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Introduction

The United States has been the largest recipient country in the world of Italian
immigrants. They have outnumbered immigrants from any other European nation,
driven by the search for better opportunities.

Irrespective of their backgrounds and professions, Italians have always proven
themselves diligent and hard workers, capable of establishing harmonious relations
wherever they go.

Today, a new wave of Italians is pursuing opportunities in the United States to
improve their education, skills, and chances for a brighter career. They represent a
new breed of inspired and well-educated Italians, who chose to become citizens of
the world, motivated by the desire to succeed in their profession, not only for the
benefit of their own careers but also for their country of birth and their new country
of residence.

Italians abroad are the ambassadors of our excellence, and thanks to their col-
laboration from the new host country with many Italian academic institutions, they
help transfer their experience and expertise to their colleagues in Italy.

This book by Drs. Fisichella, Allaix, Morino, and Patti represents an excellent
example of such collaboration. Two of the authors (Fisichella and Patti) left Italy
after completing medical school, trained in surgery in the United States, where they
eventually started a career at prestigious academic institutions. Today, Dr. Fisichella
is Associate Professor of Surgery at Harvard Medical School, Associate Chief of
Surgery at the Boston Veterans Administration Medical Center, and Associate
Surgeon at Brigham and Women’s Hospital in Boston. Dr. Patti is Professor of
Surgery and Director of the Center for Esophageal Diseases at the University of
Chicago Pritzker School of Medicine. Dr Patti has served as President of the
International Society of Digestive Surgery and is the President Elect of the
International Society of Surgery. Dr Allaix trained at the University of Torino and
was sent by Professor Morino to Chicago to spend 18 months working with Dr Patti
in order to improve his skills in the diagnosis and treatment of esophageal disorders.
Today, Dr Allaix is back in Torino, where he has brought back to the excellent
Department led by Professor Morino the experience gained in the States.

xi
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To all of them, our thanks and best wishes for a brighter future and a continuous
collaboration.

February 14, 2014 Adriano Monti
Chicago, USA Consul General of Italy, Chicago



Chapter 1
Esophageal Anatomy and Physiology

Marco E. Allaix and Marco G. Patti

Abstract The esophagus can be divided into three anatomic segments: the cervi-
cal, thoracic, and abdominal esophagus. Three layers form the esophageal wall: the
mucosa, the submucosa, and the muscle layer, with an inner circular and an outer
longitudinal layer. The lymphatic drainage is not segmental: lymph can flow for a
long distance in the plexus before crossing the muscular layer and reaching the
paraesophageal lymph nodes.

Keywords Cervical esophagus * Thoracic esophagus * Abdominal esophagus *
Vagus nerves * Upper esophageal sphincter * Lower esophageal sphincter
Esophageal peristalsis

Anatomy of the Esophagus

The esophagus originates at the level of the sixth cervical vertebra, posterior to the
cricoid cartilage, and extends to the eleventh thoracic vertebra. It is divided into
three anatomic segments. The cervical esophagus lies just left of the midline,
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Fig. 1.1 Layers in the esophageal wall

posterior to the larynx and trachea, and anterior to the prevertebral layer of the
cervical fascia.

The upper portion of the thoracic esophagus curves slightly to the right and
passes behind the tracheal bifurcation and the left mainstem bronchus. The lower
portion of the thoracic esophagus lies behind the pericardium and the left atrium,
where it bends to the left and enters the abdomen through the esophageal hiatus.

The abdominal esophagus is 2—4 cm long and ends at its junction with the
stomach.

There are three points of anatomical narrowing of the esophageal lumen: (1) at
the level of the cricoid cartilage, (2) at the left main bronchus and the aortic arch,
and (3) at the esophageal hiatus of the diaphragm.

Architecture of the Esophageal Wall

The epithelium of the esophagus is composed of stratified squamous cells that over-
lay the lamina propria and muscularis mucosa that is mainly formed by longitudinal
muscular fibers (Fig. 1.1). The squamous epithelium joins the junctional columnar
epithelium of the gastric cardia at the Z-line.

The submucosal layer contains elastic and fibrous tissue and is the strongest
layer of the esophageal wall.

The muscular layer consists of an inner circular and an outer longitudinal layer.
The upper esophageal sphincter is formed by the cricopharyngeal muscle and fibers
from the esophageal wall and the inferior constrictors of the pharynx.
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Fig. 1.2 Arterial blood
supply to the esophagus

Bronchial artery

Left gastric artery

The lower esophageal sphincter is not a well-defined anatomic structure, even
though a thickening of the circular esophageal musculature at the level of the mano-
metric high-pressure zone has been reported.

Contrary to the rest of the gastrointestinal tract, the esophagus is not covered by
a serosal layer.

Blood Supply

The cervical segment of the esophagus receives blood supply by branches of the
inferior thyroid arteries.

The upper thoracic segment is supplied by the bronchial arteries, while the mid-
thoracic segment receives blood by esophageal branches that originate from the
aorta. The intercostal arteries may also contribute.

The arterial supply of the lower thoracic, diaphragmatic, and abdominal seg-
ments includes the left inferior phrenic artery and the esophageal branches of the
left gastric artery (Fig. 1.2).
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The submucosal venous drainage is more complex and variable. The veins that
drain the cervical esophagus are tributary of the inferior thyroid veins; the veins from
the thoracic esophagus drain into the hemiazygos and azygos veins. The most impor-
tant veins are those that drain the lower esophagus. Blood from this region passes into
the esophageal branches of the coronary vein, which is a tributary of the portal vein.

Lymphatic Drainage

Abundant lymphatic vessels form a dense submucosal plexus. Lymph usually flows
longitudinally, running proximal in the upper two thirds and distal in the lower third
of the esophagus. Lymph from the cervical esophagus drains mostly into the cervical
and paratracheal lymph nodes, while lymph from the lower thoracic and abdominal
esophagus reaches preferentially the retro-cardiac and celiac nodes. However, the
drainage is not segmental; therefore, lymph can flow for a long distance in the plexus
before crossing the muscular layer and reaching the paraesophageal lymph nodes.

The thoracic duct originates from the cysterna chili that is located in the abdomi-
nal cavity, at the level of the second lumbar vertebra. The duct enters the chest
through the aortic hiatus and runs in the posterior mediastinum to the right of the
midline between the esophagus and the azygos vein. At the level of the fifth thoracic
vertebra, it crosses the midline behind the esophagus and reaches the base of the
neck. Then, it curves to the right to drain into the internal jugular vein. A single
thoracic duct is described in about 70 % of people, while two or more are present in
the remainder individuals (Fig. 1.3).

Innervation

The striated muscle of the pharynx and upper esophagus receives nerves fibers that
originate in the brain stem at the level of the nucleus ambiguous. The distal esopha-
gus and LES are innervated by nerves that originate in the dorsal motor nucleus of
the vagus and end in ganglia in the myenteric plexus. The myenteric plexus is
located between the longitudinal and the circular muscle layers and receives effer-
ent impulses from the brain stem and afferent impulses from the esophagus. Two
main types of effector neurons are found in this plexus: (1) excitatory neurons and
(2) inhibitory neurons that mediate contraction of the musculature via cholinergic
receptors and via vasoactive intestinal polypeptide and nitric oxide.

The vagus nerves run along each side of the neck until they reach the thoracic
esophagus, where they form an extensive plexus. Above the diaphragm, they form
two trunks. The left trunk runs anterior, while the right trunk is more posterior once
they cross the esophageal hiatus. The anterior vagus then divides and gives rise to
the hepatic branch and the anterior nerve of Latarjet, while the posterior vagus gives
rise to the celiac branch and the posterior nerve of Latarjet. The posterior nerve of
Latarjet runs parallel but deeper to the anterior counterpart in the gastrohepatic
ligament about 1 cm from the lesser curvature of the stomach.
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Fig. 1.3 Lymphatic drainage
of the esophagus o o Internal jugular nodes

O o Tracheobronchial nodes
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Branches of the superior and inferior cervical ganglia in the neck, the splanchnic
nerves, and the celiac plexus in the chest and in the abdomen provide the sympa-
thetic innervations. These nerves do not have a motor function and mainly modulate
the activity of other neurons.

Right Thoracoscopic View

The thoracoscopic approach to the right chest provides an excellent view of the
esophagus from the thoracic inlet to the gastroesophageal junction (Fig. 1.4). In
order to obtain adequate exposure, the right lung is deflated and retracted anteriorly,
while the inferior pulmonary ligament is divided. After incision of the mediastinal
pleura, most thoracic esophagus is exposed. The upper thoracic part of the esopha-
gus is crossed anteriorly by the right brachiocephalic vessels. At the level of the
right mainstem bronchus, the azygos vein passes from a paravertebral position ante-
riorly to enter the superior vena cava, crossing over the esophagus. Distal to the
inferior pulmonary vein, the esophagus lies between the heart and the descending
aorta. The sympathetic chain and ganglia run vertically, parallel and lateral to the
azygous vein, crossing over the intercostals vessels.

Left Thoracoscopic View

Left thoracoscopy provides a good view of the esophagus from the aortic arch to the
gastroesophageal junction (Fig. 1.5). After deflation and anterior retraction of the
lung, the inferior pulmonary ligament is divided and the mediastinal pleura opened.
The esophagus can be identified in the space between the pericardium and the
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Fig. 1.6 Laparoscopic view

4 Spleen

descending aorta. Behind and lateral to the aorta, the hemiazygos vein runs along
the anterolateral aspect of the vertebral bodies, draining the left intercostal veins. It
crosses behind the esophagus to join the azygos vein on the right at the level of the
eighth thoracic vertebra.

Sympathetic chain’s anatomy on the left is similar to that on the right.

Laparoscopic View

The left lobe of the liver must be retracted anteriorly and to the right in order to have
the esophageal hiatus and abdominal esophagus exposed (Fig. 1.6). The phreno-
esophageal membrane covers the hiatus and the intra-abdominal esophagus. If the
gastrohepatic ligament is stretched flat by pulling the stomach caudad and to the
left, the caudate lobe of the liver and a portion of the inferior vena cava can be seen
through the transparent upper part. The hepatic branch of the anterior vagus is vis-
ible in the gastrohepatic ligament, sometimes close to an accessory left hepatic
artery arising from the left gastric artery.

After dividing the gastrohepatic ligament and the phreno-esophageal membrane,
the right border of the crus and the intra-abdominal esophagus are clearly visible
(Fig. 1.7). The anterior vagus nerve can be identified on the anterior aspect of the
esophagus. Its bifurcation is usually covered by the gastroesophageal fat pad. The
posterior vagus nerve becomes evident after blunt dissection of the space between the
esophagus and right pillar of the crus and anterior lift of the esophagus, since it passes
through the hiatus posterior to the esophagus. Variations of the typical anatomy are
present in about 10 % of patients, consisting of extension of the esophageal plexus
into the abdomen or early bifurcation of the two trunks above the diaphragm.
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Fig. 1.7 Dissection of
the right and left pillars of
the crus
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Physiology

The coordinated activity of the upper esophageal sphincter (UES), the esophageal
body, and the lower esophageal sphincter (LES) is responsible for the motor function
of the esophagus and the progression of the bolus from the pharynx to the stomach.

Upper Esophageal Sphincter

The UES receives motor innervation directly from the nucleus ambiguus. The
sphincter is in a state of continuous tonic contraction. The UES prevents passage of
air from the pharynx into the esophagus and reflux of contents from the esophagus
into the pharynx. During a swallow, the tongue moves a bolus into the pharynx,
which contracts while the UES relaxes. After the bolus has reached the esophagus,
the UES regains its resting tone.

Esophageal Body

When a bolus passes through the UES, a contraction originates at the level of the
upper esophagus and progresses distally toward the stomach. This wave, which is
initiated by swallowing and is called primary peristalsis, travels at a speed of
3—4 cm/s with amplitudes of 60—140 mmHg in the distal esophagus. Local stimula-
tion of sensory receptors in the esophageal body by distention elicits a peristaltic
wave at the point of stimulation that moves distally. It is called secondary peristalsis
and aims to improve esophageal emptying when the lumen is not completely cleared
of ingested food by the primary waves or when gastric contents reflux into the
esophagus. Tertiary waves are non-propulsive contractions. They are considered
abnormal and are frequently diagnosed in asymptomatic elderly people or in patients
with esophageal motility disorders.
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Lower Esophageal Sphincter

The main function of the lower esophageal sphincter (LES) is to prevent reflux of
gastric contents into the esophagus. The LES is 3—4 cm long, its pressure profile is
slightly asymmetric, and the resting pressure ranges between 15 and 35 mmHg.
When a swallow occurs, the LES relaxes for 5—10 s to allow the bolus to enter the
stomach, and then it returns to its resting tone.

LES relaxation is mediated by non-adrenergic, non-cholinergic neurotransmit-
ters, such as vasoactive intestinal peptide and nitric oxide. The resting tone mainly
depends on the intrinsic myogenic activity. During fasting, the LES presents cyclic
phasic contractile activity synchronous with phases II and III of the interdigestive
motor complex.

The LES has periodic relaxations independently from swallowing. They are
called transient lower esophageal sphincter relaxations to distinguish them from
relaxations secondary to swallows. The cause of these transient relaxations is not
known, but gastric distention is thought to play a role. Transient LES relaxations are
responsible for the physiologic gastroesophageal reflux present in any individual.
When they are more frequent and prolonged, they are the most common cause of
abnormal reflux in patients with gastroesophageal reflux disease (GERD) and nor-
motensive LES. Decreased LES length and/or pressure is responsible for pathologic
reflux in the remaining patients with GERD.

The crus of the diaphragm at the level of the esophageal hiatus contributes to the
LES resting pressure. This pinchcock action of the diaphragm protects against
reflux caused by sudden increased intra-abdominal pressure. This synergistic action
of the diaphragm is lost in presence of a sliding hiatal hernia, as the gastroesopha-
geal junction is located above the diaphragm.

Summary

» The esophagus is divided into three anatomic segments: cervical, thoracic, and
abdominal esophagus.

* There are three areas of anatomical narrowing of the esophageal lumen: (1) at the
level of the cricoid cartilage, (2) at the left main bronchus and the aortic arch, and
(3) at the esophageal hiatus of the diaphragm.

* The mucosal lining of the esophagus consists of stratified squamous epithelium
that overlies the lamina propria and muscolaris mucosa.

* The muscular layer consists of an inner circular and an outer longitudinal layer.

» The esophagus is not covered by a serosal layer.

* The lymphatic drainage is not segmental.

» The UES prevents passage of air from the pharynx into the esophagus and reflux
of contents from the esophagus into the pharynx.

» The peristaltic wave that is initiated by swallowing is called primary peristalsis.
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Local stimulation of sensory receptors in the esophageal body by distention
elicits a peristaltic wave at the point of stimulation that is called secondary
peristalsis
Non-propulsive contractions are called tertiary waves and are frequently diag-
nosed in asymptomatic elderly people or in patients with esophageal motility
disorders.
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Chapter 2
Esophageal Diseases: Radiologic Images

Bernardo A. Borraez, Aruna Gasparaitis, and Marco G. Patti

Abstract Esophageal diseases are functional disorders (gastroesophageal reflux dis-
ease (GERD), achalasia, esophageal diverticula), congenital abnormalities (esophageal
duplication cyst), or tumors (leiomyoma, gastrointestinal stromal tumors (GIST), can-
cer). In the evaluation of these disorders, no single test provides all the needed informa-
tion, but the final diagnosis and treatment plan are based on information provided by
multiple tests. For instance, in patients with GERD, a barium swallow describes the
anatomy of the esophagus and stomach (hiatal hernia, Schatzki’s ring, stricture); an
upper endoscopy determines if mucosal injury is present and excludes gastric and duo-
denal pathology; esophageal manometry defines pressure, length, and position of the
lower esophageal sphincter; quality of esophageal peristalsis; and pressure of the upper
esophageal sphincter and its coordination with the pharyngeal contraction; ambulatory
pH monitoring determines if abnormal gastroesophageal reflux is present, if reflux
extends to the proximal esophagus and pharynx, and if there is a temporal correlation
between episodes of reflux and symptoms experienced by the patient.

Keywords Barium swallow ¢ Computerized tomography (CT scan) ¢ Positive
emission tomography (PET) » Gastroesophageal reflux * Hiatal hernia ¢ Achalasia ®
Diffuse esophageal spam ¢ Zenker’s diverticulum ¢ Epiphrenic diverticulum e
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Introduction

Esophageal diseases are functional disorders (gastroesophageal reflux disease
(GERD), achalasia, esophageal diverticula), congenital abnormalities (esopha-
geal duplication cyst), or tumors (leiomyoma, gastrointestinal stromal tumors
(GIST), cancer). In the evaluation of these disorders, no single test provides all the
needed information, but the final diagnosis and treatment plan are based on infor-
mation provided by multiple tests. For instance, in patients with GERD, a barium
swallow describes the anatomy of the esophagus and stomach (hiatal hernia,
Schatzki’s ring, stricture); an upper endoscopy determines if mucosal injury is
present and excludes gastric and duodenal pathology; esophageal manometry
defines pressure, length, and position of the lower esophageal sphincter; quality of
esophageal peristalsis; and pressure of the upper esophageal sphincter and its
coordination with the pharyngeal contraction; ambulatory pH monitoring deter-
mines if abnormal gastroesophageal reflux is present, if reflux extends to the prox-
imal esophagus and pharynx, and if there is a temporal correlation between
episodes of reflux and symptoms experienced by the patient. In patients with
esophageal cancer, an endoscopy with biopsies establishes the diagnosis; a bar-
ium swallow determines the location and length of the cancer; an endoscopic
ultrasound, a CT scan, and a PET scan determine the stage of the disease at the
time of presentation.

The following chapter illustrates each disease through radiologic images, corre-
lating those with the findings of other tests.

Gastroesophageal Reflux Disease (GERD)

A barium swallow is a key test for physicians treating patients with GERD. It is the
best test to assess the anatomy of the esophagus, the gastroesophageal junction, and
the stomach. Some authors feel that this test is also useful for establishing the diag-
nosis of GERD. Specifically they feel that GERD is present if reflux is demonstrated
during the test. However, in a recent study from the University of Chicago, Bello
and colleagues tested this hypothesis and reached the opposite conclusion.
Specifically they showed that even when reflux is demonstrated during a barium
swallow, it does not mean that abnormal reflux will be found on an ambulatory pH
monitoring, the gold standard for the diagnosis of GERD. In their study, a cohort of
134 patients underwent barium swallow and pH monitoring. Based on the results of
the pH monitoring, they were divided in two groups: GERD +and GERD-. On bar-
ium esophagography, gastroesophageal reflux was identified in 47 % of patients in
the GERD + group and in 30 % of the GERD-, while no reflux was noted in 53 % of
GERD + patients and in 70 % of GERD- patients (p=0.050), accounting for a sen-
sitivity of 47 %, a specificity of 70 %, a positive predictive value of 68.5 %, and a
negative predictive value of 49 %. The overall accuracy was 57 %. In addition, there
was no difference in the presence of hiatal hernia between GERD +and GERD-
patients (40 % vs. 32 % (p=0.368)). Similarly, Chen and colleagues demonstrated
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Fig. 2.1 Barium swallow.
Sliding hiatal hernia

Gastroesophageal
junction

Diaphragm

radiologic abnormalities in only 30 % of patients with an abnormal pH study. Based
on these data, a barium swallow should not be considered a diagnostic test for
GERD, but rather a complement to other tests, particularly before antireflux sur-
gery. Its great value is providing anatomic information, such as the presence and
type of a hiatal hernia, a Schatzki’s ring, or a stricture.

Hiatal Hernia

The hernias of the esophageal hiatus are divided in four types (I, II, III, IV):

e Type I hiatal hernia occurs when the gastroesophageal junction (GEJ) and the
upper stomach are herniated into the chest. The GEJ maintains its position above
the herniated stomach (Figs. 2.1 and 2.2). It is also called “sliding” hiatal hernia
as it can slide in and out of the thoracic cavity so that the presence and size of the
hernia can vary over time. This is the most common type of hernia, accounting
for more than 85 % of all hiatal hernias.

* Type II paraesophageal hiatal hernia. This type of hernia (also known as “rolling
hernia) occurs when the stomach rolls in the posterior mediastinum next to the
GE]J (usually left lateral) which maintains its normal position (Fig. 2.3).
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Fig. 2.2 Barium swallow. Sliding
hiatal hernia
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Fig. 2.3 Barium swallow.
Paraesophageal hernia
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Fig. 2.4 Barium swallow.
Paraesophageal hernia

e Type III paraesophageal hernia. This is also known as “mixed” hiatal hernia, a
combination of sliding and rolling as both the GEJ and the stomach are herniated
in the chest, with the stomach located next to the esophagus (Fig. 2.4). These
hernias can be very large, and sometimes they can be identified in plain upright
chest radiograph (Fig. 2.5). These hernias can be associated with a gastric volvu-
lus (Figs. 2.6 and 2.7).

e Type IV. These hernias occur when not only the stomach but other upper abdominal
organs (colon, spleen, omentum, small bowel) are herniated into the chest (Fig. 2.8).
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Fig. 2.5 Chest x-ray. Paraesophageal hernia with stomach above the diaphragm (short arrows)

I Herniated

stomach

Fig. 2.6 Barium swallow.
Paraesophageal hernia with
gastric volvulus
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Fig. 2.7 Barium swallow. Paraesophageal hernia with gastric volvulus

Fig. 2.8 Chest and abdominal CT scan. Type IV hiatal hernia with stomach and colon herniated
into the chest

Schatzki’s Ring

Schatzki’s rings are found at the level of the GEJ or just above it. They consist of
annular membranes of mucosa and submucosa, and they are usually associated with
pathologic gastroesophageal reflux (Figs. 2.9 and 2.10).

Achalasia

Achalasia is a primary esophageal motility disorder characterized by failure of the
lower esophageal sphincter to relax appropriately in response to swallowing and
absent esophageal peristalsis. The classic radiologic findings include a) distal
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Fig. 2.9 Barium swallow.
Schatzki’s ring (arrow)

esophageal narrowing (“bird beak™); an air-fluid level, residual food in the esopha-
gus; and slow emptying of the barium from the esophagus into the stomach
(Fig. 2.11). In long-standing cases, the esophagus may become dilated and assume
a sigmoid shape (Figs. 2.12 and 2.13). These findings are very important as treat-
ment (pneumatic dilatation or surgery) is usually less effective when the esophagus
is massively dilated and sigmoid, and an esophageal resection, may be indicated.
Diffuse esophageal spasm (DES) is another esophageal motility disorder, less fre-
quent than achalasia. In DES the pressure of the lower esophageal sphincter may be
normal or elevated, and normal peristalsis is mixed with simultaneous contractions. This
disorder is often intermittent so that the esophagus can sometimes look normal while
other times shows the characteristic “corkscrew” appearance (Figs. 2.14 and 2.15).
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Fig. 2.10 Barium swallow.
Schatzki’s ring (short
arrows), spontaneous reflux
of gastric barium

(long arrow)

Esophageal Diverticula

Zenker’s Diverticulum

This diverticulum forms in the Killian’s triangle, limited superiorly by the inferior
constrictors of the pharynx and inferiorly by the cricopharyngeus muscle (Figs. 2.16
and 2.17). A functional obstruction, such as a hypertensive upper esophageal
sphincter (UES) or a lack of coordination between the pharyngeal contraction and
the UES, probably causes the formation of this diverticulum.

Epiphrenic Diverticulum

This diverticulum is located in the distal esophagus above the diaphragm, more
commonly on the right side (Figs. 2.18, 2.19, and 2.20). This diverticulum is usually
associated with a primary esophageal motility disorder such as achalasia or diffuse
esophageal spasm.
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Fig. 2.11 Barium swallow.
Esophageal achalasia
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Benign Esophageal Tumors

Polyps

Fibrovascular polyps are benign mesenchymal tumors. They usually present as a
pedunculated intraluminal mass (Fig. 2.21). They are well diagnosed by endoscopy
and endoscopic ultrasound (Fig. 2.22).

Leiomyomas

They are the most common benign submucosal tumors in the esophagus (Fig. 2.23).
They present as an intraluminal defect, and they are well defined by endoscopy and
endoscopic ultrasound (Fig. 2.24).
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Fig. 2.12 Barium swallow.
Esophageal achalasia with
dilated and sigmoid-shaped
esophagus

Malignant Esophageal Tumors

Esophageal Cancer

The squamous cell cancer is usually localized in the mid-thoracic esophagus
(Figs. 2.25 and 2.26), while the adenocarcinoma is more frequently located in the
distal esophagus arising from a background of Barrett’s esophagus (Figs. 2.27 and
2.28). The diagnosis is established by endoscopy with biopsies. The staging of the
cancer relies on endoscopic ultrasound to define the depth of the tumor (T) and the
presence of pathologic periesophageal lymph nodes (N) (Fig. 2.29) and on a CT
scan (Figs. 2.30, 2.31, and 2.32) and a PET scan to identify distant metastases
(Figs. 2.33, and 2.34).
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Fig. 2.13 Barium swallow.
Esophageal achalasia with
dilated and sigmoid-shaped
esophagus
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Fig. 2.14 Barium swallow. Diffuse esophageal spasm,
“Corkscrew” esophagus (arrows)

"Cork screw"

Esophagus
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Fig. 2.15 Barium swallow. ]
Diffuse esophageal spasm Diffuse Esophageal Spasm
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Fig. 2.16 Zenker’s diverticulum
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Fig. 2.17 Barium swallow.
Zenker’s diverticulum, barium
filled sac (arrows)
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Fig. 2.18 Barium swallow.
Epiphrenic diverticulum

Fig. 2.19 Barium swallow.
Epiphrenic diverticulum
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Fig. 2.20 Barium swallow.
Epiphrenic diverticulum
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Fig. 2.21 Barium swallow.
Esophageal polyp




30 B.A. Borraez et al.

Fig. 2.22 Endoscopy with endoscopic ultrasound. Esophageal polyp

Fig. 2.23 Barium swallow.
Esophageal leiomyoma
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Fig. 2.24 Endoscopy with endoscopic ultrasound. Esophageal leiomyoma
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Fig. 2.25 Barium swallow and pathology. Mid-thoracic esophageal squamous cell cancer
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Fig. 2.26 Barium swallow.
Mid-thoracic esophageal
squamous cell cancer
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Fig. 2.27 Barium swallow.
Distal esophageal
adenocarcinoma

Fig. 2.28 Barium swallow.
Distal esophageal
adenocarcinoma
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Fig. 2.29 Endoscopy and endoscopic ultrasound. Distal esophageal adenocarcinoma
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Fig. 2.30 Chest/abdominal
CT scan. Distal esophageal
adenocarcinoma

Fig. 2.31 Chest/abdominal CT scan. Distal esophageal adenocarcinoma, coronal view (white
circle) and lateral view (black circle)
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Fig. 2.32 Chest/abdominal CT scan. Distal esophageal adenocarcinoma, coronal and lateral view
(red circles)

Fig. 2.33 PET scan. Distal
esophageal adenocarcinoma
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Fig. 2.34 PET scan. Distal esophageal adenocarcinoma (white arrow and white circles)
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Fig. 3.1 Gastroesophageal barrier — natural antireflux mechanisms. The gastroesophageal barrier
is a complex mechanism formed by different components: (/) the lower esophageal sphincter,
which creates a high-pressure zone between the esophagus and the stomach; (2) the diaphragm,
which acts as an external sphincter during rises in intra-abdominal pressure; (3) the abdominal
portion of the esophagus, submitted to abdominal pressure; (4) the phrenoesophageal membrane,
which acts transmitting the abdominal pressure high up in the mediastinum; (5) the angle of His,
which separates between gastric fundus and cardia; and (6) the Gubaroff valve which represents
the cushion effect of the esophageal mucosa at the gastroesophageal junction

Gastric hydrochloric acid has long been recognized as harmful to the esophagus;
however, the gastroesophageal refluxate contains a variety of other noxious agents,
including bile, pancreatic enzymes, and pepsin.

GERD pathophysiology is multifactorial and linked to a disbalance between the
aggressiveness of the refluxate into the esophagus or adjacent organs and the failure
of the esophagogastric barrier and protective mechanisms. This chronic pathologic
backflow of gastroduodenal contents leads to a spectrum of symptoms, with or
without tissue damage. The degree of the disease gravity depends on the frequency,
duration, and quality of the exposure of the refluxate into the esophagus or adjacent
organs.

This chapter reviews GERD pathophysiology.

Antireflux Mechanisms

The esophagogastric junction (EGJ) area has a specialized valve mechanism formed
by the lower esophageal sphincter (LES) and abdominal esophagus, the diaphragm,
the angle of His, the Gubaroff valve, and the phrenoesophageal membrane (Fig. 3.1).
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The LES creates a high-pressure zone at the level of the EGJ without a clear ana-
tomic representation. This smooth muscle sphincter maintains a sustained tone that
is disrupted only in two moments: (1) swallowing, to allow food transit to the stom-
ach, and (2) gastric fundus distention, to allow gas ventilation and eructation.

An effective LES must have an adequate resting pressure and total and intra-
abdominal length. It is intuitive that the resting pressure of the LES must be higher
than the thoracoabdominal pressure gradient. Also, reflux control is linked to the
extension of the LES, since gastric distension may alter the shape of the proximal
stomach leading to a shorter LES. Moreover, the intra-abdominal portion of the LES
is submitted to a positive abdominal pressure that forces the sphincter to collapse
and close. The same mechanism applies to the presence of an abdominal portion of
the esophagus, not found in a hiatal hernia (HH).

Even though most patients with GERD have a defective LES, a normal LES
pressure does not exclude GERD, since the pathophysiology may be linked to
abnormal relaxations.

Periodic relaxation of the LES or transient lower esophageal sphincter relaxation
(TLESR) - to distinguish it from relaxation triggered by swallowing — explains
physiological reflux found in normal subjects.

This relaxation is longer, and it is associated to diaphragm inhibition and con-
traction of the longitudinal muscular layer of the esophagus, when compared to
swallow-induced relaxations (Fig. 3.2). It may contribute to reflux disease, when
more frequent and prolonged. It explains the reflux seen in the 40 % of patients with
GERD whose resting LES pressure is normal.
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Fig. 3.3 High-resolution manometry images of two high-pressure zones at the level of the esopha-
gogastric junction in a patient with hiatal hernia corresponding to the lower esophageal sphincter
and the diaphragm. LES lower esophageal sphincter

Diaphragm

The esophagus crosses from the thorax to the abdomen through the esophageal hia-
tus formed by the right crus of the diaphragm. Thus, the esophagus is compressed
during diaphragm contraction. The crus of the diaphragm provides an extrinsic
component to the gastroesophageal barrier. This pinchcock action of the diaphragm
is particularly important as a protection against reflux induced by sudden increases
in intra-abdominal pressure.

Very interestingly, high-resolution manometry is able to show the distinct action
of the diaphragm in patients with hiatal hernia (Fig. 3.3), and a high pressure zone
is observed at this level even in patients after distal esophagectomy when the LES
was resected.

Angle of His and Gubaroff Valves

The acute angle formed between the esophagus and the gastric fundus (His angle)
creates a longer distance between the gastric fundus where the food is stored during
feeding. Also, gastric distention projects the fundus in the direction of the esophagus
accentuating the His angle and closing the EGJ (Fig. 3.4).
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Fig. 3.4 Antireflux mechanism of the angle of His. The white arrow shows the vector of the intra-
gastric pressure and the black arrow the path the food needs to follow to reflux with an acute His
angle (physiological — leff) or with an obtuse His angle (pathologic — right)

Gubaroff valves consisted in a cushion action of the distal esophageal mucosa at
the level of the EGJ.

Phrenoesophageal Membrane

The phrenoesophageal membrane is a fibroelastic ligament consisting in the continu-
ation of the transversalis fascia that leaves the diaphragm and surrounds the esopha-
gus in a variable distance from the abdominal inlet. The membrane protects against
reflux transmitting the positive abdominal pressure above the abdominal inlet into
the esophageal walls. This effect creates a segment of the esophagus that is anatomi-
cally in the thorax but physiologically behaves like an abdominal segment (Fig. 3.5).

Protective Mechanisms

Some mechanisms protect the esophagus from injury when a reflux occurs.

Esophageal Clearance

The refluxate is likely to produce more mucosal injury if the contact time with the
mucosa is prolonged. A rapid esophageal clearance minimizes the effect of the
refluxate. Esophageal clearance is promoted by gravity, esophageal motility, and
saliva production.
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Fig. 3.5 Antireflux mechanism of the phrenoesophageal membrane. The abdominal pressure is
transmitted to the insertion point of the membrane. PEM phrenoesophageal membrane

Esophageal Motility

Esophageal peristalsis is probably the most important component of the esophageal
clearance of the refluxate. Thus, defective peristalsis is associated with more severe
GERD with a higher intensity of symptoms and mucosal damage.

Saliva Production

The daily output of saliva is over 1 I. It has a dual protection effect on the esophagus:
(1) mechanical, as it washes out the refluxate, and (2) chemical, as it buffers acid
reflux due to the presence of bicarbonate.

Epithelial Protection

Esophageal epithelial cells have protective mechanisms against the noxious effects
of reflux. These mechanisms may be divided in pre-epithelial, epithelial, or
post-epithelial.

Esophageal mucus, produced by mucus cells localized at the epithelium surface
and from the submucosal glands, acts as a pre-epithelial barrier against the reflux-
ate. Under the mucus, a layer of bicarbonate-rich fluid also buffers acid that pene-
trates the mucus.



3 Gastroesophageal Reflux Disease: Pathophysiology 47

Decrease thoracic pressure

Chronic pulmonary diseases
chronic cough
Professional singers

Increased abdominal pressure

Obesity

Delayed gastric emptying
Pregnancy

Ascites

Constipation

Fig. 3.6 Conditions that may affect the balance of the thoracoabdominal pressure gradient

Esophageal epithelial cells have specialized cellular membranes and intercellular
junctions to prevent H+ ions to flow into the cells.

The post-epithelial protective mechanism is performed by the clearance of H+
ions to the blood.

Thoracoabdominal Gradient

The esophagus is placed in almost its totality in the thorax under a negative pres-
sure. This promotes the upward extension of gastric contents. On the other side, the
stomach lies within the positive pressure of the abdomen, compressing its walls and
also forcing contents upwards. This thoracoabdominal gradient must be counterbal-
anced by the valve mechanism previously described, interposed between the esoph-
agus and the stomach. An increase in abdominal (intragastric) pressure or a decrease
in thoracic pressure (becoming more “negative”) may alter this and lead to GERD
(Fig. 3.6).

Obesity is probably the main cause for GERD due to increased abdominal pres-
sure. It has been shown that there is a dose-response relationship between increas-
ing body mass index (BMI) and prevalence of GERD and its complications.
Abnormal gastric emptying might also contribute to GERD by increasing intragas-
tric pressure.

The association of various pulmonary diseases and GERD has been demon-
strated. It has been shown that patients with end-stage lung disease may have a
prevalence of GERD in up to 70 %.
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Others
Age

Although GERD symptoms are distributed equally in different ages, the prevalence
and severity of GERD increase with aging. This fact may be attributed to decrease
in the esophageal motility, decrease in the production of saliva, and a higher inci-
dence of hiatal hernias.

Helicobacter pylori

Helicobacter pylori might influence GERD by leading to an atrophic gastritis and
consequent achlorhydria, altering the nature of the refluxate. Some studies showed
an inverse association between H. pylori infection and reflux esophagitis and
increase in GERD symptoms after eradication of the bacteria. However, studies on
the topic are not unanimous and the real interaction between GERD and H. pylori is
still elusive.

Drugs, Diet, and Hormones

Many substances may alter the lower esophageal sphincter function and promote
GERD (Table 3.1).

Table 3.1 Substances may Drugs Food Hormones
alte? the lower 'esophageal Nitrates Caffeine Secretin
sphincter function and ..
promote GERD Ca++ channel blockers  Alcohol Cholecystokinin
Morphine Tobacco Glucagon
Sildenafil Chocolate  Progesterone
Meperidine Mint E2 prostaglandin
Beta-adrenergic agonist ~ Fat
Aminophylline
Benzodiazepines

Barbiturates
Tricyclic antidepressant
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Fig. 3.7 Hiatal hernia and antireflux mechanisms. All natural antireflux mechanisms are absent or
compromised when a hiatal hernia is present: (/) the lower esophageal sphincter is under negative
thoracic pressure, (2) the diaphragm is below the esophagogastric junction, (3) the abdominal por-
tion of the esophagus is not present, (4) the phrenoesophageal membrane is stretched and nonfunc-
tional, and (5) the angle of His is obtuse

Hiatal Hernia

Hiatal hernia and GERD were considered synonyms in the past. Currently, it is well
known that both conditions can exist independently; however, the presence and size
of a hiatal hernia increase the chance of GERD by disrupting most of the natural
antireflux mechanisms (Fig. 3.7). The presence and size of a hiatal hernia are also
associated with more severe mucosal damage and increased acid exposure.
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Fig. 3.8 Gastroesophageal reflux disease interaction among causative factors

Conclusions

GERD is a multifactorial disease, and there is a great interaction among causative
factors (Fig. 3.8). Patients with suspected GERD must be carefully studied, and
therapy should be based on the pathophysiology of the disease.

Summary

GERD is defined as a condition which develops when the reflux of stomach con-
tents causes troublesome symptoms and/or complications.

Gastroesophageal reflux occurs daily in normal individuals.

GERD pathophysiology is multifactorial and linked to a disbalance between the
aggressiveness of the refluxate into the esophagus or adjacent organs and the
failure of the esophagogastric barrier and protective mechanisms.

Antireflux mechanisms include the lower esophageal sphincter and abdominal
esophagus, the diaphragm, the His angle, the Gubaroff valve, and the phreno-
esophageal membrane.

Protective mechanisms include esophageal motility, saliva production, and epi-
thelial protection.

Age, drugs, hormones, Helicobacter pylori infection, increased abdominal pres-
sure (especially obesity and delayed gastric emptying), a more negative thoracic
pressure, and the presence of hiatal hernia all affect GERD.
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Abstract The diagnosis of gastroesophageal reflux disease (GERD) is frequently
based on symptoms and upper endoscopy only, with a wrong diagnosis of GERD

that occurs in up to 30 % of patients. Since a correct diagnosis of GERD is neces-

sary to avoid inappropriate medical therapy and to properly select patients who
might benefit from laparoscopic antireflux surgery, the proper evaluation of patients
with symptoms suggestive of GERD should always include esophageal manometry

and ambulatory 24-h pH monitoring.
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Introduction

Gastroesophageal reflux disease (GERD) is the most prevalent disorder of the upper
gastrointestinal tract in the Western countries. Heartburn is the most common symp-
tom and it is usually assumed to be secondary to gastroesophageal reflux. As a
consequence, medical therapy is often started without performing a more extensive
diagnostic workup.

A careful evaluation of patients with symptoms suggestive of GERD is key for a
correct diagnosis and treatment of the disease. The treatment options for GERD
include medical therapy, such as proton pump inhibitor (PPIs), H2 blockers, and
laparoscopic fundoplication. However, while antisecretory medications improve or
eliminate heartburn by changing the pH of the gastric refluxate without stopping
reflux, laparoscopic fundoplication stops any type of reflux by restoring the compe-
tence of the lower esophageal sphincter (LES), with excellent long-lasting results.

The preoperative evaluation aims to:

(a) Establish the presence of abnormal esophageal acid exposure.
(b) Correlate reflux events with symptoms.
(c) Identify anatomical and functional abnormalities secondary to reflux.

The complete workup includes:

* Symptomatic evaluation

» Upper endoscopy

e Barium esophagram

* High-resolution manometry (HRM)

e Ambulatory 24-h pH monitoring

e Multichannel intraluminal impedance (MII) (in selected cases)
* Radiolabeled gastric emptying study (in selected cases)

Table 4.1 summarizes the preoperative workup before antireflux surgery.

Table 4.1 Preoperative Symptom evaluation
workup Upper endoscopy

Barium esophagram

Esophageal high-resolution manometry

Ambulatory 24-h pH monitoring

Multichannel intraluminal impedance pH monitoring?

Radiolabeled gastric emptying study®

In selected patients
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Symptomatic Evaluation

The preoperative evaluation starts with a meticulous medical history that assesses
both the presence and severity of typical (heartburn, regurgitation, and dysphagia)
and atypical (cough, hoarseness, chest pain, dental erosions) symptoms of GERD
and use of antisecretory medications and their effect in terms of symptom relief.
The presence of gas bloating, nausea, and diarrhea should be always investigated as
they often suggest the presence of other diseases rather than GERD.

Many physicians feel that GERD can be diagnosed on the basis of symptoms
evaluation only. Heartburn is usually considered secondary to GERD, and antisecre-
tory medications are often prescribed without diagnostic studies. However, the sen-
sitivity and specificity of typical symptoms is low, and a wrong diagnosis of GERD
occurs in about one third of patients. For instance, Patti et al. found abnormal gas-
troesophageal reflux detected by 24-h ambulatory pH monitoring in only 70 % of
patients referred for esophageal function tests after a clinical diagnosis of GERD
based on symptoms and upper endoscopy. Heartburn and regurgitation were equally
experienced in both patients with and without GERD, underlying that symptoms
alone do not help distinguish between patients with and without pathologic reflux.
Many patients with a normal pH monitoring study had been treated with expensive
medications on the assumption that their symptoms were secondary to reflux, there-
fore misdiagnosing other diseases such as irritable bowel syndrome, gallstone dis-
ease, and coronary artery disease. In addition, some patients who had been referred
for antireflux surgery were diagnosed with primary esophageal motility disorders,
such as diffuse esophageal spasm and achalasia. Heartburn is experienced by about
40 % of achalasia patients because of stasis and fermentation of food in the distal
esophagus. Since these patients are often thought to have GERD refractory to anti-
secretory medications, antireflux surgery may be performed in some of them if
esophageal function tests are not obtained.

The clinical response to PPIs is a good predictor of abnormal reflux and has been
demonstrated to be an independent outcome predictor after antireflux surgery, along
with typical symptoms, and an abnormal DeMeester score at ambulatory 24-h pH
monitoring.

Barium Esophagram

Barium esophagram provides information about:

* The length and diameter of the esophagus
* The presence, type, and size of a hiatal hernia
* The presence of a Schatzki ring or a stricture

Reflux of gastric content into the esophagus is seldom demonstrated during a
barium esophagram even in symptomatic patients. On the other hand, even if reflux
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is radiologically observed, 24-h pH monitoring will not necessarily detect abnormal
gastroesophageal reflux. In fact, while the barium esophagram evaluates the pres-
ence of reflux during a very short period of time (usually about 10 min), the ambula-
tory pH monitoring assesses the occurrence of reflux episodes during 24 h, both in
the postprandial and fasting state and in the upright and supine position. For
instance, Chen et al. found radiological abnormalities in only 30 % of patients with
an abnormal pH study. Recently, Bello et al. reported similar findings, demonstrat-
ing the absence of any radiological sign of reflux in more than half of patients with
GERD confirmed by ambulatory 24-h pH monitoring. In addition, the incidence of
hiatal hernia did not differ significantly between patients with and without GERD.

In conclusion, the main goal of a barium esophagram is to define the anatomy of
the esophagus, the gastroesophageal junction, and the stomach and not to establish
the diagnosis of GERD.

Upper Endoscopy

Upper endoscopy is often the first test obtained to confirm a diagnosis of GERD
based on symptoms. However, this approach has several limitations: for instance,
endoscopic findings consistent with esophagitis are present in only about 50 % of
patients with pathologic reflux. Patti et al. showed the absence of esophagitis on
endoscopy in about 60 % of patients with a clinical diagnosis of GERD. In this
study, patients with Barrett’s esophagus were excluded. It is well known that major
interobserver variation exists regarding the endoscopic evaluation of esophagitis,
particularly for low-grade esophagitis. In addition, the extensive use of PPIs has
dramatically reduced both the presence and severity of mucosal injury.

Therefore, the major goals of upper endoscopy is the detection of Barrett’s
esophagus which is usually present in up to 14 % of GERD patients, erosive esopha-
gitis, and exclusion of gastric and duodenal diseases.

Esophageal Manometry

The most reliable tool to assess the function of upper esophageal sphincter (UES),
esophageal body, and LES is the esophageal manometry.

The study is performed after an overnight fast. The probe is inserted trans-nasally
and positioned in order to record from the pharynx to the stomach. Esophageal
motility is assessed in the right lateral decubitus position, starting with a basal
period without swallowing, followed by ten wet swallows of 5 ml of water. Data are
then analyzed using a commercially available computer software.
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Fig. 4.1 Normal esophageal peristalsis by conventional manometry

The primary goals of esophageal manometry before antireflux surgery are:

1. To rule out a primary esophageal motility disorder such as achalasia, which may
be misdiagnosed as GERD

2. To measure LES resting pressure, length, and relaxation

3. To assess amplitude and propagation of esophageal peristalsis

4. To measure the precise location of the LES for proper placement of the pH probe
or MII catheter (5 cm above the upper border of the LES)

5. To evaluate the pressure and coordination of the hypopharynx and cricopharyn-
geal muscle

Recently, HRM using a solid-state catheter with 36 circumferential sensors
spaced at 1-cm intervals has replaced the conventional manometry performed using
an 8-channel water-perfused catheter. HRM provides detailed pressure topography
of the esophagus (Figs. 4.1 and 4.2). It allows a better identification of segments of
compartmentalized esophageal pressurization and better discrimination of condi-
tions such as distal esophageal spasm, ineffective esophageal motility, and achalasia
than conventional manometry (Figs. 4.3, 4.4, 4.5, and 4.6).
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Fig. 4.6 Esophageal achalasia by high-resolution manometry

Other advantages of HRM include:

1. Presentation of pressure data as a seamless dynamic not only in time but also
along the length of the esophagus

2. The ability to assess pressure profile along the vertical axis of the esophagus,
improving therefore the accuracy of the results

Ambulatory 24-h pH Monitoring

Ambulatory 24-h pH monitoring is the gold standard for the diagnosis of GERD
(Figs. 4.7 and 4.8). Antisecretory medications must be stopped 3 days (H,-blocking
agents) to 10 days (PPIs) before the study.

The probe is positioned 5 cm above the proximal border of the manometrically
determined LES. The probe is calibrated in a buffer solution at pH 7 and pH 1
before and after the test. Patients are encouraged to consume a normal diet during
the study, avoiding snacks and carbonated beverages in between meals. The follow-
ing parameters are evaluated:

1. Frequency of reflux episodes
2. Duration of the longest reflux episode
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. Number of episodes longer than 5 min

. Time pH less than 4.0 (total)

. Time pH less than 4.0 in the supine position
. Time pH less than 4.0 in the upright position

These six components are integrated into a composite score (DeMeester score),

with a value greater than 14.7 considered abnormal.

W AW =

Indications for this test include:

. Failure of medical therapy

. Preoperative evaluation

. Presence of atypical symptoms such as cough, hoarseness, and chest pain

. Presence of symptoms without endoscopic evidence of esophagitis

. Evaluation of patients who have recurrent symptoms after antireflux surgery

Ambulatory 24-h pH monitoring plays a key role in the preoperative workup for

the following reasons:

1.

2.

It determines the occurrence of pathologic reflux. The pH monitoring is normal
in up to 30 % of patients with a clinical diagnosis of GERD.

It allows correlation between symptoms reported by patients and episodes of
reflux. This is particularly relevant when atypical symptoms are present, since up
to 50 % of these patients do not experience heartburn. Conventionally, an epi-
sode of cough is considered related to reflux if it occurs within 2 or 3 min of a
reflux episode in the distal or both distal and proximal esophagus.

In addition, the use of a pH probe with two sensors located 5 and 20 cm above
the upper border of the manometrically determined LES is essential to determine
the proximal extent of reflux. In 1993, Patti et al. used a double-sensor pH cath-
eter in 70 GERD patients referred for evaluation of symptoms of gastroesopha-
geal reflux. They compared clinical presentation, manometric and ambulatory
pH monitoring data in patients with gastroesophageal reflux in the distal
esophagus only and in patients with reflux in the distal and in the proximal esoph-
agus. A pan-esophageal motor disorder, characterized by a short and hypotensive
LES and ineffective esophageal peristalsis, was more frequently observed in
patients with proximal reflux. Esophageal acid clearance was slower and expo-
sure of the upper esophagus to acid was significantly longer. Symptoms sugges-
tive of aspiration such as cough and wheezing and episodes of pneumonia were
more frequently reported by patients with reflux in the proximal esophagus.

Finally, the pH monitoring helps identify patients more likely to benefit from
antireflux surgery, with cough resolving postoperatively in a significantly higher
percentage of patients when a positive correlation between symptom and reflux
is demonstrated preoperatively.

. pH monitoring and esophageal manometry stratify patients according to the

severity of the disease, identifying patients with worse esophageal motility pro-
file (characterized by defective LES and/or ineffective esophageal motility), high
acid exposure in the distal and proximal esophagus, and slower acid clearance.
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An abnormal score not only confirms the diagnosis of GERD but also is an
important outcome predictor after antireflux surgery. For instance, the 24-h pH
monitoring score was the strongest predictor of good or excellent outcome in a mul-
tivariate analysis performed on 199 patients undergoing a laparoscopic Nissen fun-
doplication for the treatment of GERD. The same study showed that the outcome
after surgery was fair or poor in 25 % of patients with typical symptoms and respon-
sive to acid suppression therapy but with normal preoperative pH score. Others
published similar results, reporting persistence of typical symptoms of GERD in
40 % of patients with normal reflux score on preoperative pH monitoring but only
in 8 % of patients with pathologic score.

Lastly, ambulatory 24-h pH monitoring should be performed early in the evalua-
tion of patients who have persisting or recurrent symptoms after antireflux surgery.
Symptoms are not a reliable indicator of the presence of reflux since they are due to
reflux in 3040 % of patients only. Furthermore, up to 70 % of patients who are tak-
ing acid-reducing medications postoperatively have a normal pH monitoring.

An alternative diagnostic tool to measure gastroesophageal reflux is the 48-h
wireless esophageal pH monitoring probe (Bravo™; Medtronic, Shoreview, MN).
The capsule is pinned to the esophageal mucosa through a delivery system that is
passed trans-orally: it is used to position properly the capsule, apply suction in order
to draw the mucosa inside a tiny well located in the capsule, and deploy a fixing pin.
Information is beamed via radiofrequency to a receiver that must be close to the
patient.

This system was developed to avoid the shortcomings of catheter-based pH mon-
itoring, including the discomfort of the pH catheter, social embarrassment, reduced
daily activities, and changes in diet. This technology presents some advantages as it
is not connected with a wire to the recorder and allows increasing recording dura-
tion up to 96 h.

However, wireless pH monitoring has several limitations:

. It records the pH in the lower esophagus only.

. It can only report acid reflux.

. It causes chest discomfort in about 50 % of patients.

. It can detach early from the esophageal wall causing false-positive results.

AW =

Multichannel Intraluminal Impedance pH Monitoring

Multichannel intraluminal impedance (MII) is a technique that measures flow of
liquids and gas across the gastroesophageal junction, regardless of the pH of the
gastric refluxate, by identifying differences in electrical conductivity induced by the
presence of a bolus in the esophagus. Two consecutive sensors are in contact with
the esophageal mucosa that has specific impedance value. When the esophageal
lumen is filled with any substance that bridges the two sensors, the device detects
this variance. Gas, liquid, and a mixture of them can be distinguished according to
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their different conductivity, regardless of the pH. The direction of flow is deter-
mined according to the order in which the sensors detect the material. As a conse-
quence, a reflux episode from the stomach into the esophagus occurs when gastric
contents are detected in the esophageal lumen first in distal sensors, then measured
propagating aborally in at least two proximal sensors. MII consists of a catheter
comparable with that of the conventional pH monitoring in which antimony sensors
are used to measure the pH, while impedance sensors are dispatched in the catheter.
Simultaneous detection of a reflux episode by the pH sensor and by the impedance
sensors denotes reflux and allows characterization of a reflux episode as acidic,
weakly acidic, or alkaline.
MII in association with pH monitoring is able to determine:

[y

. The physical characteristics (liquid, gas, or mixed) of the refluxate
2. The pH of the refluxate (acid, weakly acid, and alkaline)
3. The height of the reflux episode

Main indications for MII-pH are:

1. Patients with symptoms refractory to PPIs. Symptoms could be refractory to
medical therapy in some patients because acid-suppressing medications only
increase the pH of the gastric refluxate, without stopping reflux.

2. Patients with cough of unknown origin. When MII-pH monitoring is obtained in
patients with atypical symptoms of GERD, it has been demonstrated that cough
could be temporally associated with reflux episodes whose pH ranged between 4
and 7. Successful results after antireflux surgery have been reported in patients
with persistent symptoms on acid-suppressive therapy that had a positive corre-
lation with reflux episodes, regardless of the pH.

Radiolabeled Gastric Emptying Study

In some GERD patients, delayed gastric emptying is documented. In these patients,
delayed gastric emptying may be associated with a progressive dilatation of the
proximal stomach. As a consequence there is a progressive reduction in length of
the LES that eventually becomes incompetent. The most common symptoms
reported by these patients are dyspepsia, postprandial abdominal distention, bloat-
ing, and abdominal discomfort, along with the symptoms of gastroesophageal
reflux. However, symptoms alone are not sensitive and specific for the diagnosis of
delayed gastric emptying, and the emptying rate does not necessarily correlate with
the symptoms thought to be secondary to delayed gastric emptying.

Recently, several studies have investigated the impact of delayed gastric empty-
ing on the outcomes after antireflux surgery. For instance, Bais et al. demonstrated
a decreased lag time between ingestion of food and the initiation of gastric empty-
ing and increased rate of gastric emptying in 36 patients (26 with normal and 10
with delayed gastric emptying) undergoing a Nissen fundoplication for GERD. In
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addition, patients with preoperative delayed gastric emptying had normal values
after surgery. More importantly, similar symptom control and side effects were
reported in this series of GERD patients regardless of the gastric emptying rate.
Others have not observed a relationship between gastric emptying and outcome of
fundoplication in 372 (31 % with preoperative delayed gastric emptying) patients
undergoing fundoplication for GERD.

It is thought that a Nissen fundoplication might improve gastric emptying by
reducing the capacity of the fundic reservoir.

In conclusion, the gastric emptying study is not routinely performed in GERD
patients before antireflux surgery. It should be considered in patients with signifi-
cant nausea and bloating, and in those with endoscopic findings of retained food in
the stomach after an overnight fast.

Summary

* The preoperative evaluation aims to establish the presence of abnormal esopha-
geal acid exposure, to correlate reflux events with symptoms, and to identify
anatomical and functional abnormalities secondary to reflux.

* A thorough workup should include a symptomatic evaluation, upper endoscopy,
barium esophagram, esophageal manometry, ambulatory 24-h pH monitoring,
and, in selected cases, multichannel intraluminal impedance and radiolabeled
gastric emptying study.

* Typical symptoms of GERD such as heartburn and regurgitation have low sensi-
tivity and specificity, leading to a wrong diagnosis of GERD in about 30 % of
patients.

* The clinical response to PPIs is a good predictor of abnormal reflux and is an
independent predictor of successful outcome after antireflux surgery, along with
the presence of typical symptoms and abnormal ambulatory 24-h pH
monitoring.

* The main goal of a barium esophagram is to define the anatomy of the esopha-
gus, the gastroesophageal junction, and the stomach and not to establish the diag-
nosis of GERD.

» Upper endoscopy aims to detect Barrett’s esophagus and erosive esophagitis and
to rule out gastric and duodenal diseases.

* The primary purposes of esophageal manometry before antireflux surgery are to
rule out primary esophageal motility disorders; to measure LES resting pressure,
length, and relaxation; to assess amplitude and propagation of esophageal peri-
stalsis; to precisely localize the LES for proper placement of the pH probe or MII
catheter (5 cm above the upper border of the LES); and to evaluate the pressure
and coordination of the UES.

* Main indications for ambulatory pH monitoring are failure of medical therapy;
preoperative evaluation; presence of atypical symptoms such as cough, hoarse-
ness, and chest pain; presence of symptoms without endoscopic evidence of
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esophagitis; and evaluation of patients who have recurrent symptoms after anti-
reflux surgery.

Main indications for MII-pH are patients with symptoms refractory to PPIs and
patients with cough of unknown origin.

A radiolabeled gastric emptying study should be considered in patients with sig-
nificant nausea and bloating and in those with endoscopic findings of retained
food in the stomach after an overnight fast.

Selected Reading

10.

11.

12.

13.

15.

. Amano Y, Ishimura N, Furuta K, Okita K, Masaharu M, Azumi T, Ose T, Koshino K, Ishihara

S, Adachi K, Kinoshita Y. Interobserver agreement on classifying endoscopic diagnoses of non
erosive esophagitis. Endoscopy. 2006;38:1032-5.

. Bais JE, Samsom M, Boudesteijn EA, van Rijk PP, Akkermans LM, Gooszen HG. Impact of

delayed gastric emptying on the outcome of antireflux surgery. Ann Surg. 2001;234:139-46.

. Bello B, Zoccali M, Gullo R, Allaix ME, Herbella FA, Gasparaitis A, Patti MG.

Gastroesophageal reflux disease and antireflux surgery-what is the proper preoperative work-
up? J Gastrointest Surg. 2013;17:14-20.

. Blonski W, Vela MF, Castell DO. Comparison of reflux frequency during prolonged multi-

channel intraluminal impedance and pH monitoring on and off acid suppression therapy. J Clin
Gastroenterol. 2009;43(9):816-20.

. Campos GM, Peters JH, DeMeester TR, Oberg S, Crookes PF, Tan S, DeMeester SR, Hagen

JA, Bremner CG. Multivariate analysis of factors predicting outcome after laparoscopic Nissen
fundoplication. J Gastrointest Surg. 1999;3:292-300.

. Chen MY, Ott DJ, Sinclair JW, Wu WC, Gelfand DW. Gastroesophageal reflux disease: cor-

relation of esophageal pH testing and radiographic findings. Radiology. 1992;185:483-6.

. Dallemagne B, Weerts J, Markiewicz S, Dewandre JM, Wahlen C, Monami B, Jehaes C.

Clinical results of laparoscopic fundoplication at ten years after surgery. Surg Endosc.
2006;20:159-65.

. Diener U, Patti MG, Molena D, Fisichella PM, Way LV. Esophageal dysmotility and gastro-

esophageal reflux disease. J Gastrointest Surg. 2001;5:260-5.

. Galvani C, Fisichella PM, Gorodner MV, Perretta S, Patti MG. Symptoms are a poor indicator

of reflux status after fundoplication for gastroesophageal reflux disease: role of esophageal
function tests. Arch Surg. 2003;138:514-8.

Hékanson BS, Berggren P, Granqyvist S, Ljungqvist O, Thorell A. Comparison of wireless 48-h
(Bravo) versus traditional ambulatory 24-h esophageal pH monitoring. Scand J Gastroenterol.
2009;44(3):276-83.

Hirano I, Richter JE. Practice Parameters Committee of the American College of
Gastroenterology. ACG practice guidelines: esophageal reflux testing. Am J Gastroenterol.
2007;102:668-85.

Jamieson JR, Stein HJ, DeMeester TR, Bonavina L, Schwizer W, Hinder RA, Albertucci M.
Ambulatory 24-h esophageal pH monitoring: normal values, optimal thresholds, specificity,
sensitivity and reproducibility. Am J Gastroenterol. 1992;87:1102-11.

Johnson F, Joelsson B, Gudmundsson K, Greiff L. Symptoms and endoscopic findings in the
diagnosis of gastroesophageal reflux disease. Scan J Gastroenterol. 1987;22:714-8.

. Kahrilas PJ, Ghosh SK, Pandolfino JE. Esophageal motility disorders in terms of pressure

topography: the Chicago classification. J Clin Gastroenterol. 2008;42:627-35.
Khajanchee YS, Hong D, Hansen PD, Swanstrom LL. Outcomes of antireflux surgery in
patients with normal preoperative 24-hour pH test results. Am J Surg. 2004;187:599-603.



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Gastroesophageal Reflux Disease: Diagnostic Evaluation 67

Lord RV, Kaminski A, Oberg S, Bowrey DJ, Hagen JA, DeMeester SR, Sillin LF, Peters JH,
Crookes PF, DeMeester TR. Absence of gastroesophageal reflux disease in a majority of
patients taking acid suppression medications after Nissen fundoplication. J Gastrointest Surg.
2002;6:3-9.

Mainie I, Tutuian R, Agrawal A, Adams D, Castell DO. Combined multichannel intraluminal
impedance-pH monitoring to select patients with persistent gastro-esophageal reflux for lapa-
roscopic Nissen fundoplication. Br J Surg. 2006;93:1483-7.

Ott DJ. Gastroesophageal reflux. What is the role of barium studies? Am J Roentgenol.
1994;162:627-9.

Patti MG, Debas HT, Pellegrini CA. Clinical and functional characterization of high gastro-
esophageal reflux. Am J Surg. 1993;165:163-6.

Patti MG, Arcerito M, Tong J, de Pinto M, de Bellis M, Wang A, Feo CV, Mulvihill SJ, Way
LW. Importance of preoperative and postoperative pH monitoring in patients with esophageal
achalasia. J Gastrointest Surg. 1997;1:505-10.

Patti MG, Arcerito M, Feo CV, Worth S, De Pinto M, Gibbs VC, Gantert W, Tyrrell D, Ferrell
LF, Way LW. Barrett’s esophagus: a surgical disease. J Gastrointest Surg. 1999;3:397—403.
Patti MG, Arcerito M, Tamburini A, Diener U, Feo CV, Safadi B, Fisichella P, Way LW. Effect
of laparoscopic fundoplication on gastroesophageal reflux disease-induced respiratory symp-
toms. J Gastrointest Surg. 2000;4:143-9.

Patti MG, Diener U, Tamburini A, Molena D, Way LW. Role of esophageal function tests in
the diagnosis of gastroesophageal reflux disease. Dig Dis Sci. 2001;46:597-602.

Patti MG, Molena D, Fisichella PM, Perretta S, Way LW. Gastroesophageal reflux disease and
chest pain. Results of laparoscopic antireflux surgery. Surg Endosc. 2002;16:563-6.
Pellegrini CA. Delayed gastric emptying in patients with abnormal gastroesophageal reflux.
Ann Surg. 2001;234:147-8.

Pellegrini CA, Broderick WC, Van Dyke D, Way LW. Diagnosis and treatment of gastric emp-
tying disorders. Clinical usefulness of radionuclide measurements of gastric emptying. Am J
Surg. 1983;145:143-51.

Richter JE. Typical and atypical presentations of gastroesophageal reflux disease. The role of
esophageal testing in diagnosis and management. Gastroenterol Clin North Am.
1996;25:75-102.

Streets CG, DeMeester TR. Ambulatory 24-hour pH monitoring: why, when, and what to do.
J Clin Gastroenterol. 2003;37:14-22.

Tamhankar AP, Peters JH, Portale G, Hsieh CC, Hagen JA, Bremner CG, DeMeester TR.
Omeprazole does not reduce gastroesophageal reflux: new insights using multichannel intralu-
minal impedance technology. J Gastrointest Surg. 2004;8:890-7.

Tutuian R, Mainie I, Agrawal A, Adams D, Castell DO. Nonacid reflux in patients with chronic
cough on acid-suppressive therapy. Chest. 2006;130:386-91.

Viljakka M, Saali K, Koskinen M, et al. Antireflux surgery enhances gastric emptying. Arch
Surg. 1999;134:18-21.

Wayman J, Myers JC, Jamieson GG. Preoperative gastric emptying and patterns of reflux as
predictors of outcome after laparoscopic fundoplication. Br J Surg. 2007;94:592-8.



Chapter 5
Gastroesophageal Reflux Disease: Treatment

Marco E. Allaix, Bernardo A. Borraez, and Marco G. Patti

Abstract A laparoscopic total fundoplication has become the gold standard for the
surgical treatment of gastroesophageal reflux disease. Short-term outcomes are
excellent, with lower perioperative morbidity and faster recovery than conventional
open total fundoplication. Long-term follow-up studies have shown similar symp-
tom control between the two approaches. A laparoscopic partial fundoplication is
performed in selected patients to reduce the incidence of postoperative dysphagia
and gas-related symptoms. The sphincter augmentation device, a new minimally
invasive antireflux procedure, has been recently proposed as an alternative to lapa-
roscopic fundoplication.
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Introduction

Treatment options for GERD include medical therapy, such as proton pump inhibi-
tors (PPIs) and H,-blockers, and laparoscopic fundoplication. However, anti-
secretory medications improve or eliminate heartburn by changing the pH of the
gastric refluxate, but they do not stop reflux. Laparoscopic fundoplication stops any
type of reflux by restoring the competence of the lower esophageal sphincter (LES),
decreasing the number of transient LES relaxations, and improving quality of
esophageal peristalsis.

The last 20 years have witnessed a shift in the treatment of gastroesophageal
reflux disease (GERD). While in the past the main indication for antireflux surgery
was the absence of a good response to antisecretory medications, currently the best
indication for surgery is instead a good control of symptoms with PPIs.

A laparoscopic total fundoplication (LTF) is considered today the gold standard
for the surgical treatment of GERD, with better short-term outcomes and similar
reflux control compared to open fundoplication. Control of reflux is not influenced
by both pattern of reflux (i.e., upright versus supine) and patient’s age. However, a
small but significant incidence of postoperative dysphagia and gas-related symp-
toms is reported after this procedure. A laparoscopic partial fundoplication (LPF)
has been proposed to minimize these side effects. However, the long-term outcomes
are controversial, since some randomized clinical trials, mainly from Australia,
found similar reflux control but higher incidence of dysphagia and gas-related
symptoms after LTF, while several studies from the United States reported similar
dysphagia rates after the two procedures, but a better reflux control after LTF.

The sphincter augmentation device (MSA) with the LINX Reflux Management
System (Torax Medical) is a new minimally invasive antireflux procedure that has
been recently proposed as alternative to laparoscopic fundoplication.

This chapter will review the current status of treatment of GERD, describing our
surgical technique and focusing on surgical outcomes of both laparoscopic fundo-
plication and MSA.

Medical Therapy

PPIs are the main stem of medical therapy. These medications have been proved to
be the most effective medical treatment for GERD in terms of esophagitis healing
and symptom relief. However, esophagitis and symptoms tend to recur after discon-
tinuation of therapy, and increasing doses to maintain healing of esophagitis are
required in about 50 % of patients on maintenance PPIs.

Wileman et al. have recently published a meta-analysis of randomized or quasi-
randomized controlled trials comparing medical management to laparoscopic fun-
doplication for GERD in adults. They found that laparoscopic fundoplication is
more effective than medical therapy in improving symptoms and quality of life in
the short to medium term.
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While surgery aims to restore the competence of the LES, acid-suppressing
medications can only modify the pH of the gastric refluxate. However, reflux still
occurs because of an incompetent LES and ineffective esophageal peristalsis. In
addition, medical therapy is largely ineffective for the treatment of the extra-
esophageal manifestations of GERD due to the upward extension of the refluxate.
Finally, PPIs can interfere with calcium absorption causing osteoporosis and frac-
tures and cause C. difficile infection and abnormal cardiac activity due to
decreased magnesium levels.

Surgical Treatment

Indications for Antireflux Surgery

(a) Pathologic gastroesophageal reflux documented by 24-h ambulatory pH monitor-
ing and/or combined multichannel intraluminal impedance and pH testing (MII-pH)

(b) Heartburn and regurgitation not completely controlled by medications

(c) Respiratory symptoms thought to be induced by gastroesophageal reflux

(d) Desire of the patient to stop chronic use of PPI

(e) Poor patient’s compliance with medical treatment

(f) Cost of medical therapy

(g) Development of osteoporosis

(h) C. difficile infections, pneumonia, or hypomagnesemia

(i) Young patients in whom life-long medical treatment is not advisable

Laparoscopic Total Fundoplication

Positioning of the Patient on the Operating Table

» The patient lies supine on the operating table in low lithotomy position with the
lower extremities extended on stirrups with knees flexed 20-30°.

* A bean bag is inflated to avoid sliding of the patient as a consequence of the steep
reverse Trendelenburg position used during the entire procedure.

* Pneumatic compression stockings are used to reduce the risk of deep venous
thrombosis that is associated with both increased abdominal pressure secondary
to pneumoperitoneum and the decreased venous return secondary to the steep
reverse Trendelenburg position.

* An orogastric tube is placed to decompress the stomach, and it is removed at the
end of the procedure.

* The surgeon stands between the patient’s legs, while the first and second assis-
tant stand on the right and left side of operative table, respectively (Fig. 5.1).
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Fig. 5.1 Trocars’ placement.
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Table 5.1 Instrumentation
for laparoscopic
fundoplication

Five 10-mm ports

0° and 30° scope

Graspers and needle holder

Babcock clamp

L-shaped hook cautery with suction-irrigation capacity
Scissors

Laparoscopic clip applier

Electrothermal bipolar vessel sealing system
Liver retractor

Suturing device

2-0 silk sutures

Penrose drain

56 French esophageal bougie

Instrumentation for Laparoscopic Fundoplication

The instruments that are required for the procedure are listed in Table 5.1.
Step 1: Placement of trocars

* A five-trocar technique is used for the procedure (Fig. 5.1).

* Trocar 1 is placed 14 cm inferior to the xiphoid process, in the midline or 1-2 cm
to the left of the midline to be in line with the esophagus. Extreme care must be
taken when positioning this trocar, since the insertion site is just above the aorta
and its bifurcation. In order to increase the distance between the abdominal wall
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and the aorta, therefore reducing the risk of vessel injuries, the abdomen is ini-
tially inflated by using a Veress needle to a pressure of 15 mmHg. Then, an opti-
cal port with a 0° scope is placed under direct vision. Once this port is placed, the
0° scope is replaced with a 30° scope, and the other trocars are inserted under
laparoscopic vision.

Trocar 2 is placed in the left midclavicular line at the same level with trocar 1,
and it is used for insertion of a Babcock clamp, for a grasper to hold the Penrose
drain placed around the esophagus, or for devices used to divide the short gastric
vessels.

Trocar 3 is placed in the right midclavicular line at the same level of the other
two trocars, and it is used for the insertion of a retractor to lift the left lateral seg-
ment of the liver.

Trocars 4 and 5 are placed under the right and left costal margins, so that their
axes form an angle of about 120° with the camera. They are used for the dissect-
ing and suturing instruments.

Step 2: Division of gastrohepatic ligament; identification of right crus of the dia-
phragm and posterior vagus nerve

The gastrohepatic ligament is divided, beginning above the caudate lobe of the
liver, where the ligament is usually very thin, until the right crus of the dia-
phragm is identified. An accessory left hepatic artery originating from the left
gastric artery is frequently present in the gastrohepatic ligament. It may be
divided with no clinical consequences if this vessel limits the exposure.

The right crus is separated from the right side of the esophagus by blunt dissection,
the posterior vagus nerve is identified, and the right crus is dissected inferiorly toward
the junction with the left crus. The use of a bipolar instrument allows to perform a
safer right crus dissection than the electrocautery, with a reduced risk of injury to the
posterior vagus nerve due to the lateral spread of the monopolar current.

Step 3: Division of peritoneum and phreno-esophageal membrane above the esoph-
agus; identification of the left crus of diaphragm and anterior vagus nerve

The peritoneum and the phreno-esophageal membrane above the esophagus are

transected with the electrocautery, with identification of the anterior vagus nerve.
To avoid injury to the anterior vagus nerve or the esophageal wall, the nerve
should be left attached to the esophageal wall, and the peritoneum and the
phreno-esophageal membrane should be lifted from the wall by blunt dissection
before they are divided.

The left crus of the diaphragm is dissected bluntly downward toward the junction
with the right crus.

Step 4: Division of short gastric vessels

The short gastric vessels are taken down all the way to the left pillar of the crus,

starting at the level of the middle portion of the gastric body and continuing
upward until the most proximal short gastric vessel is divided.
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Possible complications during this step of the procedure are bleeding, either from
the short gastric vessels or from the spleen, and damage to the gastric wall.

Step 5: Creation of a window between gastric fundus, esophagus, and diaphrag-
matic crura; placement of Penrose drain around the esophagus

* A Babcock clamp is applied at the level of the esophagogastric junction and the
esophagus is retracted upward.

* A window is opened by a blunt and sharp dissection under the esophagus,
between the gastric fundus, the esophagus, and the left pillar of the crus.

e The window is then enlarged, and a Penrose drain is passed around the esopha-
gus, incorporating both the anterior and the posterior vagus nerves.

The two main complications that can occur during this part of the procedure are:

1. Creation of a left pneumothorax
2. Perforation of the gastric fundus

Step 6: Closure of crura

* Interrupted 2-0 silk sutures are tied intracorporeally to close the diaphragmatic crura.

» Retraction of the esophagus upward and toward the patient’s left with the Penrose
drain is essential to provide proper exposure.

* The first stitch should be placed just above the junction of the two pillars.

* Additional stitches are placed 1 cm apart, and a space of about 1 cm is left
between the uppermost stitch and the esophagus.

Step 7: Insertion of the bougie into esophagus and across the esophageal junction

* After removal of the orogastric tube, a lubricated 56 French bougie is inserted
down the esophagus through the esophagogastric junction by the anesthesiolo-
gist. Lubrication of the bougie and slow advancement of the bougie reduce the
risk of esophageal perforation.

* The crura must be snug around the esophagus but not too tight: a closed grasper
should slide easily between the esophagus and the crura.

Step 8: Wrapping of gastric fundus around the lower esophagus

* The surgeon gently pulls the gastric fundus under the esophagus with two grasp-
ers. The use of atraumatic graspers during this step of the procedure reduces the
risk of damage to the gastric wall. Delivering the fundus under the esophagus and
checking for the origins of the transected short gastric vessels help evaluate
whether the wrap is going to be floppy. If the wrap remains to the right side of the
esophagus and does not retract back to the left, then it is floppy and suturing can
be performed. If not, the surgeon must make sure that the upper short gastric ves-
sels have been transected and the posterior dissection completed.

e The left and right sides of the fundus are wrapped above the esophagogastric
junction. A Babcock clamp introduced through trocar 2 is used to hold the two
flaps together during placement of the first stitch.

* The two edges of the wrap are secured to each other by three 2-0 silk placed at 1
cm of distance from each other (Fig. 5.2).
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Fig. 5.2 Total fundoplication

¢ The wrap should be long no more than 2-2.5 cm.

Step 9: Final inspection, removal of instruments and trocars from the abdomen, and
closure of the port sites

The instruments and the trocars are removed from the abdomen under direct vision,
and the trocars sites are closed.

Laparoscopic Partial Fundoplication

The first six steps are identical to those of a LTF.
(a) Partial posterior fundoplication

* The delivered gastric fundus is gently pulled under the esophagus using two
graspers.

* Three 2-0 silk sutures are placed on each side of the wrap between the mus-
cular layers of the esophageal wall and the gastric fundus, leaving 80-120°
of the anterior esophageal wall uncovered.

* Two coronal stitches are placed between the top of the wrap, the esophagus,
and the right or left pillar of the crus.

* One additional stitch is placed between the right side of the wrap and the
closed crura.

* The resulting wrap measures about 240-280° (Fig. 5.3).

(b) Partial anterior fundoplication

e Itis a 180° anterior fundoplication.
e Two rows of sutures (2-0 silk) are used. The first row is on the left side of the
esophagus and consists of three stitches. The top stitch incorporates the
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Fig. 5.4 Partial anterior fundoplication

fundus of the stomach, the left side of the esophageal wall, and the left pillar
of the crus. The second and third stitches incorporate the gastric fundus and
the muscular layer of the left side of the esophagus.

* The fundus is then folded over the esophagus so that the greater curvature of
the stomach is next to the right pillar of the crus.

* The second row of sutures on the right side of the esophagus consists of three
stitches between the fundus and the right pillar of the crus.

* Finally, two additional stitches are placed between the fundus and the rim of
the esophageal hiatus to eliminate any tension from the fundoplication
(Fig. 5.4).
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Postoperative Course

 Patients start a soft diet the morning of the first postoperative day.

» Patients are instructed to avoid meat, bread, and carbonated beverages for the
following 2 weeks.

* About 85 % of patients are discharged within 23 h, and 95 % of patients are dis-
charged within 48 h.

* Most patients resume their regular activity within 2 weeks.

Postoperative Complications

» Esophageal or gastric perforation may occur during any step of the dissection
and is secondary to traction or inadvertent electrocautery burns.

* Clinical signs of a leak usually appear during the first 48 h with peritoneal signs
in case of spillage limited to the abdomen or shortness of breath and a pleural
effusion if spillage also occurs in the chest.

* A contrast study with a water-soluble contrast agent is necessary to detect the site
of the leak.

* A reoperation with direct repair is the optimal management of the leak.

Short-Term Outcomes

Some degree of transient dysphagia is very common after LTF. If dysphagia persists
beyond 6-10 weeks, one or more of the following causes should be considered:

1. A too tight or too long (i.e., >2.5 cm) wrap. In case of a too tight wrap, the treat-
ment modality of choice is endoscopic dilatation; redo surgery should be consid-
ered in case of failure of endoscopic treatment.

2. Lateral torsion of the wrap to the right with corkscrew effect secondary to ten-

sion from intact short gastric vessels or to a small gastric fundus.

A wrap made with the body of the stomach rather than the fundus.

4. Choice of the wrong procedure. A partial wrap is preferable in case of severely
impaired or absent esophageal peristalsis, reducing the incidence of postopera-
tive dysphagia and gas bloat syndrome.

W

Long-Term Outcomes: Laparoscopic Total or Partial
Fundoplication?

An LPF (posterior, 180° anterior, and 90° anterior) has been proposed as an alternative
to LTF to minimize or prevent postoperative dysphagia and gas-related symptoms.
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Anterior (180° and 90°) LPF vs. LTF

Some randomized controlled trials (RCTs) have compared LTF to an anterior 180°
or 90° LPF. Based on the evidence currently available, there are no differences in
incidence of heartburn and use of PPIs after anterior 180° LPF and LTF, while they
are higher after 90° anterior LPF than LTF at 5-year follow-up. Dysphagia is less
common after LPF (180° and 90° anterior) than LTF at 5 years after surgery. The
long-term outcomes at 10-year follow-up are similar.

These results should be interpreted with caution, since 24-h pH monitoring was
not used in these studies to objectively assess the incidence of gastroesophageal
reflux at long-term follow-up. It is known that ambulatory 24-h pH monitoring is
positive for pathological gastroesophageal reflux in less than 40 % of patients with
recurrent heartburn. On the other hand, 5-year follow-up studies have shown that
LPF achieves a less effective control of reflux than LTF, with recurrent reflux
detected by pH monitoring in more than 50 % of patients after LPF.

Posterior LPF vs. LTF

The effect of a posterior LPF as an alternative to LTF has been investigated in terms
of incidence of postoperative dysphagia and wind-related symptoms. Based on the
results of several RCTs, similar control of reflux and overall patient satisfaction are
achieved after the two procedures. Postoperative dysphagia, inability to belch, gas
bloating, need for endoscopic dilatations, or surgical reoperations are more com-
mon after LTF. However, these initial mechanical advantages seem to disappear
over time.

The interpretation of these data may be biased by the short-follow-up, small
sample sizes of the studies and lack of postoperative objective evaluation of reflux
with 24-h pH monitoring. Indeed, the results of large comparative studies suggest
poorer long-term control of reflux after partial LPF.

LPF: Anterior or Posterior?

Based on the similar reflux control and reduced postoperative dysphagia after LPF,
Hagedorn et al. randomized 47 patients to an anterior 120° LPF and 48 patients to a
posterior (Toupet) LPF. Reflux control was significantly better at 24-h pH monitor-
ing after posterior LPF. Postoperative dysphagia and ability to belch were similar
between the two groups.

In conclusion, an LTF is the procedure of choice for the surgical treatment of
GERD, while an LPF (either anterior 180° or posterior) should be performed only
in patients with severe impairment of peristalsis and in patients with achalasia.
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Laparoscopic Magnetic Sphincter Augmentation (MSA)

Recently, magnetic sphincter augmentation (MSA) with the LINX Reflux
Management System (Torax Medical) is a minimally invasive operation that
increases the sphincter barrier with a standardized, reproducible, and reversible
laparoscopic procedure, without altering the gastric anatomy. The device consists of
a series of magnetic beads interlinked with independent titanium wires that create a
dynamic flexible and expandable ring mimicking the physiological movement of
the esophagus. Main indications are GERD confirmed by 24-h ambulatory pH mon-
itoring and incomplete symptom relief despite maximum medical therapy.

The results of two single-institution studies show that the laparoscopic implanta-
tion of MSA is easy and safe. Postoperatively, the esophageal acid exposure
decreases, reflux symptoms improve, and the majority of patients stop PPIs.
However, only large RCTs with long follow-up comparing MSA and laparoscopic
fundoplication will clarify the role of this device in the treatment of GERD.

Summary

¢ PPIs are the main stem of medical therapy.

e Acid-suppressing medications can only modify the pH of the gastric refluxate,
while surgery restores the competence of the LES.

* A laparoscopic total fundoplication is considered today the gold standard for the
surgical treatment of GERD, with better short-term outcomes and similar reflux
control compared to open fundoplication.

e A small but significant incidence of postoperative dysphagia and gas-related
symptoms is reported after LTF.

* A LPF (either anterior 180° or posterior) should be performed only in patients
with GERD with severe impairment of peristalsis and in patients with achalasia.

¢ Magnetic sphincter augmentation (MSA) is a new minimally invasive operation
that increases the sphincter barrier without altering the gastric anatomy.
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Chapter 6
Treatment of Paraesophageal Hernias

Anahita Jalilvand, Justin B. Dimick, and P. Marco Fisichella

Abstract The goal of this chapter is to describe the pathophysiology and classifica-
tion, clinical presentation, and indications for treatment and an overview of the
surgical management of patients with paraesophageal hernias. A description of the
technical principles of the repair will be described.

Keywords Paraesophageal hernias  Gastroesophageal reflux disease ® Laparoscopic
antireflux surgery ¢ Esophageal function testing * Laparoscopic repair ® Thoracoscopic
repair

A paraesophageal hernia occurs when part of the gastric fundus herniates through
the esophageal hiatus of the diaphragm and lies alongside the esophagus. In contrast
to sliding hiatal hernias, paraesophageal hernias have a “true hernia sac,” made up
of peritoneum. Paraesophageal hernia represents approximately 5 % of all hiatal
hernias and is more common in the elderly.
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Classification of Hiatal Hernias

Paraesophageal hernias are a subclass of hiatal hernias (type II and III). In gen-
eral, hiatal hernias are classified in four types (Fig. 6.1): type I, commonly
known as a sliding hiatal hernia, is the most common (95 %) and occurs when
the gastroesophageal junction is displaced superiorly into the thoracic cavity;
type II occurs when the stomach migrates into the chest and “rolls” over the
esophagus with the gastroesophageal junction still laying down into the abdo-
men; type III occurs when the stomach migrates into the chest and “rolls” over
the esophagus with a concomitant migration of the gastroesophageal junction
into the chest (this type of hernia or “mixed,” or “true paraesophageal” is a com-
bination of the “sliding” and “rolling” types) (Figs. 6.2 and 6.3); type IV occurs
when, together with the stomach, there is herniation of other intra-abdominal
contents through the hiatus (e.g., small bowel, colon, duodenum, or pancreas)
(Figs. 6.4 and 6.5).

This anatomical classification is useful because it helps us understand the
symptoms experienced by patients with different types of hernias. In general,
patients with a type I hiatal hernia experience typical symptoms of gastroesopha-
geal reflux disease (GERD), such as heartburn and regurgitation. As the gastro-
esophageal is displaced into the chest, the lower esophageal sphincter (LES)
becomes incompetent as it is subjected to the negative pressure of the thoracic
cavity and the pinchcock action of the “external sphincter” of the diaphragm is
lost. The angle of His is also lost as the hernia becomes compartmentalized in the
chest. Patients with a type II hernia also experience dysphagia due to external
compression of the intra-abdominally located gastroesophageal junction by the
paraesophageal hernia rather than typical symptoms of GERD. Patients with type
IIT and IV hernias in general complain of a combination of symptoms of gastro-
esophageal reflux disease and dysphagia (synonym of obstruction).

S

Normal Hiatal hernia Hiatal hernia Hiatal hernia
esophagus type 1 type 2 type 3
and stomach (“sliding”) (“rolling”) (“mixed”)

Fig. 6.1 Classification of hiatal hernias is shown. “True” paraesophageal hernias are of type III.
Note the location of the gastroesophageal junction (GEJ) in the different types of hernias
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Fig. 6.2 A barium swallow
(anteroposterior view) is
shown of a patient who
presented with a type III
paraesophageal hernia with
“hour glass” stomach, which
is an anteriorly herniated
fundus, oriented “upside
down” with respect to the
rest of the stomach

Fig. 6.3 A barium swallow
(lateral view) is shown of a
patient who presented with

a type III paraesophageal
hernia with “hour glass”
stomach. The lateral view
clearly shows the anteriorly
herniated fundus lying
alongside the esophagus in its
“para”-esophageal location
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Fig. 6.4 A CT scan is shown
of a patient who presented
with herniation of pancreas
into the posterior
mediastinum (coronal view)

Fig. 6.5 A CT scan is shown
of a patient who presented
with herniation of pancreas
into the posterior
mediastinum (axial view)

Pathophysiology of Hiatal Hernias

The pathogenesis of hiatal hernias continues to be poorly described and their true
cause is likely multifactorial. As such, there appears to be three dominant theories
underlying the pathogenesis of hiatal hernias: (1) increased intra-abdominal
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pressure that displaces the gastroesophageal junction upward into the thorax; (2)
esophageal shortening from congenital causes or acquired secondary to fibrosis; and
(3) widening of the hiatus from congenital or acquired molecular and cellular
changes in the crural muscles or in the connective tissue of the diaphragm.

Because of the increased incidence of other abdominal hernias in association
with type II hiatal, these theories suggest an intrinsic defect in collagen formation.
Similarly, obesity, which is associated with an increased intra-abdominal pressure,
has also shown to be a risk factor for the development of hiatal hernias; furthermore,
obesity is also a risk factor for recurrence after surgical repair.

Clinical Presentation

Paraesophageal hernias differ in symptomology from type I hiatal hernias.
While sliding hiatal hernias are associated with an incompetent LES leading to
worsening gastroesophageal reflux disease, paraesophageal hernias tradition-
ally do not affect the competency of the LES. In contrast, paraesophageal her-
nias involve an anteriorly herniated fundus oriented “upside down” with respect
to the rest of the stomach, predisposing it to twist on itself (Fig. 6.3). Therefore,
symptoms due to paraesophageal hernias are mostly mechanical and include
gastric obstruction, strangulation, incarceration, and ulceration. Pulmonary
symptoms either from chronic aspiration due to gastric obstruction or from the
thoracic displacement secondary to the herniation can also be observed. Chronic
venous congestion of the herniated gastric mucosa along with ulceration
(Cameron’s ulcers) can also result in occult bleeding and anemia. Since type III
paraesophageal hernias are essentially a combination of types I and II, their
symptomology involves worsening of both GERD and esophagitis as well as
mechanical symptoms. Type IV paraesophageal hernias present similarly to
other hiatal hernias, although their symptomology will also depend on what
abdominal contents have herniated through the hiatus. A common presentation
is a small bowel obstruction from herniation and incarceration of small bowel
and duodenum (Figs. 6.6, 6.7, and 6.8). Since type III paraesophageal hernias
are much more common than types II or IV, most patients with paraesophageal
hernias will present with concomitant worsening GERD.

Diagnostic Testing

Although most patients with paraesophageal hernias are symptomatic, there is still
a significant group of patients who are diagnosed incidentally. It is important to note
that a thorough history is necessary to determine if patients are truly asymptomatic,
as many may only appear to have nonspecific complaints unrelated to hernia.
Although standard work-up typically begins with a barium swallow, followed by
upper endoscopy and esophageal manometry, many patients, especially those who
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Fig. 6.6 An abdominal
X-ray is shown of a patient
who presented with
symptoms of small bowel
obstruction. Loops of small
bowel are present in the chest
centrally, and the stomach is
distended, whereas air is
present throughout the colon

AP ABD

Fig. 6.7 A CT scan is shown
of a patient with a type IV
hernia with herniation of the
small bowel. Loops of the
small bowel are present in
the posterior mediastinum

are asymptomatic or minimally symptomatic, have their hernias discovered during
tests performed for other conditions. Figures 6.9 and 6.10 demonstrate the presence
of a paraesophageal hernia on a routine chest X-ray.
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Fig. 6.8 A barium swallow
is shown of a patient with a
type IV hernia with
herniation of the duodenum.
The gastroesophageal
junction is located in the
abdomen and externally
compressed by the hernia.

In this case, the remembrance
of the distal esophagus to the
“bird’s beak” esophagus
characteristic of achalasia
mandated esophageal
manometry to exclude
achalasia and correctly plan
a total fundoplication

Fig. 6.9 A chest X-ray
(anteroposterior view) is
shown of a patient suggestive
of a hiatal hernia. A barium
swallow showed a type III
paraesophageal hernia

Barium swallow is perhaps the most important study, giving valuable informa-
tion as to the size of the stomach herniated and the location of the gastroesophageal
junction (intra-abdominal or intrathoracic).
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Fig. 6.10 A chest X-ray
(lateral view) is shown of a
patient suggestive of a hiatal
hernia. The esophagus filled
with air is demonstrated
together with an air-fluid
level (likely the stomach)
behind the heart. A barium
swallow showed a type III
paraesophageal hernia

Endoscopy is useful for visualization of the esophageal and gastric mucosa, as it
can detect the presence of Barrett’s esophagus, erosive esophagitis, and Cameron’s
ulcers. Furthermore, it can also determine if there are any lesions suspicious for
malignancy, which needs to be documented prior to surgical management.

Since all patients require a fundoplication in addition to a hernia repair, an
esophageal manometry should be included in diagnostic approach for surgical plan-
ning in order to exclude achalasia or an esophageal motility disorder, which would
contraindicate a total fundoplication as part of the repair. Of note, in those few cases
when the patient cannot tolerate the manometry catheter, or if they present emer-
gently, the surgical repair should not be postponed, and in these cases, a partial
fundoplication can be performed to prevent GERD without documentation of nor-
mal esophageal motility. Ambulatory pH monitoring is typically not required for
diagnosis, although many patients may have worsening GERD symptoms prompt-
ing further evaluation. Baseline 24 h pH values may also prove useful in order to
monitor the patient’s clinical progress after the hernia repair.

Indications for Surgery

The management of paraesophageal hernias is still widely debated today. The indica-
tions for surgical treatment as well as the techniques utilized have been a source of
much debate. Due to the risks of strangulation and incarceration and the perioperative
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mortality of emergent surgeries (especially in elderly patients with complex comor-
bidities), traditionally, most surgeons opted to repair paraesophageal hernias regard-
less of whether the patient was symptomatic or not. Current strategies have moved
away from this approach to a more conservative algorithm. Recent studies have shown
that elective and emergent hernia repairs are equally effective. Therefore, for patients
who are minimally symptomatic and in whom the hernia has been discovered inciden-
tally, careful observation with a “watchful waiting” strategy can be a reasonable alter-
native, as long as there is both patient and physician education on symptoms
concerning for strangulation and incarceration. Worrisome symptoms that may
prompt elective repair include severe regurgitation, aspiration, cough, anemia, or dys-
phagia. Gastric volvulus is an indication for emergent surgical intervention and is
classically described by the Borchardt triad, which includes the inability to pass a
nasogastric tube, retching without actual food regurgitation, and chest or epigastric
pain. On the other hand, patients who are younger (<50 years old) and healthier may
be more likely to encounter complications from their hernia given their life expec-
tancy. For these patients, elective repair may be a more appropriate solution, provided
that a comprehensive review of the risks, benefits, and alternatives available is thor-
oughly discussed with the patients as well as incidence of recurrence and complica-
tions and expected quality of life. To summarize, in general, elective surgical
management is reserved for young patients or for those who are symptomatic.

Overview of Surgical Management

The surgical approaches used to repair paraesophageal hernias are widely debated.
The repair is very technically demanding and requires a thorough understanding of
esophageal and gastric anatomy and physiology.

Paraesophageal hernia repair generally includes four steps: hernia sac dissection
and resection, esophageal mobilization, crural repair, and fundoplication. Traditionally,
these steps have been accomplished using an open transthoracic approach, which
includes a left thoracotomy, direct visualization of the hernia, mobilization of the
esophagus to the aortic arch, and dissection and resection of the hernia sac. The main
advantage of the transthoracic approach is the direct visualization and accessibility of
the esophagus, which is essential in this procedure. Proper mobilization of the esopha-
gus is highly correlated to the success rate of the procedure (recurrence rates are low
after open repairs), as it ensures a tension-free repair. Postoperative pain at the thora-
cotomy incision is the most commonly reported symptom, and this can be quite debil-
itating for the patient, as some experience this as a chronic, long-term complication.

The advent of laparoscopy has introduced an alternative to open procedures, pro-
vided that the essential steps of the procedure can be adequately accomplished.
Although the recurrence rate with laparoscopic approach has been shown to be
somewhat higher, a laparoscopic repair can be equally effective with significant
reduction in morbidity and mortality in experienced hands. Recurrences in fact are
usually small and asymptomatic and are mostly linked to the presence of short
esophagus and tension at the diaphragmatic crura during their closure.
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Techniques to overcome the presence of axial tension due to the presence of
short esophagus include aggressively mobilizing the esophagus and extensive dis-
section of the hernia sac in the posterior mediastinum. An esophageal lengthening
procedure, such as a Collis gastroplasty, can be used to further reduce this tension
and decrease the risk of recurrence. This procedure consists in stapling vertically
and laterally alongside the esophagus onto the angle of His, thus effectively creat-
ing a “neo-esophagus.” This procedure lengthens the esophagus inferior to the
diaphragm and allows for more a successful fundoplication without tension.

Techniques to overcome the presence of tension due to a large hiatus include
relaxation of the diaphragmatic crura, along with the use of mesh. The goal of
mesh repair is to oppose the radial tension by strengthening the hiatal orifice.
While most surgeons use mesh, this continues to be debated, as many have shown
that if improperly positioned, the mesh can cause severe complications, such as
erosions requiring gastric resection. As of today, most surgeons have adopted a
selective approach to the use of mesh. In general, mesh is placed to buttress the
hiatus after closure in those patients with thin crura unable to withstand the ten-
sion of the primary closure.

The need for antireflux surgery in addition to paraesophageal hernia repair has
also been debated. However, most surgeons prefer to perform a total fundoplication
as this corrects gastroesophageal reflux if present preoperatively. It also prevents the
development of reflux due to the extensive dissection and destruction of some of the
continence mechanisms of the gastroesophageal junction; and it is a very good form
of gastropexy, anchoring the stomach below the diaphragm, thereby reducing recur-
rences. A fundoplication reduces the need for a tube gastrostomy, which is seldom
performed in the modern era.

Although a Nissen fundoplication is the procedure of choice, a partial posterior
(Toupet) or anterior (Dor) fundoplication rather than a Nissen, or total, fundoplica-
tion may be considered when a patient presents with signs and symptoms of incar-
ceration or strangulation (which do not allow to perform an esophageal manometry
preoperatively) and when an underlying esophageal motility disorder is present
(which would reduce the risk of postoperative dysphagia) (Fig. 6.8).

Obese patients with paraesophageal hernias present a different challenge. First,
the recurrence rate after paraesophageal hernia repairs in obese patients is significantly
increased. Second, simply addressing the paraesophageal hernia does not necessarily
address obesity. As such, in obese patients who qualify for bariatric surgery, a sleeve
gastrectomy or gastric bypass should be considered along with paraesophageal her-
nia repair. An important consideration should be made for patients who are obese and
have worsening GERD symptoms; for these patients, a sleeve gastrectomy may not
be an appropriate antireflux surgery, as it does not appropriately address reflux and
may even make it worse. In these patients, a Roux-en-Y gastric bypass is a more suit-
able option, targeting obesity, lowering paraesophageal recurrence, and allowing for
better reflux control. In fact, a Roux-en-Y gastric bypass offers protection against all
forms of reflux: acid (because the small gastric pouch is devoid of parietal cells) and
alkaline (because the Roux-en-Y limb avoids reflux of bile).
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Postoperative Management

Hospital stay for patients is largely determined by what approach is used for the
paraesophageal hernia repair. Patients undergoing laparoscopic repair have been
reported to stay an average of one night, while open procedures usually require
patients to stay between 3 and 12 days. If the operation is done laparoscopically,
the Foley is removed in the operating room and the patient is discharged home
the next day after tolerating a soft-mechanical diet, which is then advanced at
the first follow-up visit in the clinic. Immediately in the postoperative period,
routine precautions including precautions for deep venous thrombosis, incentive
spirometry, along with adequate pain control, are implemented (open and tho-
racic cases will require epidural catheter for pain control and continuation of
Foley catheter). Moreover, there is no consensus as to whether barium swallow
should be obtained. Most authors agree that if the patient does not undergo any
esophageal lengthening procedure, such as a Collis gastroplasty, there is no
need for a contrast study. Conversely, if a Collis gastroplasty is performed, a
barium swallow may be needed to document the absence of a leak and gastro-
esophageal patency before the nasogastric tube is removed (this is placed intra-
operatively and usually kept for 48 h postoperatively). Barium swallow is
usually obtained between 6 and 12 months postoperatively to assess for any
recurrence.

Summary

» In general, elective surgical management is reserved for young patients (<50) or
for those who are symptomatic.

* The risk of strangulation is small; therefore, older patients and those symptom-
atic or minimally symptomatic can be watched.

* Morbid obese patients should undergo surgery for morbid obesity.

» Best diagnostic tests are upper endoscopy and barium swallow. Manometry must
be done to identify an underlying esophageal motility disorder that may require
a partial fundoplication instead of the conventional total fundoplication.

* Short esophagus is rare; when present, an esophageal lengthening procedure
(Collis gastroplasty) should be performed.

* Hiatal closure: mesh or no mesh policy is adopted selectively. Relaxing dia-
phragmatic incisions are done by some authors.

e Which fundoplication? Partial or total depends on esophageal motility. During
emergencies, when an esophageal manometry cannot be done, a partial fundopli-
cation should be performed to reduce the incidence of postoperative dysphagia
in those with unknown esophageal motility.

* A fundoplication is the best form of gastropexy that eliminates the need for a
tube gastrostomy.
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Chapter 7
Extraesophageal Manifestation
of Gastroesophageal Reflux Disease

Fernando A.M. Herbella and Attila Dubecz

Abstract Gastroesophageal reflux disease (GERD) is defined by the Montreal
Consensus as “a condition which develops when the reflux of stomach contents
causes troublesome symptoms and/or complications.” The Brazilian Consensus is
more precise and acknowledges the plethora of GERD symptoms defining GERD
as “a chronic disorder related to the retrograde flow of gastro-duodenal contents
into the esophagus and/or adjacent organs, resulting in a spectrum of symptoms,
with or without tissue damage.” This make clear that GERD has a myriad of clini-
cal presentations encompassing esophageal and extraesophageal symptoms making
the diagnosis of the disease difficult in some cases. Virtually all adjacent organs to
the esophagus may be affected by the gastric contents and new discoveries are
made on a regular basis showing that even distant organs may be affected by GERD
as well. Extraesophageal presentations can have multifactorial, often non-GERD,
causes, and causality between reflux and these clinical entities is sometimes diffi-
cult to prove.
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Introduction

Gastroesophageal reflux disease (GERD) is defined by the Montreal Consensus as
“a condition which develops when the reflux of stomach contents causes trouble-
some symptoms and/or complications.” The Brazilian Consensus is more precise
and acknowledges the plethora of GERD symptoms defining GERD as “a chronic
disorder related to the retrograde flow of gastro-duodenal contents info the esopha-
gus and/or adjacent organs, resulting in a spectrum of symptoms, with or without
tissue damage.” This make clear that GERD has a myriad of clinical presentations
encompassing esophageal and extraesophageal symptoms making the diagnosis of
the disease difficult in some cases. Virtually all adjacent organs to the esophagus
may be affected by the gastric contents and new discoveries are made on a regular
basis showing that even distant organs may be affected by GERD as well (Fig. 7.1).
Extraesophageal presentations can have multifactorial, often non-GERD, causes,
and causality between reflux and these clinical entities is sometimes difficult to
prove (Fig. 7.2).

This chapter reviews extraesophageal (previously called atypical) manifestation
of GERD.

Psychologic/psychiatric
manifestations

Sleep disorders

Eye disorders
Nasolacrimal duct obstruction

Othorinolaryngology Oral disorders
manifestations Dental erosion
Dysphonia Halitosis
Laryngitis Lung diseases
Sinusitis égr’;rlga
Otitis Intersticial disease
Ul Abscess

cers Chronic cough
Granuloma Bronchitis
Polyps

Laryngeal cancer Cardiac/non-cardiac

pain

Sexual manifestations

Fig. 7.1 Extraesophageal manifestations of the gastroesophageal reflux disease (GERD)
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Fig. 7.2 Extraesophageal
gastroesophageal reflux
disease (GERD) symptoms

pathophysiology
Indirect
involvement
Visceral
sensitivity
Neural reflex
Pathophysiology

GERD pathophysiology has been reviewed in Chap. 3. However, extraesophageal
symptoms have some peculiarities.

First and most important, there is not a broadly accepted threshold for normal
versus pathologic proximal reflux, different from the distal reflux which is consid-
ered abnormal based on an elevated DeMeester score, or a percentage of time the
pH is below 4.0 during pH monitoring, or the presence of distal erosive
esophagitis.

Second, studies of impedance—pH in patients on acid-reducing medications
showed that nonacid proximal reflux may cause extraesophageal symptoms and,
thus, these symptoms may not respond to medical therapy.

Four theories, isolated or synergistically, may explain the genesis of extraesoph-
ageal symptoms.
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Reflux Theory

Gastric contents (acid and nonacid) may reflux to upper-level esophagus and
pharynx and lead to direct damage to adjacent organs. Ambulatory pH monitoring
and impedance studies showed that reflux may occur all the way to the pharynx.
Furthermore, pepsin, bile salts, and other digestive substances have been found in
bronchioalveolar lavage.

Reflex Theory

Extraesophageal symptoms may occur without proximal acid exposure or in organs
not susceptible to reflux. Very interestingly, some studies showed that distal GERD
may be detected in almost half of the patients evaluated for chronic cough or asthma;
however, less than half of these patients have proximal reflux. These symptoms may
be explained by neural reflexes.

Esophageal mucosal stimulation may lead to vagal triggering. Chloridric acid
instillation into the distal esophagus via a nasogastric tube may lead to esophageal
as well as extraesophageal manifestations, such as bronchial and even coronary
spasm, an obsolete test called Bernstein test.

Sensitivity

Different individuals show distinct responses to visceral stimulation with gastric
contents. This different sensitivity may explain symptoms in patients with physio-
logic reflux and the difficulty to identify a threshold for pathologic proximal reflux.

A direct evaluation of esophageal sensitivity may be obtained by acid infusion in
the esophagus (Bernstein test), intraesophageal balloon distention, electrical stimu-
lation, and pharmacologic provocative tests, even though they are rarely used.
Temporal correlation of reflux and symptoms during pH monitoring is a better indi-
rect evaluation of visceral sensitivity as it will be discussed below.

Indirect Involvement

Gastroduodenal contents may reflux to sensitive organs and provoke damage that
may extend to adjacent organs. A good example is the origin of GERD-related
otitis due to Eustachian tube dysfunction based on edema on the rhinopharyngeal
region.
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Diagnostic Workup

Upper Digestive Endoscopy

Upper digestive endoscopy may establish a diagnosis of GERD in the presence of
erosive esophagitis, Barrett’s esophagus, or nonmalignant stenosis. Other indirect
contributors to GERD, such as hiatal hernia, may also be found.

In the absence of erosive esophagitis or Barrett’s esophagus, endoscopy has poor
specificity and sensitivity. Almost half of the patients with pH monitoring-proven
GERD may have a normal endoscopy. This is in part due to the widespread and
liberal use of acid-reducing medications that may mask the real endoscopic find-
ings. Furthermore, there are no specific findings for proximal reflux, such as proxi-
mal esophagitis.

Esophageal Function Tests

Manometry evaluates changes in the esophageal motility that may be associated
with GERD physiopathology, such as lower esophageal sphincter (LES) compe-
tence and esophageal body peristalsis; however, manometry cannot confirm a sus-
pected diagnosis of GERD. In the case of extraesophageal symptoms, the analysis
of the upper esophageal sphincter (UES) is controversial. While some authors
believe a hypotonic UES is part of a panesophageal motor dysfunction that affects
all 3 barriers to aspiration — the lower esophageal sphincter, the esophageal peristal-
sis, and the UES — others believe that a hypertonic UES in some patients is a natural
mechanism to protect against aspiration.

Ambulatory pH monitoring is the gold standard test for the diagnosis of GERD.
Although the threshold for distal reflux is very well defined and widely accepted,
the normative value for proximal acid reflux is a controversial topic. There is no
widely accepted reference value for proximal acid or nonacid exposure.

Apart from acid exposure, pH monitoring may evaluate temporal correlation
between symptoms and episodes of reflux. A positive correlation is probably the
best method to incriminate GERD as the pathogenesis for symptoms. Furthermore,
a positive correlation also predicts response to treatment. Obviously, some symp-
toms are not temporally correlated to reflux but the result of chronic inflammation,
such as hoarseness, and, thus, not amenable to temporal symptom—reflux correla-
tion. Different methods have been described to interpret the correlation between
reflux and symptoms. The most important are:

(a) Symptom Index (SI): it is defined as the percentage of symptom episodes that
are related to reflux. Although very simple to understand and use, it does not
consider the number of reflux and the number of symptoms. Thus a patient with
200 episodes of reflux and 20 of them correlated to symptoms will have a SI of
10 % as much as a patient with 10 episodes of reflux, one of them correlated to
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symptoms. Similarly, a SI of 50 % will be found in a patient that referred 2
episodes of symptom with 1 of them correlated to reflux and another patient
with 100 episodes of symptom with 50 of them correlated to reflux. SI is more
likely to be positive when the number of reflux episodes is high. There is no
consensus on which percentage represents a significant correlation with number
ranging from 50 to 80 %.

(b) Symptom Sensitivity Index (SSI): it is defined as the percentage of the number
of symptom associated reflux episodes over the total number of reflux episodes.
SSIis more likely to be positive when the number of symptom episodes is high.
Values over 10 % are considered significant.

(c) Symptom-Association Probability (SAP): it is a complex mathematical equa-
tion that represents the likelihood that the patient’s symptoms are related to
reflux. Although it is considered the best method by some authors, the number
obtained is often a fraction and not intuitive. An SAP >95 % is statistically
significant.

Studies of impedance—pH measurements in patients on acid-reducing medica-
tions showed that nonacid proximal reflux may cause extraesophageal symptoms;
however, clinical use of impedance—pH may be controversial due to studies with
controversial results, the rarity of isolated nonacid reflux because it seems that it
parallels acid reflux, and a lack of clinical implication regarding prognosis, thera-
peutic decisions, or postoperative evaluation.

Laryngoscopy

Laryngoscopy is an office procedure frequently performed by ENT surgeons in
patients with suspected GERD. The findings suggestive of GER are erythema,
edema, ventricular obliteration, post-cricoid hyperplasia, and pseudosulcus. These
findings, however, are suboptimal predictors for GERD because they have low sen-
sitivity and specificity.

Belafsky developed a complex scoring in order to improve accuracy. It is based
on 8 findings: subglottic edema, ventricular edema, erythema, vocal cord edema,
diffuse laryngeal edema, hypertrophy of the posterior commissure, granuloma or
granulation tissue, and thick endolaryngeal mucus. The total score can range from
0 (best) to 26 (worst) (Table 7.1).

Other Tests

Barium esophagram may show gastric reflux to the upper esophagus or even phar-
ynx; however, the sensitivity of the test is poor and no objective parameters can be
measured.
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Table 7.1 Belafsky reflux score system for laryngoscopy

Finding Score

Subglottic edema Absent — 0/Present — 2

Ventricular obliteration Absent — (/Partial — 2/Complete — 4

Erythema/hyperemia Absent — 0/Arytenoids — 2/Diffuse — 4

Vocal fold edema Absent — 0/Mild — 1/Moderate — 2/Severe — 3 /Polypoid — 4
Diffuse laryngeal edema Absent — 0/Mild — 1/Moderate — 2/Severe — 3/Obstructing — 4
Post. commissure hypertrophy ~ Absent — 0/ Mild — 1 /Moderate — 2/Severe — 3/Obstructing — 4
Granuloma Absent — 0/Present — 2

Thick endolaryngeal mucus Absent — 0/Present — 2

Detection of pepsin, bile salts, and other digestive substances in bronchioalveo-
lar lavage is feasible but rarely used in clinical practice.

The Bernstein test consists in the dripping of acid into the esophagus through a
nasogastric tube in order to incite symptoms. This test is no longer used.

Oropharyngeal pH testing detects liquid and aerosolized acid in the oropharynx
with some technical advantages over conventional pH meters. The real clinical use
of the device is still under scrutiny.

Target Organs

Otorhinolaryngology Manifestations

Common reflux-related otorhinolaryngology disorders are chronic laryngitis and,
according to recent evidence, potentially also chronic sinusitis and otitis media.
Less common are contact ulceration and granuloma, laryngeal and subglottic steno-
sis, and laryngeal carcinoma. A large case control study examining over 100,000
patients with erosive esophagitis or esophageal stricture found significant associa-
tions between these findings and several otorhinolaryngology disorders when com-
pared to healthy controls. Other studies, however, did not find more reflux by pH
monitoring in patients in comparison to volunteers. The similarity of proximal acid
exposure in healthy individuals and patients may show that laryngopharyngeal sen-
sitivity to acid may play a role in the genesis of symptoms.

Belafsky developed a clinical scoring system to suggest that laryngopharyngeal
reflux is the cause of laryngitis or pharyngitis. A number above 13 is considered
positive (Table 7.2).

The exact relationship between proximal reflux and laryngeal malignancy is
unclear, but the available data suggest that most patients who develop laryngeal
cancer both smoke and have laryngopharyngeal reflux. In a study reporting 31 con-
secutive cases of laryngeal carcinoma, less than 60 % of these patients were active
smokers but 84 % had LPR verified by pH-metry.
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Table 7.2 Belafsky clinical scoring system to laryngopharyngeal reflux

Within the last month, how did the following problems affect you?
(Grade symptoms from O (no problem) to 5 (severe problem))

1. Hoarseness or a problem with your voice

Clearing your throat

Excess throat mucus or postnasal drip

Difficulty swallowing food, liquids, or pills

Coughing after you ate or after lying down

Breathing difficulties or choking episodes

Troublesome or annoying cough

Sensation of something sticking in your throat or a lump in your throat
Heartburn, chest pain, indigestion, or stomach acid coming up

D A ol

Lung Manifestations

The association of GERD and pulmonary diseases is well known. Many studies
have shown a higher incidence of GERD in patients with asthma, fibrosis, lung
abscess, chronic cough, bronchitis, and chronic obstructive pulmonary disease
(COPD). The pathophysiology of these diseases may be linked to the reflux and
the reflex theories; thus, proximal reflux and aspiration may not necessary be
found during workup. Extraesophageal GERD complaints are frequently com-
mon to the symptomatic manifestation of the lung disease and thus a confound-
ing factor. Therefore clinical questionnaires are insufficient and objective
determination of GERD is mandatory for the correct management of these
patients.

Asthma is a heterogeneous clinical syndrome characterized by nonspecific air-
way hyperresponsiveness and inflammation. GERD is a trigger and/or comorbid
disorder in approximately 75 % of asthmatics with adult onset of the disease, and it
is recognized as a risk factor for asthma exacerbations as well as a key factor in
difficult-to-treat asthma. It must be remembered that most asthma medications
affect esophageal motility, especially the lower esophageal sphincter tonus, thus
accentuating GERD.

Chronic cough is defined as a cough with >8 weeks’ duration. GERD account for
near 10 % of the cases. Other causes to be excluded are the use of medications
(especially angiotensin inhibitors), smoking, postnasal drip syndrome, and asthma.

Idiopathic pulmonary fibrosis (IPF) is an interstitial lung disease characterized
by aberrant fibroblast proliferation which is felt to be secondary to recurrent epithe-
lial injury. Recently, different studies showed a higher prevalence of GERD in these
patients, and surgical antireflux therapy showed to improve significantly the out-
comes of these patients, even taking some patients out of the waiting list for lung
transplantation.
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Table 7.3 Smith and Knight Classification for dental erosion (tooth wear)

0 — no loss of enamel surface characteristics, no cervical loss of contour

1 —loss of enamel surface characteristics or cervical minimal loss of contour

2 —loss of enamel exposing dentine for less than one third of surface or cervical defect less than
1 mm deep

3 —loss of enamel exposing dentine for more than one third of surface, loss of enamel and
substantial loss of dentine, or cervical defect less than 1-2 mm deep

4 — complete enamel loss—pulp exposure—secondary dentine exposure or cervical defect more
than 2 mm deep—pulp exposure—secondary dentine exposure

COPD is probably the main pulmonary disease that lacks a satisfactory number
of studies dealing with esophageal function tests and objective evaluation of acid
exposure and esophageal motility. However, some series shows a high prevalence of
GERD. The response to treatment is still elusive.

In general, most of the pulmonary diseases associated to GERD show only a
modest response to medical therapy with acid-reducing medications, since available
drugs do not prevent reflux and the aspiration of gastric contents is nocive to the
lungs irrespective of pH.

Oral Manifestations

Dental

Dental erosions have been reported in up to 65 % of GERD patients. However, the topic
is controversial due to conflicting results and other possible causes for dental erosions,
such as alteration in the saliva composition and ingestion of caustic food. Nevertheless,
most authors believe gastric acid is able to reach the teeth and dissolve the hydroxyapatite
crystals in enamel. Tooth erosion is highly unlikely to be caused by alkaline bile juices.
The diagnostic criteria for dental erosions are loss of tooth structure of noncari-
ous etiology, outside the areas of contact or occlusal guidance, and a glossy, smooth,
rounded shape. The severity of the erosion areas may be quantified using different
indices. The most common is the one proposed by Smith and Knight (Table 7.3).

Halitosis

Halitosis affects a large proportion of the population. The exact pathophysiological
mechanism of halitosis is unclear, although it has been attributed mainly to oral
maladies. The association between halitosis and digestive diseases is very contro-
versial. While some studies point out a strong correlation between halitosis and
altered upper endoscopy or GERD symptoms, others do not show this correlation,
but most authors agree that halitosis may be an extraesophageal symptom of GERD.
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GERD is found in about 15 % of the patients in series of patients with halitosis.
Also, the presence of volatile sulfur-containing compounds in the exhaled air mea-
sured at the halimeter correlates with esophagitis.

Cardiac and Noncardiac Chest Pain

GERD may lead to episodes of reflux referred as chest pain or induce esophageal
dysmotility also reported as pain. Moreover, GERD may induce a vagal reflex culmi-
nating in coronary vasoconstriction and transitory heart ischemia. Other confounding
factors muddy the waters during the evaluation of patients with chest pain, such as
the sharing of risk factors for both GERD and heart diseases (obesity, smoking), trig-
gers for symptoms (copious meals, exercise, strong emotions), symptoms (pain may
be described as squeezing or burning in the substernal location with possible radia-
tion to the neck, arms, or back), and amelioration with smooth muscle relaxants.

Cardiac pain may have an origin due to a cardioesophageal reflex mediated by
the vagi nerve. Physiological studies showed that balloon distention of the esopha-
gus and the instillation of chloridric acid into the esophagus may lead to bradycar-
dia, tachycardia, or coronary spasm.

Noncardiac chest pain was considered by the Montreal Consensus on GERD an
esophageal manifestation; however, the topic will be treated in this chapter as most
authors still consider the symptom an extraesophageal manifestation of the disease.
The pain may occur due to esophageal mucosal stimulation with gastroduodenal
contents or, more commonly, due to dysmotility. Esophageal motility disorders may
be considered primary (when no other cause is diagnosed) or secondary (when a
cause is detected, such as GERD). Primary disorders must be treated with smooth
muscle relaxants such as nitrates or calcium channel blockers. Dysmotility second-
ary to GERD must have the treatment directed toward reflux control, either medi-
cally or surgically.

Obviously, these patients must be checked for coronary artery disease. Esophageal
function tests are also required since esophageal manometry may demonstrate a
dysmotility pattern that may explain the symptoms and pH monitoring may confirm
pathologic reflux and prevent unnecessary time loss and costs with inadequate treat-
ments or even avoid disastrous consequence such as the prescription of smooth
muscle relaxants that will lead to relaxation of the lower esophageal sphincter in
patients with GERD.

Sleep Manifestations

Nighttime GERD symptoms are reported by 2/3 of the GERD patients. One study
showed that 75 % of GERD patients reported that these symptoms affected their
sleep, 63 % believed that heartburn negatively affected their ability to sleep well,
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40 % believed that sleep difficulties caused by nighttime heartburn impaired their
ability to function the following day, 42 % stated that they accepted they could not
sleep through the night, 39 % reported that they took naps whenever possible, 34 %
reported sleeping in a chair or in a seated position, and 27 % reported that their
heartburn-induced sleep disturbances kept their spouses from having a good night’s
sleep.

Nocturnal episodes of reflux arise and may be more severe than daytime reflux
due to delayed gastric emptying, decreased pressure of the upper esophageal sphinc-
ter, diminished esophageal peristalsis, and decreased saliva secretion that occur dur-
ing sleep. Awakening from sleep because of GERD symptoms (heartburn,
regurgitation, or cough mainly) results in initiation of swallowing and increase in
esophageal clearance to prevent aspiration. Studies with simultaneous pH and poly-
somnogram also showed that GERD episodes during the night may be symptomatic
or not; thus even patients without GERD night symptoms may have sleep problems
related to GERD. Accordingly, suspected cases must undergo a pH monitoring.

Few studies have shown improvement in night symptoms and subjective impres-
sion on sleep quality after clinical therapy for GERD with proton pump inhibitors;
however, amelioration in objective parameters measured during a polysomnogram
has not been demonstrated.

The literature is scarce in regard to the outcomes of antireflux operations and
sleep problems.

Sexual Manifestations

Chronic diseases may affect sexual behavior due to the onset of symptoms during
intercourse, the reduced sense of well-being, and the awareness of being chronically
ill. This may significantly affect quality of life. GERD may course with all these
conditions.

Heartburn can occur during sexual intercourse, a condition called “reflux dyspa-
reunia,” as coined by Kirk in 1986. This author found a prevalence of 77 % of this
condition when women are actively interrogated about the symptom. Very
interestingly, 80 % of them improved after GERD treatment. Other study found
similar results with difficulty in attaining orgasm and painful intercourse as the
main complaints and significant improvement with treatment, either medical or
surgical.

Psychologic/Psychiatric Manifestation

GERD symptoms are reported by almost half of the psychiatric patients. On the
other hand, GERD patients demonstrate significantly higher anxiety and depression
scores as compared with normal subjects. This strong association of the diseases
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may be multifactorial. Psychiatric diseases, from complex illness to as simple as
acute stress, may reduce esophageal perception thresholds for pain resulting in low-
intensity stimuli perceived as being painful or lead to hypervigilance and overre-
porting of stimulus intensity. This is marked in patients with GERD and symptoms
linked to esophageal hypersensitivity such as noncardiac chest pain. Parallel to the
psychiatric diseases, the use of psychotropic medication that may affect esophageal
clearance or LES pressure, smoking, and alcohol drinking are common in this
population.

The outcome of either medical or surgical therapy for GERD is severely affected
by psychiatric disorders. One study showed that the satisfaction with antireflux
operations drops from 95 to 11 % if a psychiatric disorder is detected. Psychological
intervention improves results.

Conclusions

GERD may affect directly or indirectly several organs apart from the esophagus.

Diagnosing extraesophageal symptoms of GERD can be difficult due to the lack
of concomitant typical symptoms of GERD, which can be absent in 40-60 % of
asthmatics, 57-94 % of patients with otolaryngology complaints, and 43-75 % of
patients with chronic cough. The diagnosis of GERD as a cause of extraesophageal
symptoms needs a high degree of suspicion and very careful evaluation of patients.
It must also be in mind that the diagnosis of pathologic proximal reflux and micro-
aspiration must be based on a sum of clinical parameters, not from a single piece of
information, since the accuracy of diagnostic tests (laryngoscopy, endoscopy, and
pH or impedance—pH monitoring) for patients with suspected extraesophageal man-
ifestations of gastroesophageal reflux disease is suboptimal.

Response of extraesophageal symptoms to treatment is inferior to the response
of esophageal GERD symptoms. The key for treating these patients is based on
clinical evaluation, proper testing, and tailored treatment.

Summary

* GERD may affect directly or indirectly several organs apart from the esophagus.

* GERD may cause extraesophageal symptoms due to reflux of gastric contents
into adjacent organs, neural reflex due to esophageal stimulation, increased vis-
ceral sensitivity to physiologic reflux, or indirect involvement.

* The diagnosis of extraesophageal manifestations of GERD may be difficult,
since symptoms mimic other diseases, causes may be multifactorial, and the
accuracy of diagnostic tests is suboptimal.

e Objective evaluation for GERD may save time, money, and unnecessary
treatment.
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A careful evaluation of patients with extraesophageal manifestations of GERD
and the correct understanding of the pathophysiology of the disease are neces-
sary to enhance outcomes since therapy may not bring excellent results.
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Chapter 8
Epiphrenic Diverticulum

Anabhita Jalilvand and P. Marco Fisichella

Abstract The goal of this chapter is to describe the pathophysiology, clinical
presentation, and proper methods of diagnosis and treatment of patients with epi-
phrenic diverticula. Finally, an overview of the surgical management will be pro-
vided and the indications for surgery and the description of the laparoscopic repair
and the thoracic approach will be described.

Keywords Epiphrenic diverticula  Gastroesophageal reflux disease ® Laparoscopic
antireflux surgery ¢ Esophageal function testing ¢ Laparoscopic repair
Thoracoscopic repair

Epiphrenic diverticula are a rare disease that is commonly associated with an under-
lying motility disorder of the esophagus. Treatment of this underlying motility dis-
orders must be included in the management of epiphrenic diverticula to prevent
postoperative complications and recurrences.
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Pathophysiology

Esophageal diverticula are generally categorized using two characteristics: their
anatomic location along the esophagus and whether they are pulsion or traction
diverticula. The most common anatomic presentations are at the pharyngoesopha-
geal junction, the mid-esophagus, and the epiphrenic region. Pharyngoesophageal
or Zenker’s diverticula are by far the most common presentation, while epiphrenic
are the least common. The distinction between pulsion and traction diverticula
relates to the mechanism of the diverticulum. Pulsion diverticula occur due to an
increase in intraluminal pressure, which over time can create a false diverticulum.
This type of diverticulum consists only of mucosal and submucosal layers. In con-
trast to this, traction diverticula, which are seen typically in the mid-esophageal
region, are caused by external traction on the esophageal wall, such as might be seen
in chronic mediastinal inflammation from tuberculosis or histoplasmosis. By exert-
ing force on the outside of the esophagus rather than from within, as in the case of
increased intraluminal pressure, this kind of external traction can lead to a true
diverticulum, which involves all three mucosal, submucosal, and muscular layers of
the esophageal wall.

Epiphrenic diverticula are classified as pulsion or false diverticula. As their name
implies, they are located in the distal esophagus and typically arise below the lower
esophageal sphincter. They are commonly found on the right side of the esophagus.
There has been a very well documented pathophysiologic link between the presence
of esophageal motility disorders and the incidence of epiphrenic diverticula. In fact,
anywhere from 35 to 100 % of patients with epiphrenic diverticula can have comor-
bid motility disorders, which include achalasia, diffuse esophageal spasm, nonspe-
cific esophageal motility disorders, and nutcracker esophagus. Given such high
prevalence of esophageal dysmotility in these patients, it is currently thought that
epiphrenic diverticula are caused by an underlying motility pathology, which
involves a lack of coordination between the distal esophagus and the lower esopha-
geal sphincter. Over time, this discoordination can lead to increased intraluminal
pressure and the development of an outpouching of esophageal mucosal and submu-
cosal layers. Although the motility disorder is thought to be initiating the pathology,
it is often diagnosed secondary to the presence of the diverticulum when symptoms
usually prompt diagnostic investigations. It is speculated that the episodic nature of
motility disorders at the very early stages may account for the delay in diagnosis.

Epidemiology

Of all esophageal diverticula, epiphrenic diverticula are the least common. Since
many patients with this pathology are asymptomatic, particularly when the diver-
ticula are small, their true incidence is not well documented. Most commonly, epi-
phrenic diverticula are observed in either middle-aged or elderly populations, which
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is consistent with a gradual weakness in the esophageal wall observed in the patho-
physiology of pulsion diverticula. Malignant conversion of epiphrenic diverticula
has been reported in the literature and can occur in 0.3-3.3 % of patients. Most
often, these are patients who were asymptomatic and therefore were never diag-
nosed with an epiphrenic diverticulum. For this reason, when these patients do pres-
ent clinically, the malignancy is typically at an advanced stage. The most common
malignant type of cancer that arises in epiphrenic diverticula is of the squamous
type, and the malignant transformation is thought to arise secondary to chronic sta-
sis and fermentation of food within the diverticula.

Clinical Presentation

The majority of epiphrenic diverticula are found incidentally. In fact, less than 40 %
of patients with epiphrenic diverticula complain of any symptoms. However, when
patients are symptomatic, commonly reported symptoms include dysphagia, regur-
gitation of undigested food, chest pain, heartburn, nocturnal aspiration, aspiration
pneumonia, and, if severe, weight loss. Because the etiology of the diverticulum is
often the underlying motility disorder of the esophagus, most symptoms such as
dysphagia, regurgitation, chest pain, and heartburn may be due to the motility disor-
der rather than the diverticulum itself. This is why the size of the diverticulum does
not correlate to the severity of symptoms experienced by the patient. Regurgitation
of undigested food, nocturnal aspiration, and aspiration pneumonia, however, are
more suggestive of a symptomatic diverticulum, but again, little correlation between
the size of the diverticulum and the severity of these symptoms has been found.
Lastly, when the diverticulum becomes large enough, it may cause odynophagia and
weight loss by compressing the esophagus.

Diagnostic Testing

Evaluation of epiphrenic diverticula begins by assessing the severity of the patient’s
symptoms; dysphagia, regurgitation, and aspiration are considered indications for
further clinical assessment. Importantly, dysphagia should always prompt in ruling
out esophageal cancer. Further diagnostic workup includes the following: barium
esophagogram, upper endoscopy, and esophageal manometry, with or without
ambulatory pH monitoring.

Barium esophagogram is typically the first diagnostic test to be performed. Not
only are the findings diagnostic, but a contrast esophagogram can provide useful
information for surgical planning, including the location of the diverticulum (left or
right chest and distance from the diaphragmatic hiatus), the diameter of its pouch,
as well as the length and width of its neck (Fig. 8.1). Barium esophagogram can also
depict any abnormalities of the gastroesophageal junction, such as hiatal hernias or
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Fig. 8.1 The barium
esophagogram shows a 6x7
cm epiphrenic diverticulum
with an underlying
esophageal motility disorder
(corkscrew esophagus).

In this 88-year-old male, the
diverticulum was located
high in the mediastinum and
the barium swallow allowed
planning a thoracoscopic
resection

lesions suspicious for a malignant process. Furthermore, disordered contractions of
the distal esophagus, corkscrew esophagus from diffuse esophageal spasm, or ter-
tiary contractions can also be seen on esophagograms, which can prove useful in
providing information on esophageal motility. Hiatal hernias are sometimes identi-
fied in conjunction with epiphrenic diverticula as well.

Upper endoscopy is used to evaluate for mucosal lesions within the diverticulum
and to search for any additional pathology in the upper gastrointestinal tract, such as
esophageal and gastric ulcers, Barrett’s esophagus, or esophagitis, which may con-
tribute the patient’s clinical presentation. As with any esophageal pathology, any
masses suspicious for malignancy should be documented and taken into consideration
before any surgical management is attempted. Another advantage of performing an
upper endoscopy after the contrast study of the esophagus is that the presence of the
esophageal diverticulum detected on barium esophagogram may alert the provider
performing the endoscopy to avoid intubating and perforating the diverticulum.

Esophageal manometry is usually performed to identify and classify definitively
any underlying motility disorders. Some may argue, however, that manometry has
only an academic role, as its results would not modify the patients’ surgical treat-
ment, should one assume that almost if not all epiphrenic diverticula are caused by
an underlying esophageal motility disorder. Conversely, most argue that the
documentation of any existing esophageal dysmotility is fundamental to determining
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with certainty any underlying motility disorders. Commonly identified motility
disorders of the esophagus most likely associated with esophageal diverticula include
achalasia, diffuse esophageal spasm, nutcracker esophagus, and hypertensive esoph-
agus. While identification of the esophageal dysmotility is very important, normal
manometry results should not be used to influence the surgical management. In fact,
in a few cases, due to the episodic nature of most motility disorders, normal manom-
etry results do not necessarily exclude the presence of dysmotility.

Finally, ambulatory pH monitoring may also be obtained to further characterize
patients who are presenting with symptoms such as heartburn and regurgitation in
order to rule out GERD. This step may be unnecessary in most cases but is impor-
tant in selected patients as the treatment of GERD is diametrically opposite to that
of the epiphrenic diverticulum and/or an esophageal motility disorder.

Indications for Surgery

Proper treatment and management strategies for patients with esophageal divertic-
ula have been a source of controversy. To begin with, the surgical options for defini-
tive treatment are typically very challenging and can only be performed by
experienced foregut surgeons. Furthermore, even in expert hands, these surgeries
have the potential for very serious complications, such as esophageal perforation,
leak, or empyema. On the other hand, because of the potentially life-threatening
complications from epiphrenic diverticula, such as aspiration pneumonia, some
have argued that all epiphrenic diverticula should be resected regardless of the
symptoms. There is additional concern that larger diverticula have an increased,
albeit small, risk for malignant transformation of the diverticular mucosa due to
long-standing inflammation. Most of the current literature, however, suggests that
the risks of surgical management outweigh the incidence of these rare complica-
tions. Therefore, treatment of epiphrenic diverticula is thus usually reserved for
symptomatic patients who are considered good surgical candidates.

Overview of Surgical Management

Management of epiphrenic diverticula requires three steps: addressing the underly-
ing motility disorder, removal of the diverticulum, and prevention of postoperative
GERD. The steps of the operation (performed with the laparoscopic approach) are
illustrated in Figs. 8.2, 8.3, 8.4, 8.5, and 8.6. These steps are usually accomplished
by performing an esophageal myotomy to address underlying motility disorders, a
diverticulectomy when appropriate (when the diverticulum is big enough to be
resected safely), and a partial fundoplication to address postoperative reflux symp-
toms. The performance of a partial posterior or a partial anterior fundoplication
does not have a preferential effect in preventing GERD postoperatively: both work
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Fig. 8.2 The surgical
management of a patient with
a diverticulum includes the
three steps illustrated in

Figs. 8.2, 8.3, 8.4, 8.5, and
8.6: diverticulectomy,
myotomy, and partial
fundoplication. An epiphrenic
diverticulum is shown
delivered below the diaphragm
into the abdominal cavity and
with its neck completely
mobilized. Its relationship
with the anterior vagus nerve
is demonstrated. The hiatus
has been closed with two
stitches without tension

Fig. 8.3 The stump of the
neck of the diverticulum with
the longitudinal staple line
across the esophageal
submucosa is shown

Fig. 8.4 The defect of the
esophageal musculature is
closed with interrupted
sutures to imbricate the staple
line

A. Jalilvand and P.M. Fisichella
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Fig. 8.5 A contralateral
cardiomyotomy is shown
extending onto the body of
the esophagus and for 3 cm
onto the anterior wall of the
stomach. The cardiomyotomy
is 10 cm long and it is located
contralateral to the original
location of the diverticulum

Fig. 8.6 A completed partial
anterior 180° fundoplication
is fashioned by folding the
gastric fundus over the
myotomy and the staple line
and suturing it superiorly
onto the apex of the left and
right pillars of the crus
diaphragm and then medially
onto the right edge of the
myotomy as described
originally by André Dor in
1962

equally well. However, in those patients who receive an esophageal myotomy, the
myotomy incision can result in an incompetent LES, and in order to prevent the
resultant GERD, an anterior partial fundoplication is usually done to protect
the myotomy in case of inadvertent perforation or to protect the staple line of the
diverticulectomy against a potential disruption and subsequent leak.

Historically, a transthoracic approach through a right thoracotomy incision has
been the standard of care. Since most diverticula are found on the right side of the
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esophagus, a right-sided incision theoretically allows for better accessibility. In
turn, this ensures optimal visualization and access to the distal esophagus and pro-
vides the best exposure for the resection of the diverticulum, oversewing of the
esophageal musculature over the staple line for diverticulectomy, and contralateral
distal esophageal myotomy. Importantly, the right lung is deflated during an open
transthoracic approach, and a chest tube is always required postoperatively.

With advances in minimally invasive operative techniques, laparoscopy has also
become a reasonable alternative, and it is now considered the approach of choice in
most cases. The same steps as described with thoracic approaches are carried out
using a laparoscopic approach. The advantages of laparoscopic approach include an
avoidance of performing surgery through the chest, which can be a source of signifi-
cant pain postoperatively and discomfort associated with the chest tube. A thoraco-
scopic approach can also prolong hospital stay and requires intubation with a
double-lumen endotracheal tube or bronchial block by the anesthesiologist. Other
advantages of laparoscopic approach include an easier application of endostapler to
transect the diverticula (which needs to be applied longitudinally, along the major
axis of the esophagus) and greater ease in performing the cardiomyotomy (which
needs to be extended at least 3 cm below the gastroesophageal junction onto the
anterior wall of the stomach), the partial fundoplication, and the closure of the dia-
phragmatic hiatus. However, these advantages may be limited in cases with larger
diverticula, long distances between the neck of the diverticulum and the hiatus (usu-
ally about 10 cm), and the presence of dense adhesions between the diverticulum
and adjacent mediastinal structures, making the dissection, application of the sta-
pler, and approximation of the muscle layers more difficult laparoscopically. In
these circumstances, video-assisted thoracoscopic surgery (VATS) may be more the
appropriate approach of choice.

The most common complication from either surgical approach is leakage from
the staple line after diverticulectomy, with other severe complications including
sepsis, pneumonia, empyema, and abscess formation. Performing an appropriate
myotomy is crucial to obtain symptom resolution when an esophageal motor disor-
der is identified and to eliminate the risk of a leak. When the diverticulectomy is
performed without a myotomy, the staple line is subject to the same high pressures
distally that caused the pulsion diverticula initially. To be effective, the esophageal
myotomy should be made contralateral to the diverticulum and should extend
5-8 cm above the gastroesophageal junction and not less than 3 cm below the gas-
troesophageal junction, onto the anterior stomach wall. Vagal nerve injury or tran-
section can also be a complication, particularly with aggressive mediastinal and
gastroesophageal dissection.

At present, there are no studies comparing the outcomes of laparoscopic and
thoracoscopic approaches, and given the limited number of cases and the variety of
surgical techniques and measured outcomes, it is difficult to make a quantitative
conclusion about the superiority of one procedure over another. Having said that,
both treatment strategies have been shown to be very effective surgical modalities,
each approach having its own advantages and disadvantages.
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Postoperative Management

When a laparoscopic approach is used, patients typically will be admitted
overnight while they remain NPO. The following day, some advocate obtaining
a contrast esophagogram to rule out the possibility of a leak at the staple line, at
which point, the patient can be slowly transferred to a soft diet. Patients are sent
home on a soft diet for approximately a week. Follow-up is usually scheduled
for one week postoperatively. Most patients are able to tolerate a full diet at this
time.

Patients who underwent a thoracoscopic repair may have a similar hospital
course, although they are likely to be admitted for a longer period of time. Most
common postoperative complaints are related to pain at the thoracotomy incision
site and the discomfort of a chest tube.

Summary

» Epiphrenic diverticula are commonly associated with an underlying motility dis-
order of the esophagus.

¢ Retained food within the diverticulum can lead to chronic inflammation, which
in turn is associated with a small, albeit rare, chance of malignant degeneration
into a squamous cell esophageal cancer.

* Treatment of the underlying motility disorders must be included in the manage-
ment of epiphrenic diverticula to prevent postoperative leaks (outflow obstruc-
tion) and recurrences.

* Symptoms related to epiphrenic diverticula may be due to the underlying motil-
ity disorder rather than the diverticulum itself, underlining the importance of
addressing motility disorders when considering a treatment option.

* A laparoscopic approach is the approach of choice in most cases.

* A laparoscopic approach consists of the following: diverticulectomy, myotomy,
and partial fundoplication.

* A thoracoscopic approach is indicated when the diverticulum is big and located
high in the mediastinum.

» The advantages of laparoscopic approach include easier application of endosta-
pler to transect the diverticulum and greater ease in performing the myotomy, the
partial fundoplication, and the closure of the diaphragmatic hiatus.

* A thoracoscopic approach can cause considerable postoperative pain and dis-
comfort associated with the chest tube. A thoracoscopic approach can also pro-
long hospital stay and requires intubation with a double-lumen endotracheal tube
or bronchial block by the anesthesiologist.
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Chapter 9
Evaluation and Treatment
of Zenker’s Diverticulum

Cheryl C. Nocon and Louis D. Portugal

Abstract The goal of this chapter is to describe the pathophysiology of Zenker’s
diverticulum, their clinical presentation, and indications for treatment and provide
an overview of the surgical management of patients with this rare esophageal
pathology. Treatment approaches discussed include open transcervical resection,
endoscopic stapled diverticulotomy, endoscopic harmonic scalpel diverticulotomy,
and flexible endoscopic diverticulotomy. Finally, a comparison of the open and
endoscopic approaches will be provided.

Keywords Zenker’s diverticulum ¢ Open transcervical resection * Endoscopic sta-
pled diverticulotomy

Epidemiology, Anatomy, and Pathophysiology

Zenker’s diverticulum (ZD), the most common type of diverticulum in the upper
gastrointestinal tract, is a mucosal outpouching along the posterior hypopharyngeal
wall. More common in men than women, it usually presents after the age of 70 and
rarely before the age of 40. Prevalence varies by geography, with ZD more common
in northern Europe, the US, Canada, and Australia. Its prevalence in the general
population ranges from 0.01 to 0.11 %. However, the true incidence is difficult to
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determine given the unknown number of asymptomatic patients who harbor the
anatomic abnormality.

ZD originates within Killian’s triangle, an area of relative muscular weakness
located between the inferior constrictor muscles and the cricopharyngeus muscle
(CP). These muscles comprise the upper esophageal sphincter (UES). In ZD,
mucosa herniates through the muscular wall, creating a bridge of the mucosa, sub-
mucosa, connective tissue, and muscle that separates the diverticular lumen from
the esophagus. It tends to develop on the left side, likely due to the slight convexity
of the cervical esophagus to the left. The carotid artery is also more laterally posi-
tioned on the left, making it less adherent to the adjacent prevertebral fascia and
creating a potential space for the sac.

Although it is generally accepted that ZD is an acquired pulsion diverticulum,
there is no consensus on the exact mechanism of formation. Theories of pathogen-
esis center around two main abnormalities: muscular wall weakness and CP/UES
dysfunction. Whereas there are no published studies that demonstrate muscular
deficiency of the pharyngoesophageal wall, many studies have examined the role of
sphincter dysfunction and elevated intrasphincteric pressures. Possible causes
include excessive contraction of UES, incomplete UES relaxation, incomplete UES
opening, and incoordination of pharyngeal contractions and UES opening.
Manometric studies have been inconclusive. Manofluorography, however, has dem-
onstrated abnormally high intrabolus UES pressures resulting from CP spasm.
Evidence implicating CP in ZD pathogenesis also comes from studies on the asso-
ciation between CP spasm and gastroesophageal reflux disease (GERD) and the
association between GERD and ZD. This relationship is further supported by histo-
logic studies of CP specimens in ZD patients, which have shown increased type I
muscle fibers, suggesting tonically active muscle.

Presentation and Evaluation

The most common presenting symptom is dysphagia. Other complaints include
regurgitation, choking, halitosis, globus pharyngeus, chronic cough, hoarseness,
and recurrent aspiration pneumonia. Patients may report noisy deglutition or borbo-
rygmi. There are minimal findings on physical exam but may include hypopharyn-
geal pooling on laryngoscopy, weight loss, dehydration, and Boyce’s sign — a neck
mass that gurgles on palpation. Hypopharyngeal pooling of secretions and post-
swallow hypopharyngeal reflux are predictive of larger diverticula. An increase in
the severity of dysphagia or the development of red flag symptoms — odynophagia,
hemoptysis, and hematemesis — should raise suspicion for squamous cell carcinoma
within the pouch, which has an incidence of up to 1.1 % (Table 9.1).

Diagnosis is confirmed by barium swallow, which can identify the pouch and
define its size (Fig. 9.1). As a dynamic study of the swallowing mechanism, contrast
videofluoroscopy is useful in identifying small diverticula that may be missed on a
static radiographic image. Endoscopy may also incidentally identify a ZD during a
gastrointestinal evaluation. The actual size measured on preoperative barium
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Table 9.1 Presentation, evaluation, and treatment of Zenker’s diverticulum

Symptoms Dysphagia, regurgitation, choking, halitosis, globus pharyngeus, chronic cough,
borborygmi

Signs Recurrent aspiration pneumonia, weight loss, dehydration, Boyce’s sign,
hypopharyngeal pooling on laryngoscopy

Diagnosis Barium swallow radiography, contrast videofluoroscopy, endoscopy

Treatment Open: cricopharyngeal myotomy, diverticulectomy, diverticulopexy, diverticular
inversion

Rigid endoscopic: CO, laser, stapler, harmonic scalpel
Flexible endoscopic: needle-knife, argon plasma coagulation, monopolar
coagulation

Fig. 9.1 Barium swallow demonstrating diverticula. Arrow: cricopharyngeal bar; * diverticulum;
** esophagus

radiography has been shown to correlate with the surgical measurements of the
pouch, which can be useful in selecting a surgical approach.

Management of ZD

The main indication for treatment is symptomatic ZD. Complications of ZD that
make treatment more urgent include aspiration pneumonia, significant weight loss,
and warning signs that are suggestive of malignancy. Relative contraindications
include minimal symptoms, small pouches, and comorbidities that preclude safe
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administration of general anesthesia. Specifically for endoscopic approaches, con-
traindications include limited neck extension and inadequate oral opening.

In the case of isolated CP dysfunction or asymptomatic small diverticula, non-
surgical options are available, including botulinum toxin injections and balloon
dilatation of the UES. Treatment of larger or symptomatic ZD, however, should
involve the surgical release of the CP muscle. Because of the role of CP in ZD for-
mation, it is clear that CP myotomy should always be part of the treatment algo-
rithm. Patient and surgeon factors dictate whether an open or endoscopic approach
should be employed. If the patient is not a surgical candidate for ZD repair, a gas-
trostomy tube is ultimately the long-term solution for symptomatic ZD.

Open Transcervical Approach

The traditional approach to ZD has been open transcervical repair. This consists of
CP myotomy alone or in combination with diverticulectomy, diverticulopexy, or
diverticular inversion. Myotomy should always be included in the surgical manage-
ment of ZD, given the high rate of long-term recurrence in its absence. Myotomy
reduces both UES resting pressures and intrabolus pressures, as demonstrated by
pharyngoesophageal manometry.

The patient is orotracheally intubated under general anesthesia. Perioperative
antibiotics are routinely administered and usually continued until the start of oral
intake. With the patient supine, neck hyperextended, and head turned away from the
involved side, an incision is made in a skin crease anterior to the sternocleidomas-
toid (SCM) muscle at the level of the cricoid cartilage and carried down through
platysma. Subplatysmal flaps are raised inferiorly and superiorly. The SCM and
carotid sheath are retracted laterally, while the strap muscles, thyroid gland, and
larynx are retracted medially. This exposes the pharynx and cervical esophagus.
Blunt dissection and careful bipolar cautery of surrounding loose connective tissue
help to identify the pouch. The oblique muscle fibers of the inferior constrictor
muscle are differentiated from the transverse muscle fibers of the CP, between
which sits the pouch.

Cricopharyngeal Myotomy

Using a small hemostat, the CP muscles are transected in layers and gently sepa-
rated until the underlying hypopharyngeal mucosa is reached. Some surgeons advo-
cate extension of the myotomy several centimeters inferiorly to include the proximal
cervical esophagus in order to reduce recurrence. This maneuver should be per-
formed as close to the midline as possible to avoid injury to the recurrent laryngeal
nerve (RLN), which travels along the tracheoesophageal groove. Other nearby
structures that should be preserved include the descending hypoglossal nerve and
the superior laryngeal nerve. A bougie dilator may be placed in the esophagus prior
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Fig. 9.2 Dissection of diverticulum
through left transcervical incision. Larynx
and strap muscles retracted medially, SCM
and great vessels retracted laterally.
Diverticulum clamped, suspended by
traction sutures

to myotomy to enhance visualization of the muscles and mucosa following transec-
tion. Care is taken to avoid inadvertent entrance into the pharynx. If this occurs, a
nasogastric tube should be placed under direct visualization, the mucosa repaired
primarily in layers, and the patient kept NPO. The major risks of this open approach
include RLN injury, pharyngocutaneous fistula, mediastinitis, hemorrhage, and
pouch recurrence. For a small pouch, CP myotomy should result in its marsupializa-
tion. Large pouches, however, do not have a satisfactory outcome when treated with
myotomy alone and should be addressed with a combined treatment approach.

Diverticulectomy

Diverticulectomy, as the most logical choice for sac elimination, used to be the ini-
tial surgical option (Fig. 9.2). However, leakage at the resection suture line was a
major complication, resulting in unacceptably high rates of mediastinitis and sepsis.
Diverticulectomy without concurrent myotomy has also resulted in high recurrence
rates, underscoring the importance of addressing the CP at the time of surgery.
Diverticulectomy used to be performed with hand-sewn closure after pouch exci-
sion, which can be technically difficult in the retropharyngeal space of the neck. To
avoid leakage and mediastinitis, the patient has a nasogastric tube and is kept NPO
for approximately a week in the hospital on antibiotics (Fig. 9.3). The introduction
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Fig. 9.3 Excised diverticulum revealing
nasogastric tube in the esophagus (arrow)

L

of staple-assisted techniques has reduced this risk and led to more secure pharyn-
geal closures. Studies have demonstrated low rates of postoperative fistula (1.7 %),
quick resumption of oral intake, and good long-term results. The decision of how
and when to restart oral intake is largely surgeon-dependent. Many surgeons opt to
wait several days with a nasogastric tube or rule out leakage on esophagram. Other
risks of staple diverticulectomy are the same as for myotomy alone and remain low,
including RLN palsy (0.8 %), recurrence (1.7 %), and wound hematoma (0.8 %).

Diverticulopexy

Diverticulopexy involves fixation of the base of the pouch superiorly to the prever-
tebral fascia or pharyngeal musculature. The pouch should be secured firmly cepha-
lad such that the neck of the pouch is not in a dependent position and cannot
accumulate debris. Failure to properly secure the pouch may result in the develop-
ment of a caudally extending diverticulum. The advantage of diverticulopexy over
diverticulectomy is that the hypopharyngeal mucosa is left intact, theoretically
eliminating the risk of leakage or fistula formation. It has been shown to yield
shorter hospital stays, earlier resumption to oral intake, shorter antibiotic treatment,
and less overall cost. Interestingly, no difference in complications or symptomatic
outcomes has been demonstrated.
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Diverticular Inversion

An alternative technique is diverticular inversion, in which the sac is invaginated
into the esophageal lumen and a purse-string suture is placed around the neck for
closure. The hypopharyngeal mucosa is again not breached, and compared to diver-
ticulectomy, inversion results in shorter hospital stays and fewer complications.
Patients also resume an oral diet more quickly. The most recent comparative study
did not demonstrate a significant difference in complication rates or patient satisfac-
tion between the two groups, though most complications did occur in the diverticu-
lectomy group.

Comparison of Open Techniques

There have been no randomized studies of the different open approaches for ZD.
Most of the available studies are retrospective with a small number of patients, and
few are comparative with nonstandardized selection criteria. In a 2013 systematic
review, the majority of studies on open approaches in the last 20 years focused on
CP myotomy and diverticulectomy, establishing the technique as a popular choice
among surgeons. Nonetheless, a basic algorithm for the surgical treatment of ZD
can be drawn from the available literature. Small (<1 cm) symptomatic diverticula
can likely be treated effectively with CP myotomy alone. Medium-sized (1-4 cm)
diverticula can be treated with CP myotomy and diverticulopexy or inversion, based
on surgeon preference. Finally, large (>4 cm) diverticula are probably best suited for
CP myotomy and diverticulectomy, given that suspension of a large sac may create
a bulky compressive mass. Excision is also the only way to eliminate the small risk
of carcinoma that may arise in the diverticulum.

Endoscopic Approach

An endoscopic approach to ZD was reported as early as 1917, when Mosher
described sharply dividing the common wall, or cricopharyngeal bar, between the
diverticulum and the esophageal lumen. Early adoption, however, was tempered by
high rates of mediastinitis and death. The operating microscope and carbon dioxide
(CO,) laser were introduced in 1984 with good results and low morbidity. The use
of a KTP/532 laser has also been described with comparable results. Because these
“sutureless” methods rely only on coagulation and eschar formation to seal the
edges of the cut mucosa and prevent leakage, they did not gain initial widespread
acceptance. Technical refinements addressed these concerns, making endoscopic
repair of ZD the first-line option for many surgeons.

The therapeutic goal of endoscopic repair of ZD is to create a common cavity
between the diverticulum and esophageal lumen by dividing the septum, or com-
mon wall, that separates the two. Because the septum contains the cricopharyngeal
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Fig. 9.4 Operating room setup: Diverticuloscope placed in suspension. Operating microscope
stationed at head of bed. Operating chair with adjustable arm rests for improved instrument stabi-
lization. Fire precautions observed

muscle, a CP myotomy is necessarily performed during endoscopic repair. This
essentially eliminates the diverticular space, creates one large lumen, and restores
normal outflow through the pharyngoesophageal segment.

Regardless of which device is utilized for division of the common wall, the setup
is similar (Fig. 9.4). The appropriate patient has adequate oral opening, no neck
mobility limitation, no obstructive macroglossia or micrognathia and lacks promi-
nent teeth that can be easily chipped by the instruments. Predictors of poor endo-
scopic exposure include a short neck, short hyomental distance, and a high BMI.
The patient is orotracheally intubated under general anesthesia and positioned
supine with the neck fully extended. Perioperative antibiotics are routinely admin-
istered. A tooth guard is placed on the maxillary teeth. Several types of rigid diver-
ticuloscopes have been developed to isolate the common wall. The popular bivalved
Weerda diverticuloscope has long rigid valves, capable of opening in two separate
and independent manners: the jaw can slide open with the blades parallel as well as
hinge open at an angle. Both mechanisms are required to provide optimal exposure
and passage of instruments (Fig. 9.5).

The endoscope is carefully introduced into the esophageal inlet, taking care not
to damage the patient’s teeth. Under direct visualization, it is advanced into the
esophageal lumen. A zero-degree telescope confirms correct positioning. It is slowly
withdrawn until the common wall sits between the valves. The endoscope is then
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Fig. 9.5 Equipment for endoscopic repair: various sizes of Weerda diverticuloscopes, tooth guard,
eye pads, suction tips, forceps, and suspension arm

Fig. 9.6 Endoscopic view of
cricopharyngeal bar (Image
courtesy of Alexander
Langerman, MD)

advanced so that the anterior valve is in the esophagus and the posterior valve is
inside the diverticulum, showing the full depth of the pouch. The valves are then
widened to expose the entire common wall, and the endoscope is placed in suspen-
sion (Fig. 9.6). A blunt-tipped instrument can probe the bottom of the diverticulum
to elongate and straighten the septum. Residual food and debris is suctioned out of
the pouch.
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Endoscopic CO, Laser Diverticulotomy

In endoscopic CO, laser diverticulotomy, an operating microscope with a 400 mm
lens and an attached CO, laser micromanipulator are focused on the common wall.
The laser is set on continuous mode at 5-10 W and used to divide the wall at the
midline down to the bottom of the pouch. A full-length mucosal incision reveals the
underlying CP fibers as they retract laterally during division. Care is taken not to
breach the investing fascial layer as it is approached. Visualization is not impaired
by instruments and the laser micromanipulator affords precise laser beam control.
A recent systematic review identified 19 studies with 1,060 patients who under-
went CO, laser procedures for ZD, reporting an overall complication rate of 9.3 %
and mortality of 0.2 %. Complications included mediastinitis (1.3 %), fistula
(1.1 %), and bleeding (1 %). The low risk of leakage for this “sutureless” technique
is attributed to the high-energy high-focus beam of the laser. Some authors advocate
the closure of the open mucosa of the transected CP bar, but the advantage of suture
and fibrin glue to close the mucosal wound has not been clearly established. Studies
have demonstrated the laser’s efficacy and safety, with improved symptom scores,
high rates of satisfaction, low rates of complications, and quick recovery times. This
has mostly been found to compare favorably to the open approach. However, recur-
rence rates have been shown to favor the open approach in comparative studies.

Endoscopic Stapler Diverticulotomy

In endoscopic stapler diverticulotomy, a linear stapler is introduced into the endo-
scope and engages the CP bar such that the cartridge blade sits in the esophagus and
the anvil blade is in the diverticulum. A telescope confirms correct placement of the
stapler. When the stapler is fired, the CP muscle is cut and sealed simultaneously
with a double row of staples along the incision line. Because the distal end of the
stapler extends beyond the actual stapling segment, a residual pouch remains, typi-
cally about 1.5 cm. As a result, the stapler is considered contraindicated for small
diverticula (<3 cm). However, technique modifications can increase the length of
the septal tissue to be stapled. These include shortening the instrument tip and
employing traction sutures to more fully deliver the septum into the blades.

There have been over 40 studies involving 1,800 patients, revealing an overall
complication rate of 7.1 % and mortality of 0.3 %. Overall, endoscopic stapling has
produced excellent short- and long-term results, with significant improvement in
over 85 % of patients. However, when categorized by diverticulum size, patients
with pouches <3 cm reported poorer outcomes, underscoring its limitation in smaller
diverticula. Major complications such as perforation are rare. Similar to the laser,
the stapler results in shorter operative times, shorter hospital stays, and quicker
resumption of oral intake when compared to open approaches. Studies suggest that
endoscopic stapling also compares favorably to the laser with regard to recovery
times. With respect to recurrent pouches, both endoscopic laser and stapler revision
surgery have been shown to be effective and allow the surgeon to avoid the pitfalls
of working in a previously operated neck.
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Variations in Endoscopic Approach
Endoscopic Harmonic Scalpel Diverticulotomy

Recently, the use of the harmonic scalpel has been described for endoscopic repair.
The harmonic scalpel relies on ultrasonographic mechanical energy to simultane-
ously cut and coagulate tissue. There are few published studies on the topic, with
most studies reporting good outcomes, low complication rates, and quick recovery
times. Comparative studies on the harmonic scalpel and the stapler report conflict-
ing complication rates between the two techniques. More studies are needed to vali-
date these preliminary results and determine long-term outcomes.

Flexible Endoscopic Diverticulotomy

Flexible endoscopic diverticulotomy was first described in 1995. It has since gained
traction among gastroenterologists who can perform the procedure in inpatient or
outpatient endoscopy suites under conscious sedation or general anesthesia. It is an
appealing alternative for high-risk elderly patients who cannot tolerate general anes-
thesia or patients with anatomy that make rigid endoscopy difficult. The principles
are the same as in rigid endoscopic diverticulotomy: the common wall is divided,
thereby creating a common cavity while performing a myotomy. The patient is placed
in the left lateral decubitus position, and an initial endoscopic exam is performed to
identify the pouch and remove any retained debris with a nasogastric tube. A guide-
wire is used to insert the tube, which is then left in the esophagus during the proce-
dure to protect the anterior esophageal wall from injury. There are several techniques,
including performing the procedure “freehand” or using accessory devices, such as a
transparent hood, a cap, or soft diverticuloscope. These attachments improve septum
exposure, stabilize the position of the scope, and protect the mucosal walls from
thermal injury. There are three principal techniques to divide the septum: needle-
knife incision, argon plasma coagulation, and monopolar coagulation using forceps.
Review of the literature reveals an overall complication rate of 15 % and mortality
of 0 %. Complications include perforation (4 %) and bleeding (3 %). Perforations
visualized on endoscope may be immediately addressed with endoclips, and intrapro-
cedural bleeding can be controlled with an epinephrine injection. Recurrence is an
issue, with rates as high as 20 %. However, repeat sessions are common and can be
performed more safely than other techniques in high-risk patients. Flexible endoscopic
diverticulotomy is currently in its early stages, as evidenced by the lack of a standard-
ized approach or optimal technique. Additional studies are needed to determine which
technique or accessory devices are best suited for which patient populations.

Comparison of Open Versus Endoscopic Approaches

To date, there have been no prospective, randomized studies comparing the different
approaches to determine the superiority of one technique over the other. The large
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number of retrospective studies and the few comparative studies that vary in inclu-
sion criteria, sample size, follow-up period, and definition of recurrence make it
difficult to draw firm conclusions. In general, these studies conclude that endo-
scopic repair results in a lower complication rate, shorter hospital stay, faster time
to oral intake, and shorter operative time. However, there are limits to endoscopic
treatment. The reported conversion rate to an open procedure, or the surgical abor-
tion rate due to poor endoscopic exposure, ranges from O to 30 %. The average
conversion rate is 1.7 % with the laser and 5.6 % with the stapler. The most com-
monly cited reason is anatomic limitation. High conversion rates and recurrence
rates with endoscopic treatment may be offset by the increased inpatient hospital
charges and higher morbidity associated with open surgery. Nonetheless, both
approaches appear to improve quality of life and achieve high patient satisfaction
rates.

Conclusions

Symptomatic ZD is a relatively rare disease of the elderly that can cause significant
morbidity. The treatment has evolved over the past century, a reflection of the better
understanding of the underlying pathophysiology. There has also been a trend
toward minimally invasive techniques. No consensus exists to guide management,
and practice patterns are largely shaped by personal preferences and experiences
with the various techniques. Nevertheless, some general guidelines have emerged.
Given the important role of CP muscle pathology in ZD development, a CP myot-
omy must always be included in any treatment plan. Open CP myotomy alone is
best suited for very small pouches. Diverticulopexy and diverticular inversion have
less associated morbidity than diverticulectomy for moderately sized pouches.
Larger pouches may benefit more from diverticulectomy, especially in healthy
young patients or patients for whom carcinoma is a concern. Endoscopic approaches
result in less overall complications and should be employed in patients with comor-
bidities who would not tolerate postoperative complications or a longer procedure
under general anesthesia. The endoscopic stapler is a popular, safe, and effective
technique but is contraindicated in smaller pouches. Flexible endoscopy is a good
alternative to patients who cannot tolerate rigid endoscopy, although long-term
studies and standardized techniques are lacking. Endoscopic procedures are safe
and effective in revision surgeries.

Summary

e 7D is the most common type of diverticulum in the upper gastrointestinal tract.
* Cricopharyngeal muscle dysfunction is central to ZD formation, and its release
is the cornerstone of surgical treatment.
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e 7D is a disease of the elderly, commonly presents with dysphagia and regurgita-
tion, and is diagnosed by barium swallow.

» Treatment depends on the surgical risk of the patient and diverticulum size.

* Open surgery is reserved for healthy patients with contraindications to endos-
copy. Cricopharyngeal myotomy alone can be used to treat small pouches but
should be combined with diverticulectomy, diverticulopexy, or diverticular
inversion for larger pouches.

» Rigid endoscopic approaches result in fewer complications and are a good option
for elderly or high-risk patients. Endoscopic laser and stapler diverticulotomies
are both safe and effective, but the stapler is contraindicated in smaller pouches.

* Variations in endoscopic techniques lack long-term studies.
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Chapter 10
Achalasia: Pathophysiology
and Diagnostic Evaluation

Benedetto Mungo and Daniela Molena

Abstract Achalasia is a chronic, progressive disease characterized by a manomet-
ric pattern showing loss of peristalsis of the distal esophagus, failure of the lower
esophageal sphincter (LES) to completely relax with deglutition, and elevated base-
line intraluminal esophageal pressure. Even though achalasia is a relatively rare
disease, it represents the most common primary esophageal motility disorder and
the second functional esophageal disorder most likely to necessitate surgical inter-
vention after gastroesophageal reflux disease (GERD). Esophageal achalasia is an
idiopathic disease resulting in damage of the Auerbach myenteric plexus. Over the
last decade, the use of high resolution manometry, has allowed for a deeper under-
standing of this disease.

Keywords Achalasia * Dysphagia * Barium Swallow * Endoscopy ¢ Esophageal
manometry * Ambulatory pH monitoring

Introduction

Achalasia is a chronic, progressive disease characterized by a manometric pattern
showing loss of peristalsis of the distal esophagus, failure of the lower esophageal
sphincter (LES) to completely relax with deglutition, and elevated baseline intralu-
minal esophageal pressure. Sir Thomas Willis first described this disease in 1672,
and the word achalasia can be literarily translated from the Greek as “absence of
relaxation,” in referral to the impaired function of the LES. Achalasia is a rare
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disease with an incidence of 0.5-1.63 per 100,000 people per year in the United
States and a prevalence of 10.82 cases per 100,000 individuals. It has an equal dis-
tribution across genders and can occur at any time in the lifespan, although it usu-
ally develops between 20 and 40 years of age. Despite its low prevalence, achalasia
represents the most common primary esophageal motility disorder and the second
functional esophageal disorder most likely to necessitate surgical intervention after
gastroesophageal reflux disease (GERD).

Despite the improvements in quality of life and prognosis achieved through the
development of effective therapeutic protocols, this condition remains incurable.
The treatment of achalasia is substantially palliative and aims to improve passive
esophageal transit of food from the esophagus into the stomach.

Pathophysiology

The timing of esophageal peristaltic contractions and LES relaxation has been dem-
onstrated to be dependent on the activity of a subpopulation of enteric inhibitory
neurons located in the Auerbach myenteric plexus of the esophagus. The patho-
physiology of the impaired peristalsis in achalasia is thought to be the result of the
progressive degeneration and destruction of these neuronal ganglion cells, contain-
ing NO (nitric oxide) and VIP (vasoactive intestinal polypeptide). Physiologically,
inhibitory ganglionic neurons facilitate LES relaxation and sequence the peristaltic
contraction in the distal esophagus. Their damage therefore results in failed relax-
ation of the LES with bolus swallowing and in loss of coordinated peristaltic pro-
pulsion, due to the imbalance between excitatory and inhibitory innervation. The
histological features of this process have been observed in esophagomyotomy spec-
imens from patients with early achalasia. The initial pathological changes consist
of myenteric inflammation with injury to ganglion cells, leading to their progres-
sive loss, and damage to myenteric nerves, resulting in fibrosis. This process leads
to inflammatory degeneration of the nitric oxide producing inhibitory neurons of
the esophagus, while the cholinergic neurons involved in the smooth muscle con-
traction, which contribute to LES tone, are relatively spared. Moreover, in an exper-
imental setting, no relaxations can be evocated on surgical specimens of LES
muscle from achalasia patients. Conversely, normal LES muscle strips mounted in
organ baths and electrically stimulated show frequency-dependent relaxations
mediated by NO.

While the process leading to impaired motility has been defined, its underlying
cause remains unknown. In a small group of patients affected by Allgrove syn-
drome (triple A syndrome: alacrima, achalasia, adrenocorticotropic hormone defi-
ciency), a mutation on chromosome 12 is implicated in the development of
achalasia and in Central and South America, esophageal infection with a proto-
zoan parasite (Trypanosoma cruzi) has been shown to cause neuron destruction in
Chagas disease. Nevertheless, for the vast majority of patients, no clear etiology
has been established. Achalasia is associated with an inflammatory response
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including CD3-/CD8-positive lymphocytic infiltrates in the myenteric ganglia,
IgM antibodies, and evidence of complement activation, all factors that suggest
the implication of an autoimmune, viral, or chronic degenerative process. In par-
ticular, there are reports in the literature supporting the evidence that the neural
cells responsible for achalasia might be the targets for an autoimmune response,
and anti-myenteric neuronal circulating antibodies have been demonstrated in
some patients. The development of this immune reaction is postulated to take
place preferentially in genetically susceptible hosts; the hypothesis of a genetic
basis is supported by studies in twins and siblings, as well as by the association of
achalasia with genetic diseases such as Allgrove syndrome, Down’s syndrome,
and Parkinson disease. The development of achalasia has also been reported to be
associated with HLA-DR and -DQ alleles, hence showing a behavior consistent
with an autoimmune disease, linked to MHC complex genes. In addition, autoim-
mune conditions such as type 1 diabetes, hypothyroidism, and Sjogren’s syndrome
have been reported to be more prevalent in patients with achalasia than in the
general population, further supporting the association between achalasia and auto-
immune disorders. The event rousing the cellular damage is yet to be determined;
however, there are studies suggesting a triggering role of viral infections, such as
herpes simplex virus-1 and measles, in initiating an immune response that subse-
quently becomes aberrant.

The above-described events lead to long-lasting contraction of the LES, resulting
in stasis of food within the esophageal lumen. Moreover, damage to the inhibitory
ganglion cells disrupts the coordination that physiologically delays the swallow-
initiated peristaltic contraction, such that it occurs only after several seconds of LES
relaxation. As a result, a pattern of premature distal esophageal contractions occurs,
impairing the esophageal emptying and contributing to trap the bolus above the
LES. In a later phase of the disease, the esophageal body’s peristaltic disorder pro-
gresses to total aperistalsis, probably due to either degeneration of the excitatory
cholinergic esophageal neurons or to progressive esophageal dilatation caused by
chronic obstruction. This functional obstacle to food progression persists until the
rising intraesophageal pressure overcomes the cardial spasm and the bolus slowly
transits into the stomach. However, long food stasis inevitably causes over time
increasing esophageal dilation. If the condition is left untreated, it will lead eventu-
ally to sigmoid megaesophagus (end-stage disease) (Fig. 10.1).

Three stages (Table 10.1), corresponding to progressive dilation, elongation, and
tortuosity of the esophagus, have been individuated within the natural history of the
disease.

Clinical Presentation

Patients with achalasia usually present with a history of dysphagia for both solids and
liquids. Of note, dysphagia for liquids represents a key clue for esophageal motility
disorder as this symptom is uncommon in mechanical causes of esophageal
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Fig. 10.1 End-stage
achalasia on a barium
swallow: the esophagus is
massively dilated, elongated,
tortuous, and sigmoid shaped
above the diaphragmatic
hiatus

Table 10.1 Stages of achalasia

Stage Time frame Description

1 Onset The patient suddenly complains pain, dysphagia, and
Presentation regurgitation never experienced before

2 Silent period Worsening of the symptoms due to esophageal dilatation
Follows undiagnosed onset and food retention in the absence of esophageal

distention

3 Final stage Severe weight loss, malnutrition, and respiratory infection.

More than two decades after Esophageal dilation and tortuosity

initial diagnosis

obstruction, exception made for extremely advanced disease. Dysphagia is present in
>90 % of patients with achalasia. Other common symptoms (present in 70-90 % of
patients) include regurgitation of indigested food and saliva occurring minutes to
hours after the meal. Heartburn and chest pain during or after eating, that some
patients relieve with the regurgitation of undigested food, may be present as well in
20-50 % of cases. Respiratory symptoms usually consist of nocturnal cough and
aspiration; these complaints as well as weight loss are common in the more advanced
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Fig. 10.2 The classic “bird’s
beak” appearance at the
esophagogastric junction

on a barium swallow

stages. Patients with achalasia typically describe themselves as “slow eaters” and
avoid certain solid foods that are difficult to swallow. Malnutrition and recurrent
aspiration pneumonia usually occur in the final stage of the disease and are therefore
uncommon at the time of the first diagnosis. Of note, it is not uncommon to formulate
the diagnosis of achalasia only at the late stages of the disease, due to a blurry initial
presentation with nonspecific long-lasting symptoms and the rarity of the condition.

Diagnosis

In order to establish a diagnosis of achalasia, it is paramount to obtain evidence of
defective LES relaxation and impaired peristalsis; at the same time, other causes of
obstruction that could potentially mimic achalasia must be ruled out. These goals
can be achieved using a combination of imaging studies and functional tests.
Barium swallow has the potential to show the loss of esophageal peristalsis along
with distal esophageal tapering in almost every affected patient. The radiological
aspect of narrowing of the esophagus delineated by the contrast in the esophago-
gram is known as the “bird’s beak” appearance at the esophagogastric junction
(EGJ) (Fig. 10.2). Moreover, barium swallow can demonstrate dilation of the distal
esophagus, food retention above the cardiac, and esophageal tortuosity if the disease
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has already progressed. Finally, if performed as timed barium esophagogram proto-
col, it can also quantify the efficacy of esophageal emptying. With a sensitivity of
60 %, esophagogram alone is however not a sufficient diagnostic tool for achalasia.

Endoscopy should be performed in every patient who complains of dysphagia
for the following reasons: (1) it is important to rule out cancer. If the endoscopy
raises the suspicion of pseudoachalasia (manometric picture of achalasia due to an
underlying cancer), endoscopic ultrasound or CT scan should be performed. (2) In
advanced stages, endoscopy may directly visualize some features suggestive of
achalasia, such as esophageal dilation and food or fluid retention. Esophagitis can
also be observed, usually as a consequence of prolonged food stasis.

Esophageal manometry is the confirmatory test and should be performed in
every patient with suspected achalasia.

Diagnostic findings on conventional manometry are the absence of esophageal
peristalsis and failure of the LES to relax in response to swallowing. Elevated rest-
ing tone of the LES is present in about 50 % of patients. Conventional esophageal
manometry requires, after the placement of the manometry catheter beyond the gas-
troesophageal junction, a slow retrograde pull through, in order to determine the
position of the LES (pressure inversion point and high-pressure zone). LES relax-
ation is subsequently determined through pressure evaluation during water swal-
lows. The recorded pressures are plotted on a graph as a linear manometry tracing.
In the last decade, however, high-resolution manometry (HRM) and esophageal
pressure topography (EPT) have revolutionized the performance of functional
esophageal testing and have deepened the knowledge of functional impairments in
patients with achalasia. This technique, now regarded as the gold standard for diag-
nosis of achalasia provides several advantages over conventional manometry. More
than 30 closely spaced sensors allow for a more homogeneous and precise pressure
recording throughout the whole esophagus. In addition, there is no need for catheter
pull through and repositioning, and all the needed variables can be recorded with a
single series of wet water swallows. Finally, the recorded data are plotted as color
coded, spatiotemporal representations of pressure in the esophagus, delivering a
more detailed, comprehensive, and intuitive reading.

The increased precision in defining the contractile characteristics of the esopha-
gus and its sphincters prompted the development of a new classification for esopha-
geal motility disorders, which parallels conventional manometric classifications
enriched with the knowledge offered by the new technology (The Chicago
Classification). A diagnostic algorithm, consisting of three major steps (assessment
of the EGJ, characterization of esophageal contractility, and pressurization pattern)
has been developed to help the clinician progressively identify the esophageal phys-
iological dysfunction. The application of this technology to the assessment of
patients with esophageal achalasia led to the identification of three clinically rele-
vant groups based on the contractility pattern in the esophagus and the esophageal
pressurization associated with LES dysfunction (Fig. 10.3a—):

* Type I: absent peristalsis. In this subtype, also defined as classic achalasia, there
is impaired LES relaxation, but no significant pressurization within the esopha-
geal body.
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Fig. 10.3 (a—c) Classification of esophageal achalasia into three subtypes based on HRM and
EPT. (a) Type I achalasia. (b) Type II achalasia. (c) Type III achalasia
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Fig. 10.3 (continued)

e Type II: achalasia with panesophageal pressurization. In this subtype, the swal-
lowing of water causes rapid panesophageal pressurization usually exceeding
30 mmHg.

e Type III: spastic achalasia. This subtype is associated with rapidly propagated
pressurization, but this is attributable to abnormal spastic contractions obliterat-
ing the esophageal lumen (must have two or more spastic contractions).

This classification does not have only a purely descriptive nature, but rather indi-
viduates distinct clinical phenotypes that are helpful in predicting the response to
therapy. Several studies have in fact suggested that type II patients have the best
response to any type of treatment (success rate 90-100 %). Type I achalasia patients
also respond well to treatment, but with a success rate of 60—80 %. Type 111 patients
respond poorly (about 30 % success rate).

A novel insight on the functional assessment of achalasia could be provided by a
device known as functional lumen imaging probe (FLIP). This tool has the capabil-
ity of measuring EGJ compliance during volume-controlled distension, thus com-
plementing information yield by esophagogram and HRM. Results from a recent
study showed a correlation between FLIP-measured EGJ distensibility in achalasia
patients and symptom severity, thus suggesting a potentially relevant application of
FLIP in the clinical practice.
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Summary

* Achalasia is a chronic, benign, progressive esophageal disease.

* Achalasia is the most common primary esophageal motility disorder.

» Key features include absent esophageal peristalsis and failure of the lower esoph-
ageal sphincter (LES) to completely relax in response to swallowing.

» The presentation of the disease may be confusing, and diagnosis is often delayed.

* The pathophysiology of achalasia is thought to be the result of the progressive
degeneration and destruction of inhibitory neuronal ganglion cells in the esopha-
geal Auerbach plexus.

* The cause of this disease is unknown; a genetic and an autoimmune component
are thought to play an important role

* Dysphagia is the most common symptom; regurgitation, heartburn, chest pain,
respiratory symptoms, and weight loss may also be present

* Esophageal manometry (or HRM) is the most reliable test; it is pathognomonic
for achalasia if it demonstrates absence of esophageal peristaltic contractions
and failure of the LES to relax in response to swallowing.

e HRM delivers more detailed, comprehensive, and intuitive information than tra-
ditional manometry and allows achalasia classification in three different
subtypes.

* Endoscopy and barium swallow should be performed to rule out different causes
of dysphagia such as cancer. Both tests, if performed alone, will be diagnostic
only in about half of patients with achalasia.
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Abstract The last 20 years have witnessed a shift in the treatment algorithm of
esophageal achalasia. Laparoscopic Heller myotomy with partial fundoplication is
considered in most centers the primary treatment modality, while endoscopic treat-
ment such as pneumatic dilatation and endoscopic botulinum toxin injection is
mainly reserved for the management of patients unfit for surgery or in case of surgi-
cal failure. Recently, a new approach to achalasia has been proposed: the peroral
endoscopic myotomy (POEM).
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Introduction

Esophageal achalasia is a primary motility disorder characterized by the absence of
esophageal peristalsis and by impaired lower esophageal sphincter (LES) relaxation
in response to swallowing. These findings lead to abnormal emptying of food from
the esophagus into the stomach with consequent stasis.

Because the pathogenesis of achalasia is unknown, treatment is palliative and
aims to improve esophageal emptying by decreasing the functional obstruction at
the level of the gastroesophageal junction. Treatment modalities include:

. Endoscopic botulinum toxin injection;
. Pneumatic dilatation;

. Laparoscopic Heller myotomys;

. Peroral endoscopic myotomy

AW N =

This chapter will discuss the outcomes of the different treatment options for
esophageal achalasia.

Endoscopic Botulinum Toxin Injection

The toxin is injected with a fine needle through the endoscope at the level of the
gastroesophageal junction. It decreases the LES pressure by inhibiting the release of
acetylcholine from the presynaptic cholinergic nerve endings. It is a safe procedure,
with a negligible risk of complications. Symptom relief or improvement is achieved
in approximately 80-85 % of patients at 1 month, but its effects progressively
decrease over time (only 3040 % of patients are symptom free at 12 months).
Repeated toxin injections are needed in most patients, the effect is not long lasting
and fibrosis can occur at the level of the gastroesophageal junction, making a further
operation more difficult and the results less predictable. The most important prog-
nostic factors for a poor response to further botulinum toxin injection include a lack
of an initial symptomatic response and residual LES pressure of 18 mmHg or
greater

Pneumatic Dilatation

Pneumatic dilatation of the LES has been standardized with the introduction of
Rigiflex balloons (Boston Scientific Corporation, MA, USA). A balloon is inflated
at the level of the gastroesophageal junction to rupture the muscle fibers leaving the
mucosa intact.

In the 1980s, thanks to the introduction of low-compliance nonexpandable bal-
loons of increasing diameters associated with a lower risk of perforation, pneumatic
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dilatation was considered the main treatment modality for patients with achalasia,
and surgery had a secondary role in case of dilatation failure. In the last 20 years,
the introduction of minimally invasive surgery has led to a gradual shift in the treat-
ment algorithm of achalasia, and today endoscopic dilatation is mostly used for
treating recurrent dysphagia after Heller myotomy.

Botulinum Toxin Injection Versus Pneumatic Dilatation

Compared to pneumatic dilatation, botulinum toxin injection is associated with sig-
nificantly lower remission rates (36 % vs. 66 %) and higher relapse rates (50 % vs.
17 %) over a 12-month follow-up period. A randomized controlled trial showed at
2-year follow-up that about 66 % of patients undergoing botulinum toxin injection
had symptom recurrence compared to 13.5 % of patients who had undergone lapa-
roscopic Heller myotomy.

Therefore, in 2014, botulinum toxin injection should be reserved for patients not
fit for more effective treatment modalities, such as pneumatic dilatation and laparo-
scopic Heller myotomy.

Surgical Treatment

In the last two decades, the wide acceptance gained by minimally invasive surgery
has led to a gradual shift in the treatment algorithm of achalasia.

In 1991, the first minimally invasive esophageal myotomy was performed in the
United States through a left thoracoscopic approach, followed a few months later by
laparoscopic myotomy. Laparoscopy progressively became the approach of choice
in most centers due to better results in terms of reduced postoperative discomfort,
shorter hospital stay, quicker return to the daily activities, and relief of dysphagia
compared to the open approach. The technical reasons for this switch included the
better exposure of the gastroesophageal junction and the possibility to perform a
fundoplication, therefore reducing the risk of postoperative gastroesophageal reflux
which was about 60 % after the thoracoscopic approach.

Laparoscopic Heller Myotomy and Dor Fundoplication:
Our Technique

* Five trocars are used (Fig. 11.1).
* The operation is started by dividing the gastro-hepatic ligament close to the apex
of the right pillar of the crus.
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Fig. 11.1 Placement of the trocars

The right and left pillars of the crus are separated by blunt dissection from the
anterior wall of the esophagus after division of the phreno-esophageal liga-
ment. The dissection is then continued in the posterior mediastinum, lateral and
anterior to the esophagus, in order to expose 8—10 cm of the esophagus. During
this part of the dissection, it is important to identify and preserve the anterior
vagus nerve. No posterior dissection is necessary if a Dor fundoplication is
planned. In patients with a sigmoid esophagus, it is important to extend the
dissection more proximally in the posterior mediastinum to straighten of the
esophageal axis.

The gastric fundus is dissected and the gastrophrenic ligament is divided. The
short gastric vessels are not routinely divided.

Traction is then applied by a grasper to expose the right side of the esophageal
wall. The myotomy is performed using the hook cautery in the 11 o’clock posi-
tion. After reaching the submucosal plane in one point, about 2—-3 cm above the
gastroesophageal junction, the myotomy is then extended for about 6 cm upward
and 2-2.5 cm onto the gastric wall.

At the end of the myotomy, an upper endoscopy is routinely performed to verify

the complete section of the muscular fibers and the absence of mucosal injuries.

Because the main goal of the LHM is the relief of dysphagia while preventing

reflux, the type of fundoplication is crucial. An LHM alone is associated with post-
operative reflux in about 50-60 % of patients. If a Nissen fundoplication is
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performed, the risk of persistent or recurrent dysphagia is increased. A partial
fundoplication added to the myotomy achieves better functional results when com-
pared to a total fundoplication because it takes into account the lack of peristalsis.
A recent multicenter, randomized controlled trial did not find significant differences
in control of reflux after partial anterior and partial posterior fundoplication. A Dor
fundoplication is often preferred because it is simpler to perform, covers the exposed
esophageal mucosa, and keeps separated the edges of the myotomy.

e The Dor fundoplication is constructed by using two rows of sutures.

e The first row of sutures is on the left and consists of three stitches that incorpo-
rate the esophageal and the gastric wall only.

* The stomach is then folded over the exposed mucosa so that the greater curvature
lies next to the right pillar of the crus.

* The right row of sutures also has three stitches. The uppermost stitch includes the
gastric fundus, the right side of the esophageal wall and the right pillar of the
crus. The second and the third stitches are placed between the greater curvature
of the stomach and the right pillar of the crus.

LHM is associated with minimal postoperative pain, short hospital stay (2-3
days), and fast recovery to daily activities (2-3 weeks). Symptoms are improved in
90-95 % of patients at 5 years and in about 90 % at 10 years. Symptoms recurrence
mainly occurs during the first 2-3 years of follow-up and may be secondary to fibro-
sis at the level of the distal edge of the myotomy. Most cases can be successfully
treated with pneumatic dilatation.

Increased age and esophageal diameter are not predictors of poor outcomes.
Therefore, LHM should be also performed in elderly patients and in those with a
dilated and sigmoid esophagus, while esophagectomy should be considered only in
case of LHM failure.

Postoperative gastroesophageal reflux is demonstrated by 24-h ambulatory pH
monitoring in less than 15 % of patients when a partial fundoplication is performed,
and it is usually well controlled by proton pump inhibitors.

Pneumatic Dilatation Versus LHM

Compared to pneumatic dilatation, LHM obtains better results in terms of dyspha-
gia improvement and postoperative gastroesophageal reflux rates, with a signifi-
cantly lower risk of re-intervention. While the results are similar at a short-term
follow-up, long-term follow-up shows that most patients after LHM are asymptom-
atic, compared to only 50 % of patients even after multiple pneumatic dilatations. In
addition, previous endoscopic treatment, such as botulinum toxin injection or pneu-
matic dilatation, may compromise the clinical outcome of LHM. Higher intraopera-
tive complication rates and poorer long-term outcomes after LHM have been
reported in several series of patients previously treated with endoscopic treatments.
These findings may be related to scar tissue at the level of the gastroesophageal
junction that makes surgical dissection of the anatomic planes more difficult.
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In 2011, Boeckxstaens et al. reported the results of a multicenter, randomized
trial comparing pneumatic dilatation to LHM with Dor fundoplication for untreated
esophageal achalasia. The perforation rate during pneumatic dilatation and LHM
was 4 and 12 %, respectively. Therapeutic success was defined as a drop in Eckardt
score below 3. The study showed similar success rates after LHM (90 %) and pneu-
matic dilatation (86 %) over a 2-year follow-up period. However, the 2-year follow-
up of this trial is short. Several studies have demonstrated that the success rate of
pneumatic dilatation at 10—15 years is 40-50 % only, even after several endoscopic
sessions.

In conclusion, while in the pre-laparoscopic era, pneumatic dilatation was the
main treatment modality for achalasia, in 2014, laparoscopic surgery represents the
treatment of choice, while endoscopic dilatation plays a major role in patients who
are poor candidates for surgery or in case of recurrent dysphagia after LHM.

New Surgical Approaches to Heller Myotomy for Achalasia

A few studies have reported recently the results of single-port laparoscopic Heller
myotomy as an alternative to the conventional laparoscopic approach. The relief of
dysphagia seems similar, but the short follow-up period and the absence of objective
data regarding the postoperative reflux do not allow drawing any conclusions.

Some authors have found that robotic Heller myotomy is superior to the conven-
tional laparoscopic approach in terms of reduced intraoperative esophageal perfora-
tion rates, suggesting a key role of the three-dimensional visualization and increased
surgeon dexterity. However, these conclusions are limited by the poor quality of the
studies. In addition, the high cost of robotic instrumentation and the increased oper-
ative times do not seem to warrant a wide diffusion of the robotic instead of the
LHM.

Peroral Endoscopic Esophageal Myotomy (POEM)

POEM has been recently introduced as a novel approach to achalasia. This endo-
scopic procedure is performed under general anesthesia with endotracheal intu-
bation. A submucosal injection of about 10 ml saline with 0.3 % indigo carmine
is performed in the mid esophagus, approximately 13 cm proximal to the gastro-
esophageal junction at the 2 o’clock position. A 2 cm longitudinal mucosal inci-
sion is made on the mucosal surface to create a mucosal entry to the submucosal
space. Then, an anterior submucosal tunnel is created downwards, passing the
gastroesophageal junction and about 3 cm into the proximal stomach. Additional
indigo carmine solution is sequentially injected to mark progression of the tun-
nel, as well as to aid in hydrodissection and hemostasis. Once the submucosal
tunnel is completed, section of the circular muscle fibers begins 2-3 cm distal to
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the mucosal entry, approximately 7 cm above the gastroesophageal junction. The
myotomy is continued step by step distally until the gastric submucosa is
reached, extending approximately 2-3 cm distal to the gastroesophageal junc-
tion. After identification and section of the circular muscle fibers of the lower
esophagus and proximal stomach, the mucosal entry site is closed with hemo-
static clips.

Several potential advantages of this technique have been proposed. First, the
endoscopic approach should theoretically minimize postoperative pain. Second, a
longer myotomy can be performed, extending to the medium third of the esophagus,
just below the aortic arch. Finally, a concomitant antireflux surgery may not be
required because of the selective section of the circular muscle fibers without any
dissection at the level of the gastroesophageal junction.

Today, only few data are available regarding clinical outcomes in small series of
patients over very short follow-up periods.

Inoue et al. published in 2010 their initial experience of POEM performed in 17
consecutive patients with achalasia. Mean operative time was 126 min, ranging
from 100 to 180 min. The average length of the myotomy was 8.1 cm, being about
6 cm in the esophagus and 2 cm in the stomach. Pneumoperitoneum occurred in one
patient, causing temporary elevation of intraperitoneal pressure; puncture of the
abdominal wall using a needle allowed quick recovery without sequelae. None of
the 17 patients had postoperative clinically evident subcutaneous emphysema. In all
cases POEM significantly reduced the resting LES pressure (from mean 52.4 to
19.9 mmHg; P=0.0001). During a mean follow-up of 5 months, no patient devel-
oped recurrent symptoms of dysphagia, while reflux esophagitis (grade B according
to Los Angeles classification) was diagnosed in one patient who was successfully
treated with medical therapy. No patients required any further endoscopic or surgi-
cal treatment.

Swanstrom et al. published in 2012 6-month physiological and symptomatic out-
comes in 18 patients undergoing POEM for achalasia. Median myotomy length was
9 (range, 7-12) cm, and the median operating time was 135 (range, 90-260) min.
Three intraoperative complications (2 gastric mucosotomies and 1 full-thickness
esophagotomy) were reported. All complications were repaired endoscopically
with no sequelae. The median hospital stay was 1 day and median return to normal
activity was 3 (range, 3-9) days. All patients had relief of dysphagia at a mean fol-
low-up of 11.4 months. Postoperative manometry and barium swallows showed sig-
nificant improvements in LES relaxation and esophageal emptying, respectively.
Gastroesophageal reflux was objectively diagnosed by 24-h pH monitoring in 46 %
of patients at 6 months after POEM.

In 2013, von Renteln et al. reported the outcomes of 70 achalasia patients treated
with POEM in a prospective, international, multicenter trial of POEM conducted in
Europe and North America. At 3 months after POEM, 97 % of patients were in
symptom remission, and LES pressures were reduced from 28 to 9 mmHg
(P<0.001). The percentage of patients in symptom remission at 6 and 12 months
was 89 and 82 %, respectively. Symptoms of reflux were reported by 37 % of
patients at 12 months after the procedure.
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Only a few nonrandomized studies have compared retrospectively POEM and
LHM. Hungness et al. compared 18 patients undergoing POEM to 55 patients
treated by LHM. No differences were observed in terms of length of the myotomy,
complication rate, and length of hospital stay. Veress needle decompression of the
pneumoperitoneum was required intraoperatively in seven (39 %) patients undergo-
ing POEM. Treatment success (Eckardt score <3) after POEM was achieved in 16
(89 %) patients at median 6-month follow-up. Six weeks after POEM, routine fol-
low-up manometry and timed esophagram showed normalization of esophagogas-
tric junction pressures and contrast column heights.

Bhayani et al. have recently published the results of a comparative study includ-
ing 64 patients treated with LHM (42 % Toupet and 58 % Dor fundoplications) and
37 with POEM. Median operative time (149 vs 120 min, P<0.001) and mean hos-
pitalization (2.2 vs 1.1 days, P<0.0001) were significantly higher for HM patients.
No differences were observed in postoperative morbidity. POEM patients had a
significantly better Eckardt scores at 1 month follow-up (1.8 vs. 0.8, P<0.0001),
while no differences were observed at 6 months. LES resting pressures were higher
after POEM than after HM (16 vs 7.1 mmHg, P=0.006). Postoperatively, 39 % of
POEM patients and 32 % of HM patients had abnormal esophageal acid exposure.

Based on the limited evidence available, POEM seems to be a promising new
procedure. However, there are some concerns about this new technique:

1. Endoscopic myotomy is a very demanding procedure, requiring major skills,
with a steep learning curve.

2. Even though several studies have reported significant reduction of LES pressure
as demonstrated by manometry, the LES pressure was often between 15 and
20 mmHg. As we know, a predictor of long-term success is a LES pressure
around 10 mmHg;

3. Gastroesophageal reflux is reported in up to 50 % of patients after POEM, repli-
cating the results obtained when a myotomy alone was performed without an
antireflux operation.

4. Surgical revision in patients with recurrent dysphagia after POEM might be
challenging. The presence of adhesion between the submucosal and the longitu-
dinal muscular layer after POEM might make the dissection at this level very
difficult.

Therefore, in 2014, POEM should be limited to patients included in prospective
trials.

Summary

* Treatment modalities include endoscopic botulinum toxin injection, pneumatic
dilation, laparoscopic Heller myotomy, and peroral endoscopic myotomy.

* Repeated toxin injections are needed in most patients, the effect is not long last-
ing, and fibrosis can occur at the level of the gastroesophageal junction, making
a further operation more difficult and the results less predictable.



11

Achalasia: Treatment 151

Endoscopic dilatation is mostly used for treating recurrent dysphagia after Heller
myotomy.

Laparoscopic Heller myotomy is currently the approach of choice in most
centers.

Increased age and esophageal diameter are not predictors of poor outcomes.

A partial fundoplication added to the myotomy achieves better functional results
compared to a total fundoplication because it takes into account the lack of
peristalsis.

There are no significant differences in control of reflux after partial anterior
(Dor) and partial posterior (Toupet) fundoplication.

POEM is a novel promising approach to achalasia. Long-term results are needed
to validate this procedure in the treatment of achalasia.
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Chapter 12
Benign Esophageal Tumors:
Evaluation and Treatment

Anabhita Jalilvand and P. Marco Fisichella

Abstract The goal of this chapter is to describe the different varieties of benign
esophageal tumors, their clinical presentation, and indications for treatment and
provide an overview of the surgical management of patients with this rare benign
esophageal pathology.

Keywords Benign esophageal tumors * Laparoscopic resection * Thoracoscopic
resection * Esophageal leiomyoma ¢ Duplication cysts

Benign tumors of the esophagus are rare and usually asymptomatic. Some of them
can give rise to problems and warrant resection, which is accomplished by endo-
scopic means in most small intraluminal lesions and by minimally techniques for
other larger intramural tumors, such as leiomyomas.
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Classification

Benign esophageal tumors represent a broad category of lesions, which include
esophageal leiomyomas, fibrovascular polyps, granular cell tumors, lipomas, esoph-
ageal hemangioma, and cysts and duplications. Of these pathologies, leiomyomas
are the most common benign esophageal mass. Benign esophageal tumors can be
classified in numerous ways, but most commonly they are categorized either by cell
origin, location within the esophageal wall, or their appearance on imaging or
endoscopy.

Epidemiology

Benign esophageal tumors are very rare and account for only 1-2 % of all resected
esophageal masses. These masses are found incidentally in 0.5 % of the population
on autopsy evaluation. The prevalence of benign esophageal tumors is equally dis-
tributed between men and women, although specific pathologies, such as esopha-
geal granular cell tumors, are more common in men than in women.

Clinical Presentation

Since benign esophageal masses are usually found incidentally, patients are usually
asymptomatic at diagnosis. If they are symptomatic, most often the presenting
symptoms are correlated to the location of the lesions. For example, intraluminal
lesions, such as cysts and fibrovascular polyps, are more likely to cause dysphagia
than intramural lesions. Cervical esophageal tumors, particularly pedunculated
lesions, can cause aspiration pneumonia. On the other hand, intramural lesions,
such as leiomyomas and granular cell tumors, can become symptomatic if they are
large enough to cause intraluminal obstruction. Additional symptoms can include
cough, substernal pain, and weight loss. Esophageal hemangiomas can present with
sometimes devastating and fatal hemorrhage.

Diagnostic Testing

Workup includes computed tomography of the chest, barium swallow, upper endos-
copy, and endoscopic ultrasound.

Computed tomography is useful in determining the location of the tumor within
the esophageal wall as well as determining anatomic relationships for large intralu-
minal or intramural tumors.
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Fig. 12.1 Barium swallow
showing an esophageal
leiomyoma

A barium swallow can identify other pathologies, such as hiatal hernias or esoph-
ageal diverticula. In addition, it can highlight areas of filling defects within the
esophagus and assess the laterality of the lesion for surgical planning during thora-
coscopy (Figs. 12.1 and 12.2).

Upper endoscopy allows for direct visualization and biopsy of suspicious lesions.
Therapeutic procedures can also be accomplished through endoscopy, such as endo-
scopic resection. Intraoperatively, upper endoscopy can help in locating the lesion
when enucleation is planned using minimally invasive techniques.

Endoscopic ultrasound is frequently utilized during the upper endoscopy to rule
out evidence of malignancy; findings consistent with malignancy include tumor size
greater than 4 cm, heterogeneous echo patterns, and regional lymphadenopathy.
Endoscopic ultrasound can also add further detail as to the location and appearance
of a tumor within the layers of the esophagus and guide fine-needle aspiration, when
needed.

Indications for Surgery

Since these lesions are benign, most patients who are asymptomatic can be man-
aged with routine observation and periodic imaging. When patients become symp-
tomatic, then surgical treatment is indicated. Specifically, small intraluminal or
mucosal lesions can be resected endoscopically, whereas those suspicious for
malignancy, tumors which are very large and symptomatic, or masses which are
causing complications such as mucosal ulceration or hemorrhage should be resected
in the operating room.
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Fig. 12.2 Barium swallow
showing an esophageal
duplication cyst

Minimally invasive techniques have shown to have very good results in resection
of benign esophageal tumors with low mortality and complication rates. Such tech-
niques include using thoracoscopy and laparoscopy for tumor enucleation.
Enucleation consists of incising and splitting the muscle fibers over the mass and
then dissecting the mass from the muscle fibers and submucosa without violating it.
When the enucleation is performed close to the gastroesophageal junction, a fundo-
plication should be performed to prevent reflux after the continence mechanisms of
the distal esophagus are disrupted. A careful preoperative workup must be performed
to determine the location of the tumor from the hiatus, which will influence the sur-
gical approaches used: laparoscopic or thoracoscopic. Endoscopic resection is usu-
ally reserved for lesions that are intraluminal, polypoid, less than 2 cm in diameter,
or intramural and originating no deeper than the muscularis mucosae. Snare polyp-
ectomy, endoscopic mucosal resection (EMR), and endoscopic submucosal dissec-
tion (ESD) are the most common endoscopic techniques today available.
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Leiomyoma

Over 50 % of benign esophageal tumors are leiomyomas, making them the most com-
mon benign esophageal pathology. These are mesenchymal spindle-shaped tumors,
which on histology demonstrate interlacing bundles of muscle cells. They are typi-
cally found intramurally and usually originate in the lower 2/3 of the esophagus from
the muscularis propria or muscularis mucosa. A small percentage of these masses
have been found intraluminally, although this occurs less than 10 % of the time. They
are more commonly identified in men between the ages of 20 and 60. However when
they are congenital lesions, they are most commonly seen in females. Leiomyomatosis,
which is a very rare familial disorder, presents with numerous esophageal and gastric
leiomyomas and is most commonly seen in females in conjunction with genital hyper-
trophy. Most resected leiomyomas are between 2 and 6 cm, averaging 4-5 cm in
diameter. As these are commonly intramural masses, patients are often asymptomatic,
although it has been reported that approximately 50 % of patients present with symp-
toms. The most commonly reported symptom, if they do become symptomatic, is
dysphagia, followed by reflux symptoms, weight loss, and odynophagia. On imaging,
a barium swallow will depict a round, sharply delineated defect (Fig. 12.1). A well-
circumscribed, hypoechoic, and homogeneous mass is characteristically found on
endoscopic ultrasound and can be very helpful in distinguishing it from other malig-
nant pathologies. Fine-needle aspiration and cold forceps biopsy have not been shown
to be helpful in the diagnosis and may cause complications such as bleeding and
infection. Computed tomography of the chest is not useful in diagnosing the pathol-
ogy, although it can be used to assess the extent of the tumor and its relationship with
the surrounding anatomical structures. Distinguishing between GIST tumors and leio-
myomas is necessary for determining process management options, and this usually
requires histologic evaluation. Staining for desmin or actin can rule out GIST tumors,
while CD34 and CD117 are present on GIST tumors.

Resection of a leiomyoma is reserved for symptomatic patients. Since malignant
degeneration of esophageal leiomyoma is very rare, accounting only for 0.2 % of
cases, this potential is not considered an indication for resection, although if features
suggestive of such degeneration, including mucosal ulceration, tumor size greater
than 5 cm, or interval growth, are present, resection should be considered. If resection
is deemed necessary, it is traditionally approached through thoracoscopic and laparo-
scopic techniques, which involve enucleation. If the tumor is large or is presenting
with malignant features, then segmental resection of the esophagus is appropriate.

Granular Cell Tumor

In contrast to leiomyomas, granular cell tumors are rare and are not commonly
found in the gastrointestinal tract. Rather, these are submucosal tumors that are typi-
cally found in the tongue, skin, breast, and muscle. The first esophageal granular
cell tumor was described by Abrikossoff in 1931. These tumors can be found in any



158 A. Jalilvand and P.M. Fisichella

part of the esophagus, although over 50 % of them are found in the distal esophagus.
They are reported to be twice as common in women and are more prevalent in
African Americans. On histopathologic evaluation, they appear to be derived from
neural tissue, sharing similar characteristics with Schwann cells. Not unlike leio-
myomas, granular cell tumors are submucosal and therefore do not usually present
with significant symptomology, with over 90 % of patients not presenting with any
symptoms at all. If the tumor is large enough, usually over 10 mm in diameter, dys-
phagia is usually the most common presenting symptom. Endoscopy is the diagnos-
tic modality of choice, as it allows for both visualization and biopsy, and it will
classically reveal a submucosal, yellow, polyploid lesion, typically found in the
distal esophagus. Diagnosis is typically confirmed with multiple biopsies. In con-
trast to the hypoechoic leiomyomas, these lesions are hyperechoic on endoscopic
ultrasound. It is important to note that these lesions have a 1-3 % risk of malignant
conversion, although there has been no documented malignant conversion of granu-
lar cell tumors if the original pathology lacks malignant features.

Indication for removal of a granular cell tumor is reserved for symptomatic
patients or if the tumor is larger than 1 cm. Resection can be accomplished endo-
scopically if the lesion is restricted to the submucosa. Minimally invasive tech-
niques with both thoracoscopy and laparoscopy can also be used for enucleation.

Hemangioma

Hemangiomas are benign vascular tumors. They are extremely rare lesions and
account for approximately 4.8 % of benign esophageal tumors. They are submuco-
sal, and they can be found throughout the esophagus, although most commonly they
are found in the upper half of the esophagus. Patients who have a history of Osler-
Weber-Rendu disease may be at an increased risk of developing esophageal heman-
giomas. Most reported cases have been in men and are diagnosed between the ages
of 40 and 70. Most patients are asymptomatic, although hemangiomas can present
with dysphagia and a significant risk of bleeding, which can be catastrophic and
fatal. Endoscopy and endoscopic ultrasound, along with MRI and CT, can be used
for diagnosis. A barium swallow will show a well-circumscribed mass, which may
appear lobulated, making it difficult to distinguish it from other benign pathologies.
Endoscopic evaluation will reveal a blue polypoid or sessile mass with sharp bor-
ders. Most lesions have been shown to measure between 5 mm and 20 cm in length.
Under microscopic evaluation, these tumors are highly vascularized lesions, which
can appear as blood clots. Diagnosis is therefore established using radiographic
findings along with endoscopy and any reported symptomology. Biopsy is contrain-
dicated, as this can lead to potentially fatal hemorrhage. Because of this risk of
bleeding, intervention is typically always indicated. Traditionally, these lesions
were managed with endoscopic resection. Currently, treatment modalities for hem-
angiomas include similar strategies used to manage esophageal varices, such as
sclerotherapy and laser fulguration. Other options include EMR and minimally
invasive techniques with laparoscopy and thoracoscopy for enucleation.
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Lipoma

A lipoma is a benign proliferation of adipose tissue. Gastrointestinal lipomas
account for a very small percentage of GI tumors, and most of these lipomas are
found in the small intestine. Of all alimentary tract lipomas, only 2 % are found in
the esophagus. Furthermore, only 2 % of all benign esophageal tumors are esopha-
geal lipomas. Although gastrointestinal lipomas are more common in women than
men overall, esophageal lipomas are more frequently found in men. The etiology of
lipomas has not been clearly elucidated, although some have theorized that trauma
can be an inciting factor for lipomatous growth. Esophageal lipomas can be found
in the cervical and thoracic esophagus; in the cervical esophagus, lipomas are typi-
cally pedunculated intraluminal masses, while in the thoracic esophagus they are
intramural lesions. There is some discussion as to whether pedunculated lipomas
should be classified as fibrovascular polyps, as the latter can be described in terms
of the composition of lipomatous, vascular, and fibrous tissue. The symptomology
of a lipoma depends on its location. For example, cervical lipomas can present with
symptoms such as regurgitation of undigested food, aspiration pneumonia, and dys-
phagia if they are large enough. Asphyxiation by a cervical lipoma has also been
described in the literature. Cervical esophageal lipomas can be detected on imaging
as an intraluminal filling defect. On endoscopy, they are yellow, soft, submucosal
masses. “Tenting,” which is described as the ability to retract normal mucosa over
the suspected lesion, and the “cushion” sign, which is a “spongelike” characteristic
of the lipomatous tissue, have both been identified as potential diagnostic findings
on endoscopy. While tenting is seen in most cases, some have been reported with
ulcerated mucosa, thought to be secondary to distal inflammation from acid reflux.
Endoscopic ultrasound will reveal hyperechoic, well-circumscribed, homogeneous
submucosal masses. Treatment of lipomas is almost always surgical, since lipomas
have been shown to grow over time and because of the potential for very severe
complications. Other possible indications include symptomatic patients, especially
those with large lipomas of the cervical esophagus, given the risk for aspiration
pneumonia. For pedunculated lesions, endoscopic ligation has been shown to be a
useful treatment strategy.

Fibrovascular Polyps

Despite being the most common intraluminal benign esophageal neoplasm, fibro-
vascular polyps are very rare. They are most commonly found in Killian’s triangle,
which is bounded inferiorly by the cricopharyngeus and laterally and superiorly by
the oblique lines of the thyropharyngeus on either side. Fibrovascular polyps arise
from the submucosa and are propelled into the lumen over time through the action
of repetitive peristaltic waves. These lesions can grow over time, some becoming
large enough to extend into the cardia of the stomach. The largest fibrovascular
polyp described was 25 cm in length. Despite this growth, they remain attached to
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the cervical esophagus by a discrete pedicle or stalk, which is an important feature
when considering proper resection of the tumor. On histologic review, these lesions
are composed of fibrous, lipomatous, and vascular tissue with an overlying squa-
mous mucosa, although the composition of each tissue differs in each polyp. There
has been no documented case of malignant conversion.

As they are mostly found in the cervical esophagus, presenting symptoms are
similar to those of a Zenker’s diverticulum or cervical esophageal lipoma and
include dysphagia, regurgitation of undigested food, airway obstruction, and aspira-
tion pneumonia. In some studies, over 50 % of patients with cervical fibrovascular
polyps presented with regurgitation of the polyp into the oral cavity. If the polyp is
very large, superficial ulceration can occur and cause bleeding and anemia. As with
cervical lipomas, asphyxiation is also a risk.

The diagnosis of fibrovascular polyps can be easily made if the polyp is visual-
ized in the oral cavity. A barium swallow will depict a “smooth, elongated” filling
defect. A CT and MRI can also be used to diagnose the pathology; however, it is
important to note that they may appear with varying densities on imaging, as each
polyp may have different compositions of fibrous, vascular, and adipose tissue.
Endoscopy is used to identify the site of origin of the polyp. If the lesion is large,
this may be obvious on imaging, but if the polyp is small, it may be missed even on
endoscopy as the lesion is characteristically covered with normal-appearing mucosa.
The use of endoscopic ultrasound is particularly useful for determining the vascu-
larity of the polyp, as this is important to consider during resection. Large polyps
may have large feeding vessels, which may increase the risk of significant bleeding
after a resection.

For larger polyps, given their location in the cervical esophagus, the risk of air-
way obstruction or aspiration pneumonia is significant, and for that reason, all large
fibrovascular polyps typically require resection even if these complications have not
emerged in the patient. Emergent tracheotomy has been documented in patients
who have had large polyps causing airway obstruction.

Resection of all polyps involves removal of the base of the polyp, which requires
adequate visualization of the pedicle. This not only allows for compete removal of
the polyp but also decreases the risk of recurrence. For some polyps, this can be
achieved through endoscopy, thus allowing for snare polypectomy and endoscopic
mucosal resection. Large polyps may have to be removed through a cervical
esophagectomy. For smaller polyps, endoscopic mucosal resection or snare polyp-
ectomy can be sufficient.

Duplication Cysts

Esophageal duplication cysts are congenital malformations that usually occur in the
fourth week of embryologic development, during which the primitive foregut sepa-
rates into an anterior diverticulum, which becomes the upper airway, and a posterior
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division, which eventually develops into the gastrointestinal tract. While no specific
pathogenesis has been established for these lesions, some have hypothesized that
aberrant persistence of an embryonic diverticula is the causative link, while others
have proposed these cysts are caused by endodermal traction from the notochord
during development. This group of esophageal tumors includes esophageal duplica-
tion cysts, bronchogenic cysts, gastric cysts, inclusion cysts, neuroenteric cysts, and
acquired esophageal cysts. Esophageal duplication cysts must meet three criteria in
order to be classified as such: they must be intramural lesions; they must be covered
by at least two muscle layers; and the lining of the cyst must be from an esophageal
embryologic origin (such as pseudostratified, columnar, cuboid, or ciliated mucosa)
or squamous cell mucosa. The prevalence of esophageal duplication cysts is rare,
and because so few cases have been described, the incidence is unknown. Since
these are congenital lesions, they are most commonly identified in childhood.

For the most part, patients with esophageal duplication cysts are asymptomatic.
Symptomatic cysts are usually the result of compression of nearby structures. When
this occurs, the most common reported symptoms are of respiratory nature and
include wheezing, coughing, and shortness of breath, if the cyst is located high in
the esophagus. Cysts located behind the heart have been known to cause cardiac
arrhythmias. Other symptoms include infection, erosion, and hemorrhage of the
cyst, which can lead to fistulization and perforation. Cysts can very rarely undergo
malignant transformation, with documented cases of adenocarcinoma and
rhabdosarcoma.

While diagnosing this pathology may prove difficult, as with other benign esoph-
ageal pathologies, diagnosis should be accomplished using a combination of barium
swallow, computed tomography of the chest, upper endoscopy, and endoscopic
ultrasound. Barium swallow and endoscopy may reveal a small indentation at the
site of the lesion, which is not useful in distinguishing this pathology from other
benign esophageal masses (Fig. 12.2). Cold knife biopsy of the lesion can compli-
cate future resection attempts and is therefore not recommended for definitive diag-
nosis. Biopsy of the lesion is also discouraged, as this can cause adhesions around
the lesion and render future resection attempts more difficult. Endoscopic ultra-
sound can be useful in determining the location of the cyst within the esophageal
wall and is also useful for distinguishing this pathology from esophageal leiomyo-
mas. A CT/MRI can be used to determine the extent of the lesion and whether there
are any anatomic relationships to consider before removing the cyst.

Because of the potential for infection, erosion, fistulization, as well as the small
risk of malignant conversion, all cysts should be removed, even if patients are
asymptomatic. Cyst resection involves enucleation and resection. A posterolateral
thoracotomy was commonly used to accomplish this. Care should be made to resect
the entire cyst along with its wall, as recurrence of cysts has been reported. However,
in some cases where there are inflammation and dense adhesions, partial cyst
removal may be the only appropriate solution. With the advent of minimally inva-
sive procedures, both thoracoscopy and laparoscopy have become well-established
modalities that have largely replaced open approaches.
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Summary

* Benign tumors of the esophagus are rare and usually asymptomatic.

e Some of them can give rise to problems and warrant resection.

* Resection is accomplished by endoscopic means in most small intraluminal
lesions and by minimally techniques for other larger intramural tumors, such as
leiomyomas.

* Diagnosis should be accomplished using a combination of barium swallow, com-
puted tomography of the chest, upper endoscopy, and endoscopic ultrasound.

* Leiomyomas are submucosal and intramural lesions and are the most common
benign esophageal tumor. Resection is reserved for symptomatic tumors or those
suspicious for malignancy.

e Granular cell tumors are submucosal lesions derived from neural tissue. Upper
endoscopy is used to diagnose the lesion, and resection is reserved for tumors
greater than 1 cm. There is a 1-3 % risk of malignant conversion.

* Hemangiomas are submucosal vascular tumors; because these lesions can pres-
ent with significant bleeding, needle biopsy is contraindicated, and treatment
with sclerotherapy, laser fulguration, or other resection techniques is indicated.

* Lipomas may either be pedunculated in the cervical esophagus or intramural
lesions in the thoracic esophagus. Cervical lipomas may cause aspiration pneu-
monia and should be resected if they are large enough.

» Fibrovascular polyps are the most common intraluminal lesions. Resection is
reserved for cervical polyps, which may obstruct the patient’s airway. This can
be accomplished using EMR, snare polypectomy, or cervical esophagectomy if
the lesion is very large.

* Duplication cysts are congenital malformations, which are typically resected
given the risk of infection, mucosal erosion, and fistulization.
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Chapter 13
Gastroesophageal Reflux Disease:
From Heartburn to Cancer

Marco E. Allaix, Bernardo A. Borraez, and Marco G. Patti

Abstract The pathophysiology of gastroesophageal reflux disease (GERD) is mul-
tifactorial. Barrett’s esophagus is the result of continuous injury to the esophageal
mucosa exposed to gastric refluxate. This condition can progress to low-grade and
high-grade dysplasia (HGD) and eventually to adenocarcinoma. HGD and intramu-
cosal carcinoma have traditionally been treated by esophagectomy. Today, however,
most patients with HGD and intramucosal carcinoma are treated with endoscopic

modalities, while esophagectomy is reserved for selected cases.
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Fig. 13.1 Endoscopic view
of Barrett’s esophagus

Introduction

Gastroesophageal reflux disease GERD is the most common upper gastrointestinal
condition diagnosed in Western countries, and it accounts for about 75 % of esopha-
geal disorders. As a consequence of continuous injury to the esophageal mucosa
secondary to gastric refluxate, about 10—15 % of patients with GERD develop colum-
nar esophageal metaplasia containing goblet cells (Barrett’s esophagus) (Fig. 13.1).
Subsequently, Barrett’s esophagus might progress to low-grade dysplasia (LGD) and
high-grade dysplasia (HGD) and eventually to adenocarcinoma (Fig. 13.2). Barrett’s
esophagus with HGD is considered a precursor of invasive adenocarcinoma. Thus,
adenocarcinoma represents the final step of a sequence of events in which a benign
disease (GERD) evolves into a preneoplastic disease and eventually into cancer.

The adenocarcinoma of the esophagus, which occurs in most cases as a conse-
quence of chronic gastroesophageal reflux, is currently the malignancy with the
fastest increase of incidence in the United States, and has become the most preva-
lent histopathologic type of esophageal cancer.

This chapter focuses on the sequence of pathophysiologic events that lead from
GERD to a preneoplastic disease, and eventually to cancer, and on the treatment
options currently available.

Pathophysiology of GERD

The pathophysiology of GERD is multifactorial, since the physiologic control of
gastric refluxate is based on several different components, including esophageal
clearance, competence of the gastroesophageal junction, and gastric emptying.
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Fig. 13.2 Progression fron GERD to esophageal cancer

Esophageal clearance is promoted by esophageal peristalsis and saliva production,
while competence of the gastroesophageal junction is governed by the lower esoph-
ageal sphincter (LES), the diaphragm, the angle of His, and the phrenoesophageal
membrane.

Esophageal Peristalsis

Esophageal peristalsis plays a fundamental role in the antireflux mechanism because
it governs esophageal clearance of the gastric contents. As a consequence, defective
peristalsis is associated with symptoms and mucosal injury secondary to gastro-
esophageal reflux. Two indirect measurements of esophageal clearance are included
in the DeMeester score: (1) number of reflux episodes longer than 5 min and (2)
length of the longest episode. In addition, the average esophageal clearance time
can be calculated by dividing the total time spent with pH below 4 by the number of
reflux episodes. Therefore, severe symptoms and a higher degree of esophagitis
(including Barrett’s esophagus) are reported more likely in GERD patients with
abnormal peristalsis and in systemic diseases that impair esophageal peristalsis,
such as connective tissue disorders.

Abnormal peristalsis is present in 40-50 % of patients with GERD, and in about
20 % of them, it is particularly severe with very low amplitude and/or abnormal
propagation of the peristaltic waves (ineffective esophageal motility).

There are no medications that improve esophageal peristalsis, while an effective
fundoplication has been shown to ameliorate the impaired peristalsis in most
patients.
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Lower Esophageal Sphincter

The LES consists of tonically contracted smooth muscle that determines a 3—4 cm
long high pressure zone between the esophagus and the stomach that prevents gas-
troesophageal reflux. The resting pressure of a competent LES ranges between 15
and 35 mmHg. At the time of swallowing, the LES relaxes for 5-10 s to allow the
food bolus to enter the stomach and then regains its resting tone. The LES has a
tendency to relax periodically independently from swallowing. These periodic
relaxations are called transient lower esophageal sphincter relaxations (TLESR) to
distinguish them from relaxations triggered by swallows. TLESRs account for the
physiologic gastroesophageal reflux present in any individual. The cause of these
transient relaxations is not known, but gastric distention probably plays a role.
When TLESRs become more prolonged and frequent, they are the most common
cause of reflux in the 40 % of patients with GERD who have normal resting LES
pressure. Decrease in length and/or pressure of the LES is responsible for patho-
logic reflux in the remaining patients with GERD.

While TLESR is thought to be the most common mechanism of reflux in patients
with either absent or mild mucosal injury, the prevalence of a mechanically defec-
tive LES increases in patients with severe esophagitis and when Barrett’s esophagus
is present.

At this moment, there are no medications that act on the LES, underlining that an
incompetent LES represents a defect of the gastroesophageal barrier that can only
be surgically corrected by a fundoplication.

Diaphragm

The left and right pillars of the crus have a synergistic action with the LES. This
pinchcock action of the diaphragm is particularly important because it protects
against reflux caused by sudden increases of intra-abdominal pressure, such as with
coughing or bending. This synergistic action of the diaphragm is lost when a hiatal
hernia is present, as the gastroesophageal junction is displaced above the diaphragm.
The size of the hiatal hernia is associated with a more incompetent LES, impaired
peristalsis, and increased acid exposure. Not surprisingly, a hiatal hernia is common
in patients with Barrett’s esophagus.

Increase of Thoracoabdominal Pressure Gradient and Obesity

Increased thoracoabdominal pressure gradient can contribute to GERD. Morbid
obesity is a well-known cause of increased thoracoabdominal pressure gradient sec-
ondary to the increased abdominal pressure and intragastric pressure. Several
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studies have evaluated the relationship between increasing body mass index (BMI)
and prevalence of GERD and its complications. BMI is independently associated
with the severity of GERD in obese patients. Notably, a low prevalence of defective
LES and higher peristaltic waves amplitude have been reported among obese
patients with GERD, suggesting a physiologic compensatory mechanism to the
increased thoracoabdominal pressure gradient.

It has been speculated that the increased negative intrathoracic pressure that
occurs in some patients with lung disease may induce GERD. Thus, even with a
manometrically normal LES, reflux can occur as a consequence of stressors that
lead to a thoracoabdominal pressure gradient that exceeds the resting LES
pressure.

Finally, abnormal gastric emptying might contribute to GERD by increasing
intragastric pressure. If delayed gastric emptying is diagnosed, appropriate therapy
should be considered, including medication such as metoclopramide and total fun-
doplication that are shown to increase gastric emptying.

Type of Refluxate

The gastroesophageal refluxate contains agents of gastric origin, such as hydrochlo-
ric acid and pepsin, and duodenal origin, including bile salts and pancreatic enzymes
that are both noxious to the esophageal mucosa. It is well known that bile reflux
causes symptoms and may be associated with the development of Barrett’s esopha-
gus and esophageal adenocarcinoma. Both symptom perception and mucosal injury
are linked to a high proximal exposure and large amount of reflux.

Treatment of Barrett’s Esophagus

Metaplasia

The treatment options are similar to those of patients with GERD without metapla-
sia: medical therapy (PPIs) and laparoscopic antireflux surgery.

A surgical approach might offer an advantage over medical therapy for the fol-
lowing reasons:

1. Successful elimination of reflux symptoms with PPIs does not guarantee control
of acid reflux. When pH monitoring is performed in asymptomatic Barrett
patients treated with these medications, up to 80 % of them still have abnormal
acid reflux.

2. PPIs do not eliminate the reflux of bile, a major contributor to the pathogenesis
of Barrett’s esophagus. In contrast, an antireflux operation prevents any form of
reflux by restoring the competence of the gastroesophageal junction.
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The effect of both medical and surgical therapy on regression of the columnar
epithelium is under evaluation. The current evidence supports the concept that anti-
reflux surgery can promote regression only in short-segment Barrett’s esophagus,
but not in long-segment Barrett’s esophagus. There is today no conclusive evidence
that either medications or antireflux surgery can prevent development of cancer in
patients with GERD and metaplasia.

Radiofrequency ablation (RFA) is based on the application of direct thermal
energy to the esophageal mucosa using electrodes embedded in circumferential bal-
loon or focal device. Potential complications of RFA include noncardiac chest pain,
esophageal lacerations, and stenosis.

However, because the risk of progression of non-dysplastic Barrett’s esophagus
to adenocarcinoma is estimated by recent studies at 0.12—0.27 % per year and com-
plications with RFA are present even though minimal, RFA is not currently recom-
mended for patients with non-dysplastic Barrett’s esophagus or LGD, until further
risk stratification for this subgroup of patients will be available.

Low-Grade Dysplasia

Patients diagnosed with LGD should be treated for about 2 months with high doses
of PPI (3—4 pills per day), and subsequently the endoscopy should be repeated with
multiple biopsies. The rationale is to decrease the mucosal inflammation by block-
ing acid secretion, allowing the pathologist a more accurate reading. If the repeated
biopsies show metaplasia or HGD, the patient will be treated accordingly. If LGD is
confirmed, the same treatment as in case of metaplasia, i.e., laparoscopic fundopli-
cation, should be proposed along with RFA. Nevertheless, endoscopic surveillance,
aiming to detect recurrence and subsquamous glands, should be performed every 6
months because these patients have a risk of developing esophageal cancer greater
than patients with non-dysplastic Barrett’s esophagus.

High-Grade Dysplasia

Patients with HGD are at a higher risk for adenocarcinoma than patients with
Barrett’s esophagus without dysplasia or with LGD.

Esophagectomy has been the treatment of choice for HGD in the setting of
Barrett’s esophagus for many years, due to the high prevalence of occult esophageal
cancer in patients undergoing esophagectomy for HGD reported to be as high as
40 %.

A recent review of studies that provided adequate differentiation between
intramucosal (IMC, T1a) and submucosal invasion (T1b or beyond) has suggested
that the prevalence of T1b cancer in the setting of HGD is about 13 %. The risk of
lymph node metastases is 0 % for HGD and about 1-3 % for T1a cancer, while it is



13 Gastroesophageal Reflux Disease: From Heartburn to Cancer 171

between 20 and 30 % for T1b cancer. These findings along with the development of
new endoscopic techniques, including endoscopic mucosal resection (EMR) and
endoscopic ultrasound (EUS), have determined a shift in the approach to most
patients with HGD and IMC from esophagectomy to local endoscopic treatment,
while esophagectomy is still the treatment of choice in T1b cancer patients.

Endoscopic eradication can be achieved through resection techniques (tissue-
acquiring modalities) or through ablative therapies (non-tissue-acquiring modali-
ties). Endoscopic tissue-acquiring techniques include focal EMR, complete Barrett’s
EMR, and endoscopic submucosal dissection. Ablative therapies include radiofre-
quency ablation and cryotherapy.

The main stem of the endoscopic evaluation of patients with Barrett’s esophagus
is a detailed white light examination with high-resolution endoscopy. Long-segment
(=3 cm) Barrett’s esophagus and visible lesions in the setting of HGD are at higher
risk of cancer. In particular, the risk of submucosal invasion is higher for protruding
or depressed lesions than those slightly raised or flat.

The standard protocol to detect early cancer in patients with Barrett’s esophagus
and HGD is to biopsy visible lesions and then perform 4 quadrant jumbo biopsies at
1 cm intervals throughout length of Barrett’s esophagus.

Once a neoplastic lesion in the setting of HGD has been identified, EUS should
be performed to rule out the presence of lymph node involvement, which identifies
patients not eligible for endoscopic therapy. Regarding the T staging, however, EUS
is not as reliable for differentiation between T1a and T1b cancer as EMR.

The major advantage of EMR is the ability to provide intact resection samples of
appropriate size and depth for an accurate histopathologic diagnosis. Multifocal
HGD and moderately to poorly differentiated cancers are risk factors for submuco-
sal invasion, while lymphovascular invasion, neural invasion, and moderately to
poorly differentiated cancers are risk factors for lymph node metastases.

In addition, this en bloc resection technique allows lateral and deep resection
margins to be assessed for the need of further treatments. In case of positive lateral
margins, further endoscopic treatment is necessary, while the detection of positive
deep margins is an indication for esophagectomy.

EMR for treatment of macroscopically visible lesions suspicious for malignancy
arising in Barrett’s esophagus is associated with complete regression rates about
97 % at 5 years. These patients, however, need to be enrolled in a very strict endo-
scopic follow-up program to detect possible early recurrence.

The major drawback of using focal EMR as the only treatment for Barrett’s neo-
plasia is the possible development of recurrent lesions, arising in the residual
Barrett’s epithelium (14-47 %). Complete Barrett’s esophagus eradication EMR,
also known as wide area EMR or stepwise radical endoscopic resection, aims to
resect the entire Barrett’s esophagus segment along with the visible lesions.
However, stricture rates as high as 88 % have been reported.

Ablative therapies include RFA and cryotherapy. RFA of HGD in Barrett’s
esophagus can be achieved locally or circumferentially. A recent multicenter, sham-
controlled trail randomly assigned 127 patients with dysplastic Barrett’s esophagus
to RFA alone or a sham procedure. In the subgroup of patients with HGD, complete
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eradication was reported in 81 % of patients undergoing RFA compared to 19 % of
the control group (p<0.001). Globally, the rate of esophageal stricture reported in
patients treated with RFA was 6 %, significantly lower than that reported with EMR.

In order to reduce the risk of stenosis after EMR, a combination of EMR and
RFA of the remaining Barrett’s esophagus has been recently proposed, with com-
plete remission in 96-98 % of patients and stenosis in 14 % of cases. To date, no
study evaluating the role of RFA alone in the treatment of intramucosal carcinoma
has been published.

Cryotherapy is a relatively new ablation modality. This therapy is based on appli-
cation of sprayed liquid nitrogen or carbon dioxide that produces freeze-thaw cycles
with tissue destruction. Recently, initial success with complete HGD eradication
rates of 94-97 % has been reported. Stenosis (about 8 %) and chest pain are the
most common complications.

While EMR is effective in most patients with either HGD or a superficial cancer
(T1a), esophagectomy remains the treatment of choice when:

* Positive tumor margins or T1b are detected on the EMR specimen.
* Endoscopic expertise is not available.

* Preoperative EUS staging is greater than a T1aNO.

e Lymph node involvement is shown.

* Young patients.

» Patients who cannot have a rigid follow-up.

* Multifocal dysplasia is present in a long segment.

* Complete eradication is not possible

Patients with invasive esophageal cancer (T1b and T2) are considered candidates
for esophagectomy if the following criteria are met: (1) no evidence of distant
metastases and (2) good functional status.

The best treatment for patients with locally advanced cancer (T3-4-NO-3,
T2-N1-3) includes a preoperative combination of radiotherapy and chemotherapy
used in order to improve local (radiotherapy) and distant control of the disease (che-
motherapy), followed by surgery. Overall, it seems that the combination of neoad-
juvant therapy followed by surgery offers the best survival benefit. This is particularly
true in the subgroup of patients (about 20 %) who have a “complete pathologic
response” (no tumor found in the specimen).

Summary

» Severe symptoms and a higher degree of esophagitis (including Barrett’s esopha-
gus) are reported more likely in GERD patients with abnormal peristalsis and in
systemic diseases that impair esophageal peristalsis, such as connective tissue
disorders.

* The prevalence of a mechanically defective LES increases in patients with severe
esophagitis and when Barrett’s esophagus is present.



13

Gastroesophageal Reflux Disease: From Heartburn to Cancer 173

A hiatal hernia is common in patients with Barrett’s esophagus.

Bile reflux causes symptoms and may be associated with the development of
Barrett’s esophagus and esophageal adenocarcinoma.

Antireflux surgery can promote regression of the columnar epithelium only in
short-segment Barrett’s esophagus, but not in long-segment Barrett’s esophagus.
EMR is the treatment modality of choice in case of HGD and T1aNO esophageal
cancer.

Esophagectomy is the procedure of choice for more invasive adenocarcinoma of
the esophagus.
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Chapter 14
Barrett’s Esophagus: Treatment Options

Ajaypal Singh and Irving Waxman

Abstract Barrett’s esophagus (BE) is an asymptomatic condition, but it is the most
significant known risk factor for the development of esophageal adenocarcinoma
(EAC). More than half of short segment BE patients do not have any reflux symp-
toms. Cancer develops in BE through a sequence of genetic and epigenetic changes
that activate oncogenes and silence tumor suppressor genes and cause progression
from metaplasia through dysplasia to esophageal adenocarcinoma. Treatment
approaches to BE mainly focus on eradication of high-grade dysplasia and neopla-
sia as well as prevention of progression of metaplasia to neoplasia. The treatment
options for BE have undergone a significant change over the last few years due to
improvement in our understanding of pathogenesis and progression of Barrett’s
esophagus as well as availability of endoscopic treatment modalities.
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progression from metaplasia through dysplasia to esophageal adenocarcinoma.
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Treatment approaches to BE mainly focus on eradication of high-grade dysplasia
and neoplasia as well as prevention of progression of metaplasia to neoplasia.
The treatment options for BE have undergone a significant change over the last
few years due to improvement in our understanding of pathogenesis and progres-
sion of Barrett’s esophagus as well as availability of endoscopic treatment
modalities.

Medical Treatment

Acid Suppression Therapy: All patients with BE and symptoms of GERD or reflux
esophagitis seen on endoscopy should be treated with high-dose proton-pump
inhibitor (PPI) therapy, unless there are contraindications for the use of PPIs in
which case H2 receptor blockers should be used. The use of PPI therapy in patients
with BE but no symptoms of reflux or endoscopic evidence of reflux esophagitis is
not clear. The main argument for the use of PPIs in this group will be only to reduce
the risk of progression of dysplasia or development of cancer. There are a few obser-
vational and retrospective studies that have shown that the use of PPIs is associated
with lower risk of developing high-grade dysplasia (HGD) and adenocarcinoma and
even partial regression of intestinal metaplasia, but no randomized controlled trials
are available to support these findings. The American Gastroenterology Association
(AGA) recommends discussion of risks and potential benefits of long-term acid
suppression therapy with BE patients in the context of their overall health status and
medication use. Currently we recommend acid suppression therapy for all patients
with BE unless there are specific contraindications. The assessment of reflux symp-
toms in patients on high-dose acid suppression therapy has not shown to be a reli-
able indicator of acid suppression, and up to 40 % of these patients can have
persistent acid reflux as judged by 24-h pH studies despite resolution of reflux
symptoms. Even though pH monitoring might be needed to titrate doses of acid sup-
pression, routine pH monitoring to confirm efficacy of acid suppression therapy is
not currently recommended.

Aspirin and Nonsteroidal Anti-inflammatory Drugs: Multiple published studies
have shown that aspirin (ASA) and nonsteroidal anti-inflammatory drugs (NSAIDS)
might have potential chemopreventative effects in patients with BE. Both ASA and
NSAIDs have been shown to reduce the risk of developing esophageal adenocarci-
noma by as much as 33 %. Currently no prospective, randomized control trials to
support this chemopreventative effect are available, but a large clinical trial is cur-
rently underway, the results of which are eagerly awaited. Most of the patients with
BE are elderly males with obesity or other cardiovascular risk factors, so use of
low-dose aspirin should be considered in patients with cardiovascular risk factors
and BE. The biggest concern for the use of ASA is risk of bleeding, but the patients
with BE should also be on a PPI, which should minimize the gastrointestinal toxic-
ity associated with aspirin use.
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Endoscopic Treatment

Who to Treat and Who to Watch?

The patients at highest risk for the development of invasive cancer are candidates
for eradication of Barrett’s epithelium. Currently the best available marker for pre-
dicting development of cancer in BE is dysplasia. The incidence of adenocarcinoma
in high-grade dysplasia (HGD) is around 6 % per year with one study showing
incidence of 19 % in 1 year. Thus, endoscopic eradication is recommended in all
patients with HGD. Intense endoscopic surveillance every 3 months is an option for
patients who decline eradication therapy or those who are not candidates for
Barrett’s eradication. The incidence of lymph node metastases is only 1-2 % in
adenocarcinomas confined to the mucosa but increases to around 15 % with submu-
cosal involvement. Thus, endoscopic therapy is also currently recommended in all
patients with intramucosal carcinoma (IMC). This underlines the importance of
accurate T-staging of the esophageal adenocarcinoma. Endoscopic ultrasound has
been shown to have an accuracy of only 50-60 % in identifying the T-stage of early
esophageal cancers. However, preoperative EMR specimens have excellent agree-
ment with histology from esophagectomy specimens in patients with BE and neo-
plasia. Hence, in addition to being a therapeutic procedure, endoscopic mucosal
resection is a very important staging tool. The incidence of adenocarcinoma is very
low (0.1 % per year) in low-grade dysplasia (LGD) and there is no international
consensus regarding eradication therapy, but most societies do not recommend
eradication therapy in this patient population. One of the issues with managing low-
grade dysplasia in BE is the interobserver variability among pathologists regarding
the diagnosis, with studies reporting only 15 % cases of low-grade dysplasia that
were confirmed by expert pathologists. A recent cost-effectiveness study concluded
that radiofrequency ablation of low-grade dysplasia might be cost-effective if the
diagnosis is accurate and it is assumed that risk of progression to cancer for low-
grade dysplasia is at least 50 % more than that for non-dysplastic BE. In its latest
medical position statement, the American Gastroenterological Association (AGA)
“strongly supports the concept of shared decision-making where the physician and
patient together consider whether endoscopic surveillance or eradication therapy is
the preferred management option.”

Surveillance for Barrett’s Esophagus

The main aim of surveillance is to detect progression of dysplasia as well as early
esophageal cancer. Even though there are no randomized, prospective trials show-
ing direct benefits of regular surveillance, there are multiple retrospective studies
that have shown improved survival if esophageal cancer is detected endoscopically
rather than when it is symptomatic. Esophageal cancers detected during
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surveillance have a lower staging and improved survival. All patients with new
diagnosis of BE should have two endoscopies within the first year and if no dyspla-
sia is noted on either, they can be followed by serial endoscopy every 3—5 years.
Due to high variability in reporting of low-grade dysplasia, if LGD is noted on
biopsies, this diagnosis must be confirmed by an expert GI pathologist. Once low-
grade dysplasia is confirmed, a repeat endoscopy is recommended within 6 months
to make sure there is no high-grade dysplasia. All patients with low-grade dysplasia
should undergo annual surveillance endoscopy until non-dysplastic BE is noted on
two consecutive occasions after which surveillance can be done as for non-dysplastic
BE (every 3-5 years). As mentioned above, all high-grade dysplasia patients should
undergo eradication therapy unless they are not candidates for this or they decline
treatment, in which case, surveillance endoscopy should be done every 3 months.
During surveillance endoscopy, current guidelines recommend 4-quadrant biop-
sies every 1-2 cm of the Barrett’s segment (Seattle protocol). All areas of nodularity
or mucosal irregularity should be sampled separately. Strict adherence to Seattle pro-
tocol is important since only around 40 % of high-grade dysplasia and esophageal
adenocarcinomas were identified as endoscopically suspicious locations during high-
definition white light endoscopy in one study. But due to multiple number of biopsies
needed, adherence to the Seattle protocol in community practice has been low, with
some studies reporting an adherence of only 30 % with BE of more than 10 cm (nota-
bly, this population is at higher risk of esophageal cancer). The time spent during
inspection of Barrett’s epithelium has been shown to be directly proportional to the
number of suspicious lesions as well as HGD/EAC lesions identified, with 1 min per
centimeter of Barrett’s epithelium suggested as optimal Barrett’s inspection time.
Given the poor adherence to dysplasia surveillance by extensive biopsies, other mark-
ers of dysplasia as well as endoscopic imaging techniques are being studied. Currently
the use of biomarkers for detection of dysplasia is only in the investigational stages
and no professional gastroenterology society recommends their use for clinical deci-
sion-making. Various different modalities including chromoendoscopy, narrow band
imaging with magnification, and confocal laser endomicroscopy are being study to
identify high-risk lesions during visual inspection. The AGA currently recommends
detailed examination under white light endoscopy and these additional imaging tech-
niques are not currently recommended. The endoscopic surveillance should be per-
formed using high-definition, high-resolution endoscopes and strict adherence to the
biopsy protocol should be followed. We utilize these resources as adjuncts to our
endoscopic examination to help us target the biopsies toward areas of interest.

How to Treat?

An international, multidisciplinary, systematic, evidence-based review of manage-
ment strategies for BE in 2012 recommended that endoscopic treatment of BE with
HGD or T1m esophageal adenocarcinoma is preferred over surveillance strategies
or surgical treatment. It further went on to recommend that endoscopic treatment of
HGD or Tlm BE should be performed in tertiary referral centers after proper
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training of both endoscopists and pathologists involved. The goal of all endoscopic
therapies is complete eradication of intestinal metaplasia leading to regeneration of
squamous epithelium.

Endoscopic Treatment

Endoscopic treatment of BE includes endoscopic ablative therapies and endoscopic
mucosal resection (EMR).

Ablative Therapies

The ablative therapies include thermal therapies (argon plasma coagulation, radio-
frequency ablation, cryotherapy) and photodynamic therapy that utilizes photo-
chemical energy. Even though the ablative methods are technically easier to adopt,
they do not provide any tissue for histopathological analysis. Another major con-
cern about ablative therapies is that they can leave behind foci of metaplastic
Barrett’s epithelium that is covered by squamous epithelium during regeneration
and is thence not visible during routine endoscopic surveillance. These residual
columnar foci, also known as buried glands, have neoplastic potential and can cause
progression of BE despite complete Barrett’s eradication visually.

Radiofrequency Ablation (RFA)

Radiofrequency ablation (RFA) involves mucosal ablation via superficial thermal
injury generated by a high-frequency electromagnetic field from electrodes placed
in an ablation catheter. Commercially available RFA catheters as Barrx ablation
system, it includes an RFA energy generator and RFA delivery catheters. There are
three kinds of ablation catheters: a balloon catheter (Barrx 360) for circumferential
ablation, over the scope catheters of various sizes (Barrx 90, Barrx 60, and Barrx
Ultra Long Catheter) and a recently developed through the scope catheter (Barrx
Channel RFA Catheter). RFA is currently the most commonly used mucosal abla-
tion technique for BE given its efficacy, ease of use, and low risk of complications.
After cleaning the esophageal mucosa with 1 % N-acetylcysteine, the RFA catheter
is applied to the surface at a dose of 12 J/cm?. A second round of ablation is done
after cleaning the mucosa and removing the debris. Some endoscopists use 10 J/cm?
for low-grade dysplasia. Usually multiple sessions of RFA are required till complete
ablation of dysplastic mucosa is achieved. It is very important to note that RFA is
indicated only for flat Barrett’s mucosa and patients with nodular disease should
undergo resection of visible nodular lesions for staging purposes before the
remaining flat Barrett’s mucosa is ablated.
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In a multicenter, randomized, sham-controlled study from the United States,
complete eradication of intestinal metaplasia at 12 months was achieved in 74 %
patients with high-grade dysplasia and 81 % patients with low-grade dysplasia.
Progression of high-grade dysplasia to esophageal cancer was reduced from 19 %
in shams to 2.4 % in the ablation group, though the total number of cancers in the
study population was low. The number of high-grade dysplasia patients needed to
treat (NNT) to prevent one esophageal cancer in the study was 6. Major complica-
tion of RFA is esophageal stricture that is seen in 6-8 % of cases, while bleeding
and mediastinitis have been reported but are uncommon. The major disadvantage of
RFA is the lack of tissue for histopathology. Though there is no long-term data
about the durability of RFA, a recent study showed 93 % complete remission of
intestinal metaplasia and neoplasia at 5 years in patients treated with a combination
of EMR and RFA. Further, buried glands were found only in the 0.08 % of neosqua-
mous biopsies. The recurrence can be successfully treated with repeat RFA sessions
with good results. Further follow-up data is still needed to confirm the long-term
efficacy of eradication and the optimal interval for surveillance endoscopies in these
patients.

Argon Plasma Coagulation

Argon plasma coagulation (APC) was the most common eradicative therapy before
RFA became widely available. APC utilizes a monopolar high-frequency probe that
causes surface coagulation of the epithelium through ionized argon plasma. In a
single center from the United Kingdom, 86 % remission of Barrett’s metaplasia was
seen after a mean follow-up period of 37 months, while 14 % developed esophageal
adenocarcinoma over a follow-up period of 90 patient-years. Other studies have
also shown that buried glands are noted in up to 30 % of patients treated with APC
therapy, which is much higher than that reported for radiofrequency ablation.
Stricture formation is the most common adverse event, while the risk of perforation
is very low. Currently APC is not widely used as a primary ablative therapy for
HGD but has an important role as an adjunct to endoscopic mucosal resection where
it is used to ablate the edges of the resection.

Photodynamic Therapy

Photodynamic therapy (PDT) was one of the earliest used modalities for Barrett’s
ablation. It involves systemic administration of a photosensitizer that is activated
during endoscopy by using light waves of appropriate wavelength. The photosensi-
tizer can be administered either orally or intravenously. Porfimer sodium is the most
extensively studied photosensitizer for BE and has been approved by the U.S. Food
and Drug Administration. It is administered intravenously at a dose of 2 mg/kg
approximately 48 h before the procedure. The required wavelength is delivered to
the esophagus under endoscopic visualization using a cylindrical balloon advanced



14 Barrett’s Esophagus: Treatment Options 183

over a wire. The desired dose for successful therapy is 130 J/cm that allows calcula-
tion of application time if the power density of the instrument is known. The muco-
sal injury is usually evaluated 2 days after PDT when an additional dose of 50 J/cm
can be delivered to the skip areas. The side effects of PDT include chest pain (20 %),
nausea (11 %), vomiting (32 %), hiccups (10 %), dysphagia (19 %), esophageal
perforation (less than 1 %), pleural effusion (2 %), and photosensitivity reaction
(7-18 %). The major complication of PDT is stricture formation occurring
3-4 weeks after PDT, with a reported incidence of up to 36 % in some studies.
These are more commonly seen in areas of treatment overlap and in patients with
long segment BE and are treated with serial dilations. Patients should also avoid sun
and bright light for at least 30 days and sometimes up to 90 days due to risk of pho-
tosensitivity. Known history of porphyria and porphyria sensitivity is a contraindi-
cation for PDT. In an international, multicenter, partially blinded phase III trial of
PDT in 208 patients with HGD, 77 % patients with PDT had complete ablation of
HGD at 2 years compared to 39 % in the control arm (p <0.0001). The incidence of
esophageal adenocarcinoma decreased from 28 % in the control arm to 13 % in the
PDT group (p=0.006). A 5-year follow-up study of the same patient cohort was
subsequently published and it confirmed the long-term efficacy for HGD ablation
(77 % for PDT vs. 39 % for control group, p<0.001) and lower risk of progression
to cancer after PDT (15 % vs. 29 %, p=0.027).

Due to systemic absorption of porfimer sodium and high incidence of photosen-
sitivity after exposure to sunlight, various other photosensitizers have been studied.
Aminolevulinic acid has been used as an oral photosensitizer administered on the
day of photoradiation and has lesser systemic absorption along with shorter dura-
tion of skin photosensitivity (24—48 h). In one of the earlier studies using ALA,
eradication of HGD and mucosal cancer was noted in 100 % (10/10) and 77 %
(17/22) patients, respectively, after a mean follow-up of 9.9 months. In a subsequent
study to evaluate the long-term efficacy of PDT with ALA, 66 patients with HGIN
and early adenocarcinoma were treated with PDT using ALA and complete response
was documented in 97 and 100 % patients, respectively, at 37 months. Currently
ALA is not approved for use in the United States. Further randomized studies com-
paring PDT with other ablation modalities are required. Given its ease of applica-
tion, better adverse effect profile, and good efficacy at Barrett’s eradication,
radiofrequency ablation has replaced photodynamic therapy as the most commonly
used ablation technique.

Cryotherapy

It is a noncontact ablation technique that induces cell damage with minimal fibro-
sis by using alternating cycles of rapid freezing and slow thawing. It is a relatively
newer technique and has the most limited experience of all the ablation tech-
niques. Commonly used gases include liquid nitrogen and carbon dioxide. In a
multicenter, retrospective cohort study, 98 patients with BE and HGD underwent
333 cryotherapy treatment sessions with 97 % complete eradication of HGD and
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57 % complete eradication of all intestinal metaplasia after a mean of 3.4 treat-
ments per patient. Two percent patients developed severe chest pain requiring
narcotics and 3 % patients developed esophageal strictures treated with endo-
scopic dilation. There were no perforations in the study population. Cryotherapy
has also been shown to provide complete luminal response in patients with
intramucosal cancer who failed or refused conventional therapy. But long-term
data on the efficacy is lacking and this modality is available only at select centers
in the country.

Endoscopic Mucosal Resection

Endoscopic mucosal resection or EMR refers to endoscopic removal of neoplastic
epithelium using the standard polypectomy technique usually after raising the area of
interest by saline injection. EMR has been shown to be effective and safe along with
the advantage of providing tissue of histological evaluation, making it both a therapeu-
tic and a staging procedure as discussed above. All patients with any nodular disease
and absence of submucosal disease should undergo EMR. Currently it is being widely
used for treatment of mucosal adenocarcinoma in patients with BE. The role of EMR
in diagnosis of dysplasia and early cancer as well as staging of BE is very important.
Any area of mucosal irregularity noted on endoscopy for Barrett’s surveillance should
ideally be removed by EMR. Endoscopic biopsies of these areas have several limita-
tions including small sample size, lesser depth, poor orientation, and crush artifact.
The EMR has the advantage of providing larger and well-oriented specimens.
Diagnosis and staging of dysplasia in BE is a difficult decision and has shown to be
observer dependent. Analysis of EMR specimens has shown to improve the interob-
server agreement for diagnosis of dysplasia when compared to endoscopic biopsies.

The most commonly used techniques for EMR are the cap-assisted technique and
multiband ligation technique. The cap technique is the more commonly used of the
two and it uses a transparent cap (flat or oblique) and a snare to resect the mucosa. The
target area is first lifted by injection of a fluid in the submucosal layer (saline or
diluted epinephrine). After that a snare is fitted into the inside of the cap, the injected
mucosa is suctioned into the cap, captured by already placed snare, and resected using
blended current electrocautery. In the band and ligate technique, which can be per-
formed without submucosal injection, a banding device (modification of the tradi-
tional variceal bander) is used to band areas of interest creating pseudopolyps which
are then resected using a snare and electrocoagulation. In a randomized trial compar-
ing cap technique with submucosal injection and band ligation without submucosal
injection for early esophageal cancers, no difference in efficacy or safety profiles
were noted. Multiband technique has been shown to be more efficient for resection of
larger mucosal specimens, but the final decision is usually based on the endoscopist’s
preference, level of comfort, and experience with a particular modality.

Most of the initial studies used EMR focally for the treatment of mucosal adeno-
carcinoma. Long-term success with complete response rates of around 95 % at 5
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years had been reported for focal EMR done to treat intramucosal carcinoma (IMC).
In one of the earlier studies of focal EMR for patients with IMC (only 3 patients in
the study with HGD), local recurrence or metachronous carcinoma was noted in up
to 17 % patients after a mean follow-up interval of 10 months. Other studies have
shown recurrence rate as high as 47 % after focal EMR. Seewald et al. for the first
time reported successful use of circumferential EMR (75 % of luminal circumfer-
ence at one setting) in patients with HGD and IMC but no visible lesions. Complete
eradication of BE was noted in all patients after a median follow-up of 9 months.
This technique is also known as stepwise radical endoscopic resection or wide area
EMR and involves resection of the entire Barrett’s segment. Multiple studies have
shown the effectiveness of complete Barrett’s eradication using EMR only with
reported success rate of 76-100 %. Esophageal strictures are very common after
circumferential EMR with one study reporting an incidence of up to 88 %. These
can be successfully treated using serial dilations.

Combination or Hybrid Therapy

Complete eradication of Barrett’s using EMR should be performed only at high
volume referral centers with adequate surgery backup (Fig. 14.1). A combination
approach is used in a significant number of cases, where all visible lesions are
treated with EMR while the remaining of Barrett’s epithelium is treated with abla-
tive therapies (RFA being the most common) (Fig. 14.2). This approach has been
shown to have good outcomes with neoplasia and metaplasia eradication rates of
83-95 % and 79-88 %, respectively. This might be a safer alternative to long seg-
ment BE with segments longer than 10 cm where risks of esophageal strictures is
very high after complete eradication using EMR.

Surgical Options
Fundoplication

Fundoplication is primarily performed in patients with refractory reflux symptoms
not responding to medical therapy. Some surgeons have suggested that fundoplica-
tion might be more effective than acid suppression therapy in preventing cancer in
BE patients, but published literature on this topic is limited. Nissen fundoplication
has been associated with regression of low-grade dysplasia at 12—18 months in up
to 93 % patients compared to 63 % in patients treated with medical therapy alone.
In addition to promoting regression of Barrett’s metaplasia, some studies have dem-
onstrated lower risk of progression to adenocarcinoma after fundoplication in
Barrett’s patients. This has been proposed to be secondary to decreased exposure of
the esophageal epithelium to bile acids, in addition to gastric secretions. Currently,
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Fig. 14.1 (a) Patient with long-standing BE with focal high-grade dysplasia above the GE junc-
tion that was previously treated with focal EMR. (b) Barrett’s ablation using 360° RFA balloon
catheter. (¢) Endoscopic view immediately after RFA. (d) Neosquamous epithelium with few
islands of BE after 9 months and 3 RFA sessions. The Barrett’s islands were treated with focal RFA

surgical attempts at reducing acid exposure solely for the purpose of reducing can-
cer risk in BE are not recommended.

Esophagectomy

Esophagectomy was the standard of care for patients with high-grade dysplasia and
intramucosal carcinoma till the endoscopic eradication techniques became more
available. Even though esophagectomy can be done using a laparoscopic and thora-
coscopic approach now, it is still associated with significant morbidity and long
hospital stays compared to endoscopic treatment that can be done as an outpatient.
Patients who were treated with a combination of photodynamic therapy and endo-
scopic mucosal resection were shown to have similar 5-year mortality as those who
underwent esophagectomy for high-grade dysplasia (9 % vs. 8.5 %). None of the
deaths in either group was from esophageal adenocarcinoma. Intramucosal cancer
(ml) has only 1-2 % incidence of lymph node metastasis, while submucosal
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Fig. 14.2 (a) A flat area of nodularity (IIA) noted during surveillance endoscopy for BE (white
light with magnification). (b) Same lesion seen under narrow band imaging and magnification. (c)
Endoscopic mucosal resection (EMR) using saline injection followed by cap and snare was per-
formed. (d) Mucosectomy specimen, pathology was consistent with high-grade dysplasia

involvement is associated with 15 % incidence of nodal involvement. When per-
formed in appropriately selected patients, esophagectomy has a mortality of less
than 5 % with good quality of life; it should be discussed with all patients who have
high-grade dysplasia, especially for younger, otherwise healthy patients.

Follow-Up After Ablation

Close follow-up and surveillance of patients is needed after eradication therapy, but
no guidelines have been established due to lack of data about recurrence of metapla-
sia and dysplasia after eradication. After eradication therapy, these patients should
initially have surveillance according to the highest grade of dysplasia that was
noted. Biopsies should be obtained from entire area of prior BE at appropriate inter-
vals until complete ablation is documented on at least three consecutive endosco-
pies with reasonable certainty, following which the surveillance intervals can be
increased.
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Summary

» High-dose proton-pump inhibitor therapy for acid suppression is recommended
for all patients with BE.

e Patients with HGD should undergo eradication therapy, either endoscopic abla-
tion or endoscopic resection.

e All patients with non-dysplastic BE and LGD should undergo regular surveil-
lance endoscopies with high-definition scopes and adequate Barrett’s inspection
time.

* All visible or nodular lesions should be treated with endoscopic mucosal resec-
tion and the residual BE can be eradicated with either ablation or mucosal resec-
tion depending on the endoscopists’ skills and preference.

* Intramucosal carcinoma can be successfully treated with endoscopic resection.

e Complete Barrett’s eradication by using only endoscopic mucosal resection is
possible but is associated with high stricture rate, which can be easily treated
endoscopically.

e All patients who undergo eradication therapy should have appropriate surveil-
lance endoscopies.



Chapter 15
Esophageal Cancer: Evaluation
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Abstract In recent years esophageal adenocarcinoma incidence increased rapidly
and esophageal cancer is now the seventh leading cause of all cancer-related deaths.
Over the last decades treatment approaches for esophageal cancer have evolved,
with esophagectomy remaining a central component in the curative treatment of
resectable esophageal cancer. Esophagectomy is a demanding procedure and with
the availability of a wide variety of treatment regimes, accurate staging and evalua-
tion became even more important. The management of patients is determined by
patients physiology as well as tumor histology, location and clinical stage. This
chapter describes a complete evaluation of esophageal cancer patients, including
physiologic work-up, clinical staging modalities and treatment decision making.

Keywords Esophageal cancer * Staging ¢ Evaluation ¢ Physiologic work-up ¢
treatment decision

H.M. Schmidt, MD

Department for General, Thoracic and Vascular Surgery, Virginia Mason Medical Center,
1100 Ninth Ave, Seattle, WA 98101, USA

e-mail: henner.schmidt@vmmc.org, henner.schmidt@yahoo.de

D.E. Low, FACS, FRCS(c), FRCSI (Hon.) (>0)
Department for General, Thoracic and Vascular Surgery, Virginia Mason Medical Center,
1100 Ninth Ave, Seattle, WA 98101, USA

Department of Thoracic Surgery and Thoracic Oncology, Director Esophageal Center of
Excellence, Scientific Director Ryan Hill Research Fellowship, Digestive Disease Institute,
Seattle, WA, USA

e-mail: donald.low @vmmc.org

PM. Fisichella et al. (eds.), Esophageal Diseases, 189
DOI 10.1007/978-3-319-04337-1_15, © Springer International Publishing Switzerland 2014


mailto:henner.schmidt@vmmc.org
mailto:henner.schmidt@yahoo.de
mailto:donald.low@vmmc.org

190 H.M. Schmidt and D.E. Low

Introduction

Epidemiology, Etiology, and Pathophysiology

The incidence of esophageal cancer remains relatively rare, accounting only for 1 %
of all malignancies worldwide; however, it is the seventh leading cause of cancer-
related deaths [1]. According to the Surveillance, Epidemiology, and End Results
program (SEER), the annual incidence of esophageal carcinoma for 2012 in the
United States is 4.7 cases per 100.000 [1]. Esophagectomy remains a central com-
ponent of curative therapy, although treatment approaches became increasingly
diversified, making an accurate evaluation even more important.

The two most common histological types of esophageal cancer are squamous cell
carcinoma (SCC) and adenocarcinoma (AC) representing over 95 % of all esophageal
cancers. Historically squamous cell carcinoma was the leading histology worldwide;
however, currently in Western industrialized countries adenocarcinoma has become
by far the most prevalent form of esophageal carcinoma. In the last decades, a 460 %
increase in the incidence of esophageal adenocarcinoma has been documented mak-
ing it the fastest growing cancer in the United States [2]. While AC rapidly increases
the incidence of SCC has demonstrated a steady decline in the western world. Well-
established etiologic factors for SCC include smoking, alcohol consumption, and low
socioeconomic status [3]. While smoking is also a risk factor for the development of
AC obesity, gastroesophageal reflux disease (GERD) and Barrett’s esophagus are the
most current common risk factors [4]. High-grade dysplasia in Barrett’s esophagus is
a well-described precancerous lesion with up to 30 % of patients with documented
high-grade dysplasia developing esophageal AC within 5 years. There is some data
suggesting that high intakes of fresh fruits, antioxidants, as well as aspirin and other
nonsteroidal anti-inflammatory drugs may have a protective effect for the develop-
ment of AC. As the prevalence for esophageal cancer is eightfold higher in males, the
effect of estrogen on the occurrence of AC is currently being assessed [5].

As the location of esophageal carcinoma strongly influences its behavior and the
treatment approach, the esophagus is divided into four distinct anatomic regions:
the cervical, the upper thoracic, the mid thoracic, and the lower thoracic esophagus.
AC is typically located in the mid and lower esophagus typically distal to the carina.
SCC is found in up to 65 % of cases in the mid and upper esophagus. Second pri-
mary squamous cell malignancies in the pharyngeal and laryngeal location occur in
up to 10 % in patients presenting with SCC of the esophagus. Tumors originating at
the region of the gastroesophageal junction (EGJ) incorporating the very distal
esophagus and the very proximal stomach can be classified according to the Siewert
classification [6]. In this classification, type I is defined as tumors in which the cen-
ter is located 1-5 cm above the esophagogastric junction (EGJ), type II as tumors
invading the EGJ in which the center is located between 1 cm above and 2 cm below
the EGJ, and type III as tumors invading the EGJ in which the center is located
2-5 cm below the EGJ (Fig. 15.1). The revised 7th edition of the AJCC staging
systems classifies tumors whose midpoints are in the lower esophagus, EGJ, or
within the proximal 5 cm of stomach that extends into the EGJ (Siewert type I and
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Fig. 15.1 Siewert classification type I-III for esophagogastric junction carcinomas and corre-
sponding NCCN treatment guidelines for esophageal and gastric cancers

II) as esophageal tumors, whereas cancers with a midpoint within 5 cm of the EGJ
(Siewert type III) but not extending into the EGJ are staged using the gastric cancer
staging system. Although the Siewert classification is routinely used internationally,
there is the need to apply a single classification in research and outcomes reporting,
and, therefore, the AJCC system is recommended.

Esophageal resection remains an important component of the treatment for early
and regional esophageal cancer. Despite significant advances in the diagnosis and treat-
ment of esophageal cancer, overall survival remains poor with 5-year survival rates
increasing from 5 % in the 1980s to 19 % in 2007 for all patients presenting with
esophageal cancer [1]. Simultaneously over the last several decades, there has been an
evolution of treatment approaches to esophageal cancer. These advances include the
application of endoscopic techniques in the treatment of superficial cancer, the evolu-
tion of minimally invasive techniques, as well as the addition of neoadjuvant therapy to
the treatment of regional esophageal cancer. With the availability of a diversified treat-
ment approach, an accurate evaluation becomes even more important. The manage-
ment of patients is determined by patient’s physiology, location of the primary cancer,
and clinical tumor stage at presentation.

Medical Evaluation

Esophagectomy is a major procedure requiring a preoperative evaluation to assess
the patient’s physiologic suitability for the operation. The assessment of cardiopul-
monary health and nutritional status is an important issue to minimizing morbidity
and mortality. Esophagectomy typically requires access to the abdominal and
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thoracic cavities; it remains one of the most demanding surgical procedures.
Treatment decisions are best assigned after presentation at multidisciplinary tumor
board where the patient’s staging assessment and physiologic and psychologic
health and nutritional status can be reviewed.

Symptoms

Early esophageal cancer is typically asymptomatic, although ulceration can lead
to gastroesophageal bleedings or anemia, which can result in early detection. For
patients with Barrett’s esophagus and early adenocarcinoma, a history of fre-
quent symptoms of GERD is the most common preexisting condition. The most
common symptom at the time of diagnosis is dysphagia. This most commonly
occurs when the cancer narrows the esophageal lumen to a third of its normal
width. Persistent solid food dysphagia or progressive dysphagia associated with
weight loss should always be investigated. Patients can also experience odyno-
phagia and regurgitation as an expression of advanced regional disease and upper
GI bleeding can be present at all stages. In addition hoarseness can be a sign of
advanced cancers because of compression or involvement of the recurrent nerve.
Similarly, frequent hiccups can be triggered by phrenic nerve or diaphragmatic
involvement and a persistent postprandial cough may indicate the presence of a
malignant esophagotracheal or bronchial fistula. At the time of diagnosis, most
patients have locally advanced or metastatic disease. Only 22 % are diagnosed
with early stage disease although this component is increasing due to Barrett’s
surveillance programs [1].

Past Medical History

In patients presenting with adenocarcinoma, a history of gastroesophageal reflux
disease is common. Furthermore, a component of especially elderly patients will
have undergone previous upper gastrointestinal surgical procedures which can
affect the surgical approach. If previous gastric surgery is present, the complete
extent of such surgery must be assessed, including obtaining previous operative
reports, as prior surgery can necessitate reconstruction with colon or small bowel.

Age

Considering that life expectancy and the incidence of esophageal cancer are both
increasing it is expected that more elderly patients will present with esophageal
cancer. Advanced age is routinely associated with a higher prevalence of
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comorbidities with the associated risk of pulmonary and cardiac complications.
However, many studies have shown improved outcomes in elderly patients when
treated in specialized high-volume centers [7-9]. In addition definitive chemora-
diotherapy showed increased morbidity and treatment-related mortality rates in
elderly patients, and a substantial part of these patients will have difficulty
receiving the entire course of therapy. Age itself is not a contraindication for
surgery but physiological status and coexisting diseases are more likely to affect
morbidity and mortality. However, a complete assessment of mental and physi-
cal comorbidities in these patients is critically important when considered for
surgery [7].

Cardiopulmonary Status

Pulmonary complications are the most common cause for postoperative morbidity
and mortality [10]. Preoperative pulmonary function test can be helpful to assess
patient’s baseline lung function prior to esophagectomy. In addition certain tech-
niques of esophagectomy require one-sided lung ventilation and impaired pulmo-
nary function test can increase the complexity of the operation. Forced vital capacity
(FVCO) of less than 70 % and forced expiratory volume in 1 s (FEV)) of less than
60 % are associated with an increased incidence of prolonged mechanical ventila-
tion and are at higher risk for pulmonary complications [11]. Smokers are at higher
risk of developing pulmonary complications and smoking cessation at time of diag-
nosis is beneficial and should be recommended [12].

Supraventricular arrhythmias are the most common cardiac complication in
patients undergoing esophagectomy reported in 20-30 % of all cases [13]. The
causes remain unclear but arrhythmia is more prevalent in patients sustaining anas-
tomotic leakage and mediastinitis. Current rates of perioperative infarction are 1-2 %
[10]. A preoperative cardiac work-up is electively advisable in patients presenting
with risk factors such as preexisting arrhythmia, documented coronary disease, pre-
vious myocardial infarction, positive family history, smoking, hypertension, and dia-
betes. High-risk patients for cardiac complications include those with congestive
heart failure, preexisting arrhythmia, valvular disease, angina symptoms, and prior
myocardial infarction. These patients are recommended for objective cardiac assess-
ment according to the guidelines of American College of Cardiology (ACC) and the
American Heart Association (AHA) [14]. Limited research focused on medical pre-
vention of arrhythmia in patients undergoing esophagectomy. Dilitiazem and amio-
darone have been effective in preventing arrhythmias, but because of side effects of
these drugs (especially lung fibrosis for amiodarone), the overall benefit remains
unclear [15, 16]. Beta blockers should be continued perioperatively if patients are
taking these medications for other clinical indications [17]. According to the ACC/
AHA guidelines, esophagectomy represents an intermediate risk for arrhythmia. The
risk group that should be considered for the initiation of f blockers includes patients
with diabetes, prior myocardial infarction, compensated heart failure, and untreated
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renal insufficiency. Patient with documented coronary disease on aspirin should be
maintained on aspirin throughout the perioperative period. Other antiplatelet agents
such as clopidogrel (SP) need to be discontinued prior to esophagectomy.

Nutrition

Dysphagia is the most common symptom of esophageal cancer and can result in a
portion of patients presenting with significant weight loss and malnutrition.
Malnutrition is most commonly assessed based on the extent of weight loss and
albumin levels and has been shown to increase rates of postoperative morbidity and
mortality, mainly due to postoperative infections [18]. Patients with greater than
10 % loss of body weight, presenting BMI of <18.5, albumin levels <3.25 mg/dl, or
dysphagia to all solid food should be considered for enteric nutritional supplemen-
tation prior to neoadjuvant therapy and surgery. Jejunostomy tubes can be placed
either with endoscopic, open, or laparoscopic techniques and can be done in con-
junction with other necessary procedures such as Port-A-Cath placement or diag-
nostic laparoscopy. Percutaneous endoscopic or radiologic gastrostomy tubes have
been utilized by some centers but have the hypothetical risk of affecting blood sup-
ply to the stomach which could impact the outcome of esophagectomy. More
recently, the utilization of short-term placement of removable esophageal stents
prior to neoadjuvant therapy has shown to provide a nonoperative possibility to
improve oral nutrition. Stent placement can be performed during initial endoscopic
staging but should be orchestrated to be done at the end of the staging process as
stents can alter diagnostic findings on CT and PET/CT scans. These stents should
be considered for elective removal 4-5 weeks following initiation of radiation/che-
motherapy which seems to decrease the incidence of stent-related complications
[19-21].

The incidence of obesity in patients presenting with adenocarcinoma is increas-
ing. Although surgery in obese patients is technically more challenging and postop-
erative wound infections rates are higher, studies show that the overall operative risk
is not increased [22].

Staging

With the availability of different treatment options such as endoscopic resection,
esophagectomy, neoadjuvant chemotherapy, and/or radiation and definitive chemo-
radiotherapy, staging information in addition to physiologic status is crucial for
determining the appropriate treatment approach. Esophageal cancers should be
staged according to the 7th edition of the TNM classification system (see Table 15.1)
published by the American Joint Committee on Cancer (AJCC) in 2010 [23]. The
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Table 15.1 TNMG descriptors, AJCC 7th edition

Primary tumor T

Tx Primary tumor cannot be assessed

TO No evidence of primary tumor

Tis High-grade dysplasia

Tla Tumor invades lamina propria or muscularis mucosae
Tlb Tumor invades submucosa

T2 Tumor invades muscularis propria

T3 Tumor invades adventitia

T4a Resectable tumor invading pleura, pericardium, diaphragm
T4b Unresectable tumor invading aorta, trachea, heart, vertebral body, etc.
Regional lymph nodes N

Nx Regional lymph nodes cannot be assessed

NO No evidence of regional lymph nodes

N1 Metastasis in 1-2 regional lymph nodes

N2 Metastasis in 3—6 regional lymph nodes

N3 Metastasis in >7 regional lymph nodes

Distant metastasis M

MO No distant metastasis

M1 Distant metastasis

Histological grade G

Gx Grade cannot be assessed

Gl Well differentiated

G2 Moderately differentiated

G3 Poorly differentiated

G4 Undifferentiated

introduction of the 7th edition included major changes in the staging of esophageal
cancer compared to the 6th edition. These changes are based on evidence for the
increased importance of nodal burden rather than nodal location as contributors to
outcome as well as differing prognoses of squamous cell carcinoma and adenocar-
cinoma (see Tables 15.2 and 15.3). In general changes affect the anatomic charac-
teristics like TNM descriptors and tumor location as well as the nonanatomic cancer
characteristics such as histologic type and grade.

Appropriate staging currently includes endoscopy (EGD) with biopsy, endo-
scopic ultrasound (EUS)+EUS-guided fine needle aspiration of paraesophageal
and perigastric nodes (EUS-FNA), contrast-enhanced computed tomography (CT),
and fused computed tomography and FDG positron emission tomography (PET/
CT). Upper endoscopy with biopsy is typically the initial diagnostic tool to establish
the histologic type and grade of the tumor as well as providing information about
the localization and length of the tumor. Specifically the relation of the tumor origin
to the esophagogastric junction (EGJ) should be measured. Additionally satellite
lesions, extent of underlying Barrett’s or prior foregut surgery, can be identified and
described. An upper gastrointestinal contrast study is no longer a routine part of
pretreatment staging [23].
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Table 15.2 Stage grouping — squamous cell carcinoma, AJCC 7th edition

Stage T N M G Location
0 Tis NO MO I, x Any
1A T1 NO MO 1, x Any
1B T1 NO MO 2-3 Any
T2-3 NO MO I, x Lower, x
ITA T2-3 NO MO 1, x Upper, middle
T2-3 NO MO 2-3 Lower, x
1IB T2-3 NO MO 2-3 Upper, middle
T1-2 N1 MO Any Any
A T1-2 N2 MO Any Any
T3 N1 MO Any Any
T4a NO MO Any Any
1B T3 N2 MO Any Any
1mc T4a N1-2 MO Any Any
T4b Any MO Any Any
Any N3 MO Any Any
v Any Any Ml Any Any

Table 15.3 Stage grouping — adenocarcinoma, AJCC 7th edition

Stage T N M G
0 Tis NO MO 1, x
1A Tl NO MO 1-2, x
1B T1 NO MO 3
T2 NO MO L, x
A T2 NO MO 1-2, x
1B T3 NO MO 3
T1-2 N1 MO Any
1A T1-2 N2 MO Any
T3 N1 MO Any
T4a NO MO Any
1B T3 N2 MO Any
Ic T4a N1-2 MO Any
T4b Any MO Any
Any N3 MO Any
v Any Any Ml Any
T Category

This category corresponds to the extent of the local tumor invasion ranging from Tis
(high-grade dysplasia) to T4b (not resectable tumor invades adjacent structures).
Accurate information about depth of tumor invasion is important for treatment plan-
ning. The 7th edition introduced major changes in the T category when compared to
the older version. With the new version Tis was redefined as high-grade dysplasia
(HGD) including all noninvasive neoplastic epithelium that was previously called
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Fig. 15.2 (a) Gastroscopic view of distal esophagus, circumferential Barrett’s segment with
severe nodularity. (b) Endoscopic ultrasound showing thickening of esophageal wall (arrow)
staged as uT2. (¢, d) Endoscopic ultrasound showing paraesophageal lymph nodes (arrows)

carcinoma in situ. The T1 and the T4 categories are now subdivided into Tla
(intramucosal cancer confined to the mucosa), T1b (submucosal invasion), T4a
(invasive to surrounding structures but resectable cancer), and T4b (invasive non-
resectable cancer) (see Table 15.1) [23].

Best assessment of depth of tumor invasion is achieved by endoscopic ultrasound
(EUS) which can assess invasion of the different histological layers of the esophageal
wall (Fig. 15.2). EUS accuracy regarding depth of tumor invasion ranges from 81 to
92 %, but accuracy in distinguishing between Tla and T1b cancers is less reliable
[24, 25]. Best clinical information for differentiating T1a and T1b cancers is provided
by diagnostic endoscopic mucosal resection (EMR) which is frequently applied in
high-volume centers (Fig. 15.3). Histologic differentiation between HGD, T1a, and
T1b cancer as well as additional information about lymphovascular invasion can be
histologically confirmed. Perforation and bleeding rates are the most severe compli-
cations associated with EMR ranging between 1 and 2 % in experienced centers [26].
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Fig. 15.3 (a) Endoscopic view of the distal esophagus, cancer lesion, and nodular Barrett’s esoph-
agus. (b) Endoscopic mucosal resection (EMR) with band technique of an area with nodular
Barrett’s esophagus. (¢) After completion of 2 simultaneous EMRs, view of the muscularis propria
layer at the EMR sites

Contrast-enhanced computed tomography (CT) can assess the tumor bulk but
has limited sensitivity for accurately assessing depth of tumor invasion (Fig. 15.4).
CT scans can provide valuable information in evaluating tumor extension into
adjacent structures. Invasion may be suggested if the tumor contacts the aorta in
over 90° of circumference or if the tumor bulges into the trachea [27]. In that case
bronchoscopy for confirmation should be performed.

Most esophageal cancers are FDG avid and PET/CT can identify metastatic depos-
its not evident on CT (Fig. 15.5). However, invasion through the esophageal wall and
adjacent structures cannot be assessed with any greater accuracy than CT [28].

N Category

The assessment of involvement of locoregional and distant lymph nodes is described
in the N category. In general cervical and upper thoracic cancers typically drain to
cervical lymph nodes, whereas lower thoracic and EGJ carcinomas tend to drain to
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Fig. 15.4 Primary staging of distal esophageal tumor with IV contrast-enhanced CT: axial view of
enlarged distal esophageal wall (dashed arrow) and enlarged perigastric lymph nodes (arrows)

Fig. 15.5 Primary staging for cervical esophageal cancer: (a) IV contrast-enhanced CT showing
bulky tumor in the cervical esophagus (arrow) with compression of posterior trachea and pre-
stenotic dilation of cervical esophagus (triangle). (b) Corresponding fused PET/CT showing SUV
uptake in bulky tumor (arrow) of cervical esophagus

the distal mediastinum and the celiac and perigastric nodes. Under the AJCC 7th
edition, all paraesophageal and paragastric lymph nodes from the cervical to the
celiac region are included under the term “locoregional” regardless of the location
of the primary tumor [23]. These changes mostly contribute to two issues regarding
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lymphatic metastases. Firstly lymphatic metastatic disease occurs early in esopha-
geal cancers as the lymphatic vessels are localized in the submucosal layer. The
rate of lymph node metastases increases exponentially by T-stage with low inci-
dences of lymphatic involvement less than 2 % in Tla cancers, whereas in T1b
cancers the rate can be as high as 50 %. In T3 cancers lymphatic metastases are
present in up to 80 % of cases [29]. Additionally tumor depth correlates to the
number of involved nodes and the risk for metastatic disease. The number of
involved nodes is now categorized as NO (no lymph node metastasis), N1 (1-2
positive lymph nodes), N2 (3—6 positive lymph nodes), and N3 (=7 positive lymph
nodes). Clinical staging at most can distinguish if there are lymph node metastases
or not, but at the present time cannot define the true extent of lymph node involve-
ment. Regional lymph node involvement is best assessed with EUS (sensitivity
85 %, specificity 97 %) (Fig. 15.2) which has been proven superior to CT and PET/
CT (sensitivity 50-60 %, specificity 80—85 %) [30]. Additionally EUS provides the
opportunity for ultrasound-guided fine needle assessment (FNA) of suspicious
lymph nodes [24]. EUS can only assess lymph nodes adjacent to the esophagus and
stomach. Sampling lymph nodes directly adjacent to the tumor is not feasible
because biopsies should not be done if the primary tumor needs to be traversed by
the FNA. Therefore, EGD/EUS in combination with CT and CT/PET is the best
method to evaluate the N status. However, a high SUV-uptake signal from the pri-
mary tumor can “spill over” to make the assessment of adjacent regional lymph
nodes less accurate on CT/PET.

CT scans can provide information about regional and metastatic lymph node
spread, but the evaluation depends predominantly on lymph node size (Fig. 15.3). A
short axis of the lymph node greater than 1 cm is considered highly suspicious for
malignancy. However, smaller lymph nodes may be involved and larger lymph
nodes may simply reflect inflammation. PET/CT scans provide the best opportunity
to identify nonregional positive nodes (Fig. 15.6a).

M Category

Seventy-five percent of patients presenting with esophageal cancer will have meta-
static disease at initial presentation. In the 7th edition of the TNM classification
system, the M category subdivides solely between no distant metastases (MO) or
distant metastases (M1) [23]. M1 diseases typically reflect an incurable disease with
a 3 % 5-year survival rate. Distant metastases include those lymph node stations
outside of “regional” area involved in the N designation. Visceral metastases are
most commonly seen in the liver followed by lung, bones, and adrenal glands [31].
Chest, abdominal, and pelvic CT scans are the most common initial diagnostic
tests for the evaluation of metastatic diseases. Many metastases are readily detect-
able by CT (sensitivity 81 %). However, specificity especially for the evaluation of
pulmonary metastases is impaired as differentiation between indeterminate pulmo-
nary nodules and metastases cannot be readily made. It is currently estimated that
20 % hematogenous and peritoneal metastases will be occult on CT imaging [32].
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Fig. 15.6 Primary staging with fused PET/CT showing metastatic diseases in distal esophageal
cancer. (a) Coronary view with SUV uptake in left cervical lymph node (dashed arrow), distal
esophagus (star), and focal hepatic lesion (solid arrows). (b) Corresponding axial view with focal
cervical, esophageal, and hepatic uptake, bottom pictures showing additional right adrenal SUV
uptake (triangle)

Best results are achieved in a combination of CT and PET/CT, which has a sen-
sitivity of 69-81 % and a specificity of 92 % (Fig. 15.6) [33]. It has been shown that
PET/CT will detect up to 20 % of metastatic lesions not detected on other image
modalities [34]. With the use of PET/CT, determination of resectability improves
and ultimately will decrease the percentage of patients found unresectable at sur-
gery. However, one must be aware of the limitations of PET/CT imaging. FDG
avidity may not always represent malignant diseases as it can be seen at sites of
infection, inflammation, and fracture as well as a reflection of physiological pro-
cesses involving the bowl, skeletal muscle, liver, and kidney. Therefore, FDG avid
lesions should be evaluated by histologic assessment depending on the location of
the suspicious lesion either by EUS-FNA, EBUS-FNA, percutaneous CT- or
US-guided FNA or excision biopsy. A lack of FDG uptake may occur in necrotic or
mucinous tumors and small regional nodal or visceral metastases (<8 mm) may not
be reliably detected as they may be masked by the normal SUV uptake of the sur-
rounding tissue [35].

Patients who present with the epicenter of their cancer located in the stomach
should be considered for diagnostic staging laparoscopy and peritoneal lavage.
Laparoscopy following CT and EGD-US increases sensitivity and specificity for
detecting distant lymph node and visceral metastases especially in patients with
lower esophageal and EGJ cancers. Peritoneal metastases not detected on CT were
seen in up to 20 % of the cases being additionally staged laparoscopically [36].
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Treatment Decision

According to the NCCN treatment guidelines for esophageal cancer, treatment plan-
ning is optimally delivered in a multidisciplinary setting. There is increasing support
for esophageal cancer staging and treatment planning being done in specialized
high-volume centers with expertise in esophageal cancer treatment in all participat-
ing disciplines. Treatment options are most effectively reviewed in the setting of
multidisciplinary tumor board. The disciplines that optimally should be participating
include surgical oncology, medical and radiation oncology, gastroenterology, radiol-
ogy, and pathology. The presence of nutritional services, nursing, palliative care
team, social workers, and other supportive disciplines is desirable. A treatment deci-
sion should only be developed after complete staging and physiologic work-up. In
patients receiving neoadjuvant treatment, it is potentially helpful to review the treat-
ment response, restaging tests, and nutritional and physiologic status at tumor board.

The main factors that guide the treatment decision are tumor stage, location, and
histology (Tables 15.2 and 15.3) as well as patient medical condition and preferences.

Limited Locoregional Disease (Stage I and 11A)

In patients staged with high-grade dysplasia or early intramucosal cancer without
suspected lymph node involvement (Tis-T1a NO MO), historically surgery has been
the standard treatment. Today endoscopic mucosal resection is an accepted treat-
ment option as specialized centers report similar cure rates when compared to sur-
gery [38, 39]. Additionally any underlying Barrett’s esophagus should be eradicated
either by endoscopic mucosal resection alone or in combination with ablational
therapies (such as radiofrequency ablation or cryotherapy). For tumor invasion into
the submucosal layer but not into the muscularis propria (T1b), primary surgery is
the standard treatment. Current data does not support endoscopic submucosal dis-
section in cancers with submucosal invasion only (T1b) as lymph node metastases
may be present in 20-50 % of cases [40, 41].

Localized cancers clinically staged T2 NO MO are a matter of controversy as this
particular group is staged accurately in only 13 % of cases and 37 % of cases are
understaged. Primary surgery may be appropriate in 63 % of cases clinically staged
with T2. However, one-third could benefit from undergoing neoadjuvant therapy.
Understaged patients undergoing surgery can be considered for adjuvant therapy.

Locoregional Disease (Stage IIB-111C)

Only 30-40 % of patients presenting with esophageal cancer have resectable dis-
ease, and lymph node involvement is common. Neoadjuvant therapy with either che-
motherapy alone or in combination with chemoradiation is indicated in locoregional
cancers. Currently RO resection rates over 85 % and complete pathologic response
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rates of 26 % have been documented following neoadjuvant chemoradiotherapy
resulting in an overall survival benefit. In patients with squamous cell carcinoma,
neoadjuvant chemoradiation showed higher complete tumor resection rates and
improved overall survival rates when compared to neoadjuvant chemotherapy alone.
Neoadjuvant therapy for adenocarcinoma in the United States most commonly
involves chemotherapy in combination with radiation. The randomized control trial
from the Netherlands including 366 patients (CROSS study), comparing outcomes
between surgery alone and surgery following neoadjuvant chemoradiotherapy,
showed a survival benefit for those patients undergoing neoadjuvant chemoradiation
without increased perioperative morbidity or mortality [37]. While the location and
treatment response of the primary tumor is a prognostic factor in patients with squa-
mous cell carcinoma, the extent of lymph node involvement in patients with adeno-
carcinoma is more important for prognosis. Squamous cell carcinoma involving the
cervical esophagus should be considered for definitive chemoradiotherapy.

Metastatic Disease (Stage 1V) or Nonsurgical Patients

Patients unfit for esophagectomy or presenting with non-resectable or metastatic
disease can be considered for different options of palliative treatment depending on
their personal wishes and general and psychological health status. Definitive chemo-
radiotherapy in nonsurgical patients with regional squamous cell carcinoma is the
most common treatment option. Chemotherapy is indicated in patients with meta-
static esophageal carcinoma and a good performance status (Karnofsky perfor-
mance score >60 %). The value of chemotherapy in patients with metastatic
squamous cell carcinoma is less proven and response rates are inferior to those in
patients with adenocarcinoma.

Best supportive care includes treatment for dysphagia and nutritional supple-
mentation as well as pain control and antiemetic treatment. In patients experiencing
severe dysphagia secondary to cancer-related esophageal obstruction, permanent
endoscopic self-expandable metallic stent can provide significant relief in swallow-
ing symptoms. Alternatively single-dose brachytherapy may be an option, even in
patients who have received previous radiation. Enteric feeding tubes particularly
endoscopic gastrostomy or jejunostomy tubes are potential alternatives for nutri-
tional support in selected patients.
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Chapter 16
Esophageal Cancer: Surgical Treatment

Henner M. Schmidt and Donald E. Low

Abstract Treatment approaches varies according to the stage of esophageal cancer
and the majority of patients present with advanced disease. Despite being a chal-
lenging surgical procedure, historically associated with high morbidity and mortal-
ity, esophagectomy remains a central treatment component in patients with
early-stage and loco regional esophageal cancer. This chapter describes the indica-
tions for esophagectomy, with an emphasis of the technical aspects of the surgical
approaches available, common post-operative complications and outcomes follow-
ing esophagectomy.

Keywords Esophageal cancer ¢ Esophagectomy ¢ Surgery ¢ Indication e
Complication

Introduction

Outcomes of treatment of esophageal cancer remain poor with an overall 5-year
survival rate of 19 % [1]. As expected the treatment approach varies according to
the stage of disease at presentation although the majority of patients present with
advanced disease [2]. Esophageal resections in patients with esophageal cancer are
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challenging procedures, rated as high risk procedures by the Leapfrog Group, and
are historically associated with high morbidity and mortality rates and concerns that
the operation can negatively impact quality of life [3]. However, surgery remains the
best option for cure in certain patients with early-stage disease and provides supe-
rior local control and improved survival for regional cancers [4]. Additionally, mor-
tality rates have steadily declined over the past decades due to the improvement in
staging techniques, patient selection, and the application of enhanced recovery pro-
tocols and standardized clinical pathways. Surgical approaches have also continued
to evolve especially with the introduction of minimally invasive techniques [5].

In a US nationwide study assessing 57,000 esophagectomies between 1998 and
2006, a decrease in mortality rates from 12 to 7 % has been reported [6]. Furthermore,
several studies showed a strong relationship between operative mortality when pro-
cedures are performed in high volume centers [7, 8]. In specialized high volume
centers for esophagcetomy, mortality rates of 0.3-5 % have been reported [9].
However, morbidity rates following esophagectomy continue to be appreciably
higher when compared to other complex oncologic operations such as pancreatec-
tomy, gastrectomy, or hepatectomy. Several studies have demonstrated that postop-
erative quality of life is negatively impacted by postoperative complications [10].
However, it has been shown that in the absence of major perioperative complica-
tions, a comparable normal baseline level of quality of life can typically be achieved
6 months after surgery [11, 12].

Indications for Esophagectomy

The current NCCN treatment guidelines for esophageal cancer recommend surgery for
all physiological fit patients clinically staged with resectable cancers (T1b-T4a NO-3
MO) [4]. After accurate staging patients presenting with T1b NO cancer are currently
recommended to be treated with surgical resection, although certain specialized cen-
ters have advocated that selected “low risk” T1b NO cancers can be treated endoscopi-
cally. These “low-risk” cancers are described as tumor infiltration only in the superficial
submucosal layer (sml), tumor differentiation grades 1 and 2, and no evidence of
lymphovascular invasion [13]. However, the majority of high volume centers would
recommend primary surgical resection due to the potential for inaccuracy in the assess-
ment of depth of submucosal invasion and the risk of lymph node metastases. Clinically
staged T3 and T4a cancers with or without suspected lymph node involvement are
currently recommended for multimodality therapy which involves neoadjuvant ther-
apy with either chemotherapy alone or in combination with radiation to improve local
control and survival. The most appropriate treatment for patients clinically staged with
T2 NO cancers remains controversial with surgery alone or multimodality both identi-
fied as appropriate treatment [14]. However, up to 37 % of patients with clinically
staged T2 NO cancers will be found on final pathology to be understaged and would
therefore potentially benefit from neoadjuvant treatment. If those patients are upstaged
regarding the final surgical pathology, adjuvant chemotherapy can be considered.
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Surgical Approach

Esophageal resection may be accomplished by a variety of different approaches, but
no one technical approach will be appropriate for all patients. To understand the
reasoning for selecting one approach over another, it is important to understand the
fundamental aspects of various esophageal resection strategies. Factors involved in
the choice of procedure include disease stage, tumor location and histology, patient-
related factors such as comorbidities and previous surgeries, as well as personal
preference and experience of the surgeon [2].

Transhiatal Esophagogastrectomy

The transhiatal esophagectomy is performed using a laparotomy and left cervical inci-
sion [15]. Mobilization of the stomach is performed with dissection of the celiac and
left gastric nodes, division of the left gastric artery, and preservation of the right gas-
troepiploic and proximal right gastric arteries. The majority of the transthoracic
esophageal dissection is preformed through the hiatus. Much of the mediastinal com-
ponent of the dissection is done manually without the ability to visualize the dissec-
tion or to do a directed lymph node dissection. The advantage of this approach is that
it does not involve a separate thoracic incision. The left cervical incision allows mobi-
lization of the cervical esophagus and transection of the esophagus at the thoracic
inlet. Completion of the esophagectomy is achieved via the laparotomy and the gastric
conduit is carefully drawn up through the mediastinum and externalized in the cervi-
cal incision where the esophagogastric anastomosis is performed (Fig. 16.1). The
NCCN treatment guideline mentions that transhiatal approach is applicable for lesions
at any thoracic location, but might not be feasible for dissection of bulky, mid esopha-
geal cancers adjacent to the trachea. Other studies have suggested that transhiatal
esophagectomy is best suited for tumors centered at the esophagogastric junction, as
survival of true esophageal cancers is improved with transthoracic operations [16].

Ivor Lewis Esophagogastrectomy

This is the most common utilized approach worldwide. It involves a laparotomy fol-
lowed by a right thoracotomy with the anastomosis typically done in the upper thorax at
or above the level of the azygos vein. Gastric mobilization is performed as described for
the transhiatal approach. This approach involves two standard incisions and all the dis-
section is done under direct vision including a directed lymph node dissection (Fig. 16.2).
This approach is appropriate for most lower and lower middle level tumors and has the
additional advantage that this approach can be performed with minimal cardiac manipu-
lation, which is of hypothetical benefit in patients with cardiac comorbidities.
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Fig. 16.1 Transhiatal esophagectomy. (a) Mediastinal esophageal dissection through the hiatus
via midline laparotomy. (b) Preparation of cervical esophagus through left cervical incision. (c)
Dissected esophagus completely excavated through cervical incision. (d) Upper midline laparot-
omy and closed left cervical incision after cervical anastomosis, placement of cervical wound
drain, and gastrostomy tube

McKeown (Three-Stage) Esophagogastrectomy

This approach begins with a right-sided thoracotomy for complete mobilization of
the esophagus and dissection of the thoracic lymph nodes under direct vision, fol-
lowed by abdominal and left cervical incisions after repositioning the patient from
the left lateral decubitus to the supine position. Gastric mobilization and cervical
anastomosis are performed as described for the transhiatal approach. With this
approach large mid and upper thoracic tumors can be mobilized under direct vision
and resectability can be assured prior to gastric mobilization (Fig. 16.3).

Left Thoracoabdominal Esophagogastrectomy

The left thoracoabdominal esophagectomy utilizes a contiguous incision from the
upper abdomen to the left thorax typically through the eighth intercostal space
(Fig. 16.4). Mobilization of the stomach is similar to the description in previous
procedures. Esophagectomy is accomplished through the left chest and the anasto-
mosis can be performed in either the intrathoracic or cervical location. The anasto-
mosis can be performed just inferior to the aortic arch, or following dissection under
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Fig. 16.2 Ivor Lewis esophagectomy. (a) Dissected esophagus and esophagogastric junction (EGJ)
excavated through the right thoracotomy. (b) Upper midline laparotomy; prepared gastric conduit
after resecting cardia and portion of lesser curvature to provide a 5-10 cm resection margin around
the esophagogastric junction (EGJ); preserved right epiploic vessels. (¢) Gastric conduit pulled
through hiatus and dissected esophagus, both excavated through thoracotomy. Right lung (RL)
deflated

the aorta can be accomplished above the arch. The intrathoracic dissection can be
continued into the neck through a window made in the pleura above the aortic arch
and lateral to the subclavian artery. The dissection separates the vagus nerves from
the esophagus making the mobilization in the neck more straightforward and
decreasing the incidence of recurrent nerve injuries. This approach provides supe-
rior exposure to the distal esophagus and allows a complete abdominal and thoracic
lymph node dissection. It also provides the significant advantage of providing expo-
sure to the chest and abdomen at the same time which facilitates modifying the
operation according to intraoperative findings. Specifically not only can the level of
the anastomosis be changed but also the colon or small bowel can be used if the
stomach is found to be unavailable or inappropriate.

Transhiatal Esophagectomy Versus Transthoracic Esophagectomy

Several studies have compared the outcomes between transthoracic and transhiatal
approaches. The only randomized trial showed significantly higher pulmonary mor-
bidity and wound infections in patients who underwent a transthoracic resection



212 H.M. Schmidt and D.E. Low

a

residual tumvgr
SR
N

Fig. 16.3 McKeown esophagectomy after neoadjuvant chemoradiotherapy for a previously bulky
squamous cell esophageal cancer with extensive contact plane to posterior trachea. (a) Right tho-
racotomy, esophagus partly dissected and secured with loop, ligated azygos vein, deflated right
lung (RL), extensive adherence to trachea. (b) Complete dissection of the esophagus into the apex
of the thorax, proximal location of residual tumor at the level of the azygos vein. (¢) Prepared
gastric conduit excavated through upper midline laparotomy. (d) Gastric conduit and dissected
esophagus seen through the cervical incision before performing cervical anastomosis
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[17]. Additionally perioperative mortality rates were nonsignificantly higher when
compared to transhiatal esophageal resections. However, transhiatal resections were
associated with higher incidences of recurrent laryngeal nerve palsy as well as anas-
tomotic leak and stricture rates. Despite a higher average lymph node harvest in the
transthoracic approach, no difference was demonstrated in overall survival between
the transhiatal and the transthoracic patients. These results may reflect a selection
bias as patients who underwent transhiatal resections had significantly lower tumor
stages and tumors were more commonly located in the distal esophagus. This was
given added credibility following a subsequent subanalysis which revealed a sur-
vival advantage of 14 % for the subgroup of patients undergoing transthoracic
resection for esophageal cancers not including those cancers at the esophagogastric
junction [16].

Minimally Invasive Esophagectomy

In the last decade the utilization of minimally invasive and hybrid techniques for
esophageal resections has increased. National and international audits suggest that
currently 15-30 % of all esophageal resections are performed with at least a com-
ponent of the operation utilizing minimally invasive approaches [18]. Decreased
blood loss, lower incidence of respiratory complications, as well as shorter hospital
stay have been described in the literature as potential advantages of the minimally
invasive approach over the transhiatal or transthoracic operations [19]. Initial con-
cerns as to whether minimally invasive resections would negatively impact the
integrity of the oncologic resection have not been proven as there has been no dif-
ferences identified between open and minimally invasive studies comparing in-
hospital mortality, complete resection rates, and total number of lymph nodes
harvested. Additionally studies have shown no difference in overall survival
between minimally invasive and open procedures [19-21]. Patients with more
advanced diseases or those who have undergone extensive prior abdominal and/or
thoracic surgery are currently felt to be less suitable for minimally invasive
surgery.

Salvage Esophagectomy

The best initial management for early and locoregional esophageal squamous cell
carcinoma continues to evolve. Studies have shown no overall survival benefit
between surgery and definitive chemoradiation in patients with squamous cell can-
cer [22, 23]. These reports have resulted in many patients undergoing definitive
chemoradiation and reserving salvage esophagectomy for patients with persistent or
recurrent disease [24, 25]. This treatment course is currently not well established
and at the present time no definitive methodology for identifying patients with
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complete response after definitive chemoradiotherapy is available. In addition the
majority of publications suggest that secondary to the late effects of radiotherapy
salvage esophagectomy is associated with significant higher levels of perioperative
morbidity and mortality [26, 27].

Summary

The most appropriate approach will continue to vary between centers and surgeons.
Specialized centers capable of providing a diversified surgical approach, depending
on physiologic factors and tumor characteristics, while applying standardized
recovery pathways and enhanced recovery programs will be in the best position to
provide superior outcomes.

Technical Aspects of Esophageal Resection

Lymphadenectomy

Discussion continues as to whether the extent of lymph node dissection has a thera-
peutic and survival benefit rather than being of only prognostic significance as a
marker for systemic disease. Several studies support both a therapeutic and prog-
nostic benefit as they document a link between the number of lymph nodes removed
at the time of surgery and survivorship [28-31]. One study using the SEER database
identified the total nodal count as an independent predictor of overall survival
regardless of the extent of lymphatic metastasis and independently of tumor histol-
ogy [28]. Subsequently, there have been several studies targeting the appropriate
extent of nodal dissection and although opinions continue to vary one paper indi-
cates that removal of 23 or more nodes provides the optimal threshold for survival
[30]. Another report based recommendations for the optimal number of resected
lymph nodes on the T-stage, ranging from 10 to 12 nodes for pT1 tumors to 30-50
nodes for pT3/4 tumors [31].

These targets raised the question as to which of the approaches to esophageal
resection provides the most appropriate opportunity for adequate nodal dissection.
Multiple papers have advocated the single-field (transhiatal) versus two-field (Ivor
Lewis) versus three-field (McKeown) lymphadenectomy and failed to demonstrate
a clear superiority for any one approach. One randomized trial comparing single-
field versus two-field dissection showed a nonsignificant trend for the transthoracic
two-field en bloc approach [17]. Analysis of the subset of adenocarcinomas of the
distal tubular esophagus showed a significant improvement in survival for the more
extensive transthoracic procedure [32]. Three-field lymphadenectomy has been
advocated mainly in Asia in studies dominated by squamous cell cancer. A Japanese
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randomized trial comparing two- and three-field dissections showed a nonsignifi-
cant improvement in 2- and 5-year survival following three-field dissection [33].
However, incidences of tracheostomies and phrenic and laryngeal nerve palsies
were increased following three-field dissection.

The current NCCN treatment guideline recommends a two-field lymphadenec-
tomy with the goal of resecting at least 15 nodes. The optimum number of nodes
that should be removed after neoadjuvant therapy is currently unknown, although
similar lymph node resection is recommended.

Resection Margins

Although there is a lack of data addressing the adequacy of resection margins,
evidence from large retrospective case series demonstrates that R1 (microscopic
tumor at margin) and R2 (macroscopic tumor at margin) resection margins are
associated with a poor prognosis [34—36]. There is general agreement that achiev-
ing negative proximal and distal margins is considered a prerequisite for a curative
esophagectomy. Squamous cell carcinoma is associated with intramural cancer
spread and satellite lesions in up to 30 % of patients [37] and in adenocarcinoma a
similar incidence in submucosal lymphatic spread has been found [35]. In a pro-
spective study including only SCC patients, an intraoperatively measured proximal
margin of 5 cm was associated with a 20 % recurrence probability at the anastomo-
sis. Recurrence rate decreased with extended resection margins with recurrence
probabilities of 8 % for 5-10 cm margins and 0 % for >10 cm margins [38]. The
resection margins in adenocarcinoma were assessed in a retrospective study includ-
ing 500 patients. In this series all tumors were located at the esophagogastric junc-
tion and an intraoperatively measured resection margin of 7 cm or more was
independently associated with survival in patients who had RO resections and at
least 15 lymph nodes resected [35]. The current NCCN treatment guideline recom-
mends, where feasible, resection margins of at least 10 cm proximally and 5 cm
distally regardless of tumor histology [36].

The assessment of the circumferential resection margins (CRM) in esophageal
cancer remains unclear and currently two different definitions for CRM from the
College of American Pathologists (CAP) and the Royal College of Pathology
(RCP) are utilized. CRM is generally defined as the distance of the outer tumor
edge to the lateral surface of the surgical specimen in millimeters. While the CAP
defines a positive CRM as tumor presence at the circumferential transection mar-
gin, the RCP defines positive CRM as tumor cells within a 1 mm radius of the
surface. Irrespective of which pathologic criteria are used, it has been shown that
positive CRM is associated with increased local recurrence rates and decreased
survival [39-42]. It remains unclear to what extent surgery can affect CRM and the
impact of positive CRM after neoadjuvant treatment needs to be further evaluated
(Fig. 16.5). Current guidelines recommend the pathologic assessment of CRM in
all cases.
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Fig. 16.5 Surgical specimen after esophagectomy. (a) Esophagogastric junction with ulcerated
tumor, no previous neoadjuvant therapy. (b) Distal esophageal scaring in the region of primary
tumor after neoadjuvant chemoradiotherapy

Choice of Conduit

Surgery in esophageal cancer patients aims to remove all primary and residual can-
cer and to provide a functional reconstruction of upper gastrointestinal continuity.
Most commonly the stomach is utilized for reconstruction; however, no randomized
trials currently exist. Clear advantages for the utilization of the stomach are the
requirement for only one anastomosis, shorter operative time, and quicker return to
oral alimentation. The most appropriate width of the gastric conduit has been
debated and remains unclear with most surgeons preferring a wide tube of at least
5 cm. Potential disadvantages of the use of a gastric conduit are loss of gastric res-
ervoir function with the risks of early satiety, dumping syndrome, and most com-
monly gastroesophageal reflux. Reflux symptoms can be reduced by performing a
cervical anastomosis or a high intrathoracic anastomosis above the level of the azy-
gos vein. After reconstruction with a gastric conduit, postoperative delayed gastric
emptying is common and has been shown to increase pulmonary complications. A
meta-analysis comparing outcomes in patients with and without a pyloric drainage
procedure showed a nonsignificant benefit for those who underwent a drainage pro-
cedure with regard to gastric emptying, ability to eat, and postoperative nutrition
[43]. Additionally no increase in complications associated with that procedure was
reported. However, pyloric drainage did not affect late complications such as dump-
ing or bile reflux. More recently the utilization of a botulinum toxin injection into
the pylorus and endoscopic pyloric balloon dilation for the treatment of delayed
gastric emptying has been reported, but none of these procedures has yet been com-
pared to surgical division of the pylorus [44—46].

If the stomach is not available or inappropriate as a conduit, other alternatives
include pedicled or free jejunal conduits or the left and the right colon. Utilizing a
bowel interposition will always result in multiple anastomoses and add to the com-
plexity of the procedure. As colonic blood supply is generally robust, ischemic
complications are reduced. Colonic grafts can be associated with the development
of redundancy over time which can impact oral nutrition and quality of life.
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The application of pedicled jejunal grafts is largely limited due to the extent to
which the jejunal segment can be mobilized into the mediastinum [47]. Although
depending on the mesenteric blood supply and the fatty content of the small bowl
mesentery, pedicled jejunal grafts can typically extend up to the inferior pulmonary
vein. The Merendino procedure, first described in 1955, interposes a pedicled jejunal
segment as a reconstruction following a limited distal esophageal resection. Primarily
introduced for the treatment of benign strictures of the distal esophagus, very few case
reports describe the utilization of the Merendino procedure in the setting of early lim-
ited disease in patients with esophageal cancer [48-51]. Possible advantages that have
yet to be proven are to achieve free margins and removal of underlying Barrett’s esoph-
agus with a limited resection as well as a near total preservation of functional and
anatomic upper GI continuity. The authors of one case report describe an evolutionary
laparoscopic vagal-sparing procedure and propose that the Merendino procedure may
play a greater role in early adenocarcinoma of the distal esophagus and the esophago-
gastric junction [51]. Additionally it may fill the gap of a limited resection when endo-
scopic mucosal resection is not feasible and limited esophageal resection is appropriate.
Free jejunal grafts have been utilized for reconstruction of the cervical esophagus to
interpose short segments. However, no randomized trials comparing the outcomes of
different conduits are available. The decision regarding the most suitable conduit will
most often be based on type and location of tumor and the availability of conduit
options. High volume centers should be familiar with all of the reconstructive options
to be able to apply appropriate approaches when the stomach is not available.

Anastomosis

Previous studies have compared cervical and intrathoracic anastomoses (Figs. 16.6
and 16.7) regarding leak and stricture rates. A recent meta-analysis including 267
patients showed a significantly higher risk of anastomotic leakage and recurrent
nerve injuries in cervical anastomoses [52]. Pulmonary complications, periopera-
tive mortality, and anastomotic stricture rates were comparable with intrathoracic
anastomoses. However, the choice of the location of the anastomoses is dictated by
the surgical approach utilized, which varies according to a variety of factors but
mainly on tumor location. It must be highlighted that a low intrathoracic anastomo-
sis should be avoided whenever possible as impaired gastric emptying as well as
severe gastroesophageal reflux and the development of peptic strictures are com-
mon sequels.

A meta-analysis of five randomized trials found that in contrast to circular stapled
anastomoses, hand-sewn anastomoses were associated with higher risks of anasto-
motic leakage and anastomotic strictures [53]. Another meta-analysis including 1,407
patients compared hand-sewn versus circular stapled anastomoses showed no differ-
ence in anastomotic leak rates or mortality rates [54]. Contrary to the previous review,
this study showed that circular stapled anastomoses were associated with a higher stric-
ture rate. Two studies reviewed the outcomes of a hybrid approach, with a longitudinal
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Fig. 16.6 (a) Begin of cervical anastomosis though a 5-6 cm incision anterior to the left sterno-
cleidomastoid muscle. (b) Completed first layer of anastomosis with interrupted sutures. (c)
Completed cervical esophagogastric anastomosis, hand sewn in two layers. The anastomosis is
placed back into the prevertebral space following completion of the anastomosis

stapled back wall and a hand-sewn front wall (Fig. 16.7), with a low incidence of anas-
tomotic complications [55, 56]. This technique has found a wide adaption among
esophageal surgeons and a recent randomized trial comparing stricture rates at 3
months after hand-sewn, circular stapled, or hybrid anastomoses showed no strictures
in the hybrid anastomoses whereas the circular stapled anastomoses had the highest
stricture rate of 19 % [57]. Results of both hand-sewn and stapled anastomoses are
acceptable. Although randomized trials are not consistent, postoperative stricture rates
seem more common in hand-sewn anastomoses. Circular stapled anastomoses may be
associated with a higher complication rate than linear stapled anastomoses.

Complications and Outcome

Common Major Complications Associated with Esophageal
Resection

Esophagectomy is historically associated with high morbidity rates and remains one
of the most demanding surgical procedures in thoracic surgery. Although mortality
rates are decreasing in the United States, morbidity rates remain high at
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Fig. 16.7 Intrathoracic hybrid chest anastomosis during Ivor Lewis esophagectomy, deflated right
lung (RL). (a) Linear stapler with upper arm in the esophageal lumen and lower arm in the gastric
conduit (GC) lumen. (b) Completed stapled common wall of esophagogastric anastomosis. (c)
Hand sewn front wall of the completed esophagogastric anastomosis

approximately 50 % [58]. The most common complications associated with esopha-
gectomy are pneumonia, atrial arrhythmia, and anastomotic leakage [59]. Pulmonary
complications are the most common complications and are thought to be responsi-
ble for 50-65 % of mortalities associated with esophagectomy [60]. Patients who
develop pneumonia have a sixfold increased risk of perioperative mortality [61].
The incidence of pneumonia is directly linked to technical complications associated
with the surgical procedure and is lower in transhiatal procedures and, more recently,
in minimally invasive approaches [62]. Other factors associated with increased
respiratory complications are recurrent nerve injuries and poor gastric emptying
[43]. Perioperative factors that have been highlighted to decrease pulmonary com-
plications include advanced regional anesthetic techniques, especially thoracic epi-
durals, minimizing blood loss and transfusion requirements and restricting
perioperative fluid administration as well as avoidance or early recognition of vocal
cord dysfunction [63-66]. Currently there is no evidence that neoadjuvant chemo-
radiotherapy increases the incidence of short-term pulmonary complications or
overall morbidity [67].

Atrial arrhythmia occurs in up to 17 % of cases during the perioperative period
and appears to occur more commonly in elderly patients and in those who are under-
going neoadjuvant therapy [68, 69]. Reports demonstrated an association between
the occurrence of atrial fibrillation and perioperative complications, specifically
anastomotic leakage and pneumonia as well as an increased mortality [70, 71].
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Therefore, the appearance of atrial arrhythmias should lead to a careful assessment
of other complications. Electrolytes correction, antiarrhythmic medication, and
defibrillation are recommended as the impact of atrial fibrillation on the conduit
perfusion is currently poorly understood. There has been evidence that prophylactic
amiodarone and minimally invasive surgery may reduce atrial arrhythmias [72, 73].

Anastomotic leakages are reported in 3-21 % of cases and associated with mor-
tality rates varying from O to 35 % [74]. The incidence of leaks does not seem to be
directly related to prior induction therapy. The manifestation of anastomotic leaks
and their treatment can be extremely diverse due to the location, extent of leak, and
the presence of a systemic sepsis. Anastomotic leaks have been reported between
postoperative day 1 and 30, but are most commonly seen between day 4 and 8.
There is increasing evidence that cervical anastomoses are associated with a higher
leak rate.

Effects of Complications on Outcome After Esophageal
Resection

Evolving evidence has shown a direct impact of complications on perioperative
outcomes such as mortality, length of stay, and postoperative quality of life [61, 68,
75, 76]. Many studies assessing the impact of complications on survival have shown
an effect on timing and incidence of cancer recurrence as well as long-term survival
[77]. However, disease-free survival seems less affected by complications [61].

The evolution of staging modalities leading to an improved patient selection as
well as the performance of the operation in high volume centers or by high volume
surgeons has been linked to decreased complications and improved outcomes [9].
The Leapfrog Group (http://www.leapfroggroup.org) currently defines high volume
surgeons or units as those performing 13 or more cases per year. However, this defi-
nition remains elusive as other international groups set the definition of “high vol-
ume” at 20-50 cases per year [6, 78].

Standardized Clinical Pathway and Enhanced Recovery

Although surgery remains an important component to the management of early and
locoregional esophageal cancer, standardized clinical pathways and enhanced recov-
ery programs are now recognized as an important framework for optimizing the treat-
ment process and improving recovery [5, 79]. These pathways should ideally include
all participating disciplines in the treatment of esophageal cancer such as surgery,
anesthesiology, gastroenterology, medical oncology, radiology and oncologic radiol-
ogy, pathology, nurses, dietary services, and physical therapy. The pathway should
include standardized approaches to all key factors associated with improved recov-
ery, starting from the perioperative management with the utilization of thoracic
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epidurals, restrictive fluid management, as well as approaches to shorten operation
time and minimize blood loss to the postoperative management including early nutri-
tional support, early mobilization, and effective pain control. It has been shown that
standardized pathways specifically developed for esophagectomy led to a significant
improvement in length of stay, mortality rates, and complications [80].

Quality of Life Following Esophagectomy

Overall the 5-year survival rate of esophageal cancers remains poor; however, an
increasing number of patients are presenting with early disease making evaluation
of quality of life measures following esophagectomy more important. Historically
there was the general impression that quality of life remains poor after surgical
resection, due to the extent and invasiveness of the procedure. Multiple studies have
shown that after initial postoperative deterioration of quality of life, an improve-
ment at 3 months and return to a comparable baseline at 6 months after surgery can
be expected [81]. However, it has also been shown that the occurrence of periopera-
tive complications had significant deleterious effects on quality of life [76]. These
data suggests that comparable levels of quality of life following esophageal resec-
tion can be achieved most likely in high volume and experienced centers, where
complication rates tend to be lower.
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Abstract The incidence of esophageal cancer has increased more than 15 % in the
past 20 years. It ranks fifth in mortality rate among cancers. Squamous cell carci-
noma (SCC) and adenocarcinoma (AC) account for the majority of all esophageal
cancers. In developed countries, the incidence of AC of the esophagus has increased
dramatically over the past couple of decades, whereas the incidence of SCC has
decreased. Distinction on how the different histology should dictate treatment
approach is not clear. For now, there is little evidence to support different treatment
regimens for these two carcinomas. Based on calculations from a pool of cancer
registries, the survival rate for patients with esophageal cancer is 33 % at 1 year and
10 % at 5 years. Survival rate of patients with local resectable disease after curative
resection at 3 years was 20 %.
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Introduction

The incidence of esophageal cancer has increased more than 15 % in the past 20
years. It ranks fifth in mortality rate among cancers. Squamous cell carcinoma
(SCC) and adenocarcinoma (AC) accounts for the majority of all esophageal can-
cers. In developed countries, the incidence of AC of the esophagus has increased
dramatically over the past couple of decades, whereas the incidence of SCC has
decreased. Distinction on how the different histology should dictate treatment
approach is not clear. For now, there is little evidence to support different treat-
ment regimens for these two carcinomas. Based on calculations from a pool of
cancer registries, the survival rate for patients with esophageal cancer is 33 % at
1 year and 10 % at 5 years. Survival rate of patients with local resectable disease
after curative resection at 3 years was 20 %. Advances in surgical techniques have
improved survival with the caveat that these complex oncologic operations should
be performed in specialized, high-volume hospitals, since there is a direct correla-
tion between outcome and hospital volume. Despite advances in surgical tech-
nique, it is now well accepted that patients benefit most from a multimodality
treatment approach.

In this chapter, we will provide an evidence-based review with the intent to
examine the role of radiation therapy, chemotherapy—both as neoadjuvant (preop-
erative) and adjuvant (postoperative) therapies, in the management of locally
advanced esophageal cancer.

What Is the Big Picture?

Based on guidelines set forth by the Union for International Cancer Control,
primary local resection is indicated for cT1-2 NO disease. In contrast, the
accepted standard of care for patients with locally advanced esophageal cancer
(cT3-4 and or N positive) is preoperative therapy followed by surgical resection.
Having stated this, you will quickly realize that there is a wealth of conflicting
data regarding the optimal treatment sequence in managing locally advanced
esophageal cancer. While resection is the cornerstone of therapy, the aggressive-
ness of this malignancy requires the addition of systemic therapy. A number of
authors have attempted to define a standard approach in how to administer sys-
temic therapy, yet their data have yielded conflicting results. These discrepancies
may be attributed to the heterogeneous patient populations, tumor histology in
addition to the different chemotherapy regimen, dosing schedules, and radiation
schedules used in the plethora of studies. Despite the discrepancies, it is well
accepted that improved survival is directly correlated with RO resections and
pathologic complete response.
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Table 17.1 Adenocarcinoma: clinical trials of neoadjuvant chemotherapy versus surgery alone

Median
Chemoradiation survival
Study Histology N  regimen (m) 3 year OS p-value
Tepper et al. [37] 75 % AC 30 Cis/5-FU+50Gy (5.5 54 39% (5y) 0.002
wks) +surgery
26  Surgery 21 16 % (5y)
Walsh et al. [41] 100 % AC 58 Cis/5-FU+40 Gy (3 16 32 % <0.05
wks) + surgery
55  Surgery 11 6 %
Urba et al. [38] 75 % AC 47 Cis/5-FU/Vinb+45 Gy 17 30 % NS
(1.5 Gy
BID) +surgery
50  Surgery 18 16 %
Burmeister et al. [7] 62 % AC 128 Cis/5-FU+35 Gy 22 17% (Sy) NS
(3 wks) +surgery
128 Surgery 19 13% (Sy)
Van Hagen et al. [40] 75 % AC 175 Carbo/Tax+41 Gy 49 59 % 0.011
(4.5 wks) +surgery
188 Surgery 24 44 %

AC adenocarcinoma, Cis cisplatin, 5-FU 5-fluorouracil, Tax taxol, Vinb vinblastine, BID twice
daily, OS overall survival, NS not significant, wks weeks, m months, y year

Is There a Role for Neoadjuvant Chemoradiotherapy?

Several randomized trials have been conducted to determine the benefit of pre-
operative chemoradiotherapy as opposed to surgery alone. Table 17.1 outlines 5
clinical trials, which are mostly AC. Table 17.2 outlines 7 clinical trials, which
are mostly SCC in histology. Of the 12 clinical trials, 4 contemporary studies, 3
including adenocarcinoma esophageal cancer patients showed a survival
benefit.

The CALGB 9781 study by Tepper et al. in 2008 randomized only 56 patients to
neoadjuvant chemoradiotherapy (cisplatin plus 5-FU infusion plus radiation) versus
surgery alone. The study is criticized for its poor accrual and subsequent low power.
Despite its lack of accrual, the results were impressive. It showed a 5-year overall
survival of 39 % for patients who received preoperative multimodality treatment
and 16 % for patients who received surgery alone (p=0.002).

In the 1996 Irish trial by Walsh et al., 113 patients were randomized to receive
neoadjuvant chemoradiotherapy (cisplatin plus 5-FU infusion plus radiation) versus
surgery alone. This study is criticized for the very low survival in the surgery arm as
compared to other trials. Other criticisms include inadequate staging, radiation dose
(40 Gy), 5-FU dose, and premature closure. Similarly, despite these criticisms, the
study yielded impressive results. It showed a significant survival benefit with a
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Table 17.2 Squamous cell carcinoma: clinical trials of neoadjuvant chemotherapy versus surgery
alone

Median
survival 3 year
Study Histology N  Chemoradiation regimen  (m) (N} p-value
Nygaard 100 % SCC 47 Bleo/Cis+35 Gy +surgery 8 11.5% NS
et al. [28] 41  Surgery 7 9.5 %
Bossetetal. 100 % SCC 143 Cis+37 Gy +surgery 19 NS
[6] 139 Surgery 19 9% (5y)
Le Priseetal. 100 % SCC 41 Cis/5-FU+20 Gy 10 19 % NS
[21] (split) + surgery
45  Surgery 10 14 %
Apinop etal. 100 % SCC 35 Cis/5-FU+20 Gy +surgery 10 24 % (5 NS
3] y)
34 Surgery 7 10% (5y)
Lee et al. 100 % SCC 51 Cis/5-FU+45Gy (1.2Gy 28 49 % NS
[22] BID) + surgery
50  Surgery 27 51 %
Mariette 71 % SCC 97 Cis/5-FU+45 Gy 32 48 % NS (p=0.68)
et al. [26] (5 wks) +surgery
98  Surgery 45 55 %
Lvetal. [24] 100 % SCC 80 Cis/Tax+40 Gy 53 44 % (5 0.04
(4 wks) + surgery y)
80  Surgery 36 34 % (Sy)
78  Surgery+Cis/Tax+40 Gy 48 42 % (5
(4 wks) y)

wks weeks, m months, y year

3-year survival of 32 % for the chemoradiotherapy group versus 6 % for the
surgery-only group (p=0.01).

In 2012, a phase III Dutch study randomized 363 patients to receive either neo-
adjuvant chemoradiotherapy (carboplatin plus paclitaxel plus radiation) or surgery
alone. This study demonstrated that patients who received preoperative therapy ben-
efited from higher rate of RO resection; RO resection was achieved in 92 % patients
in the preoperative chemoradiotherapy arm versus 69 % in the surgery arm
(»<0.001). Notably, patients who received neoadjuvant chemoradiotherapy had a
significant benefit in 3-year survival (59 vs. 48 %, p=0.011).

Neoadjuvant chemoradiotherapy is currently the standard of care in the USA for
locally advanced esophageal cancer due to the benefit of reducing micrometastatic
disease and facilitating surgical resection by downstaging primary tumor. The first
randomized controlled trials (RTCs) of preoperative chemoradiotherapy appeared
in 1992 followed by many other studies. Using data from these RCTs, there have
been several meta-analyses that have suggested a significant survival benefit for
neoadjuvant chemoradiotherapy over surgery alone. Prior to these publications,
esophagectomy alone was the standard treatment for patients with resectable esoph-
ageal cancer, though most patients recurred due to incomplete resections from prox-
imity of esophagus to vital organs, and more commonly, at the time of primary
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Table 17.3 Meta-analyses of neoadjuvant chemoradiotherapy versus surgery alone

No. of No. of
Study studies patients HR (95 % CI) p-value
Urschel and Vasan [39] 9 1,116 0.66 (0.47-0.92) (3 yr) 0.016
Fiorica et al. [14] 6 764 0.53 (0.31-0.93) (3 yr) 0.03
Gebski et al. [16] 10 1,209 0.81 (0.70-0.93) (2 yr) 0.002
Sjoquist et al. [33] 12 1,864 0.78 (0.70-0.88) <0.0001

HR hazard ratio, CI confidence interval, yr year, No number

diagnosis, micrometastatic systemic disease was often present which would show
up as either peritoneal implants or appear shortly following surgical resection.
Despite the limitations of surgery, there was still concern that preoperative chemo-
radiotherapy may cause not only delay in possible definitive treatment with surgery
but also unacceptable increase in perioperative mortality and even death indepen-
dent of surgery. The following are the four largest meta-analyses, which have pro-
vided a foundation for today’s clinical practice (Table 17.3).

In 2002, Urschel and Vasan identified RTCs, yielding data on 1,116 patients,
which compared neoadjuvant chemoradiotherapy (study arm) and surgery with sur-
gery alone (control arm) for esophageal cancer. The data showed a 3-year survival
benefit for patients who received neoadjuvant chemoradiotherapy treatment com-
pared with surgery alone. Data was generated from trials, which administered che-
motherapy and radiotherapy concurrently, rather than sequentially, which
theoretically allowed for maximal antineoplastic synergy. In addition, patients who
received neoadjuvant chemoradiotherapy had reduced local-regional cancer recur-
rence and were more likely to have a complete (RO) resection, further suggesting
that preoperative chemoradiotherapy downstages tumors and facilitates complete
resection.

In 2004, Fiorica et al. published a second meta-analysis. The authors reviewed six
RCTs, totaling 764 patients, and also showed a survival benefit at 3 years in the study
arm compared to the control arm. Of concern, they found a significant increase in
postoperative mortality in patients who received neoadjuvant chemoradiotherapy.

A third meta-analysis published in 2007 by Gebski and colleagues pooled 1,209
patients from 10 RCTs that compared neoadjuvant chemoradiotherapy (study arm)
versus surgery alone (control arm) in locally resectable esophageal carcinoma. The
hazard ratio for all-cause mortality in the study arm versus control arm was 0.81
(95 % CI1 0.70-0.93; p=0.002) with 13 % absolute difference in survival at 2 years.

The most recent meta-analysis by Sjoquist et al. in 2011, an update of the meta-
analysis by Gebski, pooled 1,854 patients from 12 RCTs and came to similar con-
clusions. The hazard ratio for all-cause mortality in the study arm versus control
arm was 0.78 (95 % CI 0.70-0.88; p<0.0001), corresponding to absolute survival
benefit at 2 years of 8.7 % and a number needed to treat of 11. Of note, the survival
benefits for the treatment arm were similar in both tumor subtypes—SCC and AC.
In contrast to the study by Fiorica et al., this study concluded that there were little
association between risk of postoperative mortality (in-hospital or 30-day
postoperative death) and the neoadjuvant treatment.
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Because the RCTs evaluated in the meta-analyses used different drugs, doses,
and schedules of chemotherapy and radiotherapy (Table 17.1), the optimum neoad-
juvant treatment regimen has not been established. Despite this, it is well noted that
most regimens used cisplatin, typically with 5-fluorouracil since 1988 [16]. In short,
there appears to be an advantage of preoperative chemoradiotherapy over surgery
alone in patients with resectable esophageal cancer.

Is There a Role for Perioperative Chemotherapy?

There are convincing data to show that perioperative chemotherapy increases the
likelihood of an RO resection and significantly improves progression-free and over-
all survival in resectable esophageal cancer. In 2006, Cunningham and colleagues
published in New England Journal of Medicine a landmark study called the Medical
Research Council Adjuvant Gastric Infusional Chemotherapy (MAGIC) trial, where
they assigned patients with resectable adenocarcinoma of the stomach, EGJ, or
lower esophagus to either perioperative chemotherapy (study arm) or surgery alone
(control arm). Of the 250 patients in the study arm, 25 % had distal esophageal and
GEJ AC. The patients in the study arm received three preoperative and three post-
operative cycles of intravenous epirubicin, cisplatin, and continuous intravenous
infusion of 5-FU (ECF). Only half of the patients were able to complete post-
operative ECF. Patients randomized to ECF had higher RO resections, higher overall
survival at 5 years (36 % vs. 23 %, HR 0.75; CI 0.60-0.93; p=0.009) and higher
progression-free survival (HR 0.66; CI 0.53-0.81; p<0.001). Despite the impres-
sive data, it should be noted that criticisms of this study include non-standardized
surgery, inaccurate preoperative staging due to absence of laparoscopy, different
population of patients, and relatively poor outcome in the surgery alone arm.

In a similar trial published in 2011, Ychou et al. assigned patients with resectable
adenocarcinoma of the lower esophagus, stomach, and gastroesophageal junction
(GE)) to either perioperative chemotherapy (study arm) or surgery alone (control
arm). Of the 113 patients in the study arm, 75 % had AC of the distal esophagus and
GEJ. The patients in the study arm received cisplatin and 5-FU (CF): 2-3 cycles
preoperatively and 3—4 cycles postoperatively. Again, only half of the patients com-
pleted postoperative therapy. Patients who received CF had higher overall survival
at 5 years (38 % vs. 24 %; HR 0.69, CI 0.5-0.95; p=0.02) and a higher progression-
free survival at 5 years (34 % vs. 19 %; HR 0.65 CI 0.48-0.89; p=0.003). Despite
perioperative toxicity from chemotherapy (primarily neutropenia), postoperative
morbidity was similar in the two groups.

Several meta-analyses have also been performed to determine the survival ben-
efit of perioperative chemotherapy for resectable esophageal cancer [16, 33]
(Table 17.4). In 2007, Gebski et al. pooled eight RCTs, totaling 1,724 patients, and
found a small but significant reduction in mortality for perioperative chemotherapy
(HR 0.90; 95 % CI, 0.81-1.00; p=0.05). Interestingly, the benefit was limited to
adenocarcinomas only—(HR 0.78; 95 % CI, 0.64-0.95; p=0.014) and not
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Table 17.4 Meta-analyses of neoadjuvant chemotherapy versus surgery alone

Study No. of studies No. of patients HR (95 % CI) p-value
Gebski et al. [16] 8 1,724 0.90 (0.81-1.00) 0.05
Sjoquist et al. [33] 9 1,981 0.87 (0.79-0.96) 0.005

HR hazard ratio, CI confidence interval, yr year, No number

squamous cell carcinomas (HR 0.88; 95 % CI, 0.75-1.03; p=0.12). In 2011,
Sjoquist et al. pooled 9 RCTs, totaling 1,981 patients, and showed a significant
reduction in mortality with perioperative chemotherapy (HR 0.87; 95 % CI, 0.79-
0.96; p=0.005), which corresponded to an absolute 2-year survival benefit of 5.1 %.
Similarly, the benefit was limited to AC (HR 0.83; 95 % CI, 0.71-0.95; p=0.01) and
not SCC (HR 0.9295 % CI, 0.81-1.04; p=0.18). The data clearly show that periop-
erative cisplatin and 5-FU-based chemotherapy improve overall and disease-free
survival compared with surgical resection alone in patients with resectable esopha-
geal cancer.

Is There a Difference in Survival in Patients Receiving
Preoperative Chemoradiotherapy or Perioperative
Chemotherapy?

There have been primarily two RTCs which have compared neoadjuvant chemora-
diotherapy with perioperative chemotherapy: a German study by Stahl et al. (POET)
and an Australian study by Burmeister et al. published in Eur J Cancer 2011. The
POET trial included 126 patients, all of which had AC of the EGJ, who received
chemotherapy alone (cisplatin/5-FU/leucovorin) for 15 or 12 weeks of the same
regimen followed by low-dose radiotherapy concurrent with cisplatin and etopo-
side. The Australian trial included only 75 patients with AC of the esophagus. The
authors used a similar design but used two cycles of cisplatin/fluorouracil and radio-
therapy of 35 Gy in 15 fractions starting on day 22. Both trials, unfortunately, were
closed prematurely due to poor accrual, and neither showed a statistical advantage
for neoadjuvant chemoradiotherapy over perioperative chemotherapy due to lack of
power, but there was a trend toward improvement with chemoradiotherapy.
Despite paucity of sufficient data generated by individual RTCs, meta-analysis
by Gebski et al. and Sjoquist et al. have shed some light on how these two modali-
ties compare. In 2007, Gebski and colleagues found that a significant survival ben-
efit was evident for preoperative chemoradiotherapy and, to a less extent, for
chemotherapy in patients with adenocarcinoma of the esophagus. Specifically, there
was a 13 % absolute difference in survival at 2 years in favor of chemoradiotherapy
versus perioperative chemotherapy with a 7 % absolute difference versus surgery
alone. The updated meta-analysis by Sjoquist in 2011 confirmed these findings,
with an absolute benefit of 8.7 % chemoradiotherapy and 5.1 % perioperative che-
motherapy at 2 years. This analysis pooled results of 2,220 patients receiving either
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neoadjuvant chemoradiotherapy or perioperative chemotherapy. The HR from the
randomized comparisons was 0.77 (CI 0.53-1.12; p=0.17) in favor of neoadjuvant
chemoradiotherapy as opposed to perioperative chemotherapy alone.

Is There a Role for Adjuvant Chemoradiotherapy?

Based on a landmark publication by MacDonald in 2001, it became standard of care
for postoperative chemoradiotherapy to be considered for high-risk patients with
AC of the GEJ who had not received preoperative therapy. High-risk patients were
defined by lymph node involvement, T3 or 4 tumors, or positive margins. In this
study, 556 patients with resected GEJ (comprised 20 % of the patients) or gastric
AC were randomly assigned to surgery alone or surgery plus postoperative chemo-
radiotherapy (45 Gy with 5-FU). The median overall survival in the surgery-only
group was 27 months, as compared with 36 months in the chemoradiotherapy group.
More than a decade later in 2012, Smalley and colleagues provide an updated analy-
sis of the MacDonald study and reported that patients who had received postopera-
tive chemoradiotherapy continued to benefit from significant reduction in both
overall relapse and locoregional relapse. Notably, patients in this group did suffer a
higher incidence of secondary malignancies (21 patients who had received postop-
erative chemotherapy arm compared to 8 patients who received surgery alone), but
the authors interpreted it to be acceptable given the significant overall survival
benefit.

Is There a Difference in Survival Between Preoperative
and Postoperative Chemoradiotherapy?

A Chinese study published in 2010 by Lv and colleagues showed a benefit of peri-
operative chemoradiotherapy in treatment of locally advanced SCC of esophagus
(Table 17.2). In this study, patients were randomized into three groups: surgery
alone, preoperative chemoradiotherapy, and postoperative chemoradiotherapy. In
the treatment groups (preoperative CRT and postoperative CRT), patients received
40 Gy concurrent with cisplatin and taxol. The local recurrence rates for preopera-
tive CRT, postoperative CRT, and S group were 11.3, 14.1, and 35 %, respectively.
Though there were no significant differences in overall survival (OS) or progression-
free survival (PFS) between the treatment groups, there was a significant overall
survival benefit between the treatment groups and control (surgery only). Based on
these data, it is reasonable to offer adjuvant chemoradiotherapy to patients with
locally advanced esophageal cancer who did not already receive preoperative ther-
apy, though esophageal cancer patients seem to tolerate preoperative chemoradio-
therapy better than postoperative chemoradiotherapy.
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Is Neoadjuvant or Adjuvant Radiotherapy Appropriate?

There has been a lack of convincing data to justify treating patients with resectable
esophageal cancer with either preoperative or postoperative radiotherapy. Multiple
RTCs have been published, each using different radiation doses and techniques,
none of which have shown significant survival benefit. In a meta-analysis by Arnott
and colleagues, the authors pooled 5 RCTs, totaling 1,147 patients to determine
whether preoperative radiotherapy improves overall survival. They concluded that
there was no clear evidence of survival advantage: at 9-year follow-up, HR 8.9, CI
0.78-1.01, but p value was 0.062, indicating lack of statistical significance.
Randomized controlled trials and meta-analyses of trials have not shown a signifi-
cant survival advantage for any combinations of surgery and radiotherapy alone.

Is There a Role for Radiation Alone in the Treatment
of Unresectable Esophageal Cancer?

Radiation therapy alone for localized disease has resulted in poor local control and
poor survival. Earlam and Cuhna-Melo in a well-cited 1980 publication reviewed
122 articles that documented surgical outcomes of 83,783 patients with SCC of
esophagus. They calculated only a 4 % survival rate at 5 years. In a separate study
reviewing the role of RT, they calculated a similar 6% survival rate at 5 years.

The Radiation Therapy Oncology Group (RTOG) launched RTOG 85-01, a pro-
spective, randomized stratified phase III trial that assessed whether primary treatment
with chemoradiotherapy was superior to radiation alone in patients with localized
esophageal carcinoma. In the combined therapy arm, RT was given in 25 fractions
over 5 weeks to total 50 Gy in addition to cisplatin and 5-FU chemotherapy. In the
control arm, RT was given in 32 fractions over 6.4 weeks to total 64 Gy. One hundred
and twenty-nine patients were enrolled. Patients who received combined therapy had
a significant survival advantage over patients who received radiation alone. Survival
rates at 12 and 24 months were 33 and 10 % for radiation and 50 and 38 % for chemo-
radiotherapy, respectively. It is suggested that chemotherapy may not only enhance
local effects of radiation but may also reduce micrometastases. In short, combined
therapy increases survival of patients with SCC or AC of esophagus as opposed to
radiation alone. Hence, radiation alone should only be considered for palliative intent.

Is There a Role for Targeted Therapy in Chemoradiotherapy?

Molecular-targeted therapy for management of unresectable esophageal cancer has
attracted promising research. Targeted therapy against EGFR, VEGF, and HER2
has already been approved for other malignancies (Table 17.5).
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Table 17.5 Targets for cancer therapy

Target Drug Mechanism Approved use

EGFR Cetuximab Anti-EGFR monoclonal antibody CRC, HNC
Panitumumab  Anti-EGFR monoclonal antibody CRC

Gefitinib Small molecule EGFR TKI NSCLC
Erlotinib Small molecule EGFR TKI NSCLC, pancreatic cancer
VEGF Bevacizumab  Anti-VEGF monoclonal antibody CRC, breast, GB, RCC, NSCLC
Sunitinib VEGEF receptor TKI pNET, GIST, RCC
Sorafenib VEGEF receptor TKI Thyroid, HCC, RCC
HER2 Trastuzumab  Anti-HER2 monoclonal antibody AC of gastric or GEJ, breast
Lapatinib Dual EGFR/HER2 TKI Breast

EGFR epidermal growth factor receptor, HER2 human epidermal growth factor receptor 2, VEGF
vascular endothelial growth factor, 7K1 tyrosine kinase inhibitor, CRC colorectal cancer, NSCLC
nonsmall cell lung carcinoma, HNC head and neck cancer, GB glioblastoma, RCC renal cell carci-
noma, pNET pancreatic neuroendocrine tumor, GIST gastrointestinal stromal tumor, HCC hepato-
cellular carcinoma, AC adenocarcinoma, GEJ gastroesophageal junction

The epidermal growth factor receptor (EGFR) is a member of the ErbB tyrosine
kinase family that has been identified as a target for cancer therapy. Ligand-induced
EGEFR tyrosine kinase activation leads to upregulation of downstream signals via
the RAS, ERK1/2, PI3K/Akt, and STAT pathways, inducing cell proliferation and
angiogenesis. Cetuximab is a monoclonal IgG1 antibody, which binds to the extra-
cellular domain of EGFR and competes for receptor binding, thereby inducing
EGFR internalization, downregulation, and degradation. High levels of EGFR
expression have been detected in 50-70 % of esophageal cancer and have been cor-
related with poor prognosis. Initial studies in esophageal cancer appeared promis-
ing. For example, in a phase II study, 62 patients with histologically confirmed,
EGFR-expressing, unresectable, advanced esophageal SCC were randomized to
receive cisplatin/5-FU (control) with or without cetuximab. The median overall sur-
vival (OS) for control and study arm was 9.5 and 5.5 months, respectively, indicat-
ing that cetuximab may increase efficacy of standard cisplatin/5-FU chemotherapy.
Unfortunately, the recent phase III RTOG 0436 trial-evaluating patients with unre-
sectable esophageal advanced esophageal cancer did not confirm these findings.
Patients were randomized to cisplatin, paclitaxel, and radiation with or without
cetuximab with OS as primary endpoint. The study was to enroll 420 patients to
detect an increase in 2-year overall survival from 41 to 53 %. The study stopped
accruing adenocarcinoma patients in 2012 as it became clear that was not meeting
efficacy goals. The 2-year overall survival for AC and SCC patients receiving cis-
platin/paclitaxel/radiation is 42 and 43 % (without cetuximab) and 44 and 46 %
(with cetuximab), respectively.

The human epidermal growth factor receptor 2 (HER2) is another member of the
tyrosine kinase receptor family, associated with tumor cell proliferation, adhesion,
migration, and differentiation. Overexpression in AC of the GEJ has been detected
between 0 and 43 % associated with aggressive disease. Trastuzumab, a monoclonal
antibody, targets HER?2 and inhibits HER2-mediated signaling. In a phase III study,
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594 patients with HER2-positive advanced gastric or GEJ cancers were randomized
to receive standard chemotherapy (control) or chemotherapy plus intravenous
trastuzumab (study). Median overall survival for control and study arm was 11.1
and 13.8 months, respectively (HR 0.74; 95 % CI 0.6-0.01; p=0.0046). It has since
been FDA approved for treatment of metastatic HER2-positive metastatic gastric or
GEJ cancers. Studies are now ongoing evaluating the efficacy of Her-2 inhibition
with chemoradiotherapy.

Another molecular target that is overexpressed in esophageal cancer is vascular
endothelial growth factor (VEGF). VEGF is a signaling protein which mediates
both physiologic and pathologic angiogenesis. Bevacizumab is a monoclonal anti-
body that binds to VEGF and prevents interaction with VEGF-receptors on endo-
thelial cells. A phase III study to compare the capecitabine/cisplatin combination +
bevacizumab in 774 patients with unresectable, locally advanced or metastatic
stomach/GEJ AC yielded negative results; no survival difference was appreciated
between the two study arms. Studies adding this molecule to radiation have shown
increased toxicity and fistula formation hence have been abandoned.

What Pressing Questions Are Still Left Unanswered?

Treatment of resectable esophageal cancer has significantly evolved in the past few
decades. Despite the multiple clinical trials comparing chemotherapy, chemoradio-
therapy, radiation, and surgery, there remains a paucity of phase III trials with mul-
tiple arms directly comparing the different treatment modalities. Aside from that,
the clinical trials from which we are basing clinical practice are generated from
heterogeneous groups of patients with GEJ/AC and SCC, different organs, different
radiation dosing and schedules, and different chemotherapy usually without uni-
form staging studies.

There needs to be further discussion regarding the clinical difference between
GEJ/AC and SCC of esophagus, specifically the influence of on response to
therapy.

Conclusions

Based on findings from clinical trials and meta-analyses, it is a standard of care to
offer patients with locally advance esophageal cancer preoperative chemoradiother-
apy or at minimum perioperative chemotherapy. Preoperative combination chemo-
radiotherapy appears to yield a higher survival benefit and increased pathologic
complete response at resection when compared to perioperative chemotherapy. The
role of adjuvant therapy is not as well defined. Patients with adenocarcinoma who
undergo surgery alone and have positive margins, high T stage or lymph node
involvement should be offered postoperative chemoradiotherapy. There is a paucity
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of data to support postoperative chemotherapy, though it may be reasonable to offer
to patients with positive lymph nodes after preoperative chemoradiotherapy. There
is no curative role for radiation therapy alone in the management of esophageal
cancer. Ongoing research on integrating targeted therapy based on tumor profiles
with neoadjuvant treatment may improve outcomes of this disease.

Summary

* Neoadjuvant chemoradiotherapy or perioperative chemotherapy provides a sig-
nificant overall survival benefit over surgery alone in esophageal
adenocarcinoma.

* The data suggest that neoadjuvant chemoradiotherapy is more effective than
perioperative chemotherapy in achieving optimal survival benefit.

* In contrast, data on adjuvant therapy have shown limited benefits. Patients with
high-risk resected disease (pathologically positive margins and lymph nodes)
who did not receive neoadjuvant therapy may benefit from adjuvant
chemoradiotherapy.

e There are limited data to support adjuvant chemotherapy aside from a role in
treatment for patients with residual node positive disease after preoperative
chemoradiotherapy.

» Radiation alone should be reserved for the palliative setting.

e Treatment decisions should be individualized based on each patient’s perfor-
mance status, comorbidities, and goals of care.

Selected Reading

1. al-Kasspooles M, Moore JH, Orringer MB, Beer DG. Amplification and over-expression of the
EGFR and erbB-2 genes in human esophageal adenocarcinomas. Int J Cancer.
1993;54:213-9.

2. Almhanna K, Shridhar R, Meredith KL. Neoadjuvant or adjuvant therapy for resectable esoph-
ageal cancer: is there a standard of care? Cancer Control. 2013;20:89-96.

3. Apinop C, Puttisak P, Preecha N. A prospective study of combined therapy in esophageal
cancer. Hepatogastroenterology. 1994;41:391-3.

4. Arnott SJ, Duncan W, Gignoux M, et al. Preoperative radiotherapy for esophageal carcinoma.
Cochrane Database Syst Rev. 2005:CD001799.

5. Bang YJ, Van Cutsem E, Feyereislova A, et al. Trastuzumab in combination with chemother-
apy versus chemotherapy alone for treatment of HER2-positive advanced gastric or gastro-
oesophageal junction cancer (ToGA): a phase 3, open-label, randomised controlled trial.
Lancet. 2010;376:687-97.

6. Bosset JE, Gignoux M, Triboulet JP, et al. Chemoradiotherapy followed by surgery compared
with surgery alone in squamous-cell cancer of the esophagus. N Engl ] Med. 1997;337:161-7.

7. Burmeister BH, Thomas JM, Burmeister EA, et al. Is concurrent radiation therapy required in
patients receiving preoperative chemotherapy for adenocarcinoma of the oesophagus? A ran-
domised phase II trial. Eur J Cancer. 2011;47:354—-60.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Esophageal Cancer: Neoadjuvant and Adjuvant Therapy 239

. Cooper JS, Guo MD, Herskovic A, et al. Chemoradiotherapy of locally advanced esophageal

cancer: long-term follow-up of a prospective randomized trial (RTOG 85-01). Radiation
Therapy Oncology Group. JAMA. 1999;281:1623-7.

. Cunningham D, Allum WH, Stenning SP, et al. Perioperative chemotherapy versus surgery

alone for resectable gastroesophageal cancer. N Engl J Med. 2006;355:11-20.

Earlam R, Cunha-Melo JR. Oesophageal squamous cell carcinoma: I. A critical review of
surgery. Br J Surg. 1980;67:381-90.

Earlam R, Cunha-Melo JR. Oesophogeal squamous cell carcinomas: II. A critical view of
radiotherapy. Br J Surg. 1980;67:457-61.

Earle CC, Maroun JA. Adjuvant chemotherapy after curative resection for gastric cancer in
non-Asian patients: revisiting a meta-analysis of randomised trials. Eur J Cancer.
1999;35:1059-64.

Feo CV, Villaflor VM, Patti MG. Should esophageal resections for cancer be performed in
high-volume centers only? Updates Surg. 2011;63:147-50.

Fiorica F, Di Bona D, Schepis F, et al. Preoperative chemoradiotherapy for oesophageal can-
cer: a systematic review and meta-analysis. Gut. 2004;53:925-30.

Fujita H, Sueyoshi S, Yamana H, et al. Optimum treatment strategy for superficial esophageal cancer:
endoscopic mucosal resection versus radical esophagectomy. World J Surg. 2001;25:424-31.

Gebski V, Burmeister B, Smithers BM, et al. Survival benefits from neoadjuvant chemoradio-
therapy or chemotherapy in oesophageal carcinoma: a meta-analysis. Lancet Oncol.
2007;8:226-34.

Gibault L, Metges JP, Conan-Charlet V, et al. Diffuse EGFR staining is associated with reduced
overall survival in locally advanced oesophageal squamous cell cancer. Br J Cancer.
2005;93:107-15.

Hermans J, Bonenkamp JJ, Boon MC, et al. Adjuvant therapy after curative resection for gas-
tric cancer: meta-analysis of randomized trials. J Clin Oncol. 1993;11:1441-7.

Herskovic A, Martz K, al-Sarraf M, et al. Combined chemotherapy and radiotherapy compared
with radiotherapy alone in patients with cancer of the esophagus. N Engl J Med.
1992;326:1593-8.

Inoue K, Ozeki Y, Suganuma T, Sugiura Y, Tanaka S. Vascular endothelial growth factor
expression in primary esophageal squamous cell carcinoma. Association with angiogenesis
and tumor progression. Cancer. 1997;79:206-13.

Le Prise E, Etienne PL, Meunier B, et al. A randomized study of chemotherapy, radiation
therapy, and surgery versus surgery for localized squamous cell carcinoma of the esophagus.
Cancer. 1994;73:1779-84.

Lee JL, Park SI, Kim SB, et al. A single institutional phase III trial of preoperative chemo-
therapy with hyperfractionation radiotherapy plus surgery versus surgery alone for resectable
esophageal squamous cell carcinoma. Ann Oncol. 2004;15:947-54.

Lorenzen S, Schuster T, Porschen R, et al. Cetuximab plus cisplatin-5-fluorouracil versus
cisplatin-5-fluorouracil alone in first-line metastatic squamous cell carcinoma of the esopha-
gus: a randomized phase II study of the Arbeitsgemeinschaft Internistische Onkologie. Ann
Oncol. 2009;20:1667-73.

Lv J, Cao XF, Zhu B, Ji L, Tao L, Wang DD. Long-term efficacy of perioperative chemoradio-
therapy on esophageal squamous cell carcinoma. World J Gastroenterol. 2010;16:1649-54.
Macdonald JS, Smalley SR, Benedetti J, et al. Chemoradiotherapy after surgery compared
with surgery alone for adenocarcinoma of the stomach or gastroesophageal junction. N Engl J
Med. 2001;345:725-30.

Mariette C, Seitz J, Maillard E, Mornex F, Thomas PA, Raoul J, Boige V, Pezet D, Genet C,
Bedenne L. Surgery alone versus chemoradiotherapy followed by surgery for localized esoph-
ageal cancer: analysis of a randomized controlled phase III trial FFCD 9901. Proc ASCO. J
Clin Oncol. 2010;28:15s (suppl; abstr 4005).

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



240 S.Q. Zhang and V.M. Villaflor

28. Nygaard K, Hagen S, Hansen HS, et al. Pre-operative radiotherapy prolongs survival in oper-
able esophageal carcinoma: a randomized, multicenter study of pre-operative radiotherapy and
chemotherapy. The second Scandinavian trial in esophageal cancer. World J Surg.
1992;16:1104-9; discussion 10.

29. Ohtsu A, Shah MA, Van Cutsem E, et al. Bevacizumab in combination with chemotherapy as
first-line therapy in advanced gastric cancer: a randomized, double-blind, placebo-controlled
phase III study. J Clin Oncol. 2011;29:3968-76.

30. Shimada H, Nabeya Y, Matsubara H, et al. Prediction of lymph node status in patients with
superficial esophageal carcinoma: analysis of 160 surgically resected cancers. Am J Surg.
2006;191:250-4.

31. Shridhar R, Imani-Shikhabadi R, Davis B, Streeter OA, Thomas Jr CR. Curative treatment of
esophageal cancer; an evidenced based review. J Gastrointest Cancer. 2013;44:375-84.

32. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013. CA Cancer J Clin.
2013;63:11-30.

33. Sjoquist KM, Burmeister BH, Smithers BM, et al. Survival after neoadjuvant chemotherapy or
chemoradiotherapy for resectable oesophageal carcinoma: an updated meta-analysis. Lancet
Oncol. 2011;12:681-92.

34. Smalley SR, Benedetti JK, Haller DG, et al. Updated analysis of SWOG-directed intergroup
study 0116: a phase III trial of adjuvant radiochemotherapy versus observation after curative
gastric cancer resection. J Clin Oncol. 2012;30:2327-33.

35. Stahl M, Walz MK, Stuschke M, et al. Phase III comparison of preoperative chemotherapy
compared with chemoradiotherapy in patients with locally advanced adenocarcinoma of the
esophagogastric junction. J Clin Oncol. 2009;27:851-6.

36. Suntharalingam M. The initial report of RTOG 0436: a phase III trial evaluating the addition
of cetuximab to paclitaxel, cisplatin, and radiation for patients with esophageal cancer treated
without surgery. 2014 Gastrointestinal Cancers Symposium. San Francisco; 2014.

37. Tepper J, Krasna MJ, Niedzwiecki D, et al. Phase III trial of trimodality therapy with cisplatin,
fluorouracil, radiotherapy, and surgery compared with surgery alone for esophageal cancer:
CALGB 9781. J Clin Oncol. 2008;26:1086-92.

38. Urba SG, Orringer MB, Turrisi A, Iannettoni M, Forastiere A, Strawderman M. Randomized
trial of preoperative chemoradiation versus surgery alone in patients with locoregional esopha-
geal carcinoma. J Clin Oncol. 2001;19:305-13.

39. Urschel JD, Vasan H, Blewett CJ. A meta-analysis of randomized controlled trials that com-
pared neoadjuvant chemotherapy and surgery to surgery alone for resectable esophageal can-
cer. Am J Surg. 2002;183:274-9.

40. van Hagen P, Hulshof MC, van Lanschot JJ, et al. Preoperative chemoradiotherapy for esopha-
geal or junctional cancer. N Engl J Med. 2012;366:2074-84.

41. Walsh TN, Noonan N, Hollywood D, Kelly A, Keeling N, Hennessy TP. A comparison of
multimodal therapy and surgery for esophageal adenocarcinoma. N Engl J Med.
1996;335:462-7.

42. Westerterp M, Koppert LB, Buskens CJ, et al. Outcome of surgical treatment for early adeno-
carcinoma of the esophagus or gastro-esophageal junction. Virchows Arch. 2005;446:
497-504.

43. Wiedmann MW, Mossner J. New and emerging combination therapies for esophageal cancer.
Cancer Manag Res. 2013;5:133-46.

44. Ychou M, Boige V, Pignon JP, et al. Perioperative chemotherapy compared with surgery alone
for resectable gastroesophageal adenocarcinoma: an FNCLCC and FFCD multicenter phase
III trial. J Clin Oncol. 2011;29:1715-21.



Index

A malnutrition and recurrent aspiration
Abdominal esophagus pneumonia, 137
EGJ, 42 minimally invasive surgery, 145

and LES, 43
lymphatic drainage, 4

Ablative therapies

APC, 182

cryotherapy, 183-184
endoscopic eradication, 171
PDT, 182-183

RFA, 181-182

AC. See Adenocarcinoma (AC)
Achalasia

Allgrove syndrome, 134

Auerbach myenteric plexus, 134

barium esophagogram, 111, 112

classic “bird’s beak” appearance,
esophagogastric junction, 137

DES, 18

description, 133

diagnostic findings, manometry, 138

diffuse esophageal spasm (DES), 18, 24

dilated and sigmoid-shaped esophagus, 18,
21-22

Dor fundoplication, 147

endoscopic botulinum toxin injection, 144

end-stage, barium swallow, 135, 136

epiphrenic diverticulum, 19

esophageal, 18, 20

functional lumen imaging probe (FLIP),
140

heartburn and chest pain, 136

HLA-DR and-DQalleles, 135

impaired LES relaxation, 144

inflammatory response, 134—135

LHM (see Laparoscopic Heller
myotomy (LHM))

PM. Fisichella et al. (eds.), Esophageal Diseases,
DOI 10.1007/978-3-319-04337-1, © Springer International Publishing Switzerland 2014

motility disorder, 17, 19
non-propulsive contractions, 10
normal LES muscle strips, 134
pneumatic dilatation, 144—-145
POEM (see Peroral endoscopic esophageal
myotomy (POEM))
postoperative dysphagia, 92
primary, 55, 104, 134
respiratory symptoms, 136—137
solids and liquids, dysphagia, 135-136
stages, 135, 136
swallowing and esophageal peristalsis, 17
tertiary waves, 8
treatment modalities, 144
type I, Il and III, 138-140
Adenocarcinoma (AC)
Barrett’s esophagus, 169
distal esophagus, 21
and HGD, 166, 178
mucosal, 184
stage grouping, 196
Adjuvant chemoradiotherapy, 234
Allgrove syndrome, 134, 135
Ambulatory pH monitoring
abnormal, 60, 61
clinical diagnosis, GERD, 62
diagnosis, GERD, 99
esophageal motility profile, 62
gastroesophageal reflux, 12
heartburn and regurgitation, 113
normal, 60, 61
postoperative GERD, 147
reflux theory, 98
wireless, 63

241



242

Anastomosis
cervical vs. intrathoracic, 216
gastric mobilization, 210
hand-sewn and stapled, 217
intrathoracic hybrid chest, 29, 217
left sternocleidomastoid muscle, 217, 218
meta-analysis, 217
tumor location, 217
upper thorax, 209
Antireflux surgery
angle of His, 4445
clinical response, PPIs, 55
delayed gastric emptying, 64, 65
diaphragm, 44
esophageal peristalsis, 167
and hiatal hernia, 49
indications, 71
LES and abdominal esophagus, 43
manometry, 57
metaplasia, 169
MSA, 70
natural antireflux mechanisms, 42
pH monitoring, 62
phrenoesophageal membrane, 45, 46
primary esophageal motility
disorders, 55
psychiatric disorder, 106
APC. See Argon plasma coagulation (APC)
Argon plasma coagulation (APC), 12, 182

B
Barium swallow. See also Esophagram,
barium
achalasia (see Achalasia)
benign esophageal masses, 161
classic “bird’s beak” appearance, 137
and endoscopy, 141
end-stage achalasia, 135, 136
esophageal duplication cyst, 155, 156
esophagogastric junction, 137
GERD (see Gastroesophageal reflux
disease (GERD))
hemangioma, 158
hiatal hernias (see Hiatal hernias)
LES relaxation and esophageal emptying,
149
paraesophageal hernias (see
Paraesophageal Hernias)
Schatzki’s ring, 18
ZD, 131
Barrett’s esophagus (BE)
acid suppression therapy, 178

Index

aspirin and nonsteroidal anti-inflammatory
drug, 178
description, 178
and EAC, 177
endoscopic treatment, 179
and esophageal adenocarcinoma, 169
and HGD, 170-172
and LGD, 170
metaplasia, 169-170
surveillance, 179-181
upper endoscopy, 56, 65, 99
BE. See Barrett’s esophagus (BE)
Belafsky clinical scoring system,
laryngopharyngeal reflux, 100-102
Benign esophageal tumors
classification, 154
cysts and fibrovascular polyps, 154
diagnostic testing, 154155
epidemiology, 154
indications, surgery, 155-161
leiomyomas, 20, 30-31, 153
polyps, 20, 29-30
Bernstein test
acid dripping, esophagus, 101
chloridric acid instillation, distal
esophagus, 98
esophageal sensitivity, 98
Botulinum toxin injection
and balloon dilatation, UES, 122
endoscopic, 144
vs. pneumatic dilatation, 145

C
Cardiac and noncardiac chest pain, 104
Cervical esophagus
free jejunal grafts, 217
inferior thyroid veins, 4
left cervical incision, 209
lipomas, 159
myotomy, 122
Chemotherapy
neoadjuvant, 203
perioperative, 232-234
and radiotherapy, 231, 232
stent-related complications, 194
vs. surgery, 229
Chloridric acid instillation, 98
CO, laser diverticulotomy, 128
Cough
ambulatory pH monitoring, 65
defined, 102
distal GERD, 98



Index

CP. See Cricopharyngeal (CP) myotomy
Cricopharyngeal (CP) myotomy
bougie dilator, 122—123
endoscopic repair, 125-126
proximal cervical esophagus, 122
risks, 123
Cryotherapy, 172, 183-184

D
Diaphragm
diverticulum, 19
hiatal hernia, 44
high-resolution manometry images, 44
LES resting pressure, 9
and posterior vagus nerve, 73
synergistic action, 168
Distal esophageal tumor
Barrett’s segment, 197
endoscopic aspect, 198
mediastinum, 199
metastatic diseases, 201
primary staging, 199
Diverticulectomy
CP myotomy, 122
dissection, left transcervical incision, 123
and diverticular inversion, 130
excised nasogastric tube, 123, 124
Diverticulopexy
description, 124
and diverticular inversion, 122, 131
Dor fundoplication, 146-148
Duplication cysts, 156, 160-161
Dysphagia
endoscopy, 138
LPF vs. LTF, 78
patients, achalasia, 135-136
stages, 135, 136
Dysplasia
biomarkers, 180
HGD (see High-grade dysplasia (HGD))
LGD (see Low-grade dysplasia (LGD))

E
EMR. See Endoscopic mucosal
resection (EMR)
Endoscopic approach
and barium swallow, 141
CO, laser diverticulotomy, 128
CP myotomy, 125-126
cricopharyngeal bar, 127
dilatation, 77, 145, 148

243

dysphagia, 138

equipment, 126, 127

flexible endoscopic diverticulotomy, 129

harmonic scalpel diverticulotomy, 129

mediastinitis and death, 125

operating room setup, 126

residual food and debris, 127

stapler diverticulotomy, 128

vs.open endoscopic approaches, 122,
129-130

zero-degree telescope, 126

Endoscopic mucosal resection (EMR)

cap-assisted technique, 184
and EUS, 171

and IMC, 185

neoplastic epithelium, 184
staging tool, 179

Epiphrenic diverticula

barium swallow, 19, 27-28

characteristics, 110

contralateral cardiomyotomy, 113, 115

diagnostic workup, 111

epidemiology, 110-111

esophageal musculature defect, 113, 114

laparoscopic approach, 116

longitudinal staple line, esophageal
submucosa, 113, 114

management, postoperative, 117

manometry, 112-113

motility disorder, 110

mucosal, submucosal and muscular layers,
110

myotomy, 116

odynophagia and weight loss, 111

partial anterior 180° fundoplication, 113,
115

postoperative complications and
recurrences, 109

pulsion/false diverticula, 110

surgical management, patient, 113, 114

symptoms, 111

transthoracic approach, right thoracotomy
incision, 115-116

upper endoscopy, 112

vagal nerve injury/transection, 116

Epithelial protection, 4647
EPT. See Esophageal pressure topography

(EPT)

Erosive esophagitis, 99
Esophageal cancer

achalasia, 17-24
age, 192-193
benign tumors, 20, 29-31



244

Esophageal cancer (cont.)
cardiopulmonary status, 193—194
chest/abdominal CT scan, 21, 36-37
diverticula, 19, 25-28
endoscopy and endoscopic ultrasound, 21,
35

epidemiology, 190-191

etiology and pathophysiology, 190-191

GERD, 12-17

malignant tumors, 21, 32-38

medical history, 192

mid-thoracic esophageal squamous cell
cancer, 21, 32-33

morbidity and mortality rates, 208

nutrition, 194

PET scan, 21, 37-38

RTOG, 235

staging (see Staging)

surgical approach (see
Esophagogastrectomy)

symptoms, 192

Esophageal clearance
DeMeester score, 167
motility, 46
mucosal injury, 45
pathophysiology, 166-167
peristalsis and saliva production, 167
psychotropic medication, 106
saliva production, 46

Esophageal diverticula
epidemiology, 110-111
epiphrenic diverticulum, 19, 27-28
pathophysiology, 110
ZD, 19, 25-26

Esophageal function tests
ambulatory pH monitoring, 99
LES and UES, 99
SAP, 100
SI, 99-100
SSI, 100

Esophageal pressure topography (EPT), 138

Esophagectomy. See also

Esophagogastrectomy
esophageal cancer (see Esophageal cancer)
HGD and intramucosal carcinoma, 186
indications, 171
LHM failure, 147
nodal involvement, 187
T1b cancer patients, 171
treatment, HGD, 170
Esophagogastrectomy. See also
Esophagectomy
anastomosis, 217-218
complications, 218-220

Index

conduit choice, 216-217
esophagogastrectomy (see
Esophagogastrectomy)
ivor lewis, 209, 211
left thoracoabdominal, 210-212
lymphadenectomy, 214-215
McKeown/three-stage, 210, 212
perioperative outcomes, 220
quality of life, 221
resection margins, 215, 216
salvage, 213-214
standardized clinical pathway and
recovery, 220-221
transhiatal, 209, 210
transthoracic vs. transhiatal, 211, 213
Esophagogastric junction (EGJ)
diagnostic algorithm, 138
FLIP, 140
gastric cancer staging system, 191
Gubaroff valves, 45
valve mechanism, 42
Esophagram, barium. See also Barium
swallow
epiphrenic diverticulumm esophageal
motility disorder, 111, 112
esophageal emptying, 138
gastric content reflux, 55
hiatal hernias, 112
radiological abnormalities, 56
surgical planning, 111
test sensitivity, 100
Esophagus
architecture, 2-3
blood supply, 3—4
innervation, 4-5
laparoscopic view, 7, 8
left thoracoscopy, 5-7
lymphatic drainage, 4
physiology, 8-9
right thoracoscopic view, 5
Eustachian tube dysfunction, 98

F
Fibrovascular polyps, 159-160
Flexible endoscopic diverticulotomy, 129
FLIP. See Functional lumen
imaging probe (FLIP)
Functional lumen imaging probe (FLIP)
clinical practice, 140
description, 140
Fundoplication
acid exposure, 185-186
gastroesophageal barrier, 168



Index

laparoscopic partial (see Partial
fundoplication)

peristalsis, 167

refractory reflux symptom, 185

RFA, 170

total fundoplication (see Laparoscopic total
fundoplication)

treatment, GERD, 63

Gastroesophageal reflux disease (GERD)

age, 48

ambulatory 24-h pH monitoring, 60—63

anterior (180° and 90°) LPF vs. LTFE, 78

antireflux mechanisms, 4245

barium esophagram, 55-56, 100

Barrett’s esophagus, 166

causative factors, 50

chest x-ray, 15, 16

definition, 96

diagnosis, 12

drugs, diet and hormones, 48

epiphrenic diverticula, management, 113

esophageal function tests, 99—100

extraesophageal, symptom
pathophysiology, 96, 97

gastric hydrochloric acid, 42

gastric volvulus, 15, 16

heartburn and regurgitation, 54, 113
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