proponents of 3 field lymph node resec-
tion claim improved survival following this
procedure, as well as improved local disease
control and reduced local recurrence rates,
particularly in the neck. In addition, staging is
facilitated by more accurate assessment of
lymph node status because more lymph nodes
are removed for pathological examination,
thereby providing information which may help
some surgeons to tailor post-operative adju-
vant therapies. These advantages may be offset
by disadvantages associated with more exten-
sive dissection. The upper mediastinal and
neck dissection requires the identification and
removal of nodes around both recurrent laryn-
geal nerves, maneuvers which increase the risk
of transient or permanent damage to these
nerves. Of particular concern is the potential
for bilateral nerve palsies which can compro-
mise airway protection mechanisms and the

ability to cough, as well as cause breathing dif-
ficulties if both vocal cords cannot be ab-
ducted. This might be expected to lead to pro-
longed assisted ventilation following surgery in
some patients, and possibly an increased re-
quirement for tracheostomy. In addition, there
is the potential for a higher rate of post-opera-
tive pneumonia and adult respiratory distress
syndrome associated with this procedure.

Operating times are lengthened significantly
due to the increased complexity of the surgery,
and the suitability of the approach in Western
patients who are often larger and heavier than
Japanese patients has been questioned. The lat-
ter issue, however, has been partly resolved by
Altorki and Skinner [4], who reported an ex-
perience with 30 American patients who un-
derwent extended en bloc esophagectomy with
acceptable results, thus confirming it’s feasibil-
ity in the non-Japanese.

Results of standard esophagectomy

Before considering the possible advantages for
extended lymphadenectomy during esophagec-
tomy, it is necessary to review outcomes fol-
lowing esophagectomy wusing less radical
techniques. Standard esophagectomy involves
esophageal resection without formal en bloc
lymph node dissection. Variants of this
approach are commonly performed world-
wide. In our own experience the majority of
patients die from disseminated disease follow-
ing esophagectomy, rather than lymph node
recurrence. Hence, we have applied neoadju-
vant preoperative combination chemotherapy/
radiotherapy with the less radical surgical
approach (usually a standard Ivor-Lewis proce-
dure). The results of this approach for SCC of
the esophagus at our hospital have been re-
cently reported [5]. Despite a liberal selection
policy, in which advanced preoperative stage
alone was rarely considered to be a contraindi-
cation to resection, an overall 7-year survival
of 27% was achieved from an experience of 53
patients. In addition, a subgroup of 14 patients
who were down staged to TO NO by neo-adju-
vant preoperative treatment achieved a 69%
7-year survival rate. These long term results
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compare favorably with outcomes following ex-
tended lymphadenectomy.

Good outcomes have also been achieved by
other surgeons. Bolten et al. [8] reported a
37% vyear survival rate following transhiatal
blunt esophagectomy and an associated low
perioperative mortality rate of 0% in the latter
half of their experience. Similarly Orringer
[20] described a mortality rate of approxi-
mately 1% with acceptable survival outcomes
from a series of more than 1000 patients. Ellis
et al. [9] highlighted the influence of tumor
stage at the time of presentation on the subse-
quent outcome of surgery. Using a liberal se-
lection policy for esophagectomy, a 19% over-
all 5-year survival was achieved. However, this
improved significantly to 37% in patients with
stage I disease. A similar outcome was reported
by Watson [26] who described a 23% 5-year
overall survival following Ivor Lewis esopha-
gectomy. However, survival was much better
for patients without cancer in lymph nodes
(47% alive at 5 years) and even better if the tu-
mor was confined to the esophageal wall mus-
cle layer (71% alive at 5 years).

A much poorer outcome has been reported
from South Africa by Mannell and Becker [18].
They described a 13% 5-year survival following
108 esophagectomies. However, in their series,
82% of patients undergoing surgery had ad-
vanced (T3) tumors, again highlighting the fact
that overall outcome varies widely between dif-
ferent centers, depending on whether patients
tend to present with early or late stage esopha-
geal cancer. This must be constantly kept in
mind when comparing outcomes from uncon-
trolled series of patients who have undergone
esophagectomy for cancer.

Results of 2 field (en bloc)
esophagectomy

The techniques of 2 field (en bloc) esophagect-
omy has been advocated as a more applicable
operation for esophageal cancer, as it entails
the removal of the esophagus in continuity
with a margin of surrounding tissues including
draining thoracic and abdominal lymph nodes.
The proponents of the 3 field technique, how-

ever, argue that this procedure is not oncologi-
cally adequate, as it fails to address cervical
node metastases. Nevertheless it is important
to consider the results for this procedure as Ja-
panese surgeons who advocate the 3 field tech-
nique invariably compare their results with
historical controls who underwent the ex-
tended 2 field lymphadenectomy technique.

Wong et al. described their experience with
this technique in two publications [16, 24]. In
their experience, 52% of patients developed re-
current cancer at a median follow-up interval
of 20 months. 26% developed recurrence in
systemic organs, 25% within the thoracic cavi-
ty, and 11% in cervical lymph nodes. In addi-
tion, cervical node recurrence tended to occur
concurrently with recurrence elsewhere, and it
did not precede systemic recurrence, i.e. the
pattern of recurrence did not support the con-
cept of more radical surgery which includes re-
section of cervical lymph nodes. Overall 5-year
survival was 32%.

Skinner’s experience with en bloc esopha-
gectomy confirmed its relative safety. His ini-
tial report in 1983 [23] was associated with a
30 day operative mortality of 11%. Subsequent
experience [3] described a 30 day mortality of
8%. Initial experience [23] resulted in an 18%
5-year survival rate, although only 44% of the
overall esophageal cancer group underwent
radical surgery. Subsequent experience [3] was
associated with a 50% surgical exploration
rate, and 33% resection rate. This highlights
the possibility of selection bias which must be
considered when evaluating outcomes follow-
ing more radical esophagectomy procedures.
Unlike the standard esophagectomy experience
where the majority of patients underwent a
standard surgical approach, less than half of
patients presenting with esophageal cancer are
likely to be offered en bloc esophagectomy,
with patients with more advanced stage disease
more likely to be excluded. This will improve
the outcome following the more radical proce-
dure due to the effect of selecting better prog-
nosis patients only for this option.

Experience with 186 patients from Roder et
al. [22] who all underwent en bloc resection
was associated with a 30 day mortality of
12.4%. 61% of patients had stage T3 or T4 le-
sions, and 61% also had tumor in the lymph
nodes. The most important prognostic variable
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in their experience was not lymph node in-
volvement, but presence of residual tumor at
the completion of surgery. An overall 5-year
survival rate of 31% was achieved, although
this was better in patients with early stage tu-
mors. Analysis of lymph node involvement ver-
sus survival suggested that lymph node dissec-
tion might improve prognosis if less than 20%
of the nodes removed contained tumor. More
extensive disease did not benefit.

Horstmann et al. [12] compared transhiatal
with en bloc transthoracic esophagectomy in a
non-randomized study of 87 patients. Hospital
mortality, as well as the incidence of post-
operative pulmonary and cardiac complications
were similar for the two groups. Anastomotic
leakage was more common following transhia-
tal esophagectomy (50 vs 24%). However, sur-
vival similar following the two procedures at 1,
2, and 3 follow-up, demonstrating no overall
advantage for more radical lymph node dissec-
tion, perhaps with the exception of an im-
proved ability to accurately stage the disease.
Hagen et al. [11] compared two groups of pa-
tients, one group of 30 patients undergoing a
radical lymphadenectomy below the carina
and the other group of 16 patients undergoing
a transhiatal esophagectomy (because they
were deemed medically unfit to undergo the
more radical procedure). Although both groups
had similar numbers of equivalent stage dis-
ease, survival was greater at 5 years in the
group undergoing en bloc lymphadenectomy
(41 vs 14%). However, apart from the non-ran-
domized nature of the study, the possible, and
even likely, influence of comorbidity on the
cancer was not addressed by the authors.

Results of extended 3 field esophagectomy

Three field lymphadenectomy results have
been reported predominantly by Japanese sur-
gical groups, with Western surgeons who sup-
port the concept of radical lymph node dissec-
tion usually confining lymph node dissection
to the thorax and abdomen. However, Skinner
and his colleagues have recently decided to fol-
low the Japanese lead (see later). Consequently
the results for this procedure are heavily

weighted by Japanese practice, which because
of endoscopic screening programs have a
greater proportion of patients presenting with
early stage disease. Western experience is char-
acterized by late stage presentation, which
makes direct comparison with the Japanese ex-
perience difficult.

Case selection and peri-operative
outcomes for 3 field esophagectomy

Most advocates of 3 field lymph node dissec-
tion recommend the application of this proce-
dure wherever possible. However, it is not ap-
propriate for advanced tumors in which residu-
al tumor is likely to be left behind despite ex-
tensive lymph node resection. Furthermore,
analysis of patterns of metastasis to cervical
lymph nodes suggests that lymph node meta-
stasis to the neck is less likely in patients with
tumors involving the lowermost esophagus, in
particular the abdominal esophagus [2]. In ad-
dition, superficial tumors confined to the mu-
cosa and submucosa have a low risk of lym-
phatic metastases. Therefore, selection of cases
best suited to 3 field lymphadenectomy has
been recommended [2].

Short term outcomes may be affected by more
extensive lymph node dissection. Operating
times are generally prolonged. Kato et al. [14]
describe a mean operating time of 484 minutes
for 3 field dissection compared to 331 minutes
for the two field procedure, i.e. operating time
was prolonged by approximately 2.5 hours. Sim-
ilar outcomes were reported by Nishihira et al.
[19], 487 versus 396 minutes. Hospital stays of
approximately 3 months are usual for these pro-
cedures in Japan [15]. However, this is influ-
enced by the Japanese health system which en-
courages patients to remain in hospital for all
preoperative work up and postoperative adju-
vant treatment, rather than only for the time re-
quired to safely recover from surgery. No data
for post-operative stay following this procedure
are available from Western hospitals. Neverthe-
less, it is unlikely to be shorter than conven-
tional experience of 2 to 3 weeks, and it may
be prolonged if complications occur more often
than following standard procedures.
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Complications following 3 field
esophagectomy

Isono et al. [13] collected outcome data for
esophageal resections performed between 1983
and 1989 in 96 Japanese institutions, 35 which
performed 3 field and 61 performed 2 field
dissections. Whilst this is the largest overview
of outcomes following extended lymphadenect-
omy, the data must be interpreted cautiously as
the authors obtained their results from a postal
survey of Japanese hospitals, and the response
rate was only 45%. Whilst post-operative pneu-
monia was equally common following 3 field
esophagectomy compared to two field dissec-
tion (18.1 vs 16.6 %), the incidence of recur-
rent laryngeal nerve injury was increased by 3
field dissection; 20.3 versus 14.0%. This should
also be compared to the standard Ivor Lewis
technique during which the risk of this injury
is nearly 0% [10]. Additional morbidity can
occur due to phrenic nerve injury and a high
requirement for tracheostomy. A 13% inci-
dence of phrenic nerve injury, 56% incidence
of recurrent laryngeal nerve injury, and 53%
requirement for tracheostomy was recently re-
ported by Nishihira et al. [19]. Similarly Bhan-
sali and Fujita et al. [6] describe an incidence
of recurrent laryngeal nerve injury of 74% (of
which 34% of patients overall had a permanent
paresis), an anastomotic leak rate of 34%, and
a 33% incidence of pneumonia.

Perioperative mortality in the Japanese ex-
perience with 3 field esophagectomy is prob-
ably similar to other esophagectomy tech-
niques. Isono et al. [13] described a 30 day
mortality rate of 2.8% from data collected by
postal survey from 1.791 3 field esophagectomy
procedures. Akiyama et al. [1] report a 2.2%
30 day mortality rate. Importantly, the hospital
death rate was 2.5 times higher than this
(5.2%), demonstrating how 30 day mortality
rates can provide misleading information
about the real mortality risk patients face
when they undergo esophagectomy. Initial re-
sults have been reported from North America
by Altorki and Skinner [3] who describe a 30
day mortality rate of 3.3%. This suggests that
the relative safety of extended lymphadenec-
tomy demonstrated by Japanese experience can

be replicated in selected Western patients, but
of course the experience does not establish the
necessity for the radicality.

Lymph node metastases to the cervical
nodes found by 3 field lymphadenectomy

Isono et al. [13] reported an incidence of cer-
vical nodal metastases following cervical node
dissection of 42% for upper thoracic esopha-
geal cancer, 28% for middle thoracic esopha-
geal cancer, and 11% when the tumor was lo-
cated in the abdominal esophagus. Metastases
were more likely as the T stage of the esopha-
geal tumor advanced. Similar outcomes were
described by Akiyama et al. [1], with cervical
lymph node metastases present in 46% of pa-
tients with upper esophageal cancer, 29% with
middle esophageal cancer, and 27% for lower
esophageal cancer. Altorki and Skinner [3]
report single field involvement for the cervical
lymph nodes alone in 7% of procedures.
Whilst the incidence of cervical node metasta-
ses is unequivocal, the important questions to
be answered are: does removal of cervical
nodes improve prognosis, and is involvement
of cervical nodes really just a marker for ‘in-
curable’ disease?

Survival following esophagectomy

Survival data for 3 field esophagectomy has
been drawn principally from uncontrolled
data. This data must be treated with caution as
survival can be influenced by tumor stage dif-
ferences between different series, and possible
selection bias due to selection of potentially
curable patients for the extended lymphade-
nectomy procedure. These factors may contrib-
ute to some of the good survival data reported
in various case series. In addition it is difficult
to directly compare series of different proce-
dures as staging is more accurate following 3-
field dissection, up-staging patients with
lymph node metastases which would not have
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been detected if a less radical lymph node dis-
section had been performed. This phenomenon
can lead to improved outcomes following 3
field dissection in both early and late stage
groups. The outcome of the early stage group
is improved by removing patients’ otherwise
occult lymph node metastases from the group,
and the outcome of the late stage group is im-
proved by the addition of the patients with the
occult lymph node metastases. Late stage
groups of patients having less radical proce-
dures will contain a larger proportion of pa-
tients with gross macroscopic nodal disease.
The sub-group with occult lymph node meta-
stases may have a better survival outcome than
patients with gross lymph node involvement. It
is possible that this effect accounts for at least
part of the survival improvement seen in each
stage following extended lymph node resec-
tion. In the group, as a whole however, overall
prognosis should not be altered by the effect
of restaging, unless different selection criteria
for surgery are applied for the different opera-
tive procedures.

Isono et al. [13] describe a 34% year sur-
vival rate following extended lymph node dis-
ssection. Similarly Bhansali and Fujita [6] de-
scribed 39% survival at 5 years following ex-
tended lymphadenectomy in 90 patients. These
survival figures are reasonably consistent. The
survival data should also be considered along-
side good results reported by surgeons per-
forming less radical procedures. For example
Orringer et al. [21] reported a 27% 5-year sur-
vival following transhiatal esophagectomy
without radical lymph node dissection, and
our own experience with less radical surgery
combined with adjuvant preoperative chemo-
therapy and radiotherapy was associated with
an overall 27% 7-year survival [5]. These
results might appear to be associated with a
10% reduction in survival. However, they were
achieved following surgery in patients having
advanced disease. When one compares out-
come following extended lymphadenectomy
with 2 field esophagectomy, most surgeons
have relied on historical controls to provide
comparative data. Isono et al. [13] describe an
improvement in 5-year survival from 27 to
35%. Akiyama et al. [1] reported an even
greater improvement from 38.3 to 55%. Inter-
estingly Akiyama et al. achieved a better 5-year

survival following 2 field esophagectomy than
the survival following extended 3 field lympha-
denectomy reported by Isono et al., suggesting
that the two groups of patients were different.

Randomized trials of extended 3 field
esophagectomy versus 2 field en bloc
esophagectomy

Comparison of new procedures with historical
experience can result in significant bias in fa-
vor of newer techniques. This issue has been
elegantly highlighted by Bhansali and Patil et
al. [6], who compared outcomes for esophageal
carcinoma following adjuvant chemotherapy.
They demonstated that the benefits of adjuvant
chemotherapy demonstrated in studies which
used historical controls disappeared when data
was re-analyzed after correcting for the year of
entry into their study. They concluded that his-
torical controls are unreliable for studies that
seek to detect modest treatment benefits. Po-
tential advantages for 3 field lymph node dis-
section are of a similar order of magnitude to
those advocated for adjuvant chemotherapy,
highlighting the importance of randomized
trials to assess extended lymph node dissec-
tion.

Two randomized trials have been reported.
Kato et al. [15] entered 150 patients with tho-
racic esophageal carcinoma into a comparative
study of esophagectomy with 2 field versus 3
field lymph node resection. This group repre-
sented less than half of the patients presenting
to their institution with esophageal carcinoma,
and approximately 60% of all esophagectomies.
Only patients with “good surgical status”, i.e.
predominantly earlier stage tumors, were en-
tered. Patients were randomly allocated to one
of two groups of surgeons. One group per-
formed a 2 field procedure for the duration of
the trial, and the other a 3 field procedure.
This trial should be commended for enrolling
an appropriate number of patients to enable a
valid comparison between the two techniques.
However, because different surgeons performed
the different procedures, two variables were
compared, ie. the type of procedure and the
skill of the surgeon. The study groups were
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generally comparable, although the average age
of patients undergoing 3 field resection was 4
years less than for the 2 field procedure (60.5
vs 64.5 years). The number of lymph nodes
dissected was greater in the extended lymph
node dissection group (69 vs 36), and 26% of
patients had tumors in the cervical lymph
nodes when these were dissected. Operating
time was prolonged from 379 to 483 minutes
by cervical lymph node dissection, and post-
operative hospital stay was approximately 3
months for both groups.

No significant differences in the incidence of
complications were demonstrated between the
2 groups, with vocal cord paralysis occurring
in 11 (14%) of patients undergoing extended
lymph node dissection versus 15 (21%) follow-
ing 2 field dissection. Anastomotic leakage was
higher in the 3 field group: 34% versus 23%.
Hospital mortality was 2.6% (1 patient) in the
3 field group as compared with 12.3% (9 pa-
tients) in the 2 field group. this difference was
highly significant (P=0.008, Fisher’s exact test)
and raised the problem of the study design of
this trial as clearly there is no a priori reason
why the 3 field lymphadenectomy should be
safer than the 2 field techniques. Post-operative
survival rates favored 3 field extended lymph
node resection, with 49% of patients alive 5
years after 3 field resection versus 34% follow-
ing 2 field resection. These survival rates,
when compared with Western series indicate
the early pathological stage in the Japanese se-
ries. The authors concluded that extended 3
field dissection resulted in improved 5-year
survival following esophagectomy of thoracic
esophageal carcinoma. However, the 13% sur-
vival advantage for the extended lymph node
dissection was largely due to the 10% differ-
ences in the operative mortality rates. When
patients who survived surgery are considered,
then the survival advantage is no longer signif-
icant.

More recently Nishihira et al. [19] reported
the outcome of a smaller randomized trial of 3
field versus 2 field lymphadenectomy during
esophagectomy. 73 patients, 28% of the overall
esophageal cancer caseload were entered into
the trial and 11 (15%) were withdrawn after
being randomized, leaving the study with
groups of 32 and 30 patients. Whilst not spe-
cifically stated in their paper, one can probably

assume that the same surgeons performed sur-
gery in both study groups. Post-operatively
most patients received either adjuvant radio-
therapy or combination treatment with che-
motherapy and radiotherapy. Both groups were
demographically similar, and most patients
had middle third SCC’s. The vast majority
were T2 stage lesions, with more advanced
cancers comprising only a small part of the
trial.

Mean operating times were 487 versus 396
minutes, and the mean number of lymph
nodes resected was 82 versus 43. Interestingly
in this study only one patient in the 3 field
lymphadenectomy group actually had metasta-
ses to the cervical nodes. Pathological exami-
nation in all other patients demonstrated no
cervical lymph node involvement. Postopera-
tive pulmonary complications were similar for
the 2 procedures, although recurrent laryngeal
nerve palsy (56 vs 30%), phrenic nerve palsy
(13 vs 0%) and the need for tracheostomy (53
vs 10%) all occurred more frequently following
3 field lymphadenectomy. Anastomotic leakage,
however, was less common following the more
extensive procedure (6 vs 20%). In hospital
mortality was 3% (1 patient) following 3 field
dissection and 7% (2 patients) following 2 field
dissection. There was a trend to improved sur-
vival following 3 field lymphadenectomy,
although the survival difference was not signif-
icant (P=0.19). At 5 years, the survival was
66% following 3 field lymphadenectomy as
compared with 48% following 2field lympha-
denectomy. However, it is unclear from the re-
port whether follow-up was complete for all
patients, or whether the survival data was cal-
culated by actuarial analysis.

The results of these trials allow us to con-
clude that 3 field lymphadenectomy is asso-
ciated with a higher risk of complications such
as injury to the recurrent laryngeal nerves,
and phrenic nerve, and operation times are
significantly lengthened. However, peri-opera-
tive mortality is not increased when this pro-
cedure is performed by experienced Japanese
surgeons. The trials have only addressed this
procedure for patients with early stage squa-
mous cell carcinomas (ie. not invading
through the full thickness of the esophageal
wall muscle), and a significant improvement in
long term survival has yet to be demonstrated.
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However, it is unlikely that the results of these
studies can be extrapolated to Western experi-
ence, as the majority of patients undergoing
surgery outside Japan have advanced tumors
which penetrate the full thickness of the eso-
phageal wall. In recent years the majority of
patients presenting with esophageal carcinoma
in the West have an adenocarcinoma involving
the lower third of the esophagus and/or the
gastroesophageal junction. Extended lympha-
denectomy in the latter group of patients has
been largely untested.

Use of 3 field en bloc esophagectomy
for adenocarcinoma of the esophagus

The application of this procedure for adenocar-
cinoma has only been reported in the study of
Altorki and Skinner [3] of 30 patients under-
going 3 field lymphadenectomy. Fifteen of their
patients had adenocarcinoma of the distal eso-
phagus. Interestingly, 4 of these patients had
cervical nodal metastases, although each of
these 4 patients also had metastases in other
nodal groups. The number of patients in this
study is not sufficient to allow us to draw con-
clusions about the role of 3 field lymphade-
nectomy for adenocarcinoma of the distal eso-
phagus.

Conclusions

The role of 3 field lymphadenectomy remains
controversial outside of Japan. Whilst good re-
sults have been reported from many Japanese
institutions, data has been largely uncontrolled
or compared to historical controls limiting the
conclusions which can be drawn from these
studies. Nevertheless, the relative safety of the
procedure has now been demonstrated in both
Japanese and Western experience. However, the
procedure is associated with significant mor-
bidity, including a high incidence of perma-
nent recurrent laryngeal nerve and phrenic
nerve injury, as well as possibly higher anasto-
motic leakage rates and a greater requirement

for assisted ventilation and tracheostomy fol-
lowing the more radical procedure. These
problems may be acceptable if a long term out-
come benefit can be demonstrated. For now,
however, only data from well conducted pro-
spective randomized trials is likely to convince
the majority of surgeons that extended lym-
phadenectomy is beneficial. The 2 trials re-
ported to date either had numbers too small to
draw significant conclusions or were difficult
to interpret because of potential problems as-
sociated with the randomization process used
during the trial.

So far there is a lack of comparative data
between 3 field lymphadenectomy and con-
ventional resection combined with adjuvant
chemotherapy and radiotherapy. These adju-
vant approaches have achieved similar out-
comes to radical surgery in uncontrolled trials.
As patients usually die with distant metastases
following esophagectomy, in the future it seems
more likely that improvements in outcome for
esophageal cancer will be achieved by im-
provements in systemic therapies rather than
through the development of progressively more
radical surgical techniques.
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m Blunt Transhiatal Subtotal Esophagectomy
with Gastroplasty and Cervical Anastomosis

E.E YEKEBAS, A.E. CHERNOUSOV, D.C. BROERING, P. M. BogoproLskI, C.F. EISENBERGER,

A. Kutup, J.R. 1zBICKI

Blunt transhiatal esophagectomy
and substitution by gastric tube

I Indications

- Adenocarcinoma localized distal to the
tracheal bifurcation

- Squamous cell carcinoma or severe dys-
plasia localized distal to the tracheal bi-
furcation

- Primarily palliative resection

- Extensive stricture* (stenosis) due to ero-
sion (chemical burns) unresponsive to
nonsurgical treatment including bougie-
nage

- Extensive peptic stricture* (stenosis)

- Relapse of megaesophagus* after surgical
repair of cardiospasm combined with
peptic strictures and failure of dilatation

- Extensive benign esophageal tumors*

- Extensive intraluminal injury with per-
foration* (one- or two-stage procedure)

I Contraindications

- Florid duodenal ulcer

- Gastric stricture due to erosion
(chemical burns)

- Status post distal gastrectomy or other op-
erations in the epigastric region with in-
complete gastroepiploic vascular anatomy

— Irreversible cardio-respiratory disorders

* These indications do not need a lymphadenectomy
(see chapter 10)

Operative risk and patient information

High morbidity (~40%) and mortality
(~5%)

Prolonged monitoring in intensive care
unit due to pulmonary complications
Pulmonary complications

(ARDS, pneumonia)

Injury to recurrent laryngeal nerve uni-
or bilateral

Horner’s syndrome

Injury to phrenic nerve with diaphrag-
matic paralysis

Necrosis of the gastric tube

Injury to arteries of the gastric tube in-
traoperatively followed by immediate co-
lon interposition

Dehiscence of cervical suture line
Mediastinitis

Pancreatitis

Peritonitis

Pleural empyema

Intraoperative emergency thoracotomy
Tracheobronchial fistula
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I Specific preoperative management

Preoperative investigations (staging) include:

- Esophagogastroduodenoscopy incl. histo-
logic diagnosis

- CT scanning of the thorax and abdomen

- Abdominal sonography

- Esophageal endosonography

- Bronchoscopy if the tumor is localized in
the mid-third

- Pulmonary function tests and blood gas
analysis

- Echocardiography

- Ergometry and other cardiac investiga-
tions if necessary

One day prior to the operation the esophagus
and intestinal washout should be performed by
means of orthograde irrigations with e.g. 3-4
liters cleansing solutions. Electrolyte, clotting,
and hemoglobin imbalances (depletion) should
be corrected preoperatively. Breathing exercises
and physiotherapy must be explained and
should be started preoperatively.

I Anesthesia. Endotracheal intubation. Postop-
eratively, thoracic-epidural anesthesia is appro-
priate. Perioperative antibiotic therapy 30 min
prior to operation.

I Technique

I Positioning. Supine position with hyperlordo-
sis and bending of the lower thoracic spine.

Abduction of the right arm. Adduction of
the left arm. The head is turned to the right
and slightly extended. This results in exposure
of the cervical esophagus for performing the
neck anastomosis.

I Approach. Upper transverse incision with
median T-shaped extension (inverted T-inci-
sion) for best overall view of the epigastric re-
gion, especially the diaphragmatic esophageal
hiatus. Alternatively upper midline laparotomy
with left periumbilical incision.

Fig. 13.1. Approach and positioning. The patient is placed in
supine position with spinal hyperlordosis for better exposure
of the epigastric region.
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Fig. 13.2. Upper transverse laparotomy with median exten-
sion (inverted T-shaped incision).

I Operative procedure

- Laparotomy and inspection of the stom-
ach, distal esophagus, liver, and regional
lymph nodes. Mobilization of left lateral
lobe of the liver.

- Preparation and mobilization of the stom-
ach with epigastric lymphadenectomy in-
cluding paraaortic lymphatic tissue.

- Mobilization of abdominal portion of the
esophagus and sagittal incision of the
esophageal hiatus.

- Transhiatal esophageal dissection in the
posterior mediastinum including paraaor-
tic lymphadenectomy.

- Construction of a gastric tube.

- Mobilization and dissection of cervical
esophagus. Resection of the esophagus.

- Transposition of the gastric tube through
the anterior/posterior mediastinal tunnel
after mobilization of the duodenum (ex-
tensive Kocher maneuver) and performing
the cervical anastomosis.

I Special instruments. Performing the inverted
T-shape incision, insertion of Rochard retrac-
tors is useful to elevate the costal margin. Dur-
ing mobilization of the esophagus in the poste-
rior mediastinum the use of very long Mikulicz
retractors has been proved to be very worth-
while.

I Special technique. Example: Resection of car-
cinoma of distal third of the thoracic esopha-
gus.
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Fig. 13.3. Placement of Rochard self-
retaining retractor system for exposure

of the epigastric region. Alternatively
use of the Sial retraction system.

Fig. 13.4. Mobilization of the left lateral liver lobe for opti-  prevent injury of adjacent structures, a pack is placed over
mal visualization of the diaphragmatic esophageal hiatus. the stomach.
Transection of the left triangular ligament with diathermy. To
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Fig. 13.5. To prevent the risk of a bile leak from an irregular
bile duct, the tip of the left triangular ligament must be
oversewn with a suture ligation.
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I Mobilization of the duodenum by an extensive  neck. In the situation of a normal anatomy, a
Kocher maneuver. This maneuver is always nec-  tension free gastric tube transposition to the
essary in case of a very small stomach to allow neck is also possible without mobilization of
a tension free gastric tube transposition to the  the duodenum.

Fig. 13.6. Mobilization of the duodenum by the Kocher  Fig. 13.7. Blunt dissection of the avascular plane between

maneuver. While the duodenum is being retracted medially, ~ the duodenum, the head of the pancreas, and the retroperi-

the peritoneum is incised close to the border of the duode- toneal vessels until the anterior wall of the inferior vena

num. 1 Duodenum; 2 Peritoneum. cava is exposed. 1 Duodenum; 2 Peritoneum; 3 retroperito-
neal vessels.
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Fig. 13.8. Skeletonization of the greater curvature is com-
menced from below, care being taken to spare the left and
right gastro-epiploic vessels up to the level of the splenic
hilum. Moderate traction on the transverse colon and coun-
tertraction at the stomach results in proper exposure of the
gastrocolic ligament. The skeletonization of the gastrocolic
ligament should be performed away from the greater curva-

ture, thus avoiding any possible damage to the gastroepi-
ploic vessels. 1 A. and V. gastroepiploica dextra; 2 Lig. gas-
trocolicum; 3 Colon transversum. Alternatively the skeletoni-
zation of the gastric tube can be performed using an auto-
matic clip-applicator and cutter (multifire). Direction right to
left and afterwards left to right.
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Fig. 13.9. Skeletonization of the greater curvature is
continued towards the spleen. For preservation of
the blood supply, the dissection must be performed
well away from the stomach wall. Next the left gas-
troepiploic artery is transected directly at its origin
at the splenic artery. In this way, an existing anasto-
mosis between the left and right gastroepiploic ar-
teries will be preserved, thus ensuring that the blood
supply of the upper part of the gastric tube is main-
tained. 1 Gastrosplenic lig.; 2 splenic artery; 3 left
gastroepiploic vessels; 4 phrenicocolic lig.

Fig. 13.10. a Lymphadenectomy in the area of the hepato-
duodenal ligament. 1 Portal vein; 2 A. hepatica propria;
3 bile duct; 4 Lymphatic tissue.
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Fig. 13.10. b Dissection of the lymph nodes of the
hepatic artery up to the celiac trunk, of the portal
vein as well as the lymphatic tissue around the com-
mon bile duct is removed. ¢ Division of the gastro-
duodenal artery. 1 A. gastrica dextra. c
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Fig. 13.11a-c. Dissection of flaccidal part of the lesser  existing relevant accessory left hepatic liver artery which
omentum. The cranial part of the hepatogastric ligament should be preserved. 1 Hepatoesophageal lig.; 2 accessory
(hepatoesophageal lig.) is tunneled with the finger and dis-  left hepatic artery.

sected from the diaphragm with electrocautery. Check for an
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Fig. 13.11b

Fig. 13.11¢
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Fig. 13.12. a After transection and ligature of short gastric
vessels, the greater curvature can be positioned cranially and
anteriorly, the parietal peritoneum is incised at the upper
pancreatic margin. b Transection of left gastric vein is done
between suture ligations. ¢, d In case the left gastric vein
runs behind the left gastric artery, attention is focused

not to ensure this structure during the dissection of the left
gastric artery.

All lymph nodes along the left gastric artery, the splenic ar-
tery, the common hepatic artery, the celiac trunk, and para-
aortic lymph nodes are removed. This phase of the operation
ends with the ligation of the left gastric artery.
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Fig. 13.12¢

‘ Fig. 13.12d
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In case of a blunt transhiatal esophageal dis-
section for benign reasons, lymphadenectomy
should be omitted.

Fig. 13.13. After lymphadenectomy of the celiac trunk,
splenic artery, and common hepatic artery, the lymphatic dis-
section is continued along the celiac trunk to the paraaortic
region. Lymphatic tissue thus remains adherent en bloc with
the lesser curvature and is later resected en bloc with the
tumor. For better exposure of the esophageal hiatus and the

o -

paraaortic region, the diaphragmatic crura are incised with
diathermia and the stumps are ligated (see below
Fig. 13.15). 1 Left diaphragmatic crus; 2 Left gastric artery;
3 Lymph nodes; 4 Splenic artery; 5 Hepatic artery; 6 Celiac
trunk; 7 Incision of the right diaphragmatic crus (interupted
line on both sides).
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Fig. 13.14. Sharp transection of the phrenicoesophageal li-
gament at the margin of the esophageal hiatus. This step is
facilitated by transection to the cardia caudally with an ab-
dominal pad. Thus the diaphragmatic crura become exposed

to the left and right side of the esophagus. Next, transection
and ligature of the gastrophrenic ligament between clamps
at the esophagogastric angle of His is undertaken.
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Fig. 13.15. Blunt mobilization of the esophagus with the in-
dex finger. During this maneuver connective tissue fibers be-
tween esophagus, diaphragmatic crus, and abdominal aorta
must be removed carefully. The esophagus is armed with a
rubber tube using a curved clamp.
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Fig. 13.16. The abdominal esophagus is mobilized and cau-
dal traction is applied with the rubber tube. Identification of
anterior and posterior vagus nerve. 1 Vagus nerve with
branches; 2 paraaortic and paraceliac lymphatic tissue.
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Fig. 13.17. For a better exposure of the distal esophagus, it
is incised up to the inferior left phrenic vein with scissors or
diathermy. Continuous traction should be applied during this
part of the procedure. 1 Phrenic vein; 2 Diaphragm.
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Fig. 13.18a,b. The esophagus is mobilized anteriorly by
blunt dissection of the plane. The fingers are used to sepa-
rate the diaphragm and pericardium from the esophagus.
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Fig. 13.19a, b. Transection of the left
inferior phrenic vein is suture ligated
and transected and the diaphragm is
incised up to the central portion. Expo-
sure of the pericardium. Insertion of
Mikulicz retractors, which are pulled
upward to the left and to the right.
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Fig. 13.20. Dissection of the distal esophagus starts with
sharp dissection of the anteriorly esophageal surface from
the pericardium. As a rule the dissection can be continued
anteriorly under vision up to the tracheal bifurcation with
two fingers initially and finally using the whole hand.

Injury to the pleural cavity should be avoided. Above the
tracheal bifurcation the dissection is done bluntly with two
fingers, with the dissection plane directly along the esopha-
gus. The trachea and the brachiocephalic trunk are palpable
anteriorly.
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Fig. 13.21. Now we have reached the most critical stage of
the procedure where complications can be lethal. If extensive
local tumor growth has not been recognized during preoper-
ative investigations, serious damage of the pars membrana-
cea of the trachea, the azygos vein, the pulmonary vessels,
or the aorta is possible. Extensive involvement of lymphatic
tissue makes the blunt dissection more difficult, and also

makes complications more likely. In the same way mobiliza-
tion of the region posterior to the esophagus including para-
esophageal lymphatic tissue from aorta and prevertebral fas-
cia up to the tracheal bifurcation is done sharply and under
vision. Above the tracheal bifurcation the dissection is con-
tinued bluntly using digital dissection and staying close to
the esophageal wall.
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Fig. 13.22. Great care must be taken to avoid damage to
the lateral esophageal wall and the parietal pleura. After
complete anterior and posterior mobilization, the esophagus
is pulled caudally. This causes the lateral ligament like struc-
tures to tighten. These so called lateral esophageal ligaments
consisting of branches of the vagal nerves, pulmonary liga-

ments and esophageal branches should be transected sharply
between clamps. Alternatively clips can be used for this step.
The left lobe of the liver is moved to the right using Mikulicz
retractors. Strong retraction of the esophagus to the left
using a rubber tape facilitates transection of the right lateral
esophageal ligament. 1 Right lateral esophageal ligament.
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Fig. 13.23. a Dissection of the left lateral esophageal wall
including all lymph nodes and surrounding tissue is carried
out under direct vision. This step should be performed using
mediastinal retractors. For better exposure optimal light from
ceiling lights or from lights directly attached to the mediasti-
nal retractors should be used. b The left lateral esophageal
ligament should be ligated carefully. During this step it is im-
portant to proceed close to the aorta and under direct divi-
sion. This ensures that all esophageal branches from the des-

cending aorta are divided without bleeding. It is important
to ligate the left lateral esophageal ligament very carefully at
the level of the eighth vertebral body (T8), since the largest
esophageal branches of the aorta originate from there. Any
bleeding from esophageal branches is controlled by suture li-
gation close to the aorta using resorbable or nonresorbable
monofilament suture. 1 Pericardium; 2 left esophageal liga-
ment; 3 mediastinal pleura.
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Fig. 13.23b
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Fig. 13.24. In case of suspected pericardial infiltration, the
adherent portion of the pericardium should be resected en
bloc. 1 Pericardium; 2 pericardial resection margin.
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Fig. 13.25. In case of tumor infiltration of the parietal pleura, ~ and lung. The diaphragmatic incision is enlarged and an en-
the adherent part should be excised with a clear margin. The bloc resection of the adherent lung segment using either a
same applies for tumor infiltration of the mediastinal pleura clamp resection or a linear stapler is performed.
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Fig. 13.264a, b. Ligation and dissection of the lateral liga-
ment under direct vision up to a point directly proximal to
the tracheal bifurcation. This step includes lymphadenectomy
of the posterior mediastinum. 1 Light retractor; 2 Lymph
nodes.
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Fig. 13.26b
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Fig. 13.27. After blunt dissection of the esophagus up to
the thoracic inlet, pack gauze into the posterior mediasti-
num. This provides excellent hemostasis. In cases of scarring
resulting from caustic burns, when multiple dilations with a
bougie or even perforation may have occurred, the blunt dis-

section of the esophagus may prove impossible. In these
cases sharp dissection of the esophagus under direct vision
should be performed. Preparation close to the esophageal
wall is mandatory to avoid injury of the adjacent structures.
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Fig. 13.28a, b. There is no special order for the gastric liga- sively provided by the right gastroepiploic artery. 1 Esopha-
ture — starting with the left gastric artery is possible. The  gus; 2 trachea; 3 superior vena cava; 4 azygos vein; 5 right
blood supply of the gastric tube after preparation is exclu- bronchus; 6 pericardium; 7 diaphragm.



140

I E.F. Yekebas et al.

Fig. 13.29. Insert alternative: Transhiatal blunt esophageal
dissection. Formation of the gastric tube. In case of a small
stomach the first step in constructing an isoperistaltic gastric
tube is to perform a transverse incision of the antrum 2.5-
3.5 c¢m proximal to the pylorus. The incision starts at the

lesser curvature and is made for a distance of about half of
the antral diameter. By doing the incision longitudinally a 3—
4 cm elongation of gastric tube, which sometimes has a
poor blood supply, can be resected if necessary during the
performance of the cervical anastomosis.

Fig. 13.30. Insert alternative: Transhiatal blunt esophageal
dissection. Formation of a gastric tube. Stretch the transverse
antrotomy and close longitudinally using a two-layer inter-

rupted suture. The optimal diameter of the gastric tube is
2.5-3 cm. Gastric tubes with a greater or lesser diameter
may be associated with ischemia of the gastric wall.
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Fig. 13.31. Formation of an isoperistaltic gastric tube starts
at the fundus. It follows the direction of the pylorus and is
most easily performed with a stapler. The longer the stapler
the less steps are needed. During the use of the stapler it is
important to stretch the stomach longitudinally to avoid

shortening of the gastric tube caused by the stapler. To
avoid gaps between the staple lines place the next stapler
exactly behind the previous row of staples. 1 Gastroepiploic
vessels.
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Fig. 13.32. A seromuscular suture is placed between two
rows of staples to avoid leakage. Leave sutures long to keep
the gastric tube stretched. Invert the stapled sutures by
using seromuscular interrupted sutures. As mentioned above,

the diameter of the gastric tube should be 2.5-3 cm after
inversion of the stapled sutures. The sutures at the top of
the gastric tube are left long for the transthoracic transposi-
tion performed later on.
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Fig. 13.33. A pylorotomy is necessary only when the whole
stomach is used to avoid gastric outlet obstruction. By using
the described procedure resulting in a gastric tube, a pyloro-
tomy is not necessary.
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Fig. 13.34. Cervical stage. For better exposition of the opera-
tive field, the patient is placed with an extended neck and
head turned to the right. Oblique incision of the skin extending
from the jugular notch to the level of the thyroid cartilage
along the anterior rim of the sternocleidomastoid muscle.

Fig. 13.35. Cervical stage. Sharp dissection of the subcuta-
neous fatty tissue and the platysma muscle along the ante-
rior rim of the sternocleidomastoid muscle.

Fig. 13.36. Cervical stage. Blunt dissection of the space be-
tween the straight muscles and the sternocleidomastoid
muscle. Retract the sternocleidomastoid muscle laterally.
Sharp transection of the omohyoid muscle exposes the
lateral edge of the thyroid, the jugular vein, and the carotid
artery, when the straight muscles are pulled medially.
The straight muscles may be transected in case of insufficient
exposure of the esophagus. 1 Omohyoid muscle; 2 sterno-
cleidomastoid muscle.
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Fig. 13.37. Transection of the median venter of the sterno-
cleidomastoid muscle near the clavicle with electrocautery
for a better exposure.

Fig. 13.38. Blunt dissection of the layer between the thyroid
and the carotid sheath. Insertion of retractors for exposure of
the left recurrent laryngeal nerve and inferior thyroid artery
by retracting the thyroid medially and the neurovascular
bundle laterally. Identification of the left laryngeal recurrent
nerve in the tracheoesophageal groove. Medial retraction of
the trachea together with the recurrent laryngeal nerve and
partial blunt and sharp dissection of the cervical esophagus.
1 Recurrent laryngeal nerve.
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Fig. 13.39. 1 Superficial fascia of the neck; 2 prevertebral
fascia; 3 pretracheal fascia; 4 omohyoid muscle; 5 sternoclei-
domastoid muscle; 6 platysma muscle; 7 neurovascular bun-
dle; 8 sternohyoid muscle; 9 sternothyroid muscle.

Fig. 13.40a
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Fig. 13.40a—c. The cervical esophagus is dissected with
curved instrument (right angle clamp) and armed with a
rubber tube. Completion of the dissection of the cervical
esophagus and upper thoracic esophagus by blunt dissection
with the finger or dissector (c). Careful protection of the re-
current laryngeal nerve is mandatory. After removal of the
naso-gastric tube, the esophagus is divided with a stapler
(b) or with scissors (a), after ligation of the aboral part of
the esophagus has been ligated (a). A strong thread or a
rubber band is fixed to the aboral stump of the esophagus
before the esophagus is transposed into the abdominal cavi-
ty. This facilitates easy transposition of the gastric tube to
the neck later on.

Fig. 13.40b

Fig. 13.40¢
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Fig. 13.41a—c. Options for a gastric pull-up. The above men-

tioned formation of the gastric tube is useful for all forms of

reconstruction because it provides sufficient length of the tube.

a Gastric tube pull-up in the original esophageal bed.
b Retrosternal gastric tube pull-up.
¢ Presternal gastric pull-up.

Fig. 13.42. The gastric tube is pulled up in the original eso-
phageal bed into the cervical position and is fixed to the
adjacent cervical tissue by 6 interrupted sutures. In this way
the anastomosis is walled off from the posterior mediastinum

in order to prevent mediastinitis. Dislocation of the anasto-
mosis into an intrathoracic position is prevented. The first
stitches are placed in the prevertebral fascia.
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Fig. 13.43. Finally the gastric tube is fixed to the fascia
and to the muscles of the caudal part of the wound.

Posterior wall

P Y

Esophagus [§} ...I

Stomach

Fig. 13.44. Esophagogastrostomy can be performed as a
one-layer or two-layer anastomosis. Two seromuscular sutures
are placed, and the protruding parts of the gastric tube and
the esophagus are resected. We prefer a full thickness extra-
mucosal interrupted suture technique. The stitches should be
9-10 mm from the edge of the esophagus and the gastric
tube, respectively. The knots should be just tight enough to
bring them snugly into contact with the tissue. The sutures

Anterior wall

BV V.V .V

always tighten later from the postoperative edema which oc-
curs in the area of the anastomosis. After completion of the
posterior wall a naso-gastric tube is inserted through the
anastomosis and into the duodenum. The esophageal stump
should not be longer than 2.0-2.5 cm. Thus, blood supply is
improved reducing the probability of anastomotic leakage. In
addition this means that the operation is more radical in
cases of malignancy.
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Fig. 13.45a-d. Technique of the two-layer anastomosis of
the gastric tube and the esophageal stump. The first sero-
muscular suture-line is performed in an interrupted fashion
(). Resection of the protruding parts of the esophagus and
the gastric tube using electrocautery (b). The second inner
suture of the posterior wall has to be done strictly extra-

mucosally and can be performed as an interrupted or a
running suture (c). Having finished the posterior wall a naso-
gastric tube is inserted over the anastomosis and into the
duodenum (d). The naso-gastric feeding tube should not be
removed before the 5th postoperative day.
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Fig. 13.46a, b. Two-layer technique of the neck anastomosis
between the gastric tube and the esophageal stump. The in-
ner suture of the anterior wall is performed using inter-
rupted sutures to prevent postoperative stenosis. The second
suture of the anterior wall is performed in a U-shaped fash-

Fig. 13.47. Figure of the completed
esophagogastrostomy.

ion (a). The transverse suture is done at the esophagus. Ty-
ing of the knots after all three U-shaped sutures are placed.
This guarantees an inversion of the anastomosis into the
gastric tube (b).
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Fig. 13.48a, b. Technique of pharyngogastrostomy in case of
complete extirpation of the esophagus. The pharynx is
trimmed diagonally through the piriform fossa (a). A one-
layer anastomosis should be performed. All interrupted su-

tures at the posterior wall are first placed and then tied con-
secutively (b). After insertion of the naso-gastric tube com-
pletion of the anastomosis of the anteriorly wall is underta-
ken using the same technique.

Fig. 13.49. Alternative methods of neck anastomosis between the gastric Fig. 13.50. Situation after having
tube and the esophagus. Anastomosis using an end to end stapler. completed pharyngogastrostomy.
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Fig. 13.51. One penrose drain is placed be-
side the cervical anastomosis (a). The wound
is closed with cursory platysma sutures and
skin closure (b). The mediastinum is drained
transabdominally with two drains (c), addi-
tionally drains are placed in the right and left
subphrenic space. A chest tube is used if the
pleural cavity has been opened accidentally.
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Fig. 13.52. Alternative methods of neck anastomosis be-
tween the gastric tube and the esophagus. Anastomosis
using an end-to-side stapler.
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Complications of transhiatal blunt
esophageal dissection and gastric pull-up

I Intraoperative complications

I Injury of mediastinal visceral pleura. During
blunt esophageal dissection injury of the medi-
astinal visceral pleura with opening of the pleu-
ral cavity is a frequent event. In these cases pos-
terior basal drainage with chest tube is neces-
sary to prevent a pneumothorax or pleural effu-
sion arising which might lead to postponing
early extubation.

I Hemorrhage from esophageal branches of the
aorta. Slipped ligatures or retracted vessel
stumps are the main causes of mediastinal
hemorrhage from esophageal branches of the
aorta. Bleeding from these branches can be re-
solved with sutures using a non-absorbable
monofilament suture. If exact localization of
the bleeding is not possible tamponade of the
mediastinum with dry sponges or gauze is
indicated. If the bleeding continues, a right
thoracotomy has to be performed to stop the
hemorrhage.

I Laceration of the thoracic duct. If the thoracic
duct has been damaged then ligation should be
performed both above and below the damaged
area. To avoid this complication, preparation
and ligation of the lateral esophageal ligaments
should be performed under direct vision.

I Injury of the azygos vein. During blunt dis-
section of the esophagus injury of this vein is
possible. If sudden hypotension caused by loss

of intravascular volume occurs during this op-
erative step this complication has to be kept in
mind. Mostly the blood loss is realized first by
the anesthesiologist, because a considerable
bleeding into the right thoracic cavity is pos-
sible before bleeding is recognized by the sur-
geon in the mediastinum. Injury to the azygos
vein should be anticipated when the tumor is
located in the middle third of the esophagus
and with locally advanced and/or metastatic
lymph node involvement close to the azygos
vein. Transmediastinal dissection of the vein
followed for ligation under direct vision should
be undertaken to stop the bleeding. Time con-
suming trials of direct transhiatal dissection
should be avoided if direct access cannot be
achieved. In these cases tamponade of the pos-
terior mediastinum is indicated and hemosta-
sis is then achieved via a right anterolateral
thoracotomy through the 5th intercostal space.

To avoid hemorrhage in cases of a close re-
lation between the tumor and the azygos vein,
ligation of the azygos vein should be per-
formed before blunt dissection is carried out.
If not possible then a thoracic approach should
be undertaken.

I Injury of the aorta. This severe complication
usually is only a potential problem in cases
where there is a tumor infiltration of the aorta.
If there is a suspicion that tumor infiltration of
the aorta has occurred, then a right thoraco-
tomy is performed and the tumor is excised en
bloc with an aortic cuff. Transhiatal sharp dis-
section of the esophagus from the esophageal
bed is undertaken in cases where the tumor
growth has occurred adjacent to the aorta.



m Partial Abdominothoracic Resection
of the Esophagus with Gastroplasty
and Intrathoracic Anastomosis

A.F. CHERNOUsOV, A. Kutup, P.M. BocgoproLski, D.C. BROERING

Indications

- Short distance peptic stenosis of the distal
esophagus

- Boerhaave syndrome

- Short distance ruptures of the distal eso-
phagus

- Carcinoma of the esophageal-gastric junc-
tion with tumor extension above the dia-
phragm

- Squamous cell carcinoma of the distal
esophagus.

I Contraindications, operative risks
and patient information

See chapter 13.

I Specific preoperative management

I Anesthesia. Orotracheal intubation with a
double-lumen tube for single lung ventilation.

I Patient’s position
- Supine position with intraoperative rear-
rangement on the left side
- Alternatively 45° spiral-positioning is pos-
sible, in this case intraoperative changes
of the position are not necessary.

I Surgical approach. Upper transverse incision
with median T-shaped extension for the ab-
dominal part.

Anterolateral thoracotomy through 5th ICR
for the thoracic part.

I Operative procedure

The most frequent techniques of reconstruc-
tion after partial abdominothoracic esophagec-
tomy with intrathoracic anastomosis by gastric
pull-up. For carcinoma of the esophageal junc-
tion, preparation and construction of the gas-
tric tube should be performed following the
oncological radical excision (Fig. 14.1a). In
case of benign diseases, e.g. strictures, a radi-
cal oncological construction of the gastric tube
should be avoided (Fig. 14.1b).

In benign disease the abdominal and distal-
thoracic esophagus is mobilized after diaphrag-
motomy. Then transection of the esophagus
above the tumor in the pericardial area using a
surgical stapler. The oral end is fixated and
marked using strong sutures (Fig. 14.2a, b).

The greater omentum is divided along the
great curvature of the stomach respecting the
right gastroepiploic artery and vein. The stom-
ach is mobilized gradually. According to the
required length of the gastric tube and dignity
of the lesion, transection of the left gastric ar-
tery and the short gastric veins is necessary.
The required length of the gastric tube is sig-
nificantly shorter for an intrathoracic anasto-
mosis than for cervical anastomosis. There
usually is no need for Kocher’s maneuver.

After completion of the lymphadenectomy
in carcinomatous disease, the sutures which
were left long for serosa suture of the surgical
staples at the proximal end of the gastric tube
will be tied with the long suture at the distal
esophageal end (Fig. 14.5).

After drainage of the left subphrenic area
and epigastric region, which is the major loca-
tion of lymphadenectomy, the abdomen is
closed.
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Fig. 14.1. a Oncological extent; b extent in benign diseases.
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Fig. 14.2. a Transection of the

esophagus with a stapler device;

b fixation of the oral and of the
esophagus with strong sutures. b
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Fig. 14.3. Skeletonization of the greater curvature (see Fig. 13.8).
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The patient is positioned to the left for the
thoracic part of surgery by turning the table
(initially helical-positioning of the patient with
45° elevation of the right thorax and elevated
arm).

The optimal access regarding the overall
view is the right anterolateral thoracotomy in
the fifth intercostal space. The gastric tube will
be placed into the pleural cavity by traction on
the distal esophagus. It follows the en bloc-re-
section of the thoracic esophagus including
mediastinal pleura, the periesophageal fat tis-
sue, and the mediastinal lymph nodes. It is
recommended to ligate all adhesions with the
surrounding tissue. The esophagus will be di-
vided as cranial as possible (interrupted line)
(Fig. 14.6).

The diameter of the esophagus is clearly
smaller than that of the gastric tube if not pre-
stenotically dilated. This incongruence of the

Fig. 14.4. Skeletonization of the greater curvature (see Fig. 13.9).

lumens can be equalized using a conic reduc-
tion plastic of the proximal gastric tube (Fig.
14.7).

After incomplete transverse incision and di-
agonally aboral completion of division of the
gastric tube at the oral end, the 2.5-3 cm long
diagonal incision will be closed using extramu-
cous simple interrupted stitches (Vicryl/Dex-
on/PDS 3/0). Length and angle of the diagonal
incision determine the resulting diameter of
the lumen (Figs. 14.8, 14.9).

This procedure simplifies the inserting of
the esophageal end into the gastric tube and
creates a staple-free zone for anastomosis.

If the intestinal walls of the esophagus and
gastric tube are strong, a double rowed anasto-
mosis should be performed.

In case of a very thin esophageal wall, a sin-
gle rowed all-layer anastomosis of esophagus
with the gastric tube is favored.
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Extramucous placed simple interrupted su-
tures should be laid out loosely in the poste-
rior anastomotic area. The risk of anastomotic
stenosis is higher in the running suture tech-
nique. If all posterior wall sutures are placed,
they are tied gradually avoiding strong tissue
tension. A slightly adaptation should be
achieved, squeezing should be avoided.

The single rowed anastomosis is covered
with mediastinal pleura to secure the sutures
and lessen the tension at the esophagogastros-
tomy, and consecutively the rate of insuffi-
ciency (Fig. 14.10).

The lesser curvature of the stomach will be
not resected if there are strictures of the distal
esophagus or the esophagogastric region.
Therefore, the entire stomach can be used for

Fig. 14.5. Connecting the proximal end of
the gastric tube with the distal esophageal
end before closure the abdomen.

pull-up. As blood supply of cardia and distal
parts of the fundus are insecure, both should
be resected (Fig. 14.11a, b).

The esophagus is being anastomosed with
the anterior stomach wall in double row suture
technique. The esophagus is fixated initially
with the gastric tube using six seromusculous
sutures. After incision of the gastric tube with
the electrocautery the posterior wall is anasto-
mosed with extramucous all-layer sutures in
simple interrupted stitching technique. The
distance between the sutures should be 5 mm
(Fig. 14.12a,b). A naso-gastric feeding tube is
generally inserted over the anastomosis and
placed into the duodenum for decompression
and postoperative enteral feeding.
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Fig. 14.6. Transection of the esophagus as cranial as possi-
ble (interrupted line).

Fig. 14.7. Conic reduction plastic of the proximal gastric
tube to equalize incongruences.
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Fig. 14.8. Length and angle of the diagonal incision deter-
mine the diameter of the lumen.

Fig. 14.9. Extramucous placed simple interrupted sutures.
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Fig. 14.10. Mediastinal pleura to secure the anastomosis.

After completion of the anterior wall anasto-
mosis using the same technique as for the pos-
terior wall, the anastomosis should be inverted
telescopically by placing seromuscular U-su-
tures grasping the mediastinal pleura (Fig.
14.13a). The tie of the U-suture should come
to lie in the area of the gastric tube, as the ser-
osa of the stomach gives the knots more
strength. The base of the U-suture should be
positioned 1.5 cm proximal to the anastomosis
(Fig. 14.13b). The distance between the sutures
should be 6 mm (Fig. 14.13a).

After completion of the esophagogastros-
tomy, the anastomosis is inserted into the
stomach telescopically (Fig. 14.14). Drainage
tubes are placed into the mediastinum. The
supraphrenic region is drained by a further
drainage tube.

Alternatively the anastomosis can be made
transthoracically or transhiatally using a circu-
lar stapler.

Introduction of the stapler into the gastric
tube and perforation of the wall at the pro-
spective site of the anastomosis with the pike.
Removal of the pike and connection with the
anvil. Firing of the instrument. Check for com-
pleteness of the anastomotic rings. Removal
of the stapler and closure of the gastric tube
with extramucous all-layer sutures (Fig. 14.15).
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Fig. 14.11. a The entire stomach is used for pull-up.
b Extent of the resection (interrupted line).
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Fig. 14.12. a Fixation of the gastric tube with six seromus-
culous sutures; b the posterior wall is anastomosed. The dis-
tance between the sutures should be 5 mm.
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6 mm

Fig. 14.13. a Inversion of the anastomosis with mediastinal
pleura (U-sutures) (distance 6 mm); b Positioning of the U-
sutures (1,5 cm proximal to the anastomosis).
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Fig. 14.14. Telescopically inserted esophagogastrostomy. Fig. 14.15. Introduction of the stapler.
Final situation before fixing.



E Abdominothoracic Subtotal en bloc
Esophagectomy and Reconstruction
with Gastric Tube Transposition

J.R. I1zBI1CKI, D.C. BROERING, P. KAUDEL, A. KuTtUp, E.FE. YEKEBAS

I Indication

- Mid thoracic esophageal carcinoma
- Esophageal squamous-cell carcinoma
in the lower third of the esophagus
- Long peptic stricture, if transhiatal

resection is not possible.

I Contraindication

- Severe cardio-pulmonary insufficiency.

I Risks and patient’s informed consent

- Refer to chapter 13 blunt dissection. Ad-
ditionally, the patient should be informed
about bilateral pareses of the recurrent
laryngeal nerve, pareses of the phrenic
nerve, and chylothorax.

I Special preoperative preparations

Anesthesia: Orotracheal intubation with a dou-
ble-lumen tube for single lung ventilation.

1 Patient’s position

- Position of the patient on his left side for
the thoracal part of surgery

- Supine position, comparable to blunt
transhiatal dissection

- Alternatively 45° positioning is possible,
in this case intraoperative changes of the
position are not necessary.

1 Surgical approach
- Anterolateral thoracotomy through 5th ICR
- Transverse laparotomy with cranial med-
ian enlargement (inversed T-incision).

I Operative procedure

1. Right-sided anterolateral thoracotomy
through 5th ICR

2. Incision of the mediastinal pleura along the
hilum of the right lung and the superior
caval vein

3. Dissection and ligation of the azygos vein

4. Preparation of the vena cava by resection of
the accompanying adipose and lymphatic
tissue

5. Dissection of the vagus nerve distal to the
recurrent laryngeal nerve

6. Dissection of intercostal veins, sparing the
arteries

7. Dissection between esophagus, aorta, and
trachea and resection of paratracheal, para-
bronchial, paracarinal, and infracarinal
lymph nodes

8. Thoracic drainage and closure of the thora-
cotomy

9. Abdominal and cervical part
(see chapter 13).

Fig. 15.1. Left-sided positioning of the patient with thoracic
kinking. Skin incision from the apex of the scapula in the
submammarian fold in the 5th ICR.
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Fig. 15.2. After thoracotomy in 5th ICR, two retractors are
placed to spread the incision and to retract the ribs. Single
left lung ventilation. Incision of the mediastinal pleura along
the marked line for the en bloc esophagectomy. It starts
from the pulmonary ligament, runs along the dorsal part of
the right hilum of the lung to the lateral margin of the

superior caval vein up to the upper thoracic aperture. Inci-
sion direction is changed to the right lateral margin of the
spine, down to the diaphragm along the azygos vein. The
most important part of this step is the recognition of the
right recurrent laryngeal nerve and the right phrenic nerve.
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Fig. 15.3. The first step is the incision of the pulmonary li- sected towards the esophagus. The cranial margin of the
gament. For exposition of the pulmonary ligament the sur-  pulmonary ligament — the veins of the lower lobe of the
geon’s left hand pushes the lung cranially and laterally. The right lung — should not be injured during this procedure.
lymphatic tissue of the pulmonary ligament should be dis-

Fig. 15.4. Dissection of the junction of the azygos vein and
superior caval vein with a right angle clamp. Double suture
ligation of the vein adjacent to the caval vein.
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Fig. 15.5. The lymphadenectomy starts from the superior
vena cava upwards to the confluence of the two V. anon-
yma. Preparation of the origin of the recurrent laryngeal
nerve from the vagus nerve. Caudal to its origin the vagus

nerve is severed and pushed towards the en bloc specimen.
The lymphadenectomy is performed along the dorsal wall of
the superior caval vein.
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Fig. 15.6. After complete preparation of the superior caval situated fat and lymphatic tissue is dissected towards the
vein, the trachea and the right- and left-sided main bronchus ~ esophagus by sharp dissection or electrocautery and later re-
should be exposed from lymphatic tissue. The paratracheally sected en bloc with the esophagus.



176 1 J.R. Izbicki et al.

Fig. 15.7. Dissection of the retrotracheal lymph nodes. They
should be dissected towards the esophagus. Care has to be
taken to avoid injury to the membranaceous part of the tra-
chea.
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Fig. 15.8. Dissection of the cranial paraesophageal lymph nodes.
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Fig. 15.9a,b. Dissection and ligation of all intercostal
veins, which drain into the azygos vein for en bloc resec-
tion with the azygos vein. Lymphadenectomy of the sub-
carinal lymph nodes (a): For a better exposition of this
area the esophagus should be held aside with a sponge
(b): Alternatively the esophagus can be held with rubber
bands.
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Fig. 15.10. Paraaortic lymphadenectomy. With continuous
traction on the esophagus the paraaortic lymphadenectomy
can be performed. The esophageal branches of the thoracic
aorta have to be dissected very carefully and should be Ii-
gated with suture ligation.
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Fig. 15.11. Transection of the thoracic duct with double ligations caudal to the tracheal bifurcation
and directly above the diaphragm.

Fig. 15.12. Completion of the mediastinal lymphadenectomy drains are placed in the right thoracic cavity. The thoracic in-
with removal of the left sided paraaortic and retropericardial cision is closed and the patient’s position is changed for the
lymph nodes down to the esophageal hiatus. After complet-  abdominal part to a supine position.

ed mobilization of the en bloc esophageal specimen, thoracic
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M.K. SCHILLING, M. W. BUECHLER

The use of the stomach is still the preferred
substitute for the esophagus requiring only the
anastomosis to reestablish food passage.
Furthermore the gastric substitute acquires
spontaneous propulsive contractility and is as-
sociated with good long-term functional re-
sults. In Western populations, tubular transfor-
mation of the stomach following lesser curva-
ture resection, as described by Akiyama occa-
sionally results in a short gastric tube with
perfusion deficiencies at the cranial part of the
tube.

Gastric tube formation utilizing the gastric
fundus and maintaining the arterial arcade
along the lesser gastric curvature results in a
longer and better perfused gastric tube.

I Anesthesia. A combination between regional
anesthesia and balanced intravenous and inha-
lation anesthesia is used. Epidural anesthesia
at the level of TH 5-7 reduces perioperative
opioid application and postoperative pain.

I Positioning. For transhiatal esophagectomies,
the patient is placed in a supine position with
an 80° abduction of both arms. The head is
flexed to the right side, to gain access to the
cervical esophagus.

For a thoraco-abdominal approach, patients
are placed in a spiral position with rotation of
the torso to the left and abduction of the right
arm. The head is flexed to the right side to
gain access to the cervical esophagus.

I Incision. An upper median laparotomy with
extension to the left of the xyphoid is used to
gain access to the abdominal portion of the
esophagus and the stomach (Fig. 16.1). The ab-
dominal cavity is kept open by two retractors
(three in obese patients) (Fig. 16.2).

I Gastric mobilization. The first step in gastric
mobilization is dissection of the greater omen-
tum. The dissection is performed at a 3-4 cm
distance from the greater curvature to avoid
injury to the gastroepiploic arteries and the
extramural connections between the right and
left gastroepiploic arteries.

Fig. 16.1. Approach; upper mid-line incision.
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Fig. 16.2. Open cavity with inserted retractors.

The short gastric arteries are divided close
to the spleen to avoid injury to the gastric
wall.

In a second step the lesser omentum is dis-
sected close to the liver. Care is taken not to
severe accessory left hepatic arteries from the
celiac trunk or the left gastric artery. The
stomach is dissected and the gastroesophageal
junction is divided with a TA stapler.

After gastric mobilization, the stomach is
placed on warm packs (Fig. 16.3).

I Fundus rotation gastroplasty. For oncological
procedures, all connective, adipose, and lym-
phoid tissue is carefully dissected from the left
gastric artery. The left gastric artery and the
concomitant vein are ligated close to the
stomach.

Fig. 16.3. Mobilized stomach on warm packs.

Fig. 16.4. Skeletonization starting at the proximal small cur-
vature.
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Fig. 16.5. Last steps of the fundus rotation gastroplasty.

The gastric tube is formed by stepwise
stapling along the gastric fundus with a linear
stapler as depicted in Figures 16.4 and 16.5.
Careful traction is applied to the edges with Allis
clamps (Fig. 16.6). The stapler line is inverted
with 4/0 interrupted absorbable sutures.

Gastric tube formed by the fundus rotation
gastroplasty technique are usually long enough

Fig. 16.6. Completed fundus rotation gastroplasty.

to perform tension-free anastomosis even with
the mid pharynx.

The vascular supply of the tube in its distal
part consists of direct vessels running from the
left gastroepiploic artery, and the more oral
part of the tube is supplied by an intramural
vascular plexus, fed by the gastric and gastro-
epiploic arterial arcade.



Proximal Gastrectomy

with Distal Esophagectomy (Proximal Resection)

A.E CHERNOUSOV, O. ZEHLER, P.M. BoGgoproLski, D.C. BROERING, H. W. SCHREIBER T

I Indications
Indications for this surgical procedure are rare.
- Carcinoma of the cardia in the abdominal
esophagus (below the diaphragm) in pati-
ents with high comorbidity
- Long strictures of the abdominal esopha-
gus.

I Contraindication

Severe cardiopulmonary insufficiency.

I Risks and patient’s informed consent

See chapter 13.

I Special preoperative preparation

See chapter 13.

Patient position and surgical incision

See chapter 13.

Operative procedure

. Mobilization of the abdominal part of the

esophagus

. Sagittal diaphragmotomy
. Truncal vagotomy
. Mobilization of the stomach with preserva-

tion of the right gastric omental vein and
artery

. Extensive lymphadenectomy in the area of the

hepatic artery, splenic artery, celiac trunk,
and paraaortal

. Optional: splenectomy in patients with sus-

picious lymph nodes

. Tube reconstruction using the distal stom-

ach

. Intrathoracic esophagogastrostomy.
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Fig. 17.1. Mobilization of the stomach and the distal eso- Fig. 17.2. Technique of blunt dissection of the esophagus at

phagus, resection lines during the procedure of proximal gas- the diaphragm. After incision of the peritoneum on both

trectomy, and distal esophagectomy. sides of the esophagus, the forefinger of the right hand is
bluntly inserted behind the esophagus. The esophagus and
the vagal nerves are mobilized stepwise.

Fig. 17.3. The left lobe of the liv-
er is dissected by the incision of
the left triangular ligament. The
diaphragm is retracted to the
right side. Sagittal incision of the
diaphragm is performed after su-
ture ligation of the diaphragmatic
vein. The retropericardial and intra-
abdominal esophagus is mobilized.
Slight traction is applied to the
esophagus to the left and caudally.
The vagal nerves are transected.




17 Proximal Gastrectomy with Distal Esophagectomy (Proximal Resection) B 187

Fig. 17.4. Anatomy of the lesser omentum in cross-section.
1 Greater omentum; 2 celiac trunk; 3 pancreas; 4 superior
mesenteric artery; 5 duodenum; 6 transverse colon.

Fig. 17.5. During the mobilization of the
greater curvature, the greater omentum
with the anterior peritoneal aspect of the
colon is dissected. Lymphadenectomy in
the area of the middle colic vessels.
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Fig. 17.6. The fat and lymphatic tissue along
the lower pancreatic edge is removed. The
peritoneum covering the body and the tail of
the pancreas is dissected. The peritoneum of
the frontal surface of the pancreas is pre-
served.

Fig. 17.7. In cases with enlarged pathologic
lymph nodes at the hilar region of the spleen,
en bloc splenectomy is indicated. Care should
be taken to avoid any damage to the pan-
creatic tail. Dissection of the splenic artery
and vein.
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Fig. 17.8. Transection of the splenic
vessels between clamps. The vessels are
suture-ligated separately. The fatty tissue
around the pancreatic tail is resected
with the spleen.

Fig. 17.9. The splenic artery is freed
from the surrounding lymphatic tissue to
the pancreatic head. Lymphadenectomy
is completed along the left gastric ar-
tery, celiac trunk, and in the paraaortic
area.
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Fig. 17.10. Fat tissue and lymph nodes along the common
hepatic artery, hepatic artery, portal vein, and the bile duct
is resected. The right gastric artery is dissected and ligated
close to the hepatic artery.
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Fig. 17.11. Peritoneal incision line for the Kocher maneuver.

b
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Fig. 17.12. After completion of the Kocher maneuver the creatic head, the caval vein, the renal vein and the aorta are
retropancreatic, paracaval, and right paraaortic lymphade- completely dissected. 1 Right renal vein; 2 right renal artery;
nectomy may be performed. The dorsal surface of the pan- 3 right ovarian or spermatic vein.
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Fig. 17.13. A supraradically lymphadenectomy encompasses  nodes along the caval vein, the aorta, and the renal vein are
the continuation of the paracaval and paraaortal lymphade- removed (compartment-3 resection). 1 Superior mesenteric
nectomy caudally to the bifurcation of the aorta. All lymph  artery; 2 inferior mesenteric artery.
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Fig. 17.14. Completion of the extensive lymphadenectomy
in compartment 3. Dissection of the pancreatic corpus and
tail. The remaining fatty tissue and lymph nodes along the
superior mesenteric artery, the abdominal aorta, the left

renal artery, and suprarenal arteries are removed. 1 Splenic
vein; 2 left suprarenal gland; 3 left suprarenal vein; 4 left re-
nal vein; 5 superior mesenteric artery.
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Fig. 17.16. Preparation of the distal stomach tube is per-
formed in the same way as in the description of the blunt
dissection excluding the transverse antrotomy. The esophagus
has to be resected with at least 5 cm tumor-free esophageal
margin. After resection of the stomach including the tumor,
a right-angle clamp is placed at the esophagus. The eso-
phagus is incised. The anastomosis starts at the backside
of termino-terminal esophagogastrostomy with extramucosal

Fig. 17.15. Preparation of a distal stomach tube.

5mm

1cm

all layer stitches in a single stitch technique. First, all stitches
are armed with clamps and are then tied after completion of
the dorsal wall. The distance between the single stitches is
5 mm. The external stitch is performed 1 cm from the edge
of the anastomosis. After tying the sutures are cut. The cor-
ner stitches are not cut and ventral wall of the anastomosis
is sewn in the same way.
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Fig. 17.17. The sutures of the dorsal wall are finished and
tied (a). A naso-gastric tube is to be placed beyond the ana-
stomosis (b). Finally, the ventral part of the anastomosis is
performed.
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Fig. 17.18. The dorsal and ventral suture line is doubled by
using sero-muscular U-stitches. The distance between these
stitches is 5 mm. The sutures should be 1 cm from the ana-
stomosis (@). During tying of the knots, the index finger may

be helpful inverting the anastomosis. Principle of the anti-
refluxive esophagogastrostomy (b). If the esophageal wall is
very thin, the esophagogastrostomy should be performed in
a single row anastomosis.



17 Proximal Gastrectomy with Distal Esophagectomy (Proximal Resection) B 197

Fig. 17.19. Alternatively, the esophagogastrostomy may be
performed using a circular stapler. The transverse gastros-
tomy for the introduction of the stapler is closed using all
layer sutures. The stapled anastomosis is inverted as de-
scribed above.




m Transhiatal Esophagogastrectomy

J.R. IzBIick1, D.C. BROERING, A. KuTup, E.F. YEKEBAS

I Indications

- Adenocarcinoma of the distal esophagus
with involvement of the proximal stomach

- Locally advanced carcinoma of the cardia

- Adenocarcinoma of the proximal stomach
with infiltration of the distal esophagus.

I Contraindications

— Active duodenal ulcer

- Severe cardiopulmonary insufficiency.
I Risks and informed consent

- See chapter 13

— Necrosis of the colon

- Risk of pancreatitis and injury of the
spleen.

I Special preoperative preparations

I Anesthesia, patient position and surgical inci-
sion. See chapter 13.

Laparotomy is performed as demonstrated
in chapter 13 by transverse abdominal incision
extended by an upper abdominal midline inci-
sion (inverse T-incision). After mobilization of
the left lateral liver lobe and dissection of the
lesser sac close to the liver, the greater omen-
tum is detached from the transverse colon.
Lymphadenectomy begins at the basis of the
right gastroepiploic vessels.
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Fig. 18.1. Incision of the peritoneal
sheath above the right gastroepi-
ploic vessels. The right epiploic ves-
sels are suture ligated as close as
possible to the pancreas without in-
juring the pancreatic capsule.

Fig. 18.2. Dissection of the sur-
rounding lymph nodes is performed.
For better exposure of these nodes,
the stomach is held upwards using
ventral traction. The lymph nodes at
the upper margin of the pancreas
are dissected towards the duodenum
to facilitate the en bloc resection
later. Injury of the serosa of the
duodenum and of the capsule of
the pancreas has to be avoided.
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Fig. 18.3. The lymphadenectomy of the hepatoduodenal li-
gament is performed as described in chapter 13. In addition,
the lymph nodes around the origin of the right gastric artery
are dissected towards the stomach. The right gastric artery is

then ligated at its origin. After circular dissection of the gas-
troduodenal junction, the duodenum is transsected 2-3 cm
behind the pylorus with a linear stapler device, and the sta-
pler suture line is inverted with single sutures.
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Fig. 18.4. The upper margin of the pancreas is now exposed
by applying traction upwards to the distal stomach. Lympha-
denectomy continues from the hepatoduodenal ligament

Fig. 18.5. Traction is applied to the stomach towards the
right upper abdomen to expose the origin of the left gastro-
epiploic artery and the short gastric vessels. These vessels
are transsected and ligated between clamps. Mobilization of

along the common hepatic artery down to the celiac trunk.
Lymphadenectomy at the splenic artery, the celiac trunk, and
the paraaortal space is performed as described in chapter 13.

the greater curvature of the stomach is performed up to the
gastroesophageal junction. During this step the phrenicogas-
tric ligament has to be transsected with electrocautery.
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Fig. 18.6. Operative site after dissection of the stomach with
completed lymphadenectomy at the hepatoduodenal liga-
ment with exposure of the hepatic artery, the splenic artery,
the celiac trunk, and the paraaortal region. The stapled
suture line of the duodenal stump is oversewn. Median inci-

sion of the diaphragm in combination with incision of both
diaphragmatic crura allows exposure of the esophageal hia-
tus. This is the first step of the transhiatal dissection of the
esophagus.



m Colon Interposition after Total and Subtotal

Esophagectomy

J.R. IzB1icK1, K. STEFFANI, A.E CHERNOUSOV, P. M. BOGOPOLSKI,

D.C. BROERING, H.W. SCHREIBER T

Indications

Patients with esophageal carcinoma after
subtotal gastrectomy

Locally advanced carcinoma of the cardia
with infiltration of the lower esophagus
Peptic stricture of the total esophagus, in-
cluding strictures with extension to phar-
ynx or stomach

Long peptic stricture of the esophagus
with severe esophagitis and esophageal
fistula

Extensive peptic stricture of the esopha-
gus in patients after subtotal gastrectomy
Any affection of the “neo-esophagus”

I Special preoperative preparations

- See chapter 13

- Total colonoscopy

- Entire orthograde bowel preparation with
hyperosmolar solution. In case of dyspha-
gia, application through a stomach tube is
recommended. Retrograde bowel lavage
or application through a gastrostomy
should be performed in patients with total
esophageal stenosis. Patients suffering
from catabolic metabolism are to be sup-
ported by hyperalimentation (parenteral
or enteral) for several days prior to opera-
tion.

after transpleural esophagectomy, gastric
tube reconstruction with cervical esopha- I Anesthesia. See chapter 13.
gostomy (secondary reconstruction after

gastric tube necrosis) I Position. The patient should be in the supine
- Necrosis or inadequate length of the gas-  position with hyperlordosis in the lower tho-
tric or jejunal interposition for recon- racic spine. The left arm is fixed to the body
struction. allowing better access to perform the collar

anastomosis. The patients head is reclined and
turned to the right (Fig. 19.1).
I Contraindications
I Surgical approach. Transverse lower abdom-
- Severe cardiopulmonary insufficiency inal laparotomy below the umbilicus with ex-
- Pathology of the colon (e.g. carcinomas, tension as midline upper laparotomy (low in-
adenomas, inflammatory bowel disease, verted T-incision). Alternatively a median lapa-
strictures). rotomy from symphysis up to the xiphoid pro-
cess can be performed (Fig. 19.2).

I Risks and informed consent

- See chapter 13

- Insufficiency of the colo-colonic anasto-
mosis with subsequent peritonitis

- Local ischemia with subsequent total or
subtotal necrosis of the colon, leading to
total or subtotal colon resection.
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Fig. 19.1. Perioprative positioning.

Fig. 19.2. Low inverted T-incision, or alternatively median la-
parotomy.

Operative procedure

. Mobilization of the large bowel beginning at

the cecum up to the sigmoid colon

. Gross examination of the vascular supply of

the colon

. Examination of the colonic segment, intended

for interposition for adequate length and vas-
cular supply by intermittent clamping

. Preparation of the colonic segment, which is

suitable for interposition

. Establishment of a substernal tunnel (for ret-

rosternal reconstruction route). Alternatively
the posterior mediastinal route for orthotopic
reconstruction is used

. Exposure of the cervical esophagus or phar-

ynx, transposition of colon interponate and
performance of the esophago-colic or phar-
yngo-colic anastomosis

. Performance of the cologastrostomy, alterna-

tively anastomosis to the duodenum or jeju-
num

. Colonic anastomosis for reconstruction of

the lower gastrointestinal tract

. Drainage of the mediastinum, abdomen, and

neck.
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Fig. 19.3. Incision of the peritoneum using electrocautery or
fine scissors and mobilization of the ascending colon and the
right colonic flexure beginning at the cecum. The right ureter
and the kidney should be preserved carefully. Care has to be
taken not to injure the duodenum accidentally.

1 Duodenum; 2 cecum; 3 right iliac vessels; 4 right ureter;
5 right kidney.
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Fig. 19.4. For mobilization of the right colonic flexure,
the right phrenico-colic ligament has to be divided and suture
ligated.

Fig. 19.5. Mobilization of the transverse colon by sharp dis-  verse colon (assistant) and ventro-cranial traction of the
section of the greater omentum. Preparation of the avascular ~ omentum and stomach, thus leaving the greater omentum
tissue plane, assisted by antero-caudal traction of the trans- at the stomach.
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Fig. 19.6. Mobilization of the sigmoid colon, which is facili-
tated by performing medio-cranial traction to expose the
embryonic adhesions between the colon and retroperitone-
um. Further dissection between mesosigmoid and retroperi-
toneal fat, taking care of the left ureter and gonadal vessels.

Fig. 19.7. The left lateral peritoneal reflection is finally mobi- whole splenic flexure of the colon is mobilized. A prophylac-
lized by dissection of the peritoneum in cranial direction.  tic appendectomy after total mobilization of the colon is rec-
The colico-splenic ligament and the phrenico-colic ligament ~ ommended.

are ligated and divided using cautery or scissors. Thus, the
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Fig. 19.8 and 19.9. Selection of a colonic segment suitable
for interposition. Determination of the essential length by
the following procedure: Elevation of the colon in front of
the abdominal wall, measurement of the distance between
the abdomen and the angle of the mandible by a suture,
fixed at the root of the strongest vessel of the colonic mes-
entery (see Fig. 19.9: middle colic artery). The length of the
suture is finally transferred to the colon and the resection
margin is marked.

1 Anastomosis between the left and the middle colonic ar-
tery (Riolan); 2 left colonic artery; 3 root of the middle colo-
nic artery.
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Fig. 19.10. Preparation of an anisoperistaltic colonic seg- lonic transection plane to prove a sufficient arcade of Riolan.
ment begins with incision of the peritoneum far from the If no ischemia occurs after 3 minutes, the colon interposition
colon and stepwise preparation of the mesocolon maintain- can be performed.

ing the paracolic arcades and the middle and left colic ves- 1 Middle colic artery; 2 left colic artery; 3 paracolic anasto-
sels. A vascular clamp is provisionally applied across the left ~ mosis between left colic artery and sigmoid artery.
colic artery and the sigmoid artery across the provisional co-

Fig. 19.11. Construction of an anisoperistaltic colon interpo-
sition. 1 Middle colonic artery; 2 superior mesenteric artery;
3 inferior mesenteric artery; 4 left colonic artery; 5 sigmoid
artery.
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Fig. 19.12. A frequently employed alternative is a left-sided
isoperistaltic colonic interposition.

The middle colonic artery is divided and the vascular supply
is through the left colonic artery, if a sufficient Riolan’s ar-
cade exists.

1 Superior mesenteric artery; 2 inferior mesenteric artery;
3 left colonic artery.

This approach ensures an isoperistaltic reconstruction. Care has
to be taken not to injure the left colic vessels. Therefore, trans-
ection of the descending colon is always done without exten-
sive dissection of the colon using a linear stapler device.

The transparent arrows show alternative lines
for transection of the colon. Resection of blu-
ish margins on the right flexure of the trans-
verse colon between the middle and the right
colic artery should be performed under preser-
vation of the paracolic arcades. Following this
procedure a better mobilization of the colonic
segment can be obtained. To perform the phar-
yngo-colostomy in carcinomas of the upper
third of the esophagus, a fairly long colonic
segment is required. Therefore, parts of the
sigmoid colon have to be used and the first
(and probably the second) sigmoid artery has
to be ligated close to the inferior mesenteric
artery. Prior to dissection of the vessels, a
clamp is provisionally applied to prove the suf-
ficiency of the vascular supply. Dark arrows
point to the vascular resection margins. The
anastomosis between the right and middle co-

Fig. 19.13. An anisoperistaltic colon interposition supplied by
the left colonic artery can be performed, if the Riolan’s anasto-
mosis is either not present or insufficient due to former surgical
procedures.

1 Left colonic artery.

lonic artery should be preserved for a better
vascular supply of the colonic segment chosen
for interposition.

Advantages of using the left colonic segment

are the following:

I the more predictably longer length and the
smaller diameter of the left colon

I adequacy of the vascular pattern due to ar-
teries with bigger diameter, instead of vascu-
lar supply via several arcades like in the
right colon

I using an anisoperistaltic colonic segment
has no clinical relevance, because the nutri-
tional transport follows gravity.

The essential advantage of the left colon is the
opportunity to obtain a longer colonic seg-
ment.
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Fig. 19.14. In case of an inadequate vascular supply by the Fig. 19.15. In very rare cases no anastomosis is found be-
left and middle colonic artery, reconstruction of an isoperis-  tween the left colonic artery and the first sigmoid artery. In
taltic colon interposition supplied by the sigmoid artery is  those cases the main branch of the inferior mesenteric artery
possible. can be used as an anastomosis between the two areas of
1 First sigmoid artery. blood supply. This can only be accomplished when the distal
parts of the sigmoid colon are adequately perfused by the
medial and inferior rectal artery. This has to be checked by
temporary clamping.
1 Isolated segment of the inferior mesenteric artery with the
branches of the left colic artery and the sigmoid artery.
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Fig. 19.16. Even after right hemicolectomy (e.g. following
complicated right colonic interposition) construction of an
anisoperistaltic interposition is possible, if the middle colonic
artery has been spared during the first operation. The left
colonic artery and the first sigmoid artery are dissected. Vas-
cular supply of the interposition comes from the middle colo-
nic artery. Reconstruction is performed with an ileo-sigmoid-
ostomy.

Fig. 19.17. Alternatively, an interposition after right hemico-
lectomy and after former transection of the middle colonic
artery can be performed using the left colon. The blood sup-
ply comes from the left colonic artery. The entire sigmoid co-
lon is needed for the purpose of receiving sufficient length
for the interposition and all sigmoid arteries have to be dis-
sected. The proximal colon segment with poor vascular sup-
ply is resected.
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Fig. 19.18. After former surgical procedures (e.g. right co-
lectomy) with transection of the middle colonic artery and
presence of a small left colonic artery, a strong arcade be-
tween the left colonic artery and the first sigmoid artery is
necessary to perform an isoperistaltic transplant, only sup-
ported by the first sigmoid artery. For that procedure, the
left colonic artery has to be dissected.

Fig. 19.19. If it is impossible to use the left hemicolon for
interposition, the right hemicolon can be used to perform
the transposition graft.

Scheme of construction of an isoperistaltic colonic interposi-
tion using the right hemicolon and the terminal part of the
ileum. The vascular supply comes from the middle colonic ar-
tery.

1 Right colonic artery; 2 ileocolic artery.

Using the right hemicolon for interposition is burdened by
frequent complications leading to poorer postoperative func-
tional results.
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Fig. 19.20. Preparation of an anisoperistaltic colonic interpo-
sition using the right hemicolon, with vascular supply from
the ileocolic artery.

Fig. 19.22. Preparation of a substernal tunnel. Blunt opening
of the substernal cavity by spreading the scissors, while pull-
ing the xiphoid ventrally with a sharp retractor.

N
.
P
>
.

Fig. 19.21. Adequate length of the right hemicolon enables

construction of an isoperistaltic interposition without using

the ileocolic portion of the intestine. This technique offers

several advantages:

1 omittance of the terminal ileum, which is prone to necro-
sis

1 omittance of the ileocecal region which is prone for poor
functional results.
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Fig. 19.23

Fig. 19.24 Fig. 19.25

Fig. 19.23-19.25. After opening the substernal cavity, a sternocleidomastoid muscle is made to expose the cervical
substernal tunnel is constructed with an atraumatic clamp. esophagus. Blunt preparation with the hand through the
The sternum has to be pulled continuously and the endo-  substernal tunnel usually leads to rupture of the mediastinal
thoracic membrane is to be separated from the sternum. pleura.

A longitudinal incision along the anterior border of the left
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Fig. 19.26. Completed preparation of the retrosternal tunnel.
In case of tight adhesions to the sternum, these adhesions
are dissected sharply by scissors.

1 Thyroid gland; 2 esophagus; 3 trachea.

Between corpus and manubrium sterni the substernal fascia
is very tightly connected to the sternum. Furthermore, the

visceral and parietal pleura are tightly connected in this re-
gion. For this reason, very careful, stepwise preparation with
a long atraumatic clamp has to be performed and the prepa-
ration has to be manually controlled by the substernally in-
troduced finger of the surgeon.

Fig. 19.27

Fig. 19.27-19.29. For the substernal reconstruction a long
strong suture fixed to a drainage tube can be used for the
pull-through procedure. The suture is tied to the oral end of
the colonic interposition. The colon is transposed in the sub-

Fig. 19.28

sternal tunnel to the cervical incision under continuous and
gentle pull, and the sternum is to be pulled upwards with a
sharp retractor during the procedure.
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Fig. 19.29

Fig. 19.30. Interposition of the colon through the posterior
mediastinum, in the bed of the removed esophagus. The
posterior mediastinal route of the interposed colon is favor-
able to the substernal or presternal position, because of the
shorter distance to the neck. In addition, the posterior medi-
astinal route prevents kinking of the colon. The interposed
colon causes hemostasis in the operation field.

1 Azygos vein; 2 colonic interposition.
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Fig. 19.31. a If possible, the termino-terminal anastomosis
should be performed in a double row suture technique. b In
case of different lumen diameter, single stitches and a termi-
no-lateral anastomosis can be performed close to the taenia
libera.

Fig. 19.32a, b. After total esophageal resection in patients
with carcinomas of the upper third of the esophagus or after
corrosive injuries of the esophagus followed by cicatricial
strictures, a latero-lateral pharyngo-colostomy close to the
left recessus piriformis has to be performed in a double row
suture technique.



19 Colon Interposition after Total and Subtotal Esophagectomy 1 221

Fig. 19.33. Alternative technique for anastomo-
sis after colonic interposition: Latero-lateral colo-
esophageal anastomosis performed by a linear
stapler.

Fig. 19.34. Operative site after transposition of the colon Fig. 19.35. Drainage of the substernal tunnel, the lateral
into the upper abdomen and after the transverso-sigmoidos-  colonic segments, and the colonic anastomosis.

tomy has been performed. The mesenteric incision has been

closed. To avoid tension to the mesocolon, the mesenteric in-

cision has to be placed dorsally.
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Complications after subtotal or total
esophagectomy with colonic interposition

I Intraoperative complications

Wrong selection of the transposed colonic
segment with insufficient length.

Most likely the vessels are not clamped
prior to dissection, so that the vascular
supply of the oral part of the colonic seg-
ment can not be visualized and the total
length of the colon is not sufficient, causing
necrosis of the interpositional graft.

To avoid this complication, the entire dis-
section and mobilization as well as screen-
ing of the vascular supply of the colonic
segment is done prior to the choice of the
interpositional graft.

Wrong selection of the way to the neck.
The subcutaneous way is much longer,
but in special cases of a short interposi-
tion or an interposition with insufficient
vascular supply, the colon should be
placed subcutaneously to have a simple
access in case of necrosis.

Destruction of the main vessels of the in-
terposed colon.

This complication is mostly due to trau-
matic surgical technique or enhanced ten-
sion to the vascular trunk, often due to
inadequate length of the chosen interposi-
tion.

Opening of the pleura during preparation
of the substernal tunnel.

This can be followed by pleural hernias
with decreased circulation of the interpo-
sition. Therefore the mediastinal pleura
should be incised widely in case of local-
ized defects.

Paresis of the recurrent laryngeal nerve.
Gentle surgical technique and clear identi-
fication of the nerve prevents paresis.

Complications during
early postoperative course

- Pulmonary infections: Tracheobronchitis
and pneumonia

- Septic complications: Subphrenic or in-
traabdominal abscess; cervical wound in-
fection (depending on contamination dur-
ing surgery). Prevention: Aseptic surgical
technique, sufficient drainage and antibio-
tic prophylaxis.

- Cervical anastomotic leak.

- Reasons for necrosis of the interposition:
Decrease of circulation due to kinking or
compression of the main vessels, hypovo-
lemia, hypercoagulability. Avoidance by
interposition of a long colonic segment
without tension. Optimizing of the post-
operative hemodynamic and rheologic pa-
rameters is necessary.

Complications during
the late postoperative course

- Cicatricial strictures of the cervical eso-
phago- or pharyngeo-colostomy: Mostly
due to anastomotic leak. Treatment of the
stenosis is performed by bougienage or
balloon dilatation. Only in single cases
surgical intervention is indicated.

- Kinking of the interposition: Rare but dan-
gerous complication, which often requires
surgical intervention due to clinical symp-
tomatic disturbance of the gastrointestinal
passage by elongation of the interposition.
Surgical intervention is performed by
shortening of the graft.

- Mechanical trauma to a subcutaneous
graft, which often needs surgical interven-
tion.

- Polyposis of the interposition: No specific
treatment, regular screening for dysplasias
and subsequent resection.

- Carcinoma of esophageal strictures after
corrosive injury.



Intrathoracic Esophagoplasty

by Colon Interposition

A.E CHERNOUSOV, P.M. BoGgoroirski, H.W. SCHREIBERT, D.C. BROERING

I Indications

- Benign esophageal stricture in the middle
or distal esophageal third

- Giant irresectable benign tumor of the
distal esophageal third

- Irresectable carcinoma of the lower eso-
phageal third

All mentioned indications are given only in
very few cases and should only be used, if
stomach or jejunum can not serve as interposi-
tion/bridging graft. A total or subtotal esopha-
geal resection and interposition to the neck
with a cervical anastomosis should be pre-
ferred.

1 Contraindications

- Severe cardiopulmonary insufficiency.

I Risks and informed consent

- See chapter 13

- High risk of anastomosis insufficiency with
following mediastinitis and pleural empye-
ma.

I Special preoperative measures
and anesthesia

- The same as for total and subtotal esopha-
geal reconstruction/substitute by means of
colon.

I Positioning. 45 degree right elevated position
or intraoperative repositioning from the supine
position to the left-sided position.

I Access/approach. Median epigastric laparo-
tomy below the navel/umbilicus, right antero-
lateral thoracotomy in the 4.-5. intercostal
spaces.

1 Operative procedure

1. Laparotomy and exploration of the abdomen

2. Establishing of an interposition, reconstruct
the colon continuity via colo-colostomy, ana-
stomosing the colon-interposition with the
stomach

3. Incise the diaphragm and resect the crura of
the diaphragm (lateral hiatutomy)

4. Thoracotomy and preparation of the esopha-
gus

5. Closure of the abdomen

6. Esophageal resection and esophago-colosto-
my, in case of a bypass operation esophago-
colostomy

7. Drainage of the thorax and closure of the
thoracotomy.
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Fig. 20.1a,b. Principle variations of intrathoracic bypass b Alternative bypass-variant with upper intrathoracic latero-
forms by means of colon-interposition for long benign esopha- lateral colo-esophagostomy and intraabdominal termino-lateral
geal strictures. a Bypass (Korbhenkel type) with upper latero- colo-gastrostomy in the region of the antrum.

lateral anastomosis and lower termino-lateral anastomosis.
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Fig. 20.2a,b. Rare variations of an intrathoracic bypass by
means of colon-interposition for long strictures in the upper
thoracic or cervical part of esophagus (an additional left or
right cervical incision of the sternocleidomastoid muscle is re-
quired). a The lower anastomosis as termino-lateral anastomo-
sis in the pleural cavity. The upper anastomosis as latero-lateral
between colon-interposition and the right piriform recess.

b The lower anastomosis also as termino-lateral anastomosis
with the esophagus distal to the stricture in the right pleural
cavity. The upper anastomosis will be made with the left
piriform recess also as latero-lateral anastomosis. The prepa-
ration of a colon segment with a special long vascular pedi-
cle is required for these variations of thoracic esophageal by-
pass.
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Fig. 20.3. Preparation of an isoperistaltic colon-interposition
from parts of the transverse colon and the ascending colon
with a long vascular pedicle. The feeding vessel will be the
left colic artery. The parts of colon which are colored as
dark-grey will be rejected. The light-grey colored part of co-
lon serves as interposition.

Fig. 20.4. Preparation of an isoperistaltic colon-interposition
from parts of the descending colon with a long vascular
pedicle. The feeding vessel will be the middle colic artery.
The dark-grey colored parts of colon will be rejected. The
choice of both described methods to construct a short colo-
nic interposition with a long vascular pedicle depends on
the individual vascular anatomy. Adequate blood supply is
checked by intermittent clamping of each vessel which has
to be transected (black arrows).
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Fig. 20.5a-d. Important steps to create an intrathoracic by-
pass in the region of the distal esophagus. a The colon-inter-
position is transposed in a cranial direction in a retrogastral
position. The termino-lateral anastomosis between colon and
gastric antrum will be established by means of interrupted
sutures (vicryl 3/0) in two rows with a distance of 0.5 cm.

b The esophageal hiatus is now opened after longitudinal
median incision of the diaphragm and its right crus. The in-
terposition is transposed to the right pleural cavity. ¢, d The
latero-lateral colo-esophagostomy will be established straight
above the esophageal stricture. A transnasal tube will be in-
serted for decompression.
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Fig. 20.6. Transverse colo-gastrostomy
in the region of the antrum. The vascu-
lar pedicle of the colon-interposition is
now located behind the stomach. The
line of incision of the antrum is marked
where the anastomosis between an-
trum and colonic interposition is done.

Fig. 20.7. Colo-gastrostomy is finished.
1 Diaphragmoid crurotomy; 2 gastros-
tomy.
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Fig. 20.8a, b. Operative site after finishing the right intra-
thoracic colo-esophagostomy. 1 Stump of ligated azygos vein.
A transnasal tube is inserted into the interposition for de-
compression. The pleural cavity is drained by thoracic drain-
age, which will be placed near the anastomosis.
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Fig. 20.9a-d. Establishment of a Korbhenkel-type bypass to
bridge a short distance benign esophageal stricture by
means of a colon interposition. a, b Upper anastomosis:
Longitudinal incision of the lamina muscularis of the esopha-
gus of about 5 cm. Sero-muscular adaptation of colon to

esophagus will be established by vicryl 3/0 single sutures
with a distance about 0.5 cm. Afterwards longitudinal inci-
sion of the esophageal mucosa and the colon in the region
of the colonic taenia of about 3.5 cm. The interior row of
sutures will be also made by single sutures.
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0.5cm

Fig. 20.9¢, d. Performance of the lower anastomosis
and decompression of the interposition.




m Reconstruction of Gastrointestinal Continuity
by Jejunal Interposition following
Total and Subtotal Esophagectomy

A.E CHERNoOUSOV, P. SCHURR, P.M. BoGgoroLrski, D.C. BROERING, H.W. SCHREIBERT

I Indications

Benign strictures and malignant tumors of the
esophagus, when the stomach or colon cannot
be used as a substitute.

The peculiarity of blood supply and conduct
of vessels of the jejunum carries notable disad-
vantages in using it as a substitute for the eso-
phagus. The anatomy of the jejunal vessels
rarely allows for preparing a jejunal graft of
sufficient length.

I Contraindications
- Previous partial resections of the jejunum
- Billroth II anastomosis.

I Risks and informed consent

See chapter 13.

Moreover the patient has to be informed of
the fact that often the jejunal bridging graft
does not have sufficient length, which might
require a temporary stoma and a multi-stage
procedure.

I Special preoperative measures

See chapter 13.

I Anesthesia. General anesthesia; when thoraco-
tomy is required: use of a double lumen tube.

I Positioning. See chapter 13.

I Approach. See chapter 13.

w

Operative procedure

. Laparotomy and inspection of the jejunal

vascular architecture with particular atten-
tion to the anastomoses between the jejunal
arteries

. Temporary clamping of the jejunal arteries

of the first loop starting with the second ra-
dial artery and vein

. Provided a sufficient blood flow to the prox-

imal jejunum, an isoperistaltic jejunal bridg-
ing graft can be fashioned that is supplied
by the third or fourth jejunal radial artery.

. Establishing esophagojejunostomy. In case

the jejunal bridge is not long enough, the je-
junum is transposed to the anterior chest
wall via a subcutaneous tunnel and a jejunal
stoma is constructed.

. Jejunojejunostomy
. If the upper thoracic esophagus can be pre-

served alternatively, continuity can be re-es-
tablished by an intrathoracic esophagojeju-
nostomy.
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Fig. 21.1. Gross anatomy of the jejunal arteries and veins. Fig. 21.2. Temporary clamping of the second and third jeju-
1 Superior mesenteric artery; 2 superior mesenteric vein; nal artery and vein.

3 fourth jejunal artery and vein; 4 ileocolic artery and vein;

5 right colic artery and vein; 6 middle colic artery and vein.
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Fig. 21.3. In a combined stricture of esophagus and stomach
after caustic injury and in the event that colon cannot be
used as a bridging graft, interposition of jejunum must be
established by several steps. The jejunal bridge, which is too
short, is brought to the anterior chest wall via a subcuta-
neous tunnel and a jejunal stoma is positioned as high as
possible.

Fig. 21.4 and 21.5. Transposition of the
subcutaneously placed jejunal bridging
graft through the hiatus into the right
thoracic cavity and intrathoracic anasto-
mosis of esophagus and jejunum.

Fig. 21.5
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Fig. 21.7

Fig. 21.6 and 21.7. Remobilization of the
subcutaneous jejunal segment and lengthen-
ing of the bridging graft subcutaneously to
the neck with collar anastomosis of esopha-
gus and jejunum.

I Combined stricture of esophagus and stomach: different variations of reconstruction

(jejunum interposition)

Fig. 21.9

Fig. 21.8 and 21.9. Resection of the jejuno-
jejunostomy that was positioned too highly
and re-establishment of the continuity of
the distal jejunal branch by a terminoterm-
inal jejunojejunostomy. Mobilization of the
distal jejunal branch and pull-up to the neck
for esophagojejunostomy. Again a termino-
lateral Roux-en-Y jejunostomy is performed.
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Fig. 21.10 and 21.11. Resection of the
Roux-en-Y jejunojejunostomy that was posi-
tioned too highly and reconstruction of the
continuity of the jejunum. Transposition of
the distal jejunal branch through the hiatus
to the right thoracic cavity and establishment
of an intrathoracic termino-lateral esophago-
jejunostomy.

Fig. 21.12. Technique of remobilization of
the subcutaneously placed jejunal branch in-
cluding the jejunal stoma. If the subcuta-
neously located jejunal segment after freeing
from the subcutaneous presternal tunnel is
not long enough, one further radial artery
and vein has to be cut and ligated after proba-
tory clamping. 1 Skin defect after detached
jejunostomy.

Fig. 21.10

Fig. 21.11




238

I A.F Chernousov et al.

Fig. 21.13. a Incision for mobilization of the jejunal bridge
located presternally. b Remobilization of the jejunal bridging
graft that has been placed presternally earlier in this multi-
stage procedure, by an incision from the left side of the neck
towards the middle near, the jugulum, and another one

along the midline going beyond the umbilicus. The jejunum
and the depending mesentery are freed from the surround-
ing tissue. The procedure is carried out 3—6 months after the
first attempt to transpose the jejunum to the neck. By this
time approximately 10 cm can be usually gained.
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1 Alternative operations for collar esophagojejunal anastomosis

Fig. 21.14. Termino-terminal esophagojejunostomy. Fig. 21.15. Termino-lateral esophagojejunostomy.

Fig. 21.16. Resection of an abundant bowel loop in order to
straighten the graft and re-establishment of the continuity
by termino-terminal jejunojejunostomy.
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Fig. 21.17. Resection of the abundant loops of the bridging  very closely to the wall of the bowel loop that is about to
graft has to be done without compromising the parajejunal be removed (dotted line).
vessel arcade. Therefore skeletonization must be carried out

Fig. 21.18 Fig. 21.19

Fig. 21.18 and 21.19. Termino-terminal jejunostomy for re-
constructing the jejunal continuity carefully sparing the ves-
sel arcades.
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Fig. 21.204,b. Fashioning of a short jejunal bridging graft
with a long vascular pedicle to serve as a substitute for the
cervical esophagus. Blood supply is provided by the third ra-
dial jejunal artery. The clamped-off jejunal segment is dis-
carded.



242 1 A.F Chernousov et al.

Fig. 21.21

Fig. 21.22
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Fig. 21.23

Fig. 21.21-21.23. The free jejunal graft replacing the cervi-
cal esophagus (Fig. 21.21). A jejunal segment that has a
length of 18-20 cm and that is supplied via the fourth jeju-
nal radial arterial branch is freed including the fourth radial
vein (Fig. 21.22). After collection the graft is immediately

perfused with heparinized saline solution until it pours out
clear from the venous branch. The collar vascular connection
is performed on the thyroid artery and vein (Fig. 21.23).
1 Superior thyroid artery; 2 jugular vein.
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Fig. 21.24a-d. The free jejunal graft replacing the cervical
esophagus. The jugular vein is opened after tangential
clamping (a) or clamping distally from the anastomosis (b).
The tip of the jejunal vein is incised on a length of 2-3 mm

for distension of the lumen preventing later stenosis (a, b).
Before being anastomosed both veins are flushed with hepa-
rine solution (a, b). The end to side anastomosis is done with
a running suture using a non-absorbable 7-0 material (c, d).
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Fig. 21.25a,b. The free jejunal graft as a substitute to the
cervical esophagus. Dissection of the superior thyroid artery
and transection between clamps. Ligation of the peripheral
branch. Flushing of the proximal stump of the superior thy-
roid artery and of the jejunal artery with heparin solution.
Establishment of an end-to-end anastomosis under the mi-
croscope or at least at 4-fold optical magnification with a
running suture using monofile nonabsorbable 7.0 material.

The jejunal artery can also be connected to the external
carotid artery, the lingual or facial artery. Care has to be
taken that the vascular pedicle and particularly the vein is
not kinked nor compressed when the jejunal graft is brought
to its place of destination in the former esophageal bed.
Thrombosis of the connected vein is always associated with
necrosis of the graft.
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Fig. 21.26. The graft is shorted to the
matching length (interrupted line).

Fig. 21.27. Free jejunal graft as a substitute for the cervical
esophagus. Preparation of the hypopharynx and the esophagus
for anastomosis with the graft. 1 Open hypopharynx; 2 prox-
imal esophageal end.



E Limited en bloc Resection
of the Gastroesophageal Junction
with Isoperistaltic Jejunal Interposition

J.R. IzBicKk1, W.T. KNOEFEL, D.C. BROERING

Indications

- Severe dysplasia in the distal esophagus
(Barrett’s esophagus)

- distal adenocarcinoma of the esophagus
stage pTla and pT1b (UICC 2005).

Contraindications

- Advanced adenocarcinoma of the esopha-
gus (stage pT2 and above)
- Long Barrett’s segment above the carina.

Risks and informed consent

- Insufficiency of the esophagojejunostomy
or the intraabdominal anastomosis

- Mediastinitis

- Pancreatitis

- Peritonitis

- Pleural empyema

- Emergency thoracotomy

- Necrosis of the jejunal interposition

- Postoperative reflux

- Postoperative delayed gastric emptying

- Possible extension of the operation in-
cluding transhiatal esophagectomy or eso-
phagogastrectomy in case an advanced tu-
mor stage is encountered.

Particular preoperative measures

- Esophagogastroscopy with extensive biop-
sies

- Computed tomography of the chest and
abdomen

- Abdominal ultrasound

- Endosonography of the esophagus

- Pulmonary function test

I Anesthesia. Postoperative analgesia may be
improved by implantation of a thoracic peri-
dual catheter.

I Positioning of the patient. See chapter 13.

B Access. See chapter 13.

1 Operative procedure

1.

2.
3.

10.

11.

Inversed T-shaped upper abdominal inci-
sion

Mobilization of the left liver lobe

Division of the lesser omentum and identi-
fication of the diaphragmatic limbs and of
the vagal nerves

. Median longitudinal incision of the dia-

phragm

. Intraoperative esophagoscopy and marking

of the proximal limit of resection by dia-
phanoscopy

. Lymphadenectomy of the inferior mediasti-

num and the upper abdomen

. Positioning of a purse string clamp just

cranial to the proximal resection limit and
division of the esophagus

. Resection of the lesser curvature including

the distal esophagus, formation of a neo
fundus

. Isolation of a proximal jejunal segment of

15 cm in length and retrocolic transposi-
tion to the subdiaphragmatic region
Termino-lateral esophago-jejunostomy with
a circular stapler

Latero-lateral or termino-lateral jejunogas-
trostomy and termino-terminal jejunostomy.

I Particular instruments. Intraoperative esopha-
g0Scopy.
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Fig. 22.1. Limited en bloc resection of the gastroesophageal
junction includes complete removal of the esophageal seg-
ment with metaplastic mucosa, the lower esophageal sphinc-
ter and a part of the lesser gastric curvature, and formation
of a neo-fundus. Since even early adenocarcinomas of the

distal esophagus (T1b) seed lymph node metastases in up to
20% of the patients, removal of the lymph nodes of the les-
ser curvature, of the hepatic and splenic arteries, the celiac
trunk, the paraaortal region and the inferior mediastinum is
an essential part of the operation.
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Fig. 22.2. The left liver lobe is completely mobilized, and
the lesser omentum is incised just medial to the anterior
and posterior gastric vagal branches. A longitudinal median
diaphragmal incision enables exposure of the inferior posteri-
or mediastinum. The distal esophagus is then mobilized in-
cluding the paraesophageal tissue. The vagal nerves are di-
vided. Intraoperative esophagoscopy identifies the cranial

limit of the Barrett's segment by diaphanoscopy. This also
marks the proximal limit of resection. A lymphadenectomy
around the splenic and hepatic artery is performed, the left
gastric vein is divided, and the left gastric artery divided at
the celiac trunk. Then the celiac trunk and the paraaortic
region above the celiac trunk are cleared from lymphatic
tissue.
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Fig. 22.3. Approximately 1 cm proximal to the cranial limit
of the Barrett’s segment, a purse string clamp is placed and
the esophagus is divided. Removal of the cardia and lesser
curvature is performed by placing multiple linear staplers
down to the border between antrum and body. Thus, a

neo-fundus is formed. As an exception, the short gastric ves-
sels have to be divided in order to allow for a sufficient mo-
bilization of the gastric fundus. However, in most cases the
gastric fundus is not mobilized. 1 Lesser curvature; 2 Division
of the esophagus; 3 Linear stapler.
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Fig. 22.4a,b. A 15 to 20 cm long segment of the proximal
jejunum is isolated and transposed with its mesenteric root
to the diaphragmatic region through the mesocolon and be-
hind the stomach. Care has to be taken to dissect the vascu-
lar pedicle of this jejunal interposition carefully to provide
adequate length. It is imperative to form an isoperistaltic
jejunal interposition. The proximal anastomosis is then per-
formed by a circular stapling device as a termino-lateral eso-
phagojejunostomy (a). The stapler is introduced into the end
of the jejunal interponate. After firing of the anastomosis,
the blind end of the loop is then resected and closed by a
suture or with a linear stapler and then oversewn (b).
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Fig. 22.5. Close to the base of the neo-fundus, the gastric
stapler line is removed over a distance of 3-4 cm, and a ter-
mino-lateral or latero-lateral jejuno-gastrostomy is performed.
The remaining gastric suture line is oversewn. A termino-ter-
minal jejuno-jejunostomy reconstructs the enteric passage.
Finally an anterior and/or posterior hiatal repair is performed



E Conventional Cardiomyotomy in Achalasia

K.A. Gawap, D.C. BROERING, C. BuscH

I Introduction

Achalasia is characterized manometrically by
an incomplete relaxation of the lower esopha-
geal sphincter. This “outflow obstruction” re-
sults in a motility disorder of the tubulary
esophagus, in most cases aperistalsis. However,
an appearance as seen in diffuse esophageal
spasm can also occur. Medical therapy shows
short-term benefit but no long-term solution.
Endoscopic dilatation has been established as
primary therapy. However usually repetitive
dilatations even in short intervals are neces-
sary. In comparison to surgery dilatation is a
less controllable procedure. The risk of per-
foration is always given, especially in cases of
recurrent application. Surgical therapy on the
other hand provides the opportunity for a con-
trolled myotomy followed by an antireflux pro-
cedure with a high rate of permanent success.
Recent publications support an early surgical
approach because cure can be provided and a
partial remission of the motility disorder can
be noticed.

I Indication

- Minimally invasive procedure impossible
(previous extended upper abdominal sur-
gery)

- Early dysphagia recurrence after repetitive
dilatation

- (Peptical) Stricture and scaring paraeso-
phageal and paracardial tissue after failed
previous surgery.

I Contraindications
- General - severe cardiopulmonary insuffi-
ciency etc.
- Nondistinctive dignity of the cardioeso-
phageal “tumor”.

I Special surgical preparation

- Parenteral nutrition or high caloric ent-
eral nutrition in cachectic patients.

I Positioning on the operation table. As for trans-
hiatal blunt dissection (see chapter 13).

I Anesthesia. General anesthesia.

I Special instruments. As for transhiatal blunt
dissection.
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Fig. 23.1. Approach by upper midline incision. Alternatively
the upper abdomen can be exposed by a left costal incision
or an upper abdominal transverse incision.

Fig. 23.2. Cardia, distal esophagus, and gastric fundus are
mobilized. The ventral branch of the vagus nerve is thor-
oughly preserved. For an extensive dissection of the esopha-
gus, a long median incision of the diaphragm is helpful. Dis-
section of the scarred tissue around the esophagus.
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Fig. 23.3a, b. Longitudinal myotomy along the left aspect of
the anterior wall of the esophagus and cardia. The incision
is extended over the entire length of the narrow segment, in
total 7 cm upwards onto the esophagus and 2 cm down-
wards onto the cardia. At first only the longitudinal muscles
of the esophageal wall is transected.

Fig. 23.4. Now the circular muscle layer is transected care-
fully undermining it with a clamp and dividing it with scis-
sors or diathermy. It is mandatory that this division is com-
plete because just a few remaining muscle fibers can result
in recurrence.




256 1 KA. Gawad et al.

Fig. 23.5. The margins of the myotomy are bluntly dissected
from mucosa and submucosa to at least half of the circum-
ference.

Fig. 23.6. At the end of the operation mucosa and submu-
cosa must slightly prolapse through the myotomy. All steps
of the operation are performed with a large gastric tube in
place to arm the esophagus.
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Fig. 23.7. The release of the esophagus from the surround-
ing tissue — as shown here from the omentum - can be
very difficult. In these cases myotomy alone is ineffective be-
cause scarring prevents the blunt dissection in the layer be-
tween submucosa and musculature. In these cases a partial
resection of the esophageal anterior-wall musculature will be
necessary.

Fig. 23.8. After complete resection of the esophageal ante-
rior wall, the esophagogastric junction is prepared for cover-
age.
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Fig. 23.9. Partial fundoplication. The fundus wall is sewn to ~ Fig. 23.10. Partial fundoplication. The fundus wall is finally
the left margin of the myotomy with interrupted sutures  fixed to the right margin of the myotomy for complete cov-
(Vicryl 3/0). erage, maintenance of tension, and spacing of the muscle
. defect.

Fig. 23.11. Partial fundoplication. The back wall of the fun-
dus is slipped around the distal esophagus and fixed to the
anterior wall in the region of the cardia with no more than
two sutures. Cranially the fundus back wall is fixed to the
esophageal wall resulting in an acute angle between fundus
front and back wall. This type of fundoplication achieves op-
timal reflux prevention with minimal risk of dysphagia.




Surgical Technique

in Gastroesophageal Reflux Disease -

Conventional Approach

Introduction and Techniques
in gastroesophageal reflux

K.A. Gawap, D.C. BROERING, C. BLOECHLE,
C. BuscH

Gastroesophageal reflux disease is character-
ized by unphysiologically long contact of gas-
tric content with esophageal mucosa. This is
caused by an insufficiency of the lower esopha-
geal sphincter which can be verified by mano-
metry and confirmed by 24-h pH metry.

The surgical therapy of gastroesophageal re-
flux disease (GERD) has changed many times
during its development. In 1956 the first surgi-
cal procedure to treat reflux esophagitis was
introduced by Rudolf Nissen. Around the same
time, another technique was described in
France by Lortat-Jacob (1957). During the fol-
lowing years further techniques had been
developed and modified, demonstrating that
there was no consensus on the optimal tech-
nique. Worldwide the most frequently used
technique is the Nissen fundoplication en-
hanced by M. Rossetti. With this technique, in
great series a good surgical long-term outcome
could be achieved in 80-90% of all cases. By
introduction of the proton-pump inhibitors a
trend to conservative therapy was recognized.
However, after the medication was discontin-
ued the patients suffered from recurrence. Lap-
aroscopic surgery has led to a revival of anti-
reflux surgery (laparoscopic techniques are de-
scribed in chapter 29), with most patients ac-
cessed that way. Although, care has to be taken
in patients with recurrent disease or previous
surgery, where the conventional approach still
has its place.

Reflux disease is associated with sliding hia-
tal hernia in almost 90% of all cases. In cases
of paraesophageal or combined hernias, indi-
cation for surgical therapy is always given.

Peptic stenosis is a complication of reflux dis-
ease. Here improvement can be achieved by
anti-reflux surgery, especially in cases of “florid
stenosis” by elimination of the noxa.

In addition an endoscopic dilatation can be
performed. In the case of an irreversibly
scarred stricture this single procedure can be
insufficient, and further action as stricturo-
plasty, and/or the parietal cell vagotomy, or fi-
nally resection may become necessary.

Three basically different groups of surgical
procedures have been established in the past as
listed below:

I. Techniques aiming at an anatomical recon-
struction of the gastroesophageal junction

1. Herniorrhaphia

1.1 Classical column-suture according to Welch
(1967)

1.2 Herniorrhaphy according to Harrington
(1955) and Madden (1956)

1.3 Surgery according to Allison (1951)

1.4 Surgery according to Sweet (1948)

2. Gastropexia

2.1 Gastropexia according to Nissen (1955)

2.2 Gastropexia anterior geniculata according
to Boerema (1955)

3. Miscellaneous

3.1 Ligamentum teres-plasty according to Ram-
pal (1964), according to Narbona, Molina
(1972), according to Mahmud, Ulrich, Kre-
mer (1979)

3.2 Fundophrenicopexia and anterior hiatoplas-
tic according to Hohle, Kiimmerle (1972).
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II. Valvuloplasty

1. Total fundoplication

1.1 Fundoplication according to Nissen (1956)

1.2 Anterior wall fundoplication according to
Nissen-Rossetti (1968)

2. Partial Fundoplication:

2.1 Esophago-fundo-phrenicopexia
to Lortat-Jacob (1957)

2.2 Anterior hemifundoplication according to
Dor (1957)

2.3 Posterior hemifundoplication according to
Toupet (1963)

2.4 Fundoplasty according to Hill (1967)

2.5 Mark IV operation according to Belsey (1967)

according

II1. Miscellaneous

1. Silicone antireflux prosthesis according to
Angelchik (1979)

2. Vagotomy

3. Roux-Y anastomosis

The techniques aiming for anatomical recon-
struction are always used when the hiatal her-
nia has to be treated. The Ligamentum teres-
plasty has its constant indication in this in-
stance. The lower esophageal sphincter is ac-
cepted to be the most important pathogenetic
factor in the development of reflux disease.
Thus the Nissen fundoplication and the modi-
fied Nissen-Rossetti procedure have become
the standard surgical procedure par excellence.
In the Anglo-American countries the Marc IV
procedure is also widely accepted. Only in the
laparoscopic era, partial fundoplications have
been increasingly used.

I Indications

I Reflux disease

1. General indication for anti-reflux surgery
(cp. chapter 7)

2. Minimally invasive procedure not possible
(status post surgery in the upper abdomen)

3. Recurrent disease following previous anti-re-
flux surgery (laparoscopic or conventional).

I Hiatal hernia
1. Sliding hernia: only with concurrent reflux
disease

2. Paraesophageal and combined hernia: gener-
al indication for surgery, conventional proce-
dure when a minimally invasive approach is
not feasible.

I Peptic stenosis

1. Failure of conservative therapy including di-
latation

2. Nondistinctive dignity of the stenosis.

I Contraindications

General - serious cardiopulmonary disorders
etc.

I Risks and considerations
for informed consent

1. Cuff-rupture — recurrence

2. Cuff too tight — “Gas-bloat” syndrome

3. Stomach slips through the cuff = “Telescope-
phenomenon”
Cave: particularly following combined
approach with vagotomy

4. Cuff primarily placed too low on the stom-
ach— recurrence, gastric depletion disorder

5. Denervation syndrome — gastric depletion
disorder, “Gas-bloat”.

1 Positioning on the operation table. As for trans-
hiatal blunt dissection (cp. chapter 13).

I Anesthesia. General.

I Special instruments. As for transhiatal blunt
dissection (cp. chapter 13).

I Choice of the procedure

Simple reflux disease (esophagitis up to °lll)
. Fundoplication
. Ligamentum teres plasty.

N — .

Complicated reflux disease (esophagitis °IV)

1. Fundoplication + dilatation (of floride eso-
phagitis)

2. Fundoplication + parietal cell vagotomy (in
gastric hyperacidity) + if necessary bougie-
nage (of floride esophagitis)

3. Fundoplication + parietal cell vagotomy +

stricturoplasty (of scarred strictures).
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I Paraesophageal hernia

1. Reposition + hiatoplasty + fundophrenico-
and if necessary anterior corpopexia

2. Reposition + hiatoplasty + Lig. teres plasty

3. Reposition + hiatoplasty + fundoplication
(in presence of concurrent reflux disease)

Fig. 24.1. Approach by median upper abdominal laparotomy.
Alternatively the upper abdomen can be exposed by a left
subcostal incision or an upper abdominal transverse incision.
A Rochard retractor provides excellent exposure of the epi-
gastrium.

Fig. 24.3. Fundoplication according to
Nissen-Rossetti. A retro-esophageal win-
dow is created to pass the fundus to the
right side. It is transposed so far that the
anterior wall can be wrapped around
the distal esophagus loosely without
any signs of tension.

Fig. 24.2. Fundoplication according to Nissen-Rossetti. The
distal esophagus is enlaced. The cardia, the distal esophagus,
and the gastric fundus are mobilized preserving the vagus
nerve and the spleen. Dissection of the greater curvature is
not mandatory, but can facilitate the easy formation of a
loose, “floppy” fundoplication.
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Fig. 24.4. Fundoplication according to Nissen-Rossetti. The non-absorbable sutures. At least one suture should partially
fundoplication is formed by unifying the two cuff-folds of  grab the esophageal wall to prevent a telescope phenome-
the anterior fundus wall and fixed by three, maximally four, non.

Fig. 24.5. The stomach encircles the distal esophagus build- Fig. 24.6. Finally the anterior cuff-fold is secured with two
ing a loose cuff (“floppy-Nissen”) to avoid postoperative dys- sutures to the stomach to prevent slippage.
phagia.
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Fig. 24.7. Ligamentum teres (round ligament) plasty. After ~ wall and from the liver, respectively. Special attention has to
completion of the dissection of the esophagogastric junction be drawn to thoroughly preserving the ligament at laparo-
and enlacement of the esophagus with a rubber band the  tomy. The free end of the ligament is transposed dorsally
round ligament is carefully dissected from the abdominal around the esophagus coming from the right side.

Fig. 24.8. Ligamentum teres plasty. Finally the ligament is
attached to the stomach anterior wall under relative tension
using three or four non-absorbable sutures.
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Techniques in peptic stricture and hiatal hernia

A.F. CHERNOUSOV, P.M. BogoproLski, K. A. GAwWAD

Peptic stricture of the esophagus

I Indications

- Treatment failure of conservative therapy
including endoscopic dilatation

- In the case of suspected carcinoma of the
gastroesophageal junction

- Simultaneous occurrence with a disease
of the upper gastro-intestinal tract as
duodenal ulcer or cholecystolithiasis etc.

- Failed previous anti-reflux surgery or car-
dioplasty and in cases of poor outcome of
conservative treatment.

1 Contraindications

No special contraindications.

I Special surgical preparation

Endoscopic dilatation to achieve a transitory
pre-operative remission of the complaints.
Conservative anti-reflux therapy.

I Anesthesia. General anesthesia.

1 Positioning on the operation table.
See chapter 13.

I Type of incision. Median laparotomy.

I Special instruments. See chapter 13.
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Fig. 24.9a-d. Peptic stricture of the esophagus. In cases of
a peptic stricture with minor scarred alterations of the eso-
phageal wall (“inflammatory stricture”) parietal cell vagotomy
combined with a fundoplication is the approved method.
a Dissection of the esophagogastric junction with mandatory
transection of the A. polaris ascendens. The abdominal eso-
phagus is exposed up to 6 cm cranial to the cardia. The

fundus is mobilized up to the short gastric vessels in the
area of the hilum of the spleen. b A circular myotomy of the
abdominal esophagus should be avoided to preserve the
contractility of the esophagogastric junction. Only vagal
branches which encircle the esophagus are dissected.
¢, d After completion of the parietal cell vagotomy, a modi-
fied fundoplication is performed.
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Fig. 24.10a-d. Peptic stricture of the esophagus. Perfor-
mance of the modified fundoplication: During the creation of
the cuff the esophagogastric junction should be armed with
a large bore gastric tube to prevent the cuff from getting
too tight. a Along the dashed line the gastric anterior and
posterior wall are sewn together. b Beginning of the fundo-

plication at the antrum. The esophagus is drawn caudally
into the cuff and will be covered by it. ¢ The upper four su-
tures are anchored in the esophageal wall to prevent slip-
ping of the esophagus within the cuff. d Two final sutures
fix the neck of the cuff to the esophagus.
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Fig. 24.11a-d. Peptic strictures of the esophagus. Short  defect is closed with full thickness single stitches (Vicryl 3/0)
stricture of the esophagogastric junction. a Longitudinal inci- in a single row. d Following parietal cell vagotomy, the su-
sion of the esophageal muscle (myotomy). b The ends of  ture line is covered again by a fundoplication as mentioned
the incision are pulled aside with corner stitches. The stric- above.

tured anterior wall is excised (dashed line). ¢ The resulting
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Hiatal hernia

I Indications
Cardiofundal and paraesophageal hernia be-

cause of the risk of incarceration, bleeding, or
perforation of the hernia.

1 Contraindications

No specific contraindications.

Special surgical preparation
See chapter 14.
Anesthesia. General anesthesia.

Positioning on the operation table.
See chapter 14.

Type of incision. Median laparotomy.
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Fig. 24.12a-c. Paraesophageal hernia. Paraesophageal her-
nias lead to a partial or total gastric volvulus. a The most
common type is the proximal partial gastric volvulus with ro-
tation and prolapse of a proximal fundus; b rare type with
rotation and prolaps of a distal gastric sector and generation
of a functional gastric outlet obstruction; ¢ upside-down stom-
ach.

Fig. 24.13. Combined hernia. Combined hiatal hernia with
axial sliding of the cardia and para-esophageal component.
In both hernia types, a common hiatus is often seen.
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Fig. 24.14a,b. Hiatal hernia. Field after mobilization of the
left-lateral lobe of the liver with visible herniation of the
gastric fundus into the esophageal hiatus. a Section line.
b Scheme of cardio-fundal herniation.
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Fig. 24.15a,b. Hiatal hernia. Stomach and esophagus after
excision of the hernia sack. a The stomach is reduced from
the hiatal hernia sack in the dorsal mediastinum. b The her-
nia sack is pulled caudally and excised.
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Fig. 24.16a,b. Hiatal hernia. Closure of the hiatus behind gus and the right crus is grabbed subsequently. When tying
the esophagus (posterior hiatoplasty). a The first stitch grabs ~ the sutures, the esophagus should be armed with a large
the left crus; b the suture is then guided behind the esopha-  tube to avoid a stenosis.

Fig. 24.17a,b. Hiatal hernia. The phrenic crura are adapted to tension to adjust the diameter of the hiatus. b Final view
with three non-absorbable sutures. a The large gastric tube  after tying all sutures.
is pushed forward into the stomach. The first suture is put
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Fig. 24.18a-c. Hiatal hernia, bilateral hiatoplasty for very
large hernias. a If the esophageal hiatus is distinctively wide
open after resection of the hernia sack, a hiatoplasty with
two suture rows becomes necessary. The first row of sutures
is placed to the left and ventral to the esophagus with 3
single sutures. b The second row of sutures is placed as
mentioned for the posterior hiatoplasty. ¢ Finally a partial

fundoplication is used to re-establish the angle of His. The
former hernia cavity in the posterior mediastinum is drained.
A further drainage can be placed subphrenically. A naso-gas-
tric tube should be left in place to decompress the stomach
for the first postoperative days.

During this operation neither the esophagus nor the gastric
cuff should be fixed to the diaphragm.
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Esophageal diverticula are rare. They can be
either local or generalized, with local circum-
script diverticula being the most common
types. According to their location they are di-
vided into: Cervical/pharyngoesophageal, para-
bronchial/mid-thoracic, and epiphrenic diver-
ticula.

Functional problems with regurgitation of
meals and foetor ex ore are common in those
patients. Dysphagia is the most common rea-
son for surgical treatment. Endoscpopic treat-
ment might be possible for cervical diverticula
(see chapter 30).

I Indications

- Diverticulitis

- Dysphagia

- Regurgitation

- Perforation

- Mediastinitis

- Bronchial fistula.

I Contraindications

General.

I Special preoperative preparations

Gastric or duodenal nutrition tube for patients
with large diverticula and severe dysphagia.
Systemic intravenous antibiotic therapy for pa-
tients with complications as perforation, fistu-
la, and mediastinitis.

I Anesthesia
- Endotracheal intubation
- Perioperative antibiotic prophylaxis.

I Positioning

- Cervical diverticula: Positioning of the
patient on his back. The head of the pa-
tient is to be reclined and turned to the
right side.

- Mid-thoracic/mid-esophageal  diverticula:
Positioning of the patient left sided, posi-
tion for right anterolateral thoracotomy
between the 4th and the 5th rib.

- Epiphrenic diverticula: Positioning of the
patient in left-sided position for right
anterolateral thoracotomy between the 5th
and the 6th rib. If the diverticulum goes
to the left side (very rare), the patient is
to be positioned on the right side.

I Zenker’s/cervical diverticulum

The pharyngoesophageal diverticulum occurs
in about 70% of all cases with esophageal di-
verticula (1:15000). It was first described by
Ludlow and Zenker consecutively, initially de-
fining and showing the correct anatomical po-
sition. The main localization is the Kilian tri-
angle (first described in 1908 by Kilian and in
1950 by Negus), e.g. the weak muscular region
above the cricopharyngeal muscle. The Lai-
mer’s triangle is a far less common anatomical
localization of the diverticulum. The diverticu-
la are mostly located on the left side of the pa-
tients’ neck. Big diverticula appear to be in the
midline. One of 60 patients with dysphagia
might have a cervical esophageal diverticulum.
Patients normally present in advanced age
(male > female).
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Fig. 25.1. Zenker's diverticulum. 1 Stump of the ligated
upper thyroid artery; 2 diverticulum in the Kilian's triangle
(between cricopharyngeal muscle and pharyngeal constrictor
muscle); 3 pharyngeal constrictor; 4 horizontal part of the
cricopharyngeal muscle; 5 Laimer's triangle (weak muscular
portion underneath the cricopharyngeus muscle); 6 recurrent
laryngeal nerve.

The access is through an incision along the anterior aspect
of the sternocleidomastoid muscle. The left lateral wall of
the esophagus and of the pharynx is dissected. The esopha-
gus is intubated with a large gastric tube. Ligation of the
upper thyroid vessels might be necessary, but this is not
mandatory. Under continuous tension the diverticulum is dis-
sected until the neck is exposed.

Fig. 25.2. Zenker's diverticulum. The diverticulum is trans-
sected with a linear stapler in a transverse direction. No ten-
sion is to be brought to the mucosa, otherwise stenosis
might result after closing the muscular layer by sutures.

Fig. 25.3. Zenker’s diverticulum. The pharyngoesophageal
muscles are closed by interrupted sutures. Myotomy of the low-
er pharyngeal constrictor muscle over 2—3 cm is necessary in
all cases. 1 Myotomy of the pharyngeal constrictor muscle.
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Fig. 25.4. Zenker's diverticulum. Alternatively the diverticu-
lum can also be resected between two clamps at its base.
The base of the diverticulum should only be touched with a
soft bowel clamp. The mucosa of the esophagus should be
closed with a running suture above the clamp. The suture
should be finished without tension to avoid stenosis of the
esophagus.

Fig. 25.6. Insertion of a soft drain and closure of the
wound.

Fig. 25.5. Zenker's diverticulum. The pharyngoesophageal
muscles is to be closed with single interrupted sutures. Myo-
tomy over 2.3 ¢cm is obligatory. 1 Myotomy of the pharyngeal
constrictor muscle.
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Epiphrenic diverticulum

Fig. 25.7. Epiphrenic diverticulum. Line of incision of the Fig. 25.8. Epiphrenic diverticulum. Dissected epiphrenic di-
mediastinal pleura. verticulum.

Fig. 25.9. Epiphrenic diverticulum. Transection of the diver-
ticulum with a linear stapler. Only slight tension on the base
is to be applied to avoid stenosis.
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Fig. 25.10. Epiphrenic diverticulum. Alternatively, the diver-  Fig. 25.12. Epiphrenic diverticulum. After the resection of

ticulum can be transsected in an open fashion with scissors the diverticulum with scissors, the mucosa and submucosa,

after applying stay sutures to both ends. and afterwards the muscular layer, is closed with interrupted
sutures.

—
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Fig. 25.11. Epiphrenic diverticulum. After the resection of  Fig. 25.13. Epiphrenic diverticulum. The sutures are covered
the diverticulum with a stapler, the muscular layer is closed ~ with a pleural flap. The thoracic cavity is drained with a
with interrupted sutures (Vicryl 3/0). drainage.
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Preparation of a diaphragmatic flap for enforcement of the esophageal wall
after resection of an epiphrenic diverticulum

Fig. 25.14a-d. For sufficient viability the phrenic flap wall is enforced by the diaphragmatic flap. The defect on
should have a vessel at the base of the graft (a). The graft  the diaphragm is closed. Gastric decompression is necessary
is fixed circularly to the esophagus with interrupted sutures  with a gastric tube as well as the drainage of the pleural
(b, ). View of the graft after fixation (d). The esophageal cavity.
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I Indications

Tumor of unclear dignity
Risk of malignant potential
Ulceration

Dysphagia.

I Contraindications

General.

I Special preoperative preparations

- General

- An endoscopic biopsy of the tumor is not
recommended because it prevents the tu-
mor resection without incision of the eso-
phageal lumen.

I Anesthesia. Endotracheal intubation.

I Positioning and surgical approach. It depends
on the tumor’s localization as described in
chapter 25.

I Leiomyoma of the thoracic esophagus

Leiomyomas localized at the abdominal eso-
phagus were excised analogous to the approach
described above.

However, a subsequent fundoplication am-
plifies the esophageal sutures. Extremely rare
large leiomyoma which seizes the whole cir-
cumference or ranges from the pharynx to the
cardia requires a partial or complete resection
of the esophagus.
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Fig. 26.1. Leiomyoma of the thoracic esophagus. Exposition Fig. 26.3. To perform an atraumatic pull on the tumor a
of the thoracic esophagus over a right-sided anterolateral stay suture is placed. Under pull at the stay suture prepara-
thoracotomy through the 5th ICR and incision of the medias-  tion of the esophageal mucosa without injury should be per-
tinal pleura and esophageal muscles above the tumor. Circu- formed.

lar preparation is not necessary in most cases and should be

avoided. In cases of rare circular tumor extension, complete

mobilization of the esophagus has to be done.

Fig. 26.2. Different steps of tumor nucleation. The muscle  Fig. 26.4. Occlusion of the muscle layer with button sutures
layers are separated from the tumor. (Vicryl 3/0). The gastric tube and the thoracic drainage
should remain for at least two days.
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Injuries of the esophagus may be caused by me-
chanical, chemical, and actinic damages. Usual-
ly, they are the consequence of a blunt trauma.
The exceptions are perforations of the esopha-
gus. Injuries of the esophagus by ingestion of
a foreign body arise in physiologic narrow pas-
sages (pharyngoesophageal passage, in the mid-
dle third of the aortic arch, cardioesophageal
passage). A decubitus of the esophagus can be
seen if a foreign body remains longer in the eso-
phagus. Diagnostic and therapeutic endoscopy
measures may also lead to injuries of the eso-
phagus. Esophagoscopy and bougienage of a ci-
catricial stricture, especially in an early phase
after a corrosive injury, are the most frequent
reasons for an iatrogenic perforation of the eso-
phagus. Dilatation of the cardia with the Stark’s
instrument can cause a laceration and perfora-
tion. Complications for pneumatic or hydro-
static dilatation are rarely seen.

An injury of the esophagus is also possible
through severe vomiting (spontaneous rupture,
Boerrhaave’s syndrome), blunt traumas of the
neck, the thorax, or the abdomen. Radiation
injury of the esophagus is a complication of
radiation therapy of malignant tumors of the
mediastinum and may lead to the development
of esophageal fistulas. Chemical injuries of the
esophagus are caused by swallowing acids or
lyes. They are divided according to their ser-
iousness:

I Grade 1: Exclusive destruction of the mu-
cous coat.

I Grade 2: Destruction of the mucous coat,
the submucosa, and parts of the muscularis.

I Grade 3: Destruction of the complete layers
of the esophagus and of the surrounding fat
tissue as well as related organs.

The grade of the corrosive injury depends on
the quantity and ingredients of the swallowed

chemical substance. After swallowing an acid a
coagulation necrosis results, which mostly is
limited to the superficial layers of the esopha-
gus. After swallowing lye, a dreaded colliqua-
tive necrosis develops, involving almost always
all layers of the esophageal wall leading to a
perforation. The most feared complication of
the corrosive injury of the esophagus is the
mediastinitis.

For grade 1-corrosive injury, a healing
through epithelization without any conse-
quences is expected. In cases of extended cor-
rosive injuries, a perforation may occur one or
two weeks after the ingestion; as late complica-
tions a shortening of the esophagus due to ci-
catricial contracture and ulcerations are de-
scribed.

An iatrogenic injury of the esophagus is also
possible during thoracic operations, for exam-
ple during a pneumonectomy with a radical
lymphadenectomy. In these cases, a perforation
of the esophagus by devascularization and
consecutive necrosis develops after a period of
1-2 weeks.

Superficial injuries of the esophagus mani-
fest themselves in the form of an upper gastro-
intestinal bleeding. On the other hand, open
or penetrating injuries of the esophagus be-
come symptomatic by neck emphysema, med-
iastinitis, pleural empyema, or peritonitis. In
case of an extensive, fresh injury of the eso-
phagus, a transthoracic or transhiatal esopha-
gectomy is the preferential method for surgical
intervention. A direct suture of an intrathor-
acic injury of the esophagus with an additional
augmentation of the suture through a pleural
or diaphragmatic flap is not as safe as the eso-
phagectomy. Furthermore, scarred strictures in
the area of the direct suture of the esophagus
are common late complications of this proce-
dure.
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The direct suture of injuries of the intra-ab-
dominal part of the esophagus therefore is
much safer to carry out since the suture can
be covered and protected by a fundoplication.
In the collar area of the esophagus, it is advi-
sable to close the laceration immediately in or-
der to prevent the development of fistulas. If
they should form, they should be treated con-
servatively since they rarely lead to septic com-
plications.

Fistulas of the esophagus

Acquired fistulas of the esophagus may be di-
vided into internal and external fistulas. They
can connect the esophagus with tracheobron-
chial structures, the pleural cavity, and the me-
diastinum. There is a principle that fistulas of
the esophagus are the result of mechanical,
chemical, and actinic injuries of the esopha-
gus, of a decubitus caused by foreign bodies,
of a perforation of an esophagus diverticulum,
tumors, or ulcers. In rare cases fistulas of the
esophagus may be healed by an adequate con-
servative therapy. Palliative operations (esopha-
gostomy and gastrostomy) can also lead to sat-
isfactory results in rare cases. Radical opera-
tions such as resection and occlusion of the
fistulas mostly require an esophagectomy, a re-
section of parts of the lung, and decortication.
Therefore, they are associated with a high
postoperative morbidity.

The main principle of fistula surgery of the
esophagus is the occlusion of the esophageal
defect of the wall and isolation of surrounding
tissue.

Cervical fistulas of the esophagus

Fig. 27.1. Left-lateral approach to the cervical esophagus
along the front edge of the sternocleidomastoid muscle. The
fistula is excised and the resulting esophageal defect is
closed with two rows of interrupted button-hole sutures.
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Fig. 27.2. To cover the suture of the esophagus, a muscle-
flap of the sternocleidomastoid muscle will be prepared.

Fig. 27.3a,b. The muscle-flap of the sternocleidomastoideus
is fixed circumferentially to the closed fistula.
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Intrathoracic esophago-tracheal fistula

Fig. 27.4. Closure of an esophago-tracheal fistula. The fistula Fig. 27.6. After the excision of the fistula the esophageal
is exposed by right-lateral thoracotomy in the 4th or 5th in-  defect is closed with two rows of button-hole sutures (Vicryl
tercostal space. The azygos vein is severed and the ends li-  4/0).

gated with transfixing sutures. The fistula is excised.

Fig. 27.5. Closure of the tracheal defect with one row of  Fig. 27.7. The esophagus wall is reinforced by a pedicled

button-hole sutures (Vicryl 5/0). The stitches should be  flap from the pleura, and the fistula is simultaneously iso-

2-3 mm apart. lated. These operative steps should be carried out only in
the presence of a wide lumen naso-gastric probe.



27 Surgical Treatment of Esophageal Fistula and Perforation B 287

Intrathoracic fistulas

T
NS LR L

Fig. 27.8a, b. Perforation in the middle third of the esopha- Fig. 27.9a,b. The vein is sutured on the esophageal wall
gus. Mobilization and dissection of the arch of the azygos  circumferentially around the esophageal suture line. The azy-
vein. A patch is obtained by longitudinal incision of the vein. gos vein patch is also closed. It is obligatory to provide
The esophageal perforation is closed with two rows of inter-  drainage of the pleural cavity and to ensure intraluminal de-
rupted stitches (Vicryl 4/0). compression.
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Intraabdominal fistulas of the esophagus

Fig. 27.10a,b. The preparation of the venous patch de-
pends on the location of the perforation. If the preparation
is located in the lower segment of the thoracic esophagus,
the venous patch must be prepared from the distal segments
of the azygos vein. The azygos vein and its tributaries (bro-
ken line) are mobilized and dissected; the perforation is
closed by suturing the venous patch.

Fig. 27.11a,b. Closure of a perforation of the abdominal sal sutures. The ‘in" and ‘out’ stitch should be approximately
esophagus. The perforation is closed with interrupted sutures 3 mm away from the wound margin. The scheme also shows
in two rows. The stitches should be 5mm apart, and the the start of the fundoplication for covering the esophageal
stitches of the inner row are taken as plan-layer, extramuco-  suture line.
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Fig. 27.12 Fig. 27.13

Fig. 27.12 and 27.13. The suture line is covered by the  wall of the fundus is put behind the esophagus for plication
anterior wall of the fundus. The suture is fixed in a circle  and sutured ventrally to the esophagus with the pre-fixed
around the perforation stitch (broken line). The posterior  anterior wall of the fundus.

Esophagopleural fistulas

Transhiatal closure of an esophagopleural fistu-
la (fistula of the lower esophageal third).

Fig. 27.14. Scheme
of the esophagopleural fistula.
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Fig. 27.15. Following sagittal diaphragmatomy and abdom- Fig. 27.16. The esophageal defect is closed with two rows
inal and distal thoracic mobilization, traction is applied to of interrupted sutures. The defect in the mediastinal pleura
the esophagus in a caudal direction by a soft rubber tube. is covered by a diaphragmatic pedicled flap.

The fistula is excised.
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Fig. 27.17. As described earlier, the esophageal stitch is re-
inforced by 360° fundoplication. A drainage is provided for
the pleural cavity and the abdomen.

Fig. 27.18a, b. Transhiatal closure of a fistula located in the
middle third of the esophagus. Diagram shows the localiza-
tion of the fistula. The esophagus is mobilized along its right
lateral wall, as described in the case of dissection of the
transhiatal blunt dissection. Sharp excision of the fistula.
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Fig. 27.19. The esophageal defect will be closed in two Fig. 27.20. Anterior or posterior hiatoplasty.
rows with button-hole sutures. The mobilized greater omen-

tum will be fixed circumferentially around the defect in the

mediastinal pleura with 4 mattress sutures. The sutures are

first inserted and subsequently tied in succession. The pleural

defect is separated from the esophageal suture line by the

greater omentum flap.
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I Indications
After failure of endoscopic therapies including
balloon dilatation and bougienage in cases of
- Short peptic stricture
- Short scarred stenosis.
I Contraindications
- Suspicion of malignancy
- Severe cardiopulmonary insufficiency.

I Risks and informed consent

See chapter 13.

I Special preparation

No peculiarities to the previously mentioned
operations.

I Anesthesia. Endotracheal anesthesia, in case
of intrathoracic stenosis a tracheal tube with
the possibility of separate ventilation should be
used.

I Positioning and approach. It depends on the
location of the stenosis.
- Collar stenosis: Left cervical approach, su-
pination
- Intrathoracic stenosis: Right antero-lateral
thoracotomy 4-6 ICS
- Stenosis of the abdominal part of the eso-
phagus: “inverted T-incision” or median
laparotomy.
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Fig. 28.1a, b. Resection of a short stricture (length max.
1.5 cm). After resection of the stenotic segment, mobilization
of the proximal and distal end of esophagus restores the ba-
sis for reconstruction of the continuity with single layer end-
to-end anastomosis in single suture technique. The distance
of each suture should be 5 mm. Each stitch should be placed

5 mm distant to the anastomosis. In stenosis shorter than
1 cm stricturoplasty according to Heineke Mikulicz should be
performed. Therefore a longitudinal esophagectomy is per-
formed and a single layer transverse closure with mattress
sutures.
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Fig. 28.2a-d. In stenosis limited to mucosa and submucosa resected (b). Reconstruction of the continuity of mucosa and
a transverse transection of the esophageal musculature over ~ submucosa in the posterior wall area (c). Transverse closure
the stenosis suffices (a). The anterior part of the stricture is of the anterior wall with single layer mattress sutures (d).
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Fig. 28.3a-c. In case of a prestenotic dilatation of the eso- local esophagoplasties an intraluminal placed tube (for exam-
phagus a side-to-side esophagostomy of the pre- and post-  ple a large gastric tube) and an abundant external drainage
stenotic esophageal segment should be performed. In all s obligatory.



a Minimal Invasive Surgery of the Esophagus

H. FEUSSNER, R. BummMm, T. OLAH

Introduction

Minimal access surgery appears of particular
value in the surgical treatment of esophageal
diseases because of the disproportion between
the access with its considerable invasiveness
and morbidity and the surgical intervention
per se which is, in the majority of cases, less
severe. This obvious discrepancy makes a
minimal-invasive approach an attractive alter-
native. The aim is to avoid a thoracotomy with
its attendant morbidity and replace it with the
smaller incisions used in MIC.

Meanwhile, MIC alternatives have been de-
veloped for all surgical interventions for be-
nign diseases. MIC operations for malignancies
are feasible as well - at least from the technical
point of view. In the following, the details of
clinically important esophageal interventions
are demonstrated. Additionally, an evaluation
of these techniques will be attempted in com-
parison to corresponding open procedures.

Diverticula of the esophagus

Diverticula of the esophagus may be found in
the cervical part (Zenker’s diverticulum), at
the height of the bronchial bifurcation (para-
bronchial) and above the esophagogastric junc-
tion (epiphrenic d.). In case of cervical and
epiphrenic diverticula, we have to deal with so
called “pulsion” diverticula which arise because
of a malfunction of the correlated sphincter.
Both of them need surgical intervention. Myo-
tomy of the respective sphincter is an obligatory
part of the operation.

I Endoscopic treatment
of Zenker’s diverticulum

The decisive step in the surgical treatment is
cricopharyngeal myotomy, i.e. a complete divi-
sion of the upper esophageal sphincter. Incom-
plete opening is the cause for the development
of a diverticulum. The classical surgical treat-
ment is cricopharyngeal myotomy and an exci-
sion of the sac using a linear stapler. Many
ENT surgeons, however, traditionally preferred
transoral treatment (Mocher 1917). The thera-
peutic principle of servering the common wall
between the esophageal lumen and the diver-

Fig. 29.1. Positioning of the patient for endoscopic treat-
ment of Zenker's diverticulum. Extension of the head is es-
sential. Woodbridge tube is required for intubation.
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Fig. 29.2. Self-retaining laryngoscope. Sufficient exposure of
the esophageal lumen may be difficult in some cases. The
procedure can only be performed reliable with a self retain-
ing laryngoscope.

Fig. 29.3. Operative principle. The arm of the linear stapler
containing the staples is introduced into the esophagus and
the arm is placed into the diverticulum. Firing of the stapler
creates a broad communication between the two lumen. The
dissection line is secured by sutures.

ticulum is a reasonable approach, since the
upper esophageal sphincter is inevitably di-
vided as well. Thus, the leading symptom -
dysphagia - will be successfully treated. Gener-
al surgeons, however, did not adapt this alter-
native technique, probably because a simple
dissection of the sac without any securing of
the line of dissection was considered too risky.

Today, linear cutting devices are available
which seal the lind of dissection by staples. Ac-
cordingly, this may now be used for the trans-
oral treatment of cervical diverticulum. By one
single movement of the handle, a broad com-
munication between the esophagus is created
including a complete myotomy of the upper
esophageal sphincter.

After the adequate expositee of the area by
means of a laryngoscope (both the entrance of
the esophagus and of the diverticulum must be
clearly visible), the operation can be accom-
plished within a few minutes by the applica-
tion of the linear cutter. Accordingly, it is
minimally invasive. In comparison to the open
procedure, the risk of a leakage (which may
occur in open surgery not only in the area of
the stapling line but as well in the region
where the myotomy has been performed)
should be lower as well as the risk of recurrent
laryngeal nerve palsy.

I Thoracoscopic extirpation
of an epiphrenic diverticulum

The pathogenesis of an epiphrenic diverticu-
lum is identical to that of a cervical diverticu-
lum. Due to the impaired opening (incomplete
or uncoordinated relaxation) of the lower eso-
phageal sphincter, the esophageal wall progres-
sively bulges at a point of minor resistance.
Myotomy of the lower esophageal sphincter is,
therefore, an integral part of the operation as
well as the extirpation of the diverticular sac.
Extirpation of the diverticulum is only feasible
by the transthoracic route. Correspondingly,
the myotomy is performed by transthoracic ac-
cess as well.
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Fig. 29.4. After the application of the linear stapler, the lu-
men are in communication. The dissection lines are secured
by clamps. Thus, a complete myotomy of the cervical sphinc-
ter is undertaken also and dysphagia is relieved.

Fig. 29.5. Positioning of the patient for the excision of an
epiphrenic diverticle and myotomy of the lower esophageal
sphincter. A 90 degree lateral position is used. Double sided
ventilation is required. The monitor is placed to the front of
the patient and the operation is performed from the posteri-
or side. The first trocar is inserted through the 5th or 6th in-
tercostal space of the posterior axillary line. The other trocars
are introduced posterior under direct vision.

Fig. 29.6. The pleura is incised just proximal to the divertic-
ulum and the esophagus is mobilized circumferentially. It is
elevated by means of a rubber sling. A large gastric tube
within the esophagus facilitates control. Next the divertic-
ulum is circumferentially isolated.

I Excision of a parabronchial diverticulum

Surgical resection of a parabronchial diverticu-
lum is required in a minority of cases only. If se-
vere dysphagia is the leading symptom and can
be explained by retention of food within the di-
verticulum, a resection may be justified. In any
instance, a careful manometric evaluation of
esophageal motility is mandatory. Eventually,
the resection has been combined with myotomy.

I Comment

Since esophageal diverticula are comparatively
rare, large series are rare even with conven-
tional surgery. This is even more true for mini-
mally invasive techniques which have been
available for a few years only. An evaluation of
their role is, therefore, still not possible. The
conventional techniques are still the gold stan-
dard. However, MIC procedures may be accept-
able, provided that informed consent is given
by the patient. According to our preliminary
experience, a growing popularity is probable,
since the advantages of the minimal invasive
approach become evident in clinical practice.
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Fig. 29.7. The completely isolated sac of the diverticulum is
now fixed with two clamps and put under light traction. The
linear stapler (preferable with a flexible tip) is now applied.
It is essential, during this step of the procedure, to have a
large-bore bougie within the esophagus to avoid any nar-
rowing of the lumen.

Fig. 29.8. Finally, the myotomy of the lower esophageal
sphincter is performed through the thoracic approach. It
should be extended sufficiently caudally to reach the stom-
ach. The myotomized area can be covered by a mobilized
patch of the gastric fundus.

Fig. 29.9. The long, extramucosal myotomy of the esopha-
geal muscle layer is performed in a similar way to lower
myotomy. With a large bore bougie in place, the esophagus
can be easily palpated. Accordingly, circular mobilization is
not required. The muscle layer, at the border between the
upper and the middle third, is laterally elevated and incised.
Any perforation of the mucosa is carefully avoided. The plane
between the muscle layer and the mucosa is recognized easi-
ly at this level of the esophagus. The tip of a pair scissors is
cautiously introduced into this plane. The muscle layer can
now be lifted up and dissected safely. The myotomy is con-
tinued down the whole length of the esophagus. The muco-
sal layer is not covered by a flap of any sort.
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Minimal invasive treatment of esophageal motility disorders

I Long myotomy of the esophagus
in diffuse esophageal spasm

The success of operation depends directly
upon the selection of patients. The operative
technique is less demanding. The approach is
through the right thoracic wall, the layer be-
tween the muscle and the mucosa is identified.
Then, the muscle layer has to be split com-
pletely over the whole length of the esophagus.

I Cardiomyotomy with Thal (Dor)
fundoplasty in achalasia

It is still a matter of debate whether surgical
treatment of achalasia should be performed
transthoracically or via the abdominal route.
Either access is possible. Similarly, the neces-
sity of an additional anti-reflux procedure is
still in question. Currently, it appears most
convincing that it may be superfluous if the
transthoracic approach has been chosen but
necessary if the transabdominal access is pre-
ferred. The port sites are demonstrated in Fig-
ure 29.10. Usually, 4 trocars are required. Most
infrequently, a 5th trocar is advisable. The
therapeutic aim is to relieve dysphagia. This
can only be achieved by complete dissection of
all muscle fibers within the esophagogastric
junction. This means complete myotomy of not
only the esophageal muscle layer but also of
the proximal parts of the so called Willis loop
of the gastric fornix.

The left lobe of the liver is a retractor for
optimal exposure of the esophagogastric junc-
tion. Both pillars of the esophageal hiatus are
important landmarks. The junction is covered
by a fat pad of varying thickness which has to
be split or resected. Damage to the vagus nerve
has to be carefully avoided. Thus, the muscle
layer can be exposed. Myotomy is initiated
within the area of the proximal gastric wall.
The muscle layer is thicker, and the piane be-
tween the musculature and the mucosal layer
is identified more easily here than at the eso-
phagus. Perforation of the mucosa can be
closed here more safely. However there is
greater vascularity in this area. Accordingly, a

g

Fig. 29.10. Port sites for laparoscopic myotomy with fundo-
plasty. After having established the pneumoperitoneum, the
first 10 mm trocar is inserted via a paraumbilical incision.
Further trocars are introduced under direct vision. The
10 mm trocar for the telescope is positioned below the left
costal margin medial to the midclavicular line. A trocar is
placed below the right costal margin in order to elevate the
left lobe of the liver. The fourth trocar is used for the inser-
tion of the instruments of the right hand of the surgeon.
The surgeon is positioned on the right side of the patient.
As usual in all procedures in the upper abdomen, a 30 de-
gree telescope is preferred.

few clips may have to be applied. As soon as
the plane has been entered successfully, the re-
maining myotomy is usually possible without
any difficulties. One further critical point has
to be mentioned. At the transition between the
thickened muscle layer of the lower esophageal
sphincter and the thinner and dilated wall of
the body of the esophagus, complete myotomy
is of particular importance though the risk of
perforation is slightly higher. Having per-
formed the myotomy, it should be checked for
completeness. The most reliable way to do this
is to perform intraoperative endoscopy. Alter-
natively, a dilation tube can be inserted and in-
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Fig. 29.11. Myotomy. The cardiomyotomy should extend
about 2 cm onto the gastric fundus and about 4 cm of the
distal esophagus. The plane between the mucosa and the
muscle layer is best identified at the lowermost point of the
myotomy on the anterior gastric wall. The muscle layer of
the stomach is quite strong and well vascularized and the
mucosa is somewhat thicker and stronger than the esopha-
geal mucosa. Accordingly, the first critical step of the myo-
tomy is performed more easily here than in the esophageal
wall. As soon as the plane has been correctly identified,
myotomy can now be continued cranially without any diffi-
culties. If bleeding occurs from the muscle layer or mucosal
vessels, they are usually meaningless. They should not be
stopped by electrocautery to avoid mucosal lesions. Some-
times, swabs containing POR 8 may be used to stop the
bleeding. At any rate, myotomy has to be accomplished com-
pletely. In case of doubt, intraoperative endoscopy may be
helpful.

Fig. 29.12. Fundoplasty. Beginning from the lowermost point
of myotomy, a patch of the gastric fundus is covered either
with running or interrupted stitches onto the area of the myot-
omy. In the first step, the left edge of the muscle slit is sutured
(). Correspondingly, the right side will be fixed next. It is
usually not required to mobilise the great curvature (b).
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sufflated carefully. This makes muscle fibers
visible if any remain intact.

The fundoplasty (Dor, Thal) is created next.
First, the left muscle edge of the myotomy is
sutured to a corresponding fundic fold. This is
commenced from the lowermost point of myo-
tomy using interrupted or continuous stitches.
Then, another fold of the fundus, slightly to
the left of the previous one, is taken and su-
tured to the right edge of the myotomy. In
most cases, the gastric fundus does not need
to be mobilized. Finally, a nasogastric tube is
inserted for 1-2 days.

I Comment

There is rarely a convincing indication for long
myotomy, performed either open or thoraco-
scopically. Good results can be expected if the
indication is very convincing. Accordingly,
myotomy should be considered as an interven-
tion which should be performed only in cen-
ters with particular expertise. Since the opera-
tion, per se, is simple to perform, the minimal
access technique almost certainly will become
the standard procedure.

This holds true for cardiomyotomy as well.
The surgical option, being significantly less in-
vasive now, has become very attractive in com-
parison to pneumatic dilation or alternative
conservative treatment.

Antireflux surgery

The positioning of the surgical team and of
the equipment is identical to cardiomyotomy.

After elevation of the left liver lobe, the
greater curvature of the stomach is mobilized.
This mobilization also includes the dorsal ad-
hesions of the stomach. This facilitates the dis-
section of the left pillar of the esophageal hia-
tus. Dissection is then continued from the
right side. The part of the peritoneum which
covers the right crus and the anterior aspect of
the esophagogastric junction is split. The ante-
rior branch of the vagus nerve has to be pre-
served carefully.

In the line between the right crus and the
smaller curvature of the stomach, a retroeso-
phageal tunnel is created. In most cases, this
can be done bluntly with the use of a swap.
Reduction of the hiatal hernia is achieved by
pulling the stomach gently into the abdomen.
The esophagocardiac junction is elevated by a
hook or a rubber band. Thus, the posterior
junction of the crura is exposed and may now
be properly prepared for the posterior hiato-
plasty.

Prior to the shaping of the wrap, the gap in
the hiatus is narrowed (posterior hiatoplasty).
A large gastric tube is inserted into the stom-
ach via the esophagus. The esophagogastric
junction is elevated to get a good view of the
posterior aspect of the hiatus. Depending upon
the size of the hiatus, 1-3 non-absorbable su-

Fig. 29.13. Port sites for laparoscopic fundoplication. The
first trocar is inserted via a paraumbilical incision. The 30 de-
gree telescope will now be introduced to position the follow-
ing ports under optical control. The second trocar which later
on will be used for the telescope is inserted below the left
rib arch between the medioclavicular line and the xyphoid.
The third 10 mm trocar which is required for the elevation
of the liver is localized in the medioclavicular line on the
right side just below the rib arch. The fourth trocar is used
within the left abdomen, laterally to the umbilical trocar. In
most cases, another 5 mm port is helpful which should be
inserted between the right and umbilical trocar.



304

I H. Feussner et al.

Fig. 29.14. Mobilization of the greater curvature. A really
“floppy” tension free cuff can only be obtained if the greater
curvature has been mobilized generously before. Accordingly,
this has to be performed in open as well as in laparoscopic
fundoplication. Beginning from the lowermost point (at the
border between left and right gastroepiploic artery), the gas-
trosplenic ligament will be opened in an avascular area and
dissected up to the fornix of the stomach. The short gastric
vessels tend to bleedings which are difficult to control. Bilat-
eral ligature with double clips is, therefore, recommended.
Prior to the dissection, the vessel should be additionally co-
agulated. It is of particular importance to warrant the safe
application of the clips, since these might easily slip off
when the cuff is pulled through the retroesophageal tunnel
later on. Alternatively, linear staplers (vascular magazine) or
the ultrasound device can be used. Dissection in the upper
part of the fundus has to be performed with particular cau-
tion, since branches of the splenic artery supplying the dor-
sal gastric wall may occur. Dissection of the left side is com-
pleted by the exposition of the whole left crus of the dia-
phragm including the posterior commissura.

Fig. 29.15. Exposition of the right crus of the diaphragm
and retroesophageal mobilization. The right crus of the dia-
phragm is exposed by splitting peritoneal layer and by re-
moving the paracardiac fat pad. The peritoneum is split in a
curved line from the right crus to the left crus. Mobilization
of the posterior esophageal wall is started from the right
side bluntly by using the scissors. Care has to be taken to
preserve the dorsal branch of the vagus which usually is left
out of the wrap.
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Fig. 29.16. Narrowing of the hiatus. With an additional hook
or by the means of rubber band, the esophageal junction is
elevated, which gives good exposure of the posterior crura
of the diaphragm. The hiatus is now narrowed (posterior hia-
toplasty), using several non-absorbable interrupted sutures
which are knotted extracorporally. It is of utmost importance,
to preserve sufficient width of the hiatus, which is achieved
by a bougie of at least 50 French. In case of a too narrow
hiatoplasty, severe dysphagia may be induced, even if the
wrap has been shaped in a floppy way.

tures (2-0) are inserted. Any narrowing of the
esophagus has to be strictly avoided. Other-
wise, persistent dysphagia may occur even if
the wrap is constructed in a “floppy” way.

The wrap is constructed using the anterior
wall of the gastric fundus. From the right side,
a suitable instrument is passed behind the eso-
phagus to the left side. We use a hook or a
grasping forceps with a flexible tip. The instru-
ment is fixed to the anterior gastric wall about
2 cm to the right of the greater curvature. It is
pulled back to the right side, thus moving the
anterior fundic wall behind the esophagus to
the other side of the esophagocardiac junction.
This movement is supported by pushing the
fold gently by a grasping forceps from the left
side. As soon as the fundic fold appears on the
right side of the esophagogastric junction, it

Fig. 29.17. Retroesophageal pull-through of the anterior
gastric wall. The very point of the anterior wall of the gastric
fundus, which will be pushed during the open operation
with the middle finger to the right side, is now fixed to the
tip of the hook. Alternatively it may be fixed by means of
flexible grasping forceps. By gentle traction from the right
side, and simultaneous support from the left side, the ante-
rior gastric wall is passed through behind the esophagus.

should remain in position without fixation. If
it tends to slip back, this suggests the previous
mobilization of the fundus has been insuffi-
cient.

The wrap is sutured with three non-absorb-
able sutures. The lowermost stitch also incor-
porates the anterior gastric wall in order to
prevent slippage of the wrap. Finally, the left
edge is secured by two additional sutures.
Thus, a so called 3-point support of the wrap
is achieved which should prevent “slippage”.

I Comment

Considerable data are available to judge the
role of laparoscopic fundoplication. It has been
clearly demonstrated that morbidity and mor-
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Fig. 29.18. Closure of the cuff. The wrap is now made with
three non-absorbable single sutures. The lowermost suture
also incorporates the anterior gastric wall. Once the wrap
has been made, it should be checked to see if it is loose en-
ough using a 12 mm device (e.g. the hernia stapler). If the
12 mm device can be inserted without difficulties into the
space between the wrap and the anterior gastric wall, it is
regarded as floppy enough.

Fig. 29.19. Completed fundoplication. Finally, the left edge
of the fundoplication is secured by two single sutures. Thus,
the wrap is protected by a three-point support (lesser omen-
tum on the right side, fixation to the anterior gastric wall in
the middle, and the so-called “Flankenndhte”) on the left
side against slippage. The large bougie is replaced by a nor-
mal naso-gastric tube, which should remain for one or two
days. Optionally, abdominal drainage may be positioned for
24 h.
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tality are not increased by the use of the new
technique. On the basis of current follow-ups,
the functional results are, at least, equal to
those of open operations. Though controlled
studies are not yet available to demonstrate a
clear superiority, there is no doubt that laparo-
scopic fundoplication has become the treat-
ment of choice in all major centers.

Excision of benign tumors

Most benign tumors of the esophagus are leio-
myomas. Provided that no preoperative endo-
scopic biopsy has been attempted, they can
nearly also be removed easily without opening
the esophageal mucosa. It is advisable to per-
form intraoperative endoscopy. This helps to
identify the exact position of the tumor. The

access is identical to that for long myotomy. If
the tumor is located anterior or on the right, it
is sufficient just to split the covering muscle to
expose the tumor and to dissect it by blunt or
sharp dissection. If the tumor is localised pos-
teriorly or on the left of the esophagus, the
esophagus has to be mobilised before resection
is undertaken. After the removal of the tumor,
the muscle layer should be closed by interrupt-
ed sutures.

I Comment

Thoracoscopic resection of small benign tu-
mors of the esophagus seems to be advanta-
geous, at least from the theoretical point of
view. However, it is still too early to give a reli-
able statement about its true value.

Fig. 29.20. Exposure of the esophageal tumor. The leiomyo-
ma was localized by intra-operative endoscopy at the level
of the azygos vein. After careful mobilization, the azygos

vein is divided using the vascular stapler. The esophageal
muscle layer grasped directly above the tumor and is incised.
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Fig. 29.21. Extirpation of the tumor. The anterior muscle
layer is completely split. The lower edge of the tumor is ele-
vated by grasping forceps, which allows us to divide it from
the mucosal layer.

Minimally invasive procedures
in esophageal carcinoma

I Thoracoscopic esophagectomy
(squamous cell carcinoma)

This procedure should be carried out by a sur-
gical team which is familiar with open thoracic
and esophageal surgery. A complete set of in-
struments for the open approach should be
ready for use. The patient is positioned in the
left lateral position, more inclined to the posi-
tion than is usual for right-sided thoracotomy.
A precondition for successful thoracoscopy is
ventilation with a double lumen insufflation
tube. This allows the right lung to be collapsed
and insufflation of CO, is not required. The
first trocar is inserted below the shoulder
blade through the 5th intercostal space of the
posterior axillary line. Safer insertion is pro-

Fig. 29.22. After removal of the tumor, the muscle layer is
closed, either with interrupted sutures or running sutures
(3-0).

vided by using an optical trocar. The further
trocars are then inserted under visual control.
Usually, 5 trocars are required.

Adhesions of the pleura are dissected, fol-
lowed by a meticulous exploration of the tho-
racic cavity. The lung is pushed aside by a
suitable retractor, thus exposing the posterior
mediastinum.

An incision in the mediastinal pleura is
made parallel to the esophagus in two lines
along the right edge of the trachea and the
spine. The azygos vein is carefully mobilized
and double-clipped on both sides and divided.
However, it is possible to perform the division
with a linear stapling device (vascular staples).
Right-sided intercostal veins leading to the
azygos vein and the thoracic duct are also di-
vided between double clips. Careful prepara-
tion is of great importance, since bleeding
from inadequately clipped veins is difficult to
control. This makes further dissection more
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Fig. 29.23. Positioning of the surgical
team of the equipment for thoraco-
scopic mobilization of the esophagus
(A: surgeon, B: assistent, C: camera-
man, D: scrubnurses, E: anaesthesist,
F: instruments for the thoracoscopy,
G: instruments for thoracotomy).

Fig. 29.24. Port sites for thoracoscopic mobilization of the  spaces in the anterior axillary line using 5 mm trocars. Two
esophagus. First trocar in the mid axillary line through the 10 mm operating trocars are introduced through the 5th and
5th intercostal space. A 30 degrees telescope is used. Lung  7th intercostal space in the posterior axillary line.

retractors are inserted through the 3rd and 8th intercostal
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Fig. 29.25. The mediastinal pleura
is incised along the vertebrae, the
trachea and the pericardium. The
azygos vein is divided with a linear
stapler. The right-sided intercostal
veins are dissected near their junc-
tion with the azygos vein and di-
vided between clips. In the phreni-
cocostal space, the thoracic duct is
identified between the aorta and
the azygos vein. After double clip-

Fig. 29.26. Dissection of the mediastinum inferior to the bi-
furcation of the trachea. The soft periesophageal connective
tissue, fat and lymph nodes are removed en bloc.

ping, it is severed as well.

difficult. The mobilisation of the esophagus is
continued stepwise on the aortic aspect using
another hook. Small tributaries to the esopha-
gus are divided between clips. As far as possi-
ble from the tumor preferable immediately
above the diaphragm, the esophagus is mobi-
lized, and gentle traction is exerted using a
rubber sling. After complete dissection from
the aorta, the mobilisation is continued along
the left side of the mediastinal pleura and the
pericardium. Lymph nodes below the tracheal
bifurcation are removed en bloc. The upper
third of the esophagus is then mobilized paral-
lel to the membranous part of the trachea. The
left trunk of the vagus is preserved in its
course until it reaches the left main bronchus.
Thus, the whole intrathoracic segment of the
esophagus is isolated including the adjacent
tissue and lymph nodes. Thoracic drains are
inserted through both of the lower trocar sites.
Finally, the trocars are removed and the holes
within the short wall are closed by sutures.
The patient is repositioned and the esophagus
is severed via a cervical incision. The specimen
is then removed transabdominally. Esophago-
intestinal continuity is restored by a gastric in-
terposition and esophagogastrostomy.
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Fig. 29.27. After mobilization of
a tumor-free segment of the eso-
phagus, further mobilization is
achieved using a flexible retractor.
Careful preparation is essential in
the region of the pulmonary vein
and the left main bronchus. The
membranous part of the main
bronchus is often prominent due
to the cuff of the endotracheal
tube.

I Endodissection of the esophagus
(adenocarcinoma)

For this endodissection, the patient is posi-
tioned in the supine position. The head is
turned to the right side and extended for 40
degrees. It is essential to have the patients
head positioned as much as possible to the left
side to create sufficient space for the handling
of the rigid endoscope. The abdominal part of
the operation is performed from the right side
of the patient. The surgeon performing endo-
dissection is positioned behind the left
shoulder of the patient.

An oblique cervical incision parallel to the
anterior edge of the sternocleidomastoid mus-
cle is made and the omohyoid muscle is cut.
After careful dissection of the left recurrent
laryngeal nerve the cervical esophagus is ex-
posed and hold by a rubber sling. During this
step of the operation, the esophagus is intu-
bated with a large gastric tube. The posterior
esophageal wall and the upper part of esopha-
gus are dissected using a blunt technique. The
tip of the endodissector is now introduced into
the anterior mediastinum. The anterior eso-
phageal wall is the anatomic landmark used

Fig. 29.28. After complete mobilization, all adjacent organs
are easily seen.
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Fig. 29.29. Positioning of the surgical team for endodissec-
tion of the esophagus. The surgical team for the abdominal
part of the operation are positioned in the conventional way.
The endoscopic surgeon stands at the level of the left
shoulder of the patient; the screen is on the opposite side.
Left — laterally to him — is his scrubnurse with the instru-
ments for the endoscopic dissection (A: endoscopic surgeon,
B: abdominal surgeon, C: assistants, D: scrub-nurses, E: an-
aesthesist).

Fig. 29.30. Dissection of the anterior esophageal wall. The
cervical esophagus is isolated through an oblique cervical in-
cision, according to the conventional technique and con-
trolled by a rubber sling. A modified mediastinoscope is in-
troduced and placed anterior to the esophagus. Step by step

space between the posterior wall of the trachea and the
esophagus is created by means of the tip of the instrument.
Strands of connective tissue and small vessels are coagulated
and dissected bluntly or using the scissors (Insert: tip of
modified mediastinoscope, so called “bulls-head”).
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since it is identified more easily than adjacent
structures. By the advancement of the thick-
ened head of the instrument the paraesopha-
geal tissue is put under traction which facili-
tates dissection using scissors or electrocau-
tery. Proceeding step by step, the tracheal
bifurcation is identified as another important
anatomical landmark. Lymph nodes of this
area as well as paratracheal lymph nodes are
easily identified and removed.

The left recurrent nerve is easily recognized
to the left of the trachea. Electrocautery should
be avoided near the nerve to prevent thermal
lesions of the nerve. After complete mobiliza-
tion of the anterior aspect of the esophagus,
the device is drawn back. The tip is rotated
180 degrees and inserted again into the medi-
astinum, now being positioned between the
posterior esophageal aspect and the spine. Dis-
section of the posterior wall is easy. But dissec-
tion becomes more difficult on the left side,
because of close adhesion to the left main
bronchus which requires division as well as
tissue bridges to the descending aorta. On the
right side, the azygos vein has to be handled
carefully. As on the anterior aspect, the poste-

Fig. 29.32. Dissection of the posterior esophageal wall.
The tip of the modified mediastinoscope is rotated for
180° and is now advanced behind the esophagus.

i
Fig. 29.31. Dissection of the anterior esophageal wall.

Lymph nodes below the tracheal bifurcation are exposed and
excised.
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Fig. 29.33. Dissection of the posterior esophagus wall.

rior dissection is continued until the abdom-
inal surgeon is met at the hiatus. Lesions to
the visceral pleural are difficult to avoid. This
is why we recommend placing thoracic drain
at the end of the procedures.

Collection of fluid and blood in front of the
endodissector requires continuous instillation
of saline and aspiration.

Endodissection is particularly suitable for
the mobilisation of the upper part of the eso-
phagus. More distally, it is sometimes difficult
to maintain the correct plane of dissection and
perforations of the tumor of the esophagus
may occur. Finally, the cervical esophagus is
divided and removed in toto transabdominally.
The esophagogastric anastomosis is performed
in the usual way.

I Comment

Thoracoscopic esophagectomy for squamous
cell cancer of the esophagus - though being
technically feasible - is still too time-consum-
ing and too invasive to be considered accept-
able as alternative to open transthoracic eso-
phagectomy (Consensus Conference of the In-
ternat. Soc. for Diseases of the Esophagus, Mi-
lan 1995). Further evaluation and technical im-

Fig. 29.34. Simultaneous abdominal procedure. Through a
laparotomy, the hiatus is split, the esophagogastric junction
including the crura of the diaphragm are mobilized, and the
pericardial fat pad is resected. Complete mobilization of the
distal esophagus is accomplished between the endoscopic
and the abdominal surgeon. The cervical esophagus is divid-
ed and the esophagus is pulled down into the abdomen.

provements are required. For the time being,
thoracoscopic esophagectomy should be con-
fined to controlled clinical studies. Accordingly,
adequate informed consent, documentation
and scientific evaluation is necessary in each
case. The situation is different for distal adeno-
carcinoma of the esophagus. Endodissection
can be considered as a viable alternative to
blunt transhiatal dissection, since the overall
duration of the operation is shortened. The
incidence of cardiopulmonary complications is
reduced significantly. From the oncological
point of view it is of interest that lymph node
harvesting within the mediastinum is facili-
tated which has the potential to improve the
survival rate.
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Hemorrhage and esophageal varices

I Introduction

Esophageal varices, ulcers due to reflux esopha-
gitis, and Mallory Weiss lesions are the most
common causes of esophageal hemorrhage.
Less common causes include esophageal tu-
mors (both benign and malignant) and iatro-
genic lesions following endoscopic or surgical
procedures. In all these cases, endoscopic man-
agement is the treatment of choice. To improve
clinical outcome, a combination of various
specialized endoscopic techniques may be re-
quired.

I Indications

Endoscopic management is indicated in all in-
stances of overt bleeding. In patients with hy-
povolemic shock, initial volume resuscitation
is important. In order to temporarily stop mas-
sive variceal bleeding before endoscopy, phar-
macotherapy and balloon tamponade using the
Senkstaken Blakemore tube or the Minnesota
tube may be needed.

I Contraindications

In the context of emergencies like massive bleed-
ing, time consuming diagnostic procedures are
unnecessary and only serve to delay definitive
treatment. However, it is necessary to obtain
certain key information such as patient blood
group and coagulation status. These can be
evaluated simultaneously as the patient is
being resuscitated.

I Instruments

- Gastroscopes with a large working chan-
nel (3.7 or 6 mm) or with 2 channels for
simultaneous suction and treatment

- Two powerful suction pumps with large
containers

- Water pump for flushing to improve visi-
bility

- Injection catheters for sclerotherapy

- Loaded clip applicator

- Over-tube and guide-wire in the context
of single band ligation (Stiegman-Goff)

- Set for multi-band ligation (e.g. Six-shoo-
ter, Speedband)

- Injection solutions: epinephrine diluted
with normal saline (1:20000); N-butyl-2-
cyanoacrylate  mixed with lipiodol
(0.5 ml:0.8 ml); polidocanol 1% or other
sclerosants according to local preferences.

I Patient position. Left lateral position.

I Special techniques

Identification of the actively bleeding site and
source is crucial. With continued bleeding, suf-
ficient volumes of washing solutions and ade-
quate suction (2 pumps) are necessary to en-
sure adequate visibility.

1. Stopping the hemorrhage
- Sclerotherapy (Fig. 30.1)
- Obliteration of bigger varices (Fig. 30.2)
- Clip application (Figs. 30.3-30.6)

2. Eradication of esophageal varices
- Perivascular injection of sclerosants
(Figs. 30.7-30.9)
- Band ligation (Figs. 30.10-30.14).
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Fig. 30.1. Injection treatment for bleeding esophageal
varices. This technique is also used for other types of hemor-
rhage. The injections are made around the lesions; the se-
quence of injection is from distal to proximal, so that one
has better visibility. In non-variceal bleeding, 0.05% epi-
nephrine solution alone can be injected around the lesion to
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Fig. 30.2a, b. Intravascular injection of a tissue adhesive is
safer than sclerotherapy in the context of severe variceal
bleeding. The volume injected each time should be limited

create a tamponade effect for initial hemostasis. If the tissue
at the bleeding site is indurated due to scars or tumor infil-
tration, the injection technique might be more difficult or
less effective; one should then try alternative techniques
such as argon plasma coagulation or clipping.
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to 0.5 ml to reduce the risk of distal embolizations. An alter-
native technique is rubber band ligation.
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Fig. 30.3. Non variceal bleeding such as Mallory-Weiss le-
sions and ulcers due to reflux esophagitis can be reliably
stopped by application of clips. This technique is performed
with a special delivery system through the working channel

Fig. 30.4a,b. Mallory-Weiss lesion with clipping of a large
artery. Sometimes the bleeding artery itself can be grasped
with a dlip (a) and the clip applied directly (b). The necessity

of the endoscope. If several clips are needed, several loaded
applicators should be kept ready as a precaution. Left figure:
system in position; right figure: the technique of correctly
tightening the clip.

for more clips proximal or distal to the artery should be
decided individually.
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Fig. 30.5a-c. Mallory-Weiss lesion with clip application. In ~ Whether one should grasp both sides of the adjacent muco-
most cases, direct occlusion of a bleeding artery is not possi- sa (b) or only one side (c) depends on the individual situa-
ble. One could then grasp the mucosa on either sides of the  tion. The important points are occlusion of the bleeding ves-
lesion with the clip in order to occlude the vessel (a). sel and anchoring the clip securely in the tissue.
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Fig. 30.6a, b. Mallory-Weiss lesion with clip-application. The application of a clip is
always more difficult when the bleeding vessel is seen on lower sector of the en-
doscopic picture. Because of the technical conditions of the delivery system, a safe
positioning is often not possible (a). In these cases the whole endoscope should be

rotated by 190° to get the bleeding lesion into the upper segment of the picture
(b). Thereafter one can commence clip application.

Fig. 30.7 a, b. Eradication of esophageal varices. The varices in
the distal esophagus are at risk for hemorrhage because they
run just beneath the epithelium (a). The aim of the treatment
is to cause tissue fibrosis and perivascular induration using
chemical solutions (e.g. polidocanol 1%). The concentration of

\y

these solutions cannot be too high because otherwise tissue
necrosis with perforation may occur. Injections are made on
both sides of the vessel with volumes of 1-2 ml until tissue
swelling is seen (b). The treatment must be repeated at
weekly intervals until the varices are completely eradicated.
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Fig. 30.8. Eradication of esophageal varices. The treatment
starts at the distal part of a varix. Using this technique, mi-
nor bleeding after injections is common but does not affect
the further treatment of the more proximal segments.

Fig. 30.9. Eradication of esophageal varices. One should en-
sure accurate perivascular and subepitheal injections. Intra-
vascular injections are not effective because the sclerosant is
diluted by the rapid blood flow and will also predispose to
systemic side-effects. Deeper injections can cause necrosis of
the wall with possible perforation; stenosis due to scars may

develop later.
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Fig. 30.104a, b. Eradication of esophageal varices by rubber-
band ligation. Instrument for single-band application (Stieg-
man-Goff) (a). Using this technique, over-tubes are necessary
because each rubber-band must be loaded and tightened
separately before application (b).

Fig. 30.11a-d. Eradication of varices by rubber-band liga-
tion using instruments for multiple-band applications (Six-
shooter or Ten-shooter). The endoscope need not be with-
drawn prior to each application and hence over-tubes are
unnecessary (a, b). By the application of six or more bands

during one session, it is possible to ligate the varices ade-
quately. The placement of the rubber-bands is managed by a
special application set which is fixed to the working channel
of the endoscope (¢, d).
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Fig. 30.12. Eradication of esophageal varices by rubber-band Fig. 30.13. Eradication of varices by rubber-band ligations.
ligation. The ligations are performed from distal to proximal, The appearance after treatment.

starting with the biggest vessel. Ligations are made in spiral

fashion to avoid later strictures.
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Fig. 30.14a,b. Eradication of esophageal varices by rubber-
band ligations. After a couple of days, thrombosis and
shrinking of the varix occurs. Demarcation of the tissue be-
gins after 1-2 weeks, leaving flat lesions (a). A new layer of
epithelium then forms (b). If necessary, additional treatments
can be started after 4 days. Further sessions of variceal liga-
tion may be continued at weekly intervals until the eradica-
tion is achieved. For many patients additional treatment with
sclerotherapy may be necessary to obtain adequate fibrosis
of the esophageal wall.

I Complications

I Intractable hemorrhage. Management: surgical
treatment. This is associated with high morbid-
ity and mortality.

I Recurrent bleeding. Recurrent bleeding oc-
curs mainly during the first 3 to 5 days after
initial successful hemostasis. It is usually ob-
served after sclerotherapy of varices. In this
case, endoscopic obliteration of the varices

using tissue adhesive (e.g. N-butyl-2-cyano-
acrylate 0.5 ml with lipiodol 0.8 ml) is useful
in preventing further recurrences.

In Mallory-Weiss lesions, recurrent bleeding
may occur with deeper tears. Application of
clips should be used after initial injections of
epinephrine (1:20000 dilution).

I Perforations. Prevention: Injections should be
limited to the submucosa by selecting the cor-
rect needle length and controlling the depth of
needle insertion. The volume per injection
should be limited to 1-2 ml.

Treatment: Close clinical monitoring is nec-
essary for early detection of mediastinitis. If in
doubt, fluoroscopic examination with water-sol-
uble contrast may be used. Conservative treat-
ment with antibiotics and parenteral nutrition
may be successful. If necessary, surgical treat-
ment should be carried out. As an alternative
to surgery, stenting has been used successfully
in selected cases.

B Strictures. Strictures may occur in a small

number of cases after sclerotherapy. They re-

sult from deep tissue necrosis of the esopha-

geal wall due to incorrect injection techniques.
Treatment: Endoscopic dilatation.

I Embolic complications. They may occur after
injections of excessively large volumes of N-bu-
tyl-2-cyanoacrylate during obliteration of vari-
ces. Prevention: Injection of smaller volumes
(per injection: maximum volume of 0.5 ml for
esophageal varices and 1 ml for gastric varices).
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Foreign bodies and bolus obstruction
1 Introduction

This problem arises mainly in children who
swallow toys and other objects. In adults, bone
fragments, fish-bones, parts of prostheses, or
needles kept between the lips by tailors may be
found. Bigger and bulkier foreign bodies are
observed in psychiatric patients and in the
context of self-destructive manipulations (e.g.
in prisoners). These foreign bodies can be
found in the stomach or impacted in the eso-
phagus, such as coins in smaller children. Bo-
lus obstruction may be a consequence of
asymptomatic disturbances of the esophageal
motility. Bolus obstruction may also occur in
deep reflux-related esophageal ulcers or in ste-
notic scars. The occlusion of the esophageal lu-
men is very often followed by painful spasms
that cannot be stopped with medications. En-
doscopic removal of foreign bodies is the treat-
ment of choice. If this is not available, fluoro-
scopy guided removal of foreign bodies using
catheters (e.g. Foley catheters) can be tried.
Open or minimally invasive surgery is limited
to rare situations.

I Indications

Every obstructing foreign body should be re-
moved as soon as possible. Sometimes it is
possible to push it into the stomach, as in the
case of meatballs. However, it is absolutely nec-
essary to extract all objects that might damage
the intestinal wall or block the passage at areas
with a narrow lumen (e.g. pylorus and ileoce-
cal valve). Mini-batteries should be removed
because of possible poisoning.

I Contraindications

Small, non dangerous foreign bodies which are
expected to pass out spontaneously do not
need further treatment. The passage of these
foreign bodies may be monitored using fluoro-
scopy if they are radio-opaque.

I Preliminary procedures

- Fluoroscopy is used to identify the diame-
ter and configuration of the foreign body
in order to guide the choice of instru-
ments. During fluoroscopy of the thorax,
the cervical esophagus must be observed
carefully. The use of contrast such as gas-
trografin may be helpful in finding non
radio-opaque objects.

- Premedication: Analgesia-sedation; for
children and non co-operative patients,
general anesthesia.

- Position: Left lateral.

- Monitoring and instrument-check.

I Instruments

Gastroscopes with large working channels
should be favored. Additional equipment: over-
tube; collecting sacs or umbrellas to protect the
esophageal wall from injuries; different types of
forceps and loops; Dormia basket; accessories
to cut or break bigger boluses or bezoars.

I Special technique

- Extraction with forceps, loop, and Dormia
basket (Fig. 30.15)

- Extraction with protection by cap and
umbrella (Figs. 30.16-30.18).
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Fig. 30.15a-c. Only smooth foreign bodies that do not in-
jure the esophageal wall should be extracted without protec-
tive accessories. For this purpose a cap fixed to the tip of
the endoscope is normally sufficient. An over-tube is used
with protective accessories; the diameter of the protective

Fig. 30.16a,b. An umbrella fixed to the tip of the endo-
scope is a different type of protector. During the insertion of
the instrument, the umbrella is still folded. After positioning
the instrument in front of the foreign body, the umbrella is
moved forward by grasping a fixed bow (a). The different
umbrella diameters allow the safe extraction of even larger
and dangerous foreign bodies (b).

accessory is much larger than the foreign body and can help
to extract foreign bodies like prostheses, safety-pins, or forks
(a—c) without injuring the proximal parts of the esophagus.
Extraction of the foreign body can be performed using for-
ceps or snares.
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Fig. 30.17. For bolus obstructions that are already present
for a couple of days, one must avoid pushing the bolus dis-
tally with the endoscope. There may already be early necro-
sis of the esophageal wall, with an attendant risk for per-
foration if the bolus is pushed distally without visualizing
the lumen.

I Complications

I Perforation. Injury of the esophageal wall with
perforation is the most serious complication.

Prevention: In all cases with possible inju-
ries and a need for repeated intubations, over-
tubes should be used.

Treatment: Superficial mucosal injuries do
not require any active treatment. When deep
tears occur, perforation with its attendant risk
of mediastinitis should be checked for by
radiography using water soluble contrast. How-
ever, CT is a much more sensitive method for
detecting free air. Most of the smaller perfora-
tions can be treated conservatively by clips, pa-
renteral nutrition, and antibiotics. Larger per-
forations will need surgery.

Fig. 30.18. Hard meatballs or phytobezoars can often be
grasped and extracted with a Dormia basket or with a snare.
Rat-tooth forceps or nets are adequate to extract foreign
bodies such as coins, mini-batteries, or small toys in children.
Soft meatballs sometimes can be removed with suction using
a cap. Very hard big balls or bezoars should be macerated
with special instruments under endoscopic control (e.g. Bezo-
tome, Bezotriptor).

I Aspiration. To prevent aspiration of foreign
bodies during endoscopic extraction, over-tubes
and/ or net retriever baskets are used. In cases
of high risk for aspiration, especially in chil-
dren, general anesthesia should be used.

I Follow-up
In uncomplicated cases, normal diet can be

started early and no further follow-up is neces-
sary.
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Resection of tumors
I Introduction

The majority of benign tumors arise from the
submucosal layer. Tumors arising from the
epithelium (e.g. adenoma, papilloma) are not
frequent. They are mainly located in the distal
esophagus. Smaller submucosal tumors can be
resected endoscopically, if the location is con-
firmed by endosonography (EUS). One must
consider the risk of perforation. The endo-
scopic resection of malignant tumors of the
mucosa (EMR or Endoscopic Mucosal Resec-
tion) is gaining popularity. Long-term results
are comparable with surgery. Prior to EMR,
precise staging using EUS is necessary. Besides
EMR, different techniques of thermoablation
are used (eg. electrocautery, laser ablation, and
photodynamic therapy).

I Indications

- Flat and elevated malignant tumors in all
parts of the esophagus limited to the muco-
sa [stage T1m, NO, MO]

- Benign mucosal tumors

- Selected cases of benign tumors arising
from the submucosa or from the muscu-
laris mucosa.

1 Contraindications

Endoscopic resection should be avoided in all
tumors arising or infiltrating beyond the sub-
mucosa. Large tumors (diameter greater than
3-5 cm) have a higher risk of perforation after
endoscopic resection and should be managed
individually.

I Preliminary examinations

Endoscopy with sufficient number of biopsies;
EUS for accurate staging and, if necessary, EUS
guided fine needle aspiration biopsy (FNA);
coagulation tests.

I Pretreatment preparations

- Monitoring and instrument check
- Premedication: Analgesia-sedation
- Position: Left lateral.

I Instruments

Gastroscopes with large or dual working chan-
nels are helpful; HF generator for electrocau-
tery; injection needles with solutions for mu-
cosal elevation and treatment of hemorrhage
(epinephrine 1:20000); band ligator and trans-
parent cap for suction of the mucosa to the in-
strument tip; snares for cutting; forceps; needle
knife for 2-channel technique; chromoendosco-
py using solutions such as lugol iodine, indigo
carmine and methylene blue to stain the tumor
may be needed.

I Special technique

- Tumor resection with submucosal injec-
tion and loop; mucosa aspiration with
cap (Figs. 30.19-30.22)

- Tumor resection with band ligation (Fig.
30.23)

- Tumor coagulation with argon plasma co-
agulation, laser ablation, or PDT.



328

I V.l Gallinger et al.

Fig. 30.194a, b. Endoscopic mucosal resection (EMR). The mu-
cosa containing the tumor is elevated by injection of the
submucosa with 0.05% epinephrine solution. This elevation
of the tissue makes it easier to grasp the entire tumor with
a snare (a). Simultaneously, the liquid cushion protects the
wall from thermal injuries. If needed, the tumor margins can
be demarcated using chromoendoscopy. Lugol’s solution is

used for squamous cell tumors, while an adenocarcinoma is
stained with methylene blue or indigocarmine (c). EMR can
also be performed without preliminary injections; with this
technique, it is helpful to let the wall collapse while sucking
the air, with the intention to grasp a larger area of the mu-
cosa within the snare (b). For resections, snares with stiff
monofilament wires should be used (d).
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Fig. 30.20a, b. Endoscopic mucosal resection (EMR). To pre- Fig. 30.21. Endoscopic mucosal resection (EMR). Another
vent perforation, the correct technique for cautery should be  technique to ensure safe resection is the suction of the tis-
observed. The snare must grasp only the mucosal and sub- sue using a cap. An asymmetrical snare made of braided
mucosal layers. The submucosa is expanded by preliminary ~ wire is preloaded in the inner gutter of the cap and grasps
infiltration (a). After resection the muscularis propria may be  the tissue layer after suction. For resection pure coagulation
exposed (b). It should remain unscathed. current with 60 W power is used.
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Fig. 30.22a, b. Endoscopic mucosal resection (EMR). Submu-
cosal infiltration and suction can be combined (a,b). This
technique is an additional safety step to prevent perforations
(Inoue technique).

Fig. 30.23a, b. Endoscopic mucosal resection (EMR). Rubber-
band ligation can be used as an alternative technique to ele-
vate the tumor from the surrounding tissue (a). The cut is
performed above the rubber-band. The rubber-band then
slips off, leaving behind an ulcer (b).
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I Complications

The most important complications are hemor-
rhage and perforation.

I Hemorrhage. Prevention: Resect slowly step
by step, preferably using coagulation setting;
preliminary band ligation of the tumor-bearing
mucosa may be performed if feasible.
Treatment: Injection of 0.05% epinephrine-
saline solution and clip application. Using co-
agulation to stop the hemorrhage should be
avoided.
Technique of sclerotherapy, see p. 316.
Technique of clip application, see p. 317.

I Perforation. Prevention: Infiltration of the
submucosal layer with isotonic saline solution
and strictly limiting the resection to the sub-
mucosa. When resecting benign submucosal
tumors, the needle knife can be used to incise
the mucosa, followed by enucleation of the tu-
mor.

Treatment: Smaller lesions can be treated
with endo-clips (Fig. 30.24), parenteral nutri-
tion and antibiotics. Close monitoring is cru-
cial for the early detection of mediastinitis and
pneumothorax. In the case of larger perfora-
tions or suspected mediastinitis, open or mini-
mally invasive surgery would be required.

1 Follow-up

After EMR of larger mucosal lesions, the pa-
tient may need to be kept fasted for a few days,
depending on the size of the lesion and the
clinical situation.

Surveillance with biopsies of the scar and
surrounding areas should start 3 months later
in all cases of malignant tumors with R-0 re-
sections. Standards for further management
and the value of additional tests such as EUS
have not yet been established. In the case of
thermoablation of tumors, surveillance with
biopsies is mandatory after a shorter interval
to confirm complete removal.
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Fig. 30.24a-c. Endoscopic mucosal resection (EMR). Perfora-
tion due to snaring of the muscle layer is a rare complica-
tion. If the injury is small and the edges smooth, it can be
closed immediately using clips. In very small lesions which
are not completely transmural, one can grasp the edges of
the mucosa or mucosa plus muscle layer using just one or

two clips (). For larger lesions a row of clips is first applied
to the muscle layer (b). In between these clips a second row
is added joining the mucosa and submucosa (c). Careful fol-
low-up after endoscopic treatment of perforations is neces-
sary to detect early signs of mediastinitis.
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Photodynamic therapy of tumors (PDT)
I Introduction

Photodynamic therapy is based on the interac-
tion of light with a photosensitizer that is re-
tained, preferentially and for longer periods of
time, by cancerous tissue compared with nor-
mal tissue. This interaction generates cytotoxic
molecular reactions that result in tissue necro-
sis. The photosensitizer is first injected intra-
venously, followed 48 hours later by photoacti-
vation with use of light that is transmitted
through an optical fiber coupled to a cylindri-
cal light diffuser. The light diffuser is intro-
duced directly into the esophagus and posi-
tioned according to the measurements of the
length of the lesion as determined during en-
doscopy. This technique has been used in se-
lected patients for the past couple of years. Ex-
act indications and contraindications have not
been fully evaluated. Small case series have re-
ported an acceptable efficacy when PDT is
used as palliation for advanced tumors. Com-
pared to other forms of thermoablative treat-
ment, there are no significant advantages. A
major adverse effect is the problem of skin
photosensitivity which lasts for several weeks
after the PDT session.

I Indications

There is still a lack of data for appropriate pa-
tient selection for PDT. Only preliminary rec-
ommendations can be made. There is clinical
experience with the following situations:

- Superficial spreading tumors of the muco-
sa [stage T1m]

- High grade dysplasia in Barrett’s esopha-
gus, especially for patients at high surgi-
cal risk

- Palliation of advanced non-resectable car-
cinoma.

1 Contraindications

- Resectable tumors arising from the sub-
mucosa or those with deeper infiltration
(stage Tlsm and higher)

- Suspicious involvement of regional lymph
nodes in tumors of operable patients.

I Preliminary examinations

Exact diagnosis of the tumor with endoscopic
biopsy; EUS£FNA for T and N staging.

I Special preparations

Injection of the sensitizer (e.g. Porfimer-Sodi-
um 2 mg/kg iv.) 48 hours before treatment;
patient should be fasted for 12 hours before
treatment; premedication and safety proce-
dures according to standard recommendations.

I Instruments

A gastroscope with a large working channel,
light generator, argon laser (630 nm wave-
length), and an optical fiber coupled to a cyl-
indrical light diffuser that is adapted to the ex-
tent of the tumor, monitoring unit. A dye solu-
tion to mark the borders of a spreading tumor
(e.g. lugol iodine, indigo carmine, and methy-
lene blue) may be required.

1 Special technique

The tumor is identified at endoscopy. If it is
necessary to demarcate the tumor margins,
chromoendoscopy is used. The light source is
positioned over the tumor and photoradiation
performed.
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I Complications

B Strictures have been reported to occur in
around 30%.
Treatment: Endoscopic dilatation.

I Perforations are very uncommon.

I The ineffectiveness of the treatment must be
taken into account.

Due to the limited experience in small patient
populations, the extent of the risk for complica-
tions cannot be accurately determined.

1 Alternative therapies in advanced tumors

Chemical destruction of the tumor by in-
jection of concentrated alcohol or other
chemicals

Laser ablation

Electro-thermocoagulation

Stenting.

I Alternative therapies
for elective tumor eradications

- In high grade dysplasia of Barrett’s eso-
phagus, an extended local eradication by
argon plasma coagulation or Nd-YAG la-
ser may be performed; this should be fol-
lowed by long-term treatment with pro-
ton-pump inhibitors (PPI).

- Focal high grade dysplastic areas can be
completely resected by EMR

- Extensive areas of multifocal high grade
dysplasia may occasionally require surgery.

I Follow-up

There should be protection from light exposure
for 2 weeks. Surveillance biopsies should be
performed after 4 weeks and then at regular
intervals.
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Obstructions by malignant tumors
I Introduction

Endoscopic management is the treatment of
choice in malignant tumors causing esophageal
obstruction. For inoperable patients or unre-
sectable tumors, endoscopic techniques are of-
ten the definitive treatment. Alternatives for
enteral feeding in these situations are percuta-
neous endoscopic gastrostomy (PEG) or -jeju-
nostomy (PE]). Relief of obstruction can be
achieved by different endoscopic techniques
such as bougienage and placement of an endo-
prosthesis, induction of tissue necrosis by the
injection of solutions such as alcohol, and
thermoablation. These techniques are com-
monly combined. We prefer the use of bougie-
nage with subsequent stent placement. For ob-
structive tumors of the cervical esophagus,
there is an additional risk of fistulae formation
(tracheo-esophageal fistula, esophago-mediasti-
nal fistula). If fistulae occur, modified stents
are necessary in order to seal the fistulae.
Injection and thermoablative techniques are
mainly used for exophytic tumors prior to
stent placement.

I Indications

All patients with stenotic tumors of the eso-
phagus can be treated. The treatment may be
definitive or may serve as a temporary mea-
sure before surgery.

I Contraindications

The presence of severe cardiac or respiratory
decompensation which precludes the use of en-
doscopic procedures and premedication.

Advanced tumors without significant steno-
sis.

I Preliminary examinations
- Endoscopy is used to determine the ex-

tent of the tumor and degree of stenosis.
Biopsy is taken for tumor-typing.

- Screening for fistulae may be required (e.g.
with bronchoscopy or radiography with
water soluble contrast).

- Tumor staging by EUS.

I Special preparations

Premedication: Analgesia-sedation
Monitoring: Based on recommended stan-
dards

Prophylactic antibiotics (e.g. single dose
prior to PEG)

Positioning: left sided.

I Instruments

- Gastroscopes, guidewires, bougies, and
balloon dilators as per management of be-
nign strictures.

- Injection techniques: the use of needles
similar to that in the treatment of hemor-
rhage; solutions for tissue ablation e.g.
absolute alcohol.

- Laser treatment: Nd-YAG laser; gastro-
scope with a large working channel or 2-
channel endoscopes to allow suctioning of
the fumes generated during laser ablation.

- Stenting: Celestin-tubes of standard diame-
ter (13 mm) or Baby-Celestin tube (11 mm);
self expanding metal stents (Fig. 30.34). For
proximal cervical stenoses with fistulae, the
use of modified shortened Baby-Celestin
tubes (Fig. 30.35).

I Special techniques

- Dilatation (using guidewires and bougie-
nage): Figs. 30.25-30.41

- Stenting (Figs. 30.30a-c, 30.31a-d, 30.37-
30.40)

- Injection treatment

- Laser application

Injections of chemical solutions or laser appli-
cation generate tissue necrosis after a few days,
thus widening the lumen. For injections var-
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ious solutions are used, but there is greater ex-
perience with the use of absolute ethanol, iso-
propanol, 3% polidocanol, and hypertonic sa-
line (10-20%). These solutions are injected as
multiple small deposits (0.5-1 ml) within the
tumors. These treatments only have a tempo-
rary effect and should be repeated on demand
or at short intervals. They are also often used
as preliminary treatment prior to bougienage
and stenting. In the palliation of stenotic tu-
mors, stenting should be added in order to re-
lieve obstruction for a longer time. Various
techniques in stent placement are available,
similar to those used in the treatment of fistu-
lae.

1 Complications

I Hemorrhage. It can occur during dilatations.
Generally it stops spontaneously, but it can be
treated by sclerotherapy if necessary.

I Perforation. If perforation is suspected, fluoro-
scopic examination using water-soluble contrast
should be performed immediately. Small lesions
can be treated conservatively with parenteral
nutrition, antibiotics and, in certain cases,
placement of a stent. For larger lesions, surgery
is safer.

I Stent migration. Stent migrations are treated
by endoscopic repositioning. For plastic stents
it is sometimes more effective to place a new
stent with a larger diameter (possibly one with
a larger funnel and an additional distal stopper).

I Tumor overgrowth. This can occur at both
the proximal and distal ends of the stent. The
tumor overgrowth can be treated by thermo-
ablation or sclerotherapy. The treatment may
need to be repeated depending on the clinical
effect. Stent exchange is often more appropri-
ate.

I Stent intolerance. It is mainly observed after
stenting of the cervical esophagus. Sometimes
stent removal cannot be avoided. In that case,
it has to be replaced by a nasogastric tube or
PEG/PE]. For uncovered metal stents, removal
may not be easy. The use of removable covered
stent is therefore recommended.

I Bolus obstructions. Bolus obstruction is pos-
sible after stent placement. The treatment is
similar to other forms of bolus obstruction. It
may be prevented by allowing only a liquid or
pureed diet.

I Follow-up

After an uncomplicated stent placement, liquid
food is allowed after a few hours. This can
then be followed by pasty and then normal
soft diet. The correct position of stents should
be monitored routinely during the first few days
because most migrations occur early. Tumor
overgrowth occurs only after a few months.
Analgesics may need to be given during the first
few days.
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Fig. 30.25a,b. For dilatations, a guidewire should be rou-
tinely inserted under endoscopic control (a). It is usually pos-
sible to insert a pediatric endoscope (7.9 mm diameter) or
one with an even smaller diameter (5.3 mm) (b).

Fig. 30.26. To push the instrument through a longer steno-
sis, the guidewire should be positioned far into the stomach
along the greater curve. This ensures an additional stiffening
of the flexible tip of the endoscope.

Fig. 30.27. In very narrow stenoses which cannot be passed
with the endoscope, a hydrophilic biliary guidewire with flex-
ible tip should be tried first. This technique permits tracing
of complicated stenoses under fluoroscopic control.



338

I V.l Gallinger et al.

Fig. 30.28a, b. In very tight stenoses bougienage over a bili-
ary guidewire can be difficult. In these cases a radioopaque
9 Fr. catheter is first inserted. Then, under fluoroscopic con-
trol, a stiff Savary-Gilliard guidewire is inserted (a). Over this
guidewire the bougienage is performed. One must avoid ex-

cessive pressure to reduce the risk for perforation. For re-
peated treatment, bougienage over the Savary-Gilliard guide-
wire can be performed without further fluoroscopic or endo-
scopic controls (b).

Fig. 30.29. If the stenosis can be passed with a 7.9 mm pe-
diatric endoscope the treatment can be started using a bou-
gie of 10 mm diameter. Dilatations should only be performed
with increments of 2 mm. After each dilatation the wall must
be checked carefully for deep ulcers.
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Fig. 30.30a-c. Instruments for stenting: bougie with Savary-
Gilliard guidewire, transparent pusher with markings, and
the plastic stent (a). The length of the stent is determined
by measuring the extent of the tumor using the endoscope.
An additional funnel and stoppers at the distal end can help
to prevent stent migration (b). The instruments for stenting,
when assembled, are from proximal to distal: Savary-Gilliard
guidewire in position, prosthesis with pulling thread and
pusher. The pulling thread is inserted for repositioning the
prosthesis in a proximal direction after the removal of the
bougie and the pusher, or for the immediate extraction of
the stent in cases of intolerability or tracheal compression

(c).
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Esophageal fistula

I Introduction

The majority of fistulae arise from the sites of
fresh anastomoses after esophagectomy. Spon-
taneous fistulae that arise from tumor infiltra-
tions or after endoscopic procedures are not
that common. In all these situations, tradi-
tional open surgery entails a high risk with un-
clear efficacy. Endoscopic procedures, of which
several technical modifications have been de-
veloped, are now the treatment of choice.

I Indications

All fistulae to the tracheobronchial system and
the mediastinum should be treated. Esophago-
bronchial fistulae need urgent management.

I Contraindications

Very large lesions of the wall that cannot be
sealed by endoscopic means should not be
treated endoscopically.

I Preliminary examinations

Radiographic identification of the fistula and
its extent is achieved using water-soluble con-
trast and/or bronchoscopy.

I Instruments

Pediatric endoscope (diameter 7.9 mm or smal-
ler); bougienage for tumor dilatation (e.g. Sa-
very-Gilliard dilators); plastic prostheses with
various diameters; covered metal stents; 7 Fr
catheter; hydrophilic guidewires; for esophago-
mediastinal fistulae: fibrin glue; fluoroscopy.

I Special preparation

The patient should be fasted for at least 12
hours.

Premedication and monitoring according to
the recommended standard.

I Special technique

1. Fibrin glue sealing (Fig. 30.31a-c)
2. Sealing with stents (Figs. 30.32-30.35).

1 Complications

I Non healing fistulae. Endoscopic and fluoro-
scopic monitoring should be planned 2 to 3
weeks after initial fibrin application in order
to detect persistent fistulae.

Treatment: The whole system or cavity
should be washed out and the surface of the
wall curetted before a new series of fibrin ap-
plication is started.

I Stent migration. Stent migrations are possi-
ble both proximally and distally because of the
absence of stenosis, and may occur with both
plastic as well as metal stents.

Treatment: In general, endoscopic reposi-
tioning is effective and sufficient. Sometimes a
new stent with a larger diameter may be re-
quired. In the absence of esophageal stenosis,
such as after anastomotic leakage, a plastic
prosthesis can be fixed using a transnasal 7 Fr
catheter; alternatively the fistula can be sealed
with fibrin glue.

I Tumor overgrowth. Treatment: Electrocautery
or laser ablation of the tumor tissue. For cases
of proximal overgrowth, an additional stent in-
serted up to the level of the first stent may be
possible. Alternatively, the old stent is extract-
ed and a new stent which is longer is then in-
serted.

<

Fig. 30.31a-d. Positioning of the prosthesis. When the bou-
gienage is finished, the assembled instruments are inserted
as a unit. A pulling thread is present which is long enough
for correction of the stent proximally (a). After preliminary
positioning of the entire set, the bougie and guidewire are
removed and a pediatric endoscope is inserted through the
remaining pusher and stent. By retroflexion of the endo-

scope-tip in the stomach, the correct position and length of
the stent can be confirmed (b,c). As the last step, the
pusher and endoscope are removed simultaneously. The pull-
ing thread is used for immediate removal of the stent in
case of stent intolerability or tracheal compression. Disloca-
tions can be safely prevented by using an additional funnel
and distal stoppers (d).
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Fig. 30.32a-d. Esophagomediastinal fistula with fibrin seal-
ing. After successful search for the entrance of the fistula an
atraumatic hydrophilic guidewire is inserted (a). This guide-
wire is necessary for the insertion of a catheter (b). After-
wards the guidewire is removed. If there is a larger cavity at
the end of the fistula, flushing can be tried. In narrow
fistulas there is often only a small amount of exudates and
necrotic material. Sometimes it is reasonable to curettage

the inner surface of the fistula by means of a cytology brush
(c). It is inserted with the catheter in place. After these pro-
cedures the components of the fibrin glue are instilled into
the fistula and the cavity until one can see the material
flowing out (d). In most cases repeated applications are nec-
essary after short intervals of a couple of days. Most fistulas
can be treated successfully in benign diseases.
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Fig. 30.33a,b. Esophagotracheal fistula and endoscopic oc-
clusion. In carcinomas of the upper cervical esophagus, com-
binations of stenoses and fistulas are common. Generally the
occlusion of the fistula is possible by positioning a well fit-
ting plastic stent (Celestin) which simultaneously keeps the
passage free (a). According to the topographic position,
modifications of the stent design might become necessary,
e.g. shortening of the funnel. Only in some cases is the addi-
tional stenting of the trachea necessary (b). With one or two
proximal correction threads, repositioning of the stent is pos-
sible later. In very high cervical fistulas, these proximal cor-
rections are not possible because of patient intolerance.

Fig. 30.34. Esophagotracheal fistula following infiltration of
carcinoma with endoscopic occlusion. In addition to the
cheaper plastic prostheses (e.g. Celestin), self expanding me-
tal stents are commonly used in developed countries. For this
purpose silicon- or polyurethane-coated stents are available

e e mm e
AT

|

(Strecker-, Gianturco- or Wall-stents). The Choo-stent (Korean
stent) has certain advantages for occlusion treatment. Its
configuration prevents migration and a special traction loop
facilitates extraction of the stent.
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Fig. 30.35a, b. Very proximal cervical esophagotracheal fistu-
las require special modifications of the plastic stent used,
e.g. Celestin or Baby-Celestin (a). Patient intolerance is a ma-
jor problem. In this position, smaller tubes with 9 or 12 mm
diameter and shortened funnel are necessary (b). Additional
distal stoppers to prevent proximal dislocations are not nec-
essary.
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Dilatation of benign stenoses
I Introduction

The majority of benign esophageal stenoses
are the result of corrosive injuries due to caus-
tic ingestion, reflux esophagitis, and radiother-
apy. The historic blind methods of dilatation
have been replaced by endoscopy-based tech-
niques. In addition, for very short stenotic seg-
ments, local injections of steroids or incision
with electrocautery can be attempted.

I Indications

All benign stenoses resulting in dysphagia
should be treated.

I Contraindications

Dilatation is contraindicated in the setting of
acute tissue necrosis after caustic ingestion. It
should be delayed in the context of other acute
medical illnesses such as myocardial infarction
or cerebral infarction. If possible, enteral feed-
ing should be secured by placing a thin soft
nasogastric tube. In patients with concomitant
esophagomediastinal or esophagotracheal fistu-
lae, the dilatation treatment must be completed
by sealing the fistula with an appropriate stent.

I Special preparation

- Liquid food should be given for a couple
of days before treatment. Endoscopy-
guided lavage of the prestenotic esopha-
gus may be necessary prior to treatment.

- Other preparations are made in accor-
dance to the standards of safety and mon-
itoring in endoscopic treatment.

- Antibiotic prophylaxis may be needed.

- Position: Left lateral.

I Instruments

Gastroscopes with different diameters (includ-
ing pediatric endoscopes) and large working
channels (6.0 mm); Savary-Gilliard dilators with
12-42 Fr diameters; double-channel balloon
catheters with diameter up to 30 mm and bal-
loon length of 4-10 cm; guidewires with flexible
tips. For stenoses that cannot be traversed even
with a pediatric endoscope, additional 0.032-
0.035 inch hydrophilic guidewires.

I Special techniques

- Positioning of guidewires in very narrow
stenoses (Figs. 30.36-30.39); bougienage
(Fig. 30.40)

- Balloon dilatation (Fig. 30.41).
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Fig. 30.36. Dilatation of benign stenoses. As first step a
guidewire (Savary-Gilliard) is inserted through the stenosis.
Under endoscopic control the flexible tip passes through the
small luminal opening. In short stenoses this technique is
not difficult.

Fig. 30.37. The guidewire is pushed forward into the stom-
ach and fluoroscopic monitoring can be helpful. In very nar-
row and tortuous stenoses which are difficult to pass, biliary
guidewires should be used first (Terumo, Tracer). With this
assistance a pediatric endoscope (7.9 or 5.3 mm diameter)
can usually pass through the narrow segments. The wire
helps to stiffen the flexible tip of the endoscope, facilitating
its passage through the tight stenosis.

Fig. 30.38. The endoscope, assisted by the guidewire, has
passed through the stenosis. The distal esophagus, the eso-
phagogastric junction and stomach can then be examined.

Fig. 30.39. Longer and very narrow stenoses are usually tor-
tuous and cannot be passed with standard Savary-Gilliard
guidewires. To manage these cases, hydrophilic atraumatic
biliary guidewires are essential, which should be inserted un-
der fluoroscopic monitoring. Using its flexible tip, tortuous
parts of the stenosis can be passed by twisting the wire.
After successful passage, the thin guidewire is replaced by a
standard Savary-Gilliard wire with the assistance of a 9 Fr
catheter.
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Fig. 30.40. The bougie is pushed over the guidewire whose
tip is situated in the distal stomach. The bougienage is per-
formed step by step and care is taken to avoid excessive
force. For each treatment session, the increase in diameter
should be limited to 2 mm diameter in order to reduce the
risk of perforation. It is safer to split the whole procedure to
several sessions once or twice a week.

I Complications

Perforation is the most important complica-
tion. It can be caused by inserting either the
guidewire or dilator too forcefully or with ex-
cessive balloon dilatation.

Prevention: Use of guidewires with flexible
tips; insertion of guidewires with endoscopic
or fluoroscopic control; use of an atraumatic
hydrophilic biliary guidewire in very narrow,
tortuous stenoses; bougienage in small steps,
with not more than 3 attempts per session.

Attention: The risk of perforation is always
higher if one does not insert guidewires!

If the diameter of the dilator exceeds 42 Fr,
the risk of perforation increases significantly.

Treatment: If perforation has happened or is
suspected, fluoroscopic examination with water-
soluble contrast should be carried out immedi-

Fig. 30.41. In some situations, such as in the presence of
pre-existing ulcers or inflammation of the esophageal wall,
bougienage should be avoided due to an increased risk of
perforation. In this scenario, a temporary gastric feeding tube
can be used to start enteral feeding. After the inflammation
has resolved in a couple of weeks, the dilatation can be re-
attempted.

ately. In small lesions, endoscopic clipping and
conservative treatment with parenteral nutri-
tion and antibiotics is justifiable. The inser-
tion of a stent to seal the perforation may be
helpful in borderline cases. For all major per-
forations, open or minimally invasive surgery
is indicated.

1 Follow-up

In all uncomplicated cases, liquid food can be
started after a few hours, progressing to pasty
food the next day. In stenoses related to reflux
esophagitis, long-term treatment with proton
pump inhibitors (PPI) is required. Many ste-
noses require repeated sessions of dilatation.
This should be continued in weekly or fort-
nightly intervals up to a diameter of 13-14 mm.
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Stenotic esophageal anastomoses and membranes (webs)

I Introduction

Stenoses as a result of scar formation can be
observed after esophagectomies or resection of
the gastric cardia. In the treatment of these
cases, conventional surgery has largely been re-
placed by endoscopic techniques. Congenital
webs needing treatment are rare. Endoscopic
procedures used include the following: bougie-
nage, balloon dilation, incisions using electro-
cautery or laser, injection of steroids. The latter
has been specially approved for children. Very
often, a combination of techniques is used.

I Indications

All clinically apparent stenoses caused by scars
or webs.

1 Contraindications

Endoscopic treatment is contraindicated in the
setting of fresh anastomoses with visible signs
of inflammation or in the presence of fistulae.
In these situations spontaneous recovery is still
possible and temporary treatment with feeding
tubes can be used to obtain enteral access. In
all cases of recurrent tumors, dilatation per se
would be inadequate; the treatment of choice
would be stent placement or surgery.

I Preliminary examinations

Endoscopy with biopsy in the case of previous
tumor resection in order to detect recurrences;
EUS £ FNA; fluoroscopic examination to detect
fistulae; coagulation status.

I Special preparation

Liquid food for a couple of days. If necessary,
lavage of the prestenotic area just before endo-
scopic treatment. Adherence to conventional
standards of quality and safety in endoscopic
procedures.

I Instruments

Small caliber or standard gastroscopes; Savary-
Gilliard dilators; balloon catheters with fixed
final diameters; standard guidewires; flexible
atraumatic biliary guidewires for very narrow
stenoses; needle papillotome for stricturotomy
or partial resection of a scar; argon plasma; in-
jection needles for local application of steroid
solutions.

I Special techniques

- Bougienage over a guidewire (Figs. 30.42,
30.43)

- Thermal treatment by cutting or excision
(Fig. 30.44-30.46).
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Fig. 30.42. Scars or webs. Bougienage with endoscopic in-
spection of the lesion. If the lumen is very narrow, a guide-
wire should be inserted to assist the bougie. The dilatation
is performed with limited pressure and repeated using dila-
tors of different diameters. This technique is adequate mainly
for webs and very short elastic strictures caused by scars.

Fig. 30.43. The result of the bougienage can be observed
immediately through the endoscope. If a pediatric gastro-
scope cannot pass through, the dilatation is usually still in-
adequate.

Fig. 30.44. In very hard scars with granular tissue reaction
the dilatation treatment should be supplemented by endo-
scopy-controlled incisions. They are performed with a needle-
knife papillotome or with the tip of a snare.

p

Fig. 30.45. Usually 3-6 radial cuts are necessary. The fibrosis
of the surrounding tissue protects against perforation. Bou-
gienage or balloon-dilatation follows the incisions immedi-
ately or after an interval of a few days.



350

I V.l Gallinger et al.

Fig. 30.46. Stricturotomy can also be performed with argon
plasma coagulation. There are no perceptible advantages as
compared with electrocautery. Personal preferences seem to
be of major importance. Using this technique, the cuts are
also performed by multiple radial incisions, followed by bou-
gienage or balloon dilatation.

I Complications

- Rupture of the esophageal wall is very
rare. The inner layer of the wall should be
carefully inspected after every dilatation.

- Hemorrhage after incision is generally mi-
nor. If necessary, it can be stopped by
sclerotherapy or endoscopic clip applica-
tion.

- In many cases, the first treatment is not
fully sufficient. If this is the case, the
treatment should be repeated at weekly
intervals until adequate.

I Follow-up

In uncomplicated cases liquid food is per-
mitted 3-4 hours after treatment. Normal soft
diet is allowed after a couple of days.

The effect of treatment should be monitored
after one week by endoscopy. If necessary, the
next session can start immediately. A normal
or near normal diameter of the lumen is the
aim of treatment.

Re-stenoses are not very common after suc-
cessful dilations. Therefore endoscopic monitor-
ing is necessary only with recurrence of clinical
symptoms, except for patients with previous
tumor resections.

After injection of steroid solutions, follow-up
endoscopy should be performed after 2 weeks
and later on recurrence of symptoms, with re-
peated injections if needed.
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Achalasia
I Introduction

There is a general consensus that endoscopic
treatment should be tried before surgery in all
patients with achalasia. Two endoscopic tech-
niques are used: Endoscopy or fluoroscopy
guided balloon dilatation and injection of bo-
tulinum toxin into the muscle layer. The clini-
cal experience with the use of dilatation for
treatment is over 2 decades, while that for bo-
tulinum toxin injection spans several years.
The clinical outcome after botulinum injection
is more variable. The effects of other forms of
injection treatment are under clinical review.

I Indications

Balloon dilatation can be used as the initial
treatment. It can also be used after unsuccess-
ful botulinum toxin injection or surgery. There
are 2 technical modifications: high compliance
balloons (HCB) and low compliance balloons
(LCB), each with different pressures and final
diameters. Injection with botulinum toxin may
also be used as initial therapy, but one must
bear in mind the poorer long-term outcome
and higher costs.

I Contraindications

Treatment is contraindicated in the presence of
severe medical comorbidities such as acute
myocardial infarction, strokes, and respiratory
insufficiency. One must exclude the possibility
of malignant tumors of the gastroesophageal
junction mimicking achalasia. In the context of
concomitant epiphrenic diverticula, it is diffi-
cult to estimate the risk of complications, and
hence the treatment options must be carefully
reviewed.

I Preliminary examinations

Complete diagnostic testing including radiog-
raphy, endoscopy with biopsies and manome-
try are done prior to treatment. If there is a
suspicion of infiltrative tumors, biopsies of the
deeper layers and EUS are imperative.

I Special preparations

- In very narrow stenoses, liquid food
should be started several days before
treatment. If necessary, a lavage under en-
doscopic control should be performed be-
fore commencement of endoscopic treat-

ment.
- Other preparations according to the stan-
dards for safe endoscopic treatment

should be adhered to.
- Prophylactic antibiotics may be needed.
- Premedication: Analgesia-sedation.

I Instruments

For injection treatment endoscopes with large
working channels (3.7 mm) or a double chan-
nel are preferred in order to facilitate simulta-
neous suction. For pre-treatment lavage, endo-
scopes with 6 mm working channels are help-
ful.

For balloon dilatation, endoscopes with a
smaller diameter are more appropriate for easi-
er insertion into the stomach.

Important accessories: balloon dilators of
different diameters with manometric control;
injection catheters with predetermined needle
length to allow safe infiltration of the muscu-
laris propria (EUS may be used, if necessary,
to guide the exact position of the botulinum
deposits); guidewires for very tight stenoses;
botulinum toxin (about 5ml per session,
equivalent to 80-100 U).
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I Special techniques

- Injection treatment (Figs. 30.47, 30.48)

- Balloon dilatation (Fig. 30.49)

- Endoscopy controlled balloon dilatation
over a guidewire (Fig. 30.50).

I Complications

Tears of the esophageal wall, with or without
perforation, are the most common complica-
tions. If only the mucosal layer is involved, no
specific treatment is necessary. Bleeding can be
arrested by local infiltration with 0.05% epi-
nephrine. In the case of deeper tears, an im-
mediate fluoroscopic examination with water-
soluble contrast should be performed. Small
transmural tears can be treated with endo-

scopic clipping, parenteral nutrition, and anti-
biotics. However, if mediastinitis or peritonitis
develops, conventional open or minimally inva-
sive surgery is indicated.

Botulinum toxin injections may lead to retro-
sternal pain or a burning sensation; sponta-
neous relief can be expected within a few days.

I Follow-up

In uncomplicated cases liquid food can be per-
mitted 2-3 hours after treatment, followed sub-
sequently by normal diet. Treatment may be
repeated upon recurrence of symptoms, which
is not uncommon. Based on our experience,
the effect of treatment lasts for several months.
If the overall outcome is unsatisfactory, surgery
may be indicated.
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Fig. 30.48. Injection treatment of achalasia. The exact posi-
tion of the needle can be identified using endosonographic
examination. The intended muscularis propria is the echo-
poor layer just beyond the echo-rich submucosa (double-ar-
row). During the injection a widening of the narrow echo-
poor muscular layer can be observed.

Fig. 30.47. Injection treatment for achalasia. The injection
needle is placed exactly into the area of the lower esopha-
geal sphincter. The tip is pushed forward just to the muscu-
lar layer (insert, 3). For each treatment session about 5 ml of
botulinum toxin is injected in 4-6 deposits (1 mucosae,
2 submucosae, 3 muscularis propria, 4 surrounding tissue).

Fig. 30.49. Achalasia with dilatation treatment. The balloon
dilator is attached to the distal end of the endoscope next
to the flexible distal end. The major advantage of this tech-
nique is that direct observation of the treatment result by
retroflexion of the endoscope is possible.
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Fig. 30.50a,b. Achalasia with dilatation treatment. In very
narrow stenoses of the lower esophageal sphincter, a guide-
wire is inserted first. Over it, the balloon is pushed until the
narrow segment is just in the middle of the balloon. Fluoro-
scopic monitoring is used (a). The markings of the catheter

permit a reliable estimation of the position. Then the pres-
sure is slowly increased with manometric control. The selec-
tion of an adequate balloon diameter is essential. During
fluoroscopy one sees the waist of the balloon slowly disap-
pearing (b).
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Diverticula
I Introduction

Diverticula of the esophagus are herniations of
the mucosal layer through a gap of the muscu-
laris propria (i.e. false diverticula). They are
mainly found in the hypopharynx (Zenker’s di-
verticulum) or near the diaphragm. Diverticula
become clinically important when they impede
the normal passage of solid food. Traditionally
the treatment is surgical. The first non-surgical
procedures for Zenker’s diverticulum were per-
formed by ENT surgeons through laryngoscopes
(Dohlman and Mattson 1960). The principle of
endoscopic treatment is the incision of the sep-
tum between the esophageal wall and the diver-
ticulum, thus preventing the retention of food
particles.

I Indications

All patients with symptomatic Zenker’s diver-
ticula with clinical symptoms can be treated.
In high risk patients, endoscopic treatment can
replace conventional surgery.

I Contraindications

Treatment is contraindicated in the presence of
inflammation of the diverticular wall.

I Preliminary examinations

Endoscopy and radiography to determine the
anatomy of the diverticulum and septum, and
to assess the presence of inflammation; coagu-
lation status.

I Special preparations

- Liquid food for a few days

- Monitoring and safety procedures as per
recommended standards

- Premedication: Analgesia-sedation

- Position: Left lateral.

I Instruments

Therapeutic gastroscopes with either a large
working channel or dual channel.

Accessories: Needle knife. Alternative: Argon
plasma coagulation.

I Special technique

Cutting the septum with the assistance of a
nasogastric tube (Figs. 30.51-30.54).

I Complications

- Hemorrhages are generally minor; if
needed, they can be stopped by injec-
tions.

- Perforation with pneumomediastinum and
mediastinitis are very rare complications.

Treatment of perforation in Zenker’s diverticu-
lum is mainly conservative with parenteral nu-
trition and antibiotics. Small perforations may
be closed by endoscopic clipping.

If the clinical response is inadequate, treat-
ment sessions can be repeated at 3 weeks.

1 Follow-up

Intravenous fluids should be maintained for a
few days, followed by gradual introduction of
pasty and then solid food. When the treatment
is completed, the results should be documented
by radiography.
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Fig. 30.51a,b. Endoscopic treatment of Zenker's diverticu-
lum basically means the destruction of the septum between
the esophagus and the diverticulum to achieve symptomatic
relief from retentions of food (a). The result is a broad con-
nection between the diverticulum and esophageal lumen
and a flat diverticular cavity (b).

Fig. 30.53. A complete destruction of the septum is not
necessary. Sometimes it is safer to leave a small residual sep-
tum in place. It is more important to achieve functional re-
sults than perfect anatomy.

Fig. 30.52. The incision of the septum between the divertic-
ulum and the esophageal lumen can be performed using
pure cutting current or argon plasma coagulation. In some
cases with larger diverticula, the treatment may need to be
repeated at 3 week intervals.

Fig. 30.54. A nasogastric tube is inserted to allow correct
orientation of the location of the diverticulum. For both the
needle knife and argon plasma coagulation techniques, the
incision should not exceed 20 mm in one treatment session
to avoid perforation. It can be continued at 3 week intervals.
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Due to the grave risk of insufficiency of the
esophageal anastomosis and considering the
severe operative trauma that is involved, sur-
gery of the esophagus is one of the most
dreaded operations in visceral surgery even to-
day.

The post-operative complications could oc-
cur in the early or in the late post-operative
period.

Early post-operative complications

I Necrosis of the gastric tube

The first manifestation of gastric tube necrosis
is the insufficiency of collar anastomosis,
which presents clinically either as salivary fis-
tula with fever as reddening of the skin, or re-
sults in a rise in amylase content of the drain-
age secretions.

In some cases, the first and only manifesta-
tion of gastric tube necrosis is the develop-
ment of cardiac arrhythmias with subsequent
mediastinitis.

Therefore, as soon as the symptoms occur,
an endoscopy may be performed to assess the
blood circulation.

If a necrosis of the gastric tube is demon-
strated by endoscopy, the collar anastomosis is
promptly released, and the necrotic segment of
the bridging graft is resected.

The operation is concluded by providing
mediastinal drainage, collar esophagostomy,
and gastrostomy with the residual stomach.

The residual stomach is left behind for as
long as possible in order to ensure a good length
of the residual stomach for secondary recon-
struction. The proximal esophageal stump is
not shortened for the same reason.

Fig. 31.1. Necrosis of the gastric tube after esophageal
resection and transposition of the stomach in the former
esophageal bed of the collar anastomosis.
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I Necrosis of the colonic bridging graft

After interposition of the colon, the bridging
graft can likewise undergo necrosis. A necrosis
of the colonic graft is clinically not different
from a necrosis of the stomach graft.

An immediate discontinuity resection with
intensive drainage of the mediastinum is the
preferred treatment in this case as well. Be-
sides collar esophagostomy, a catheter jejunos-
tomy is also necessary.

Esophagostoma

Gastrostoma

Fig. 31.2. Situation after discontinuity resection of the gas- Fig. 31.3. Site after esophago-gastrectomy and necrosis of
tric tube. the colonic bridging graft.



31 Post-operative Complications of the Esophagus and Esophagus Bridge Graft B 363

Fig. 31.4a,b. Situation after discontinuity resection of the  mal jejunum. The site of insertion of the catheter into the
colonic bridging graft, collar esophagostomy, and catheter je- small intestine is closed with a purse-string suture and addi-
junostomy. For catheter jejunostomy, the jejunum is punctu-  tionally reinforced by invaginating sero-muscular sutures.

red, and a nutrient catheter pushed deep into the proxi-
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I Fistula between the bridging graft
(colon, stomach) and the trachea

The development of a fistula between the bridg-
ing graft and the trachea is one of the most
dreaded complications. The fistula can be lo-
cated in any part of the trachea, the most com-
monly affected region being the portion of the
trachea above the tracheal bifurcation. The de-
velopment of a fistula is an indication for sur-

gery.

Fig. 31.5. Pedicle pericardial flaps for closing a fistula be-
tween the esophageal bridge graft and the trachea. The
approach is via thoracotomy in the right 5th intercostal
space. The latissimus dorsi muscle should never be incised.
The fistula between the esophageal bridge graft (e.g. gastric
tube) and the supra-bifurcational trachea is excised and the
defect in the gastric tube is closed with button-hole sutures.
The excision of the fistula leaves a defect in the region of

the pars membranacea of the trachea which can be sealed
air-tight by a pedicle flap of the pericardium. The phrenic
nerve is separated from the pericardium and held ventrally
by using a nerve hook. The pericardiac-phrenic artery and
vein form the vascular pedicle of the pericardial flap. To pre-
vent necrosis of the flap, it is necessary that the length of
the pericardial flap does not exceed three times the flap
base.
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Fig. 31.6. Pedicle flap of the pericardium for closing a fistula
between the esophageal bridge graft and the trachea. The
pericardial flap is transposed below the pulmonary artery be-
tween the pulmonary vein and the pulmonary artery to the

pars membranacea of the supra-bifurcational trachea and su-
tured circularly with button-hole sutures (Vicryl 4/0) into the
defect in the pars membranacea. The suture should be as
air-tight as possible.
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Fig. 31.7a-c. Flap of the latissimus dorsi muscle for muscu-
lar covering of a tracheal fistula. Keeping the muscle fascia
intact, the latissimus dorsi muscle is mobilized subcuta-
neously up to the iliac crest. Similarly, keeping the vascular
bundle intact, the lower surface of the latissimus dorsi mus-
cle is also mobilized. The muscle is lifted from the iliac crest
(a). After resection of the 4th rib from behind the anterior

axillary line, the muscle is transposed into the thoracic cavity
through the window thus formed in the thoracic wall (b).
The muscle is elevated and placed loosely between the tra-
chea and the esophageal bridge graft. The muscle is fixed to
the cartilaginous part of the trachea with a few sutures (c).
The muscle should not be fixed to the pars membranacea.
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Late post-operative complications

1 Esophageal cul-de-sac is a typical change ob-
served after shunting operations of the esopha-
gus.

The following are the indications for correc-
tive surgical intervention in cul-de-sac syn-
drome:

I Retention of food in the cul-de-sac
I Regurgitation of food
I Severe esophagitis.

Fig. 31.8a,b. Dissection of the esophagus below the cervi-
cal anastomosis and blind closure of the aboral end of the
esophagus. This corrective surgery can be performed only if
a minimum length of the stricture is still patent; otherwise,
there could be a risk of retention of the secretions, leading
to bacterial growth. If there is no minimum passage in the
stricture, an esophagectomy must be performed right after
thoracotomy.
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Fig. 31.9a,b. A second alternative is to separate the colonic
bridge graft from the cervical esophagus and to transpose it
into the right thoracic cavity. Intrathoracic anastomosis of
the esophagus with the colonic bridge graft directly above
the stricture. The access is gained via a cervical incision ex-
tending below up to the abdomen. Intrathoracic transposi-
tion and anastomosis via a right thoracotomy.

Fig. 31.10a,b. The simplest corrective surgery is a closure
of the colon-gastrostomy and anastomosis of the distal end
of the colonic bridge graft with a Roux-y loop of the jeju-
num.




31 Post-operative Complications of the Esophagus and Esophagus Bridge Graft 1

369

Fig. 31.114a,b. A trunk vagotomy with pyloroplasty may be
performed as an alternative.

Fig. 31.12a-d. A classical esophageal bridge graft of the je-
junum (Roux-Hertzen — Yudin) can lead to severe intestinal
disturbances. A majority of the symptoms can be eliminated
by resection of a jejunum segment directly above the jejuno-
jejunostomy, taking care to avoid trauma to the jejunal vas-
cular arcade and to the anastomosis of the jejunum with the
stomach.

The late post-operative complications of a colonic bridge
graft include an undesirable lengthening of the colon with
difficulty in passage. The preferred corrective surgery in this
case is a resection of the excessively long colonic segment
and end-to-end anastomosis of the ends of the colon. A
trauma to the colonic vessels can be avoided by skeletoniz-
ing the intestine very close to the intestinal wall.
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Fig. 31.13 a, b. Resection of an excessively long colonic bridge
graft.

In principle, the vessels draining the colonic bridge graft should
not be traumatized during resection of a colonic segment.
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I Cicatrized stenosis of an esophago-gastrostomy or esophago-colostomy
(pharyngeo-gastrostomy or pharyngeo-colostomy)

Surgery is indicated only if conservative therapy fails.

Fig. 31.14a-c. Transverse incision of the colon above the
strictured anastomosis. Circular excision of the stricture and
adaptation of the mucosal border with interrupted sutures
5 mm apart (Vicryl 4/0). The intrathoracic and intraabdomi-
nal strictures can be managed similarly.

Fig. 31.15a,b. In some cases, a complete excision of the
strictured segment with end-to-end anastomosis is necessary.
Surgery must always be followed by intraluminar decompres-
sion and external drainage of the operative area.
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I Cicatrization and deformation
of the pyloric region

The pyloric region can undergo deformation
and stenosis many months and even years after
esophageal resection with interposition of the
stomach, causing severe dysphagia.

Fig. 31.16. Cicatrization and deformation of the pylorus after
interposition of the stomach (a). The cicatrized stenosis can
be by-passed by gastro-jejunostomy with a Roux-Y loop (b).
Alternatively, the stenosis can be subjected to stricturoplasty
by a side-to-side jejunostomy with a Roux-Y jejunal loop (c).
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laparoscopic Nissen fundoplica-
tion 65

laparoscopic operations, fail-
ures 67

laparoscopic Toupet fundoplica-
tion 65

laparoscopy, GERD 259

laparotomy

- median 205, 264, 268

- - epigastric 223

upper 182

upper abdominal 261

- upper midline 110

transverse lower abdom-

inal 205

large bowel mobilization 206

large working channels, gastro-
scopes 324

large-bore bougie 300

laryngeal nerve 85

- recurrent, paresis 222

62, 63

laryngoscope, self-retrain-
ing 298
laser ablation 327
laser treatment 335
2-layer anastomosis, esophago-
gastrostomy 150
leakage from anastomoses 48
left triangle ligament 113, 186
left-sided double lumen

tube 46
leiomyoma 15, 20
- EUS 21

- nucleation 282

- thoracic esophagus 281, 282
leiomyosarcoma, EUS 21
ligament

- colico-phrenic 209

- esophageal

- — lateral 131, 155

- - - right 131

--- left 132

- gastrophrenic 123

- gastrosplenic 304

- hepatoduodenal 202

- - lymphadenectomy 201, 203
- phrenico-colic 209

- - right ligament 208

- phrenicoesophageal 123

- phrenicogastric 202

- pulmonary 131, 172, 173
ligamentum teres cardio-
pexy 62

ligamentum teres-plasty 259,
263

light diffuser 333

limited resections 93

linear stapler 135, 182, 201,
212, 221, 251, 276, 278, 297,
298, 299, 300

lipomas, EUS 21

liver cirrhosis 23

liver metastasis 93

liver, left lobe 186, 249, 301

- lateral 270

local intraluminal treatment,
laser 85

local recurrence, esophageal
cancer 31

loco-regional residual tumor
77

long Barrett’s segment 92, 247

long colonic bridge graft, resec-
tion 370

longitudinal myotomy 255

Lugol’s solution 20, 327, 328,
333

lung function tests 43

lung retractors 309

lymphadenectomy 85

- abdominal 85

- abdominothoracic subtotal en
bloc esophagectomy 174

- celiac trunk 202

- epigastric 111

- 2 field 89, 103

- - extended 99

- 3 field 86, 89, 103

- hepatic artery 249

- mediastinal 180

- — paraaortic 180

- - retropericardial lymph

nodes 180

- middle colic vessels 187

- paraaortal 179, 192, 202

- paraaortic, right 191

- paracaval 191, 192

- posterior mediastinum 136

- retropancreatic 191

- splenic artery 249

- supraradically 192

- transhiatal esophagect-
omy 85

lymphatic system, anatomy 82

lymphatic vessels 5

- submucous layer 10

lymph-node 8

- affected by micrometasta-
sis 84

- anatomical nomenclature 8

- bronchopulmonary 8

- celiac trunk 9, 73, 91, 93

- cervical 5, 73, 74, 82, 97, 100

- - dissection 103

- - esophagus 111

- - metastases 101

- - recurrence 99

unsuspicious 89

- clearance 91

- coeliacal 8

- cranial paraesophageal 177

diaphragmatic 8

- dissection 117

- - 3-fields 84

- - hepatic artery 117

- - mortality 103

- - principles 81

- - radical 100

- - survival rates 103
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- distant abdominal 84

- gastric 8

- gastric superior 83
mediastinal 8,16, 73, 75, 161
- - middle 82

- - superior 82

metastasis

- frequency 81

- - mapping 83

- paraaortic 120

- paraesophageal 5, 16

- perigastric 8, 73
prevertebral 5, 8

- recurrence 98

regional 5, 73, 74, 75

- — compartments 74

- - intrathoracic esophagus 75
- - mediastinal compart-

ment 75
- - perigastric compart-
ment 75

resection, radical 97

retrotracheal 176

- subcarinal, lymphadenec-
tomy 178

- supraclavicular 16

- tracheal bifurcation 310

lymphoepithelioma-like carcino-

ma 72

malignancy, early, classifica-
tion 20
malignant hyperthermia 45
Mallory Weiss lesions 315, 317,
318, 319
- recurrent bleeding 323
Mallory-Weiss tear 22
manometry 24, 259, 351
- dilatation 354
manubrium sterni 218
Mark IV operation 260
meatballs, obstruction 326
mechanical echoendoscopes 27
medastinum, dorsal 271
median epigastric laparo-
tomy 223
mediastinal drainage 361
mediastinal lymph nodes,
lower 83
mediastinal pleura
310
- rupture 217

165, 278,

mediastinal visceral pleura, in-
jury 155

mediastinitis 109, 223, 247,
275, 283, 323, 326, 331, 332,
352, 361

mediastinoscope, modified 312

mediastinum

- drainage 153, 165

- posterior 273

- - colon interposition 219

- - inferior 249

- - lymphadenectomy 136

- - tamponade 155

- superior 4

medullary carcinoma 14

megaesophagus 109

megaesophagus congenitus 12

membranes (webs) 348

Merendino procedure 93

mesocolon 251

mesosigmoid 209

metaplastic mucosa 248

metastatic potential, early eso-
phageal cancer 82

methylene blue 20, 22, 327,
328, 333

MIC 297

micrometastasis 75

- lymph node groups 84

- occult 82

microscopic skip metastasis 77

Mikulicz retractor 111, 128,
131

miniprobes 19, 30, 31

- EUS 27

- N-staging 32

Minnesota tube 315

mortality rate 101

motility disorders, MIC 301

MRI 16

MRI probes, intraluminal 18

M-staging, EUS 27

mucinous adenocarcinoma 72

mucoepidermoid carcinoma 72

multifocal high grade dyspla-
sia 334

multiple linear stapler 250

multiple-band application 320

multi-slice CT accuracy 29

- imaging 16

multi-stage procedure 233

muscle

- cricopharyngeal 11, 275, 276

- latissimus dorsi 364

- - flap 366

- longissimus cervicis 3

- lower pharyngeal constrictor,
myotomy 276

- omohyoid 144, 311

- pharyngeal constrictor 276

- - myotomy 277

- sternocleidomastoid 144,
145, 217, 225, 276, 284, 285,
311

- trapezius 86

muscle-flap 285

myocardial infarction 44

myotomy

- circular, abdominal esopha-
gus 265

- cricoparyngeal 297

- extramucosal 300

- laparoscopic with fundoplasty,
port side 301

- long 307

- longitudinal 255

- lower esophageal sphincter
299

- margins 256

- risk of perforation 301

narrow stenoses 337, 346
nasal intubation 45
naso-gastric probe 286
naso-gastric feeding tube 162
naso-gastric tube 47, 150, 152,
195, 273, 303, 306, 336, 355,
357
- enteral feeding 345
- postoperative edema 149
N-butyl-2-cyanoacrylate 323
Nd-YAG laser 334, 335
neck anastomosis, alternative
methods 154
neck dissection 86, 90, 98
neck emphysema 283
necrosis of the colon 199, 205
necrosis of the interposi-
tion 222
needle knife 327, 331, 357
needle-knife papillotome 348,
349
neoadjuvant chemoradia-
tion 91
neoadjuvant preoperative che-
motherapy/radiotherapy 98
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neoadjuvant treatment, effectiv-
ity (Ef) 78

neoadjuvant treatment, histolog-
ical regression 78

neoadjuvant treatment, tumor
regression grade (TRG) 78

neo-esophagus, affection 205

neo-fundus 247, 248, 250, 252

nerve supply, esophagus 10

nerve

- esophageal plexus 9

- laryngeal nerves 86

- parasympathetic 8

- phrenic 85, 364

- - right 172

- - injury 101, 104, 109
- - palsy 103

- — pareses 171
- reccurent 4

- - laryngeal 98, 145, 147, 171,
174

- - - injury 101, 104, 109

--- palsy 10

- — - pareses 171

- - - right 172

- - left 313

- symphathic nerve 8

- vagus 9,10,125,131,171, 174,
186, 247, 249, 254, 301,303,
304

- — dorsal branch 304

net retriever basket 326

Nissen fundoplication 61, 259,
260

- laparoscopic 65

- outcomes 62

Nissen
- floppy 67
- slipped 66

Nissen-Rossetti procedure 67,
260

nitrous oxide 45

nocturnal heartburn 12

nonerosive reflux disease 52

non-Hodgkin’s lymphoma 28

N-staging

- CT 17

- EUS 27

nutcracker esophagus 24

nutrition tube 275

nutritional status 43

obliteration, esophageal
varices 315

obstructions, malignant tu-
mors 335

occult micrometastasis 82

omentum, lesser 249

one-lung ventilation 47

operating times 103

operation, exclusion 41

operative mortality 99

operative risk profile, evalua-
tion 39

optional categories, TNM sys-
tem 76

outflow obstruction 253

over-tube 320, 324, 325, 326

pain therapy, postoperative 48

palliative esophageal resec-
tion 93

palliative radiochemother-
apy 93

palliative resection 109

pancreas 188, 200

pancreatic capsule 200

pancreatic corpus, dissec-
tion 193

pancreatic head 189

pancreatic tail 188, 189

pancreatitis 109, 199, 247

paraaortal region 203

parabronchial diverticulum exci-
sion 299

paravariceal sclerotherapy 23

parental nutrition 253, 336,
347, 352

parietal pleura, tumor infiltra-
tion 135

partial abdominothoracic resec-
tion 157

- parietal cell vagotomy
259, 265, 267

partial fundoplication 65, 66,
258

pathologic classification, eso-
phageal carcinoma 71

pediatric endoscope 20, 337,
338, 341, 349

penrose drain 153

peptic stenosis 13, 260

peptic stricture 22, 109, 266,
267

- techniques 264

- total esophagus 205

percutaneous endoscopic gastro-
stomy (PEG) 336

percutaneous endoscopic jeju-
nostomy (PEJ) 335, 336

perforation 11, 275

- clipping 332

- fluoroscopic examina-
tion 336, 347

- foreign bodies extrac-

tion 326

mediastinitis 357

pneumomediastinum 357

sclerotherapy 323

stenting 323

pericardial flaps 364, 365

pericardial infiltration 134

perioperative antibiotic thera-
py 110

perioperative ECG 43

perioperative opioid applica-
tion 181

peritonitis 109, 247, 352

perivascular injection 320

pH manometry 21

pH metry-24-hours 259

pharmacotherapy, variceal
bleeding 315

pharyngeo-colostomy 212

- cicatrized stenoses 371

- latero-lateral 220

pharyngeo-gastrostomy 152

- cicatrized stenoses 371

photodynamic therapy 84, 327

photodynamic therapy of
tumors (PDT) 327, 333

- efficacy 333

- high grade dysplasia,
Barrett 333

- ineffectiveness 334

- non-resectable carcinoma
333

- photosensitivity 333

- strictures 334

- superficial spreading tumor
333

- surveillance biopsy 334

photosensitizer 333

phrenic crura 272

phytobezoar 326

piriform fossa 152
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plastic stent 339, 341

pletyhsmography 41

pleura

- empyema 109, 223,247, 283

- flap 279, 286

- parietal 218

- visceral 218

pleural cavity, drainage
287, 291

pneumatic dilation 303

pneumonia 109

- post-operative 101

pneumothorax 48, 155, 331

- laparoscopic fundoplica-
tion 63

3-point support, fundoplica-
tion 306

polidocanol 319, 336

polyposis of the interposi-
tion 222

poor nutritional status 43

Porfimer-Sodium 333

portal hypertension 22, 23

portocaval anastomose 5

positive endexpiratory pressure
(PEP) 47

positron emission tomography
(PET) 18, 29

- accuracy 29

post operative adjuvant thera-
pies 98

posterior fundoplication 65

postoperative hemody-
namic 222

postoperative hypotension 48

postoperative management 43

postoperative pain 181

postoperative pain therapy 48

postoperative parameter 222

postoperative pneumonia 98,
101

postoperative reflux 247

postoperative stenosis, preven-
tion 151

postoperative suture dehis-
cence 11

postoperative ventilation 47

pre treatment lavage 351

preliminary treatment

- ethanol 336

- hypertonic saline 336

- isopropanol 336

- polidocanol 336

premedication 44

280,

preoperative autologous blood
donation 44

preoperative chest X-ray 43

preoperative evaluation, risk 43

preoperative imaging 91

preoperative irradation 16

preoperative laboratory test-
ing 44

preoperative management 43,
110

preoperative radiochemother-
apy 81,91

- combined 90

preoperative respiratory status
43

pressure, lower esophageal
sphincter 45

prestenotic dilatation 296

prestenotic esophagus, lavage
345, 348

pre-therapeutic diagnostics

79

chromoendoscopy 79

cytological examination 79

multiple biopsies 79

total biopsies 79

prophylactic antibiotics
351

prosthesis, positioning 341

protective accessories 325

proton pump inhibitors
(PPI) 59, 60, 259, 334, 347

proximal dislocation,
stents 344

proximal jejunum 251

proximal resection 185

proximal stomach, adenocarci-
noma 199

pseudodiverticula 23

pulling thread 341

pull-through procedure 218

pulmonary artery catheter 44

pulmonary complications 103,
109

pulmonary function 41

pulmonary function test 247

pulmonary infections 222

pulmonary ligament 86

purse string clamp 250

pusher 341

pyloric region

- cicatrization 372

- deformation372

pylorotomy 143

335,

R2category, subdivision 77

radical en bloc esophagect-
omy 81

radical lymph node resec-
tion 97, 100

radiochemotherapy

- adjuvant 104

- adjuvant preoperative 102

- induction 89

- preoperative 81, 91

- - combined 90

radiography 335, 341, 351, 355

rat-tooth forceps 326

recess

- left piriform 225

- right piriform 225

recessus piriformis 220

reconstruction, trans-
mediastinal 92

recurrence rate, en bloc eso-
phagectomy 98

recurrences 93

- carcinoma of the gastroeso-
phageal junction 93

recurrent laryngeal nerve 311

recurrent laryngeal nerve
palsy 298

red color signs 23

reflux disease 260, 315, 317,
345

- erosive 52

- nonerosive 52

reflux prevention 258

reflux-related esophageal ulcers
324

regurgitation 275

re-operative surgery

- antireflux operation 67

- approach 68

- mortality rates 68

resection rate, esophageal carci-
noma 99

residual tumor (R), classifica-
tion 77

respiratory insufficiency 48

respiratory therapy 41

re-staging of esophageal cancer,
EUS 31

retractors, mediastinal 132

retroesophageal mobiliza-
tion 303

retroesophageal tunnel 303



384

I Subject Index

retroesophageal window 261

retrosternal tunnel 218

Riffini bodies 10

risk ascertainment, meth-
ods 39

risk minimization, preopera-
tive 40

risk of bleeding, varices 23

risk of recurrence, carcinoma of
the cardiac 92

risk, definition 39

Rochard retractor
261

Roux-Y anastomosis 260

Roux-Y loop 368

rubber band ligation 23, 316,
321, 322, 323

- EMR 330

sagittal diaphragmatomy 185,
290
Savary Miller
- classification 21
- dilator 341, 345, 348
- guidewire 338, 339, 346
scirrhous carcinoma 14
sclerodermia esophagus 24,
66
sclerotherapy 315, 336
- additional treatment 323
intravascular injection 316
of varices, recurrent bleed-
ing 323
perforation 323
stricture 323
self expanding metal
stents 335
Senkstaken-Blakemore
tube 315
septic complications 222
sero-muscular U-stitches
196
short Barrett’s segment 93
short esophagus 13
short gastric vessels
304
short peptic stricture 293
short scarred stenosis 293
Sial retractor system 112
Siewert’s classification 90, 92
sigmoid colon, mobiliza-
tion 209

111, 112,

120, 202,

silicone antireflux prosthe-
sis 260

simple reflux disease 260

single lung ventilation 157, 171

single-band application 320

six-shooter 320

slippage, prevention 305

slipped Nissen 66

small cell carcinoma 72

spindle cell carcinoma 72

spleen, injury 199

splenectomy 185, 188

splenic transaction 189

squamocolumnar junction
(Z-line) 22

squamous cell carcino-
ma(SCC) 20, 72, 73, 89, 90,
91, 109

- prognostic score 73

- recurrence 97

staging of esophageal cancer
25

standard esophagectomy,
results 98

stapler 141

- introduction 169

stenotic esophageal anato-
moses 348

stenotic scars 324

stent

— Choo-stent (Korean) 343

- covered 336

- covered metal 341

- exchange 336

- Gianturco-stent 343

- insertion 347

- instruments 339

- intolerance 336, 341, 344

- migration 339, 341, 343

- placement 93, 335

- plastic stent (Celestin) 343

- proximal correction 343

- sealing 341

- self expanding metal
stent 343

- Strecker-stent 343

- trachea 343

- uncovered metal 336

- Wall-stent 343

sternotomy 86

sternum 217

Stiegman-Goff 321

stomach tube, distal 194

stress ECG 44

stricture

— cicatricial 220

- endoscopic dilatation 259

- injection needles 348

- intraabdominal 371

- intrathoracic 371

- of the esophagogastric junc-
tion 267

- sclerotherapy 323

stricturoplasty 259, 294, 372

stricturotomy 350

subcutaneous tunnel 235

submucosal layer 9

submucosal lymphatic vessels
10, 92

subphrenic area, drainage 153,
157

substernal fascia 218

substernal tunnel 206, 216, 217

- drainage 221

- opening of the pleura 222

subtotal esophagectomy 89

subtotal proximal gastric resec-
tion 92

supra-bifurcational trachea
364, 365

supraphrenic region, drainage
165

symbol descriptors TNM system

- a symbol, TNM system 76

- m symbol, TNM system 76

- r symbol, TNM system 76

- vy symbol, TNM system 76

sympathic nervous system 10

synchronous chemotherapy 97

systemic dissemination, esopha-
geal carcinoma 84

systemic recurrence, esophageal
carcinoma 99

T/pT classification 73

Tlm tumors 31

TINO carcinomas, total gastrect-
omy with lymphadenect-
omy 92

Tlsm tumors 31

TA stapler 182

telescopphenomenon 260, 262

temporary clamping 234

temporary stoma 233

ten-shooter 320

terminal ileum 216
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Terumo 346

thermal treatment 348

thermoablation 327, 336

- surveillance 331

thoracic aorta 4

thoracic drainage 171, 181,
229, 279, 282, 310, 314

thoracic duct 3, 9, 85, 90, 180,
308, 310

- laceration 155

thoracic epidural catheter 44,
48

thoracic esophageal by-
pass 225

thoracic esophagus

- en bloc-resection 161

- leiomyoma 281, 282

- lower, 91

- upper 90

thoracic peridual catheter
247

thoraco-abdominal

- en bloc esophagectomy 91

- esophagectomy 92

thoracoscopic mobilization
of the esophagus, port sites
309

thoracotomy

- anterolateral 85, 157, 171

- - right 161, 223, 275, 282,
293

- emergency 247

- right 155

- right-lateral 286
thymectomy 86
thyroid cartilage 144
thyroid gland 3
T-incision, inverted
171,199, 293
- low 205, 206
tissue necrosis 335
TMN supplement
(UICC 2003) 75
TNM classification, C-factor
(certainly factor) 77
TNM/pTNM classification
73
TNM system, symbols

110, 111,

- a symbol 76
- m symbol 76
- r symbol 76
-y symbol 76

toluidine blue 22
topography 3

total gastrectomy with lympha-
denectomy, T1 NO carcino-
mas 92

total intravenous anesthesia
(TIVA) 44

Toupet fundoplication, laparo-
scopic 65

trachea 175, 310

- membranaceous part 130,
176

- supra bifurcation 364, 365

tracheal bifurcation 4, 85, 129,
136, 180, 313, 364

- lymph nodes 310

tracheal compression 339, 341

tracheobronchial diverticula 4

tracheobronchial fistula 109

tracheostomy 101, 103, 104

traction diverticula 12

transhiatal blunt esophageal
dissection, complications
155

transhiatal closure, esophago-
pleural fistula 289

transhiatal esophageal dissec-
tion 111, 121

transhiatal esophagectomy 92,
100

- lymphadenectomy 85

transit time, esophagus 3

transnasal tube 227, 229

transthoracic en bloc esopah-
gectomy 89, 90

transthoracic resection 90

transverse colon 199

- mobilization 208

transverse-sigmoidostomy 221

treacheoesophageal septum 4

truncal vagotomy 185

- with pyloroplasty 369

T-shaped, inversed incision
247

T-staging

-CT 17

- EUS 25

UICC TNM classification 25
umbrella 324

- protector 325

uncommon carcinomas 72
undifferentiated carcinoma 72
univent tube 46

unsuspicious cervical lymph
nodes 89

up-side-down stomach 21, 269

ureter, left 209

U-shaped sutures

vagal plexus 4, 310

vagal trunk

- anterior 4

- posterior 4

vagotomy 260

- partial cell 259, 265, 267

- truncal 185

- truncal with pyloroplasty
185

valsalva maneuver 13

valvuloplasty 260

variceal eradication 23

varices 13, 22

- bleeding, risk 23

- down hill 23

- esophageal 13

- — eradication 319, 320

- — obliteration 315

- fundal 13

vascular pedicle, long 226

vascular stapler 307, 308

vein

- azygos 5, 85, 130, 172, 173,
178, 229, 286, 287, 288, 307,
308, 310, 313

- hemiazygos 5

- - injury 155

- - patch 287

- caval 191, 192

- - superior 85, 171, 172, 173,

174, 175

- coronary 5

- gastric

- — left 120

- - omental 185

- — short 157

- intercostals 178

- jejunal 244

- jugular 5, 144

- — internal 3

- phrenic 126

- — inferior 128

- portal 117, 190

- pulmonary 311, 365

- renal 191, 192

- splenic 188

151, 168
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- thyroid 243

- - inferior 5

vena anonyma 174
venous drainage 5
venous patch 288
verrucous carcinoma
videoendoscopes 19
viral esophagitis 21
vital capacity (VC)40

72

webs, congenital 348
Willis loop 301

xiphoid 216

Zenker’s diverticulum
275, 276, 277, 297

11, 23,
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