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Introduction

Chicago is the third largest city in the United States, located in the middle of the
country as one travels from coast to coast. The city has become a global center of
industry and trade. It is the home of world-leading companies in the fields of aircraft
manufacture, electronics and communication, printing, insurance, and airlines,
among others. It is a regional center for financial organizations. It is the home of the
American Medical Association, the American College of Surgeons, and the
American Bar Association. Chicago also has five quite different Academic Medical
Centers, three of which (University of Chicago, Loyola University, and Northwestern
University) are represented in this book. It is only reasonable, therefore, that it has
also become a leading center for the study and management of medical conditions
including benign esophageal disorders!

The Chicago expertise in the diagnosis and treatment of esophageal disorders
can be traced back to two great physicians: Franz J. Ingelfinger [1], a gastroenter-
ologist from Boston, and David B. Skinner [2], a surgeon from Baltimore. Ingelfinger
was known as “Mr. Esophagus” because he was a pioneer in the understanding of
the human esophagus and its motility. Ingelfinger was known for his clear thinking,
challenging questions, frankness, unabashed honesty, and clinical skills. One of his
early fellows, Konrad Soergel, was appointed Chief of Gastroenterology at the
Medical College of Wisconsin where he continued Ingelfinger’s work and estab-
lished the dynasty which included Hogan, Kahrilas, and Pandolfino; the latter two
are today recognized leaders in the field of benign esophageal disorders such as
gastroesophageal reflux disease (GERD) and achalasia.

David Skinner was selected as Chair of the Department of Surgery of the
University of Chicago at the age of 37, having left the Johns Hopkins University
where he had achieved full Professorship in record time. One of his first appoint-
ments was Dr. Tom DeMeester, also from Hopkins, as Section Chief of Thoracic
Surgery. They were soon joined by Dr. Skinner’s retired English mentor, Mr. Ronald
Belsey. Dr. Skinner and his associates became known for their skillful operations,
administrative and teaching strengths, sincerity and warmth of their patient care,
and eventually for creating a real dynasty of esophageal surgeons.

xi



Xii Introduction

Later on Dr. Skinner moved to New York, while Dr. DeMeester, after a decade at
Creighton University in Omaha, became Chairman of the Department of Surgery at
the University of Southern California. There he put together a fantastic group of
surgeons, which included Dr. Jeffrey Peters and Dr. Steven DeMeester, dedicated to
the treatment of esophageal disorders.

Dr. Carlos Pellegrini, who had trained under Dr. Skinner and Dr. DeMeester,
joined the Department of Surgery at the University of California San Francisco
(UCSF) after completing his training at the University of Chicago. At UCSF he cre-
ated a Swallowing Center which attracted patients from all over the United States,
and there he trained Marco Patti before moving to the University of Washington in
Seattle.

Dr. Patti trained at UCSF and, after a fellowship in esophageal cancer at the
University of Hong Kong under the guidance of Professor John Wong, went back to
UCSF where he focused on the treatment of benign and malignant esophageal dis-
eases. He expanded on the practice of Dr. Pellegrini, and over the years trained more
than 40 fellows from all over the world. One of these fellows was Piero Marco
Fisichella, who eventually moved to Loyola University after completing his fellow-
ship. In 2008, Marco Patti was recruited by Jeffrey Matthews to the University of
Chicago where he established the Center for Esophageal Diseases.

Both the medical and surgical treatments of esophageal disorders have come a
long way in the last 50 years, and the contributions of the individuals mentioned
before have been of paramount importance! For instance, the understanding of the
pathophysiology of gastroesophageal reflux disease (GERD) was greatly aided by
the work of Larry Johnson and Tom DeMeester [3] who performed studies of pH
monitoring on patients with and without reflux symptoms, establishing the excess of
esophageal acidity in those with GERD. Current understanding of GERD patho-
physiology, and particularly the role of esophageal peristalsis and hiatal hernia, has
been enhanced by the work of Kahrilas and Pandolfino [4, 5]. Pellegrini and Patti in
1991 performed at UCSF the first thoracoscopic myotomy for achalasia in the
United States [6]. Along with Dr. Nat Soper, they have contributed over the last 20
years to the evolution of the surgical treatment of achalasia, whereby today a lapa-
roscopic myotomy and partial fundoplication is considered the primary form of
treatment for this disease [7—11]. Fisichella has helped elucidating the role of gas-
troesophageal reflux in the development of the bronchiolitis obliterans syndrome
after lung transplantation [12].

Each of these individuals has trained many fellows over the years, therefore
assuring the continuity of Dr. Skinner’s legacy.

This text is meant to pass on to students of the esophagus an analysis and review
of the current understanding of the physiology and the pathophysiology of the dis-
eases which affect it, the current standard of care, and some of the newer treatments
which might become important in the future. In doing so, it furthers what has
become the Chicago School for Esophagology!



Introduction Xiii

References

10.

11.

12.

. Enlee Jr CF. Franz Josef Ingelfinger. Nutr Today. 1980;15:27.
. Zarins CK. A tribute to David B. Skinner, M.D. Ann Surg. 2003;238:157-9.
. Johnson LF, DeMeester TR. Twenty-four-hour pH monitoring of the distal esophagus. A quan-

titative measure of gastroesophageal reflux. Am J Gastroenterol. 1974;62:325-32.

. Kahrilas PJ, Dodds WJ, Hogan WJ, Kern M, Arndorfer RC, Reece A. Esophageal peristaltic

dysfunction in peptic esophagitis. Gastroenterology. 1986;91:897-904.

. Pandolfino JE, Shi G, Trueworthy B, Kahrilas PJ. Esophagogastric junction opening during

relaxation distinguishes non-hernia reflux patients, hernia patients, and normal subjects.
Gastroenterology. 2003;125:1018-24.

. Pellegrini CA, Wetter LA, Patti MG, Leichter R, Mussan G, Mori T, Bernstein G, Way L.

Thoracoscopic esophagomyotomy. Initial experience with a new approach for the treatment of
achalasia. Ann Surg. 1992;216:291-6; discussion 296-9.

. Perrone JM, Frisella MM, Desai KM, Soper NJ. Results of laparoscopic Heller-Toupet opera-

tion for achalasia. Surg Endosc. 2004;18:1565-71.

. Oelschlager BK, Chang L, Pellegrini CA. Improved outcome after extended gastric myotomy

for achalasia. Arch Surg. 2003;138:490-5; discussion 495-7.

. Patti MG, Herbella FA. Fundoplication after laparoscopic myotomy for esophageal achalasia.

What type? J Gastrointest Surg. 2010;14:1453-8.

Bello B, Herbella FA, Allaix ME, Patti MG. Impact of minimally invasive surgery on the treat-
ment of benign esophageal disorders. World J Gastroenterol. 2012;18:6764-70.

Allaix ME, Patti MG. What is the best primary therapy for achalasia: medical or surgical treat-
ment? Who owns achalasia? J Gastrointest Surg. 2013. doi:10.1007/s11605-013-2252-z.
[Epub ahead of print].

Fisichella PM, Davis CS, Lowery E, Ramirez L, Gamelli RL, Kovacs EJ. Aspiration, localized
pulmonary inflammation, and predictors of early-onset bronchiolitis obliterans syndrome after
lung transplantation. J Am Coll Surg. 2013;217:90-100.



Chapter 1
Esophageal Anatomy and Physiology
for the Surgeon

Marco E. Allaix and Marco G. Patti

Abstract The esophagus can be divided into three anatomic parts, i.e., the cervical,
thoracic, and abdominal esophagus. The esophageal wall consists of three layers:
the mucosa, the submucosa, and the muscle layer, which is composed of 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 e
Esophageal peristalsis

Anatomy of the Esophagus

The esophagus is a tube that originates at the level of the sixth cervical vertebra,
posterior to the cricoid cartilage, and extends to the eleventh thoracic vertebra. It
can be divided into three anatomic parts. The cervical esophagus lies just left of the
midline, 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 main stem bronchus.
The lower portion of the thoracic esophagus runs behind the pericardium and the
left atrium, where it bends to the left and enters the abdomen through the esophageal
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hiatus. The abdominal esophagus is 2—4 cm long and ends at its junction with the
stomach. The esophageal lumen has three points of anatomical narrowing: (1) at the
level of the cricoid cartilage, (2) at the left main bronchus and the aortic arch, and
(3) at the diaphragmatic hiatus.

Architecture of the Esophageal Wall

The mucosal lining of the esophagus consists of stratified squamous epithelium that
overlies a lamina propria and muscularis mucosa, which contains mainly longitudi-
nal muscular fibers (Fig. 1.1). The squamous epithelium of the esophagus joins the
junctional columnar epithelium of the gastric cardia at the level of the Z line. The
submucosa, which contains elastic and fibrous tissue, is the strongest layer of the
esophageal wall. The esophageal muscle is composed of an inner circular and an
outer longitudinal layer. The upper esophageal sphincter is formed by the cricopha-
ryngeal muscle and fibers from the esophageal wall and the inferior constrictors of
the pharynx. The lower esophageal sphincter is not a well-defined anatomic struc-
ture, even though a thickening of the circular esophageal musculature at the level of
the manometric high-pressure zone has been reported [1].

Contrary to the rest of the gastrointestinal tract, the esophagus has no serosal
layer.

Epithelium Epithelium

Lamina propria Lamina propria

Muscularis mucosae [ ] Muscularis mucosae

Submucosa Submucosa

Muscularis propria Muscularis propria

Fig. 1.1 Layers in the esophageal wall
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Fig. 1.2 Arterial blood supply to the )
esophagus. A inferior thyroid artery,
B bronchial artery, C aorta, D left
gastric artery

Blood Supply

The cervical portion of the esophagus is supplied by branches of the inferior thyroid
arteries. The upper thoracic portion receives blood from the bronchial arteries,
while the midthoracic portion is nourished by esophageal branches that arise directly
from the aorta. The intercostal arteries may also contribute. The lower thoracic por-
tion and diaphragmatic and abdominal segments are supplied by the left inferior
phrenic artery and by the esophageal branches of the left gastric artery (Fig. 1.2).
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
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important 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 retrocardiac 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 [2].

The thoracic duct originates from the cisterna chyli that is located in the abdo-
men, 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 verte-
bra, 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 [3] (Fig. 1.3).

Innervation

The striated muscle of the pharynx and upper esophagus is innervated by fibers that
originate in the brain stem at the level of the nucleus ambiguus. The distal esopha-
gus and LES receive 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 efferent impulses from
the brain stem and afferent impulses from the esophagus. Two main types of effec-
tor neurons are found in this plexus: (1) excitatory neurons and (2) inhibitory neu-
rons 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 [4]. 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 gastrohe-
patic ligament about 1 cm from the lesser curvature of the stomach.
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Fig. 1.3 Lymphatic drainage of the
esophagus. A internal jugular nodes,

B tracheobronchial nodes, C periesophageal @
nodes, D posterior mediastinal nodes,
E retrocardiac nodes, F celiac nodes

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). The
camera is usually inserted in the sixth intercostal space. In order to obtain adequate
exposure, the right lung is deflated and retracted anteriorly, while the inferior pul-
monary ligament is divided. After incision of the mediastinal pleura, most thoracic
esophagus is exposed. The upper thoracic part of the esophagus is crossed anteriorly
by the right brachiocephalic vessels. At the level of the right main stem bronchus,
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Diaphragm

Azygos vein 4

Fig. 1.4 Right thoracoscopic view

the azygos vein passes from a paravertebral position anteriorly to enter the superior
vena cava, crossing over the esophagus [5]. 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 azygos vein, crossing
over the intercostal vessels.

Left Thoracoscopic View

Left thoracoscopy provides a good view of the esophagus from the aortic arch to the
gastroesophageal junction (Fig. 1.5) [6]. The camera is usually inserted in the sixth
intercostal space. After deflation and anterior retraction of the lung, the inferior pul-
monary ligament is divided and the mediastinal pleura opened. The esophagus can
be identified in the space between the pericardium and the 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 esopha-
gus 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 scope is placed in the midline or slightly to the left, about 14 cm below the
xiphoid process [7]. The left lobe of the liver must be retracted anteriorly and to
the right in order to have the esophageal hiatus and abdominal esophagus
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Heart

Diaphragm

Esophagus

Hiatus

Liver

Stomach
Gastrohepatic ligament

Fig. 1.6 Laparoscopic view

exposed (Fig. 1.6). The phrenoesophageal 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 visible in the gastrohepatic ligament,
sometimes close to an accessory left hepatic artery arising from the left gastric

artery.
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Esophagus

Right pillar of the crus

Stomach

Fig. 1.7 Dissection of the right and left pillars of the crus

After dividing the gastrohepatic ligament and the phrenoesophageal 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 esoph-
ageal plexus into the abdomen or early bifurcation of the two trunks above the
diaphragm [8].

Physiology

The coordinated activity of the upper esophageal sphincter (UES), the esophageal
body, and the lower esophageal sphincter (LES) is responsible for the motor func-
tion 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 esophageal contents into the
pharynx. During a swallow, the tongue moves a bolus into the pharynx, which con-
tracts while the UES relaxes. After the bolus has reached the esophagus, the UES
regains its resting tone.
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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 that is initi-
ated 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 stimulation 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 esopha-
gus. 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.

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 [9-
11]. When a swallow occurs, the LES relaxes for 5-10 s to allow the bolus to enter
the stomach; 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 [12]. 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 interdi-
gestive motor complex [13].

The LES relaxes periodically independently from swallowing. These periodic
relaxations are called transient lower esophageal sphincter relaxations to distin-
guish them from relaxations secondary to swallows. The cause of these transient
relaxations is not known, but gastric distention is thought to play a role [14].
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 normotensive LES. Decreased LES length and/or pres-
sure 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 [15].

Conflict of Interest The authors have no conflicts of interest to declare.
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Chapter 2
Pathophysiology of Gastroesophageal
Reflux Disease

Peter J. Kahrilas and John E. Pandolfino

Abstract Gastroesophageal reflux disease (GERD) is likely the most prevalent
condition afflicting the GI tract in the USA. However, most GERD patients do not
have esophagitis, and as esophagitis has become less of a problem, largely because
of more effective treatments, the issue of symptom control has become a more sub-
stantial one. From a pathophysiological viewpoint, GERD results from the exces-
sive reflux of gastric contents into the esophagus which is normally prevented as a
function of the esophagogastric junction (EGJ), the integrity of which is dependent
upon both physiological and anatomical factors, inclusive of, but not limited to,
hiatus hernia. The net result is of an increased number of reflux events, an increas-
ing diversity of potential mechanisms of reflux. Once reflux has occurred, the dura-
tion of resultant esophageal acid exposure is determined by the effectiveness of
esophageal acid clearance, the dominant determinants of which are peristalsis, sali-
vation, and, again, the anatomical integrity of the EGJ. About half of GERD patients
have abnormal acid clearance and the major contributor to this is hiatus hernia.
Abnormalities of acid clearance are probably the major determinant of developing
esophagitis as opposed to symptomatic GERD. In summary, GERD is a multifacto-
rial disease involving both physiological and anatomical abnormalities.
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Introduction

Gastroesophageal reflux disease (GERD) is complex. Such was the conclusion of
the Montreal Consensus Group in formulating the definition, “a condition which
develops when the reflux of stomach contents causes troublesome symptoms and/or
complications” [1]. Esophagitis is a different condition than symptomatic regurgita-
tion, which in turn is a very different problem than reflux-chest pain syndrome. All
fit the overarching definition of GERD, but each has a unique set of pathophysiolog-
ical determinants. The common elements among GERD manifestations are that
they all somehow result from reflux, how reflux is handled, and/or the sensory sig-
nals triggered. Hence, that will serve as the framework for this discussion. Figure 2.1
highlights the broad pathophysiological concepts in GERD along with key factors
leading to perturbations of each.

Although GERD is widely reported to be one of the most prevalent clinical con-
ditions afflicting the gastrointestinal tract, incidence and prevalence figures must be
tempered with the realization that there has been no “gold standard” on which to
base these figures. Thus, epidemiological estimates regarding GERD make assump-
tions, the most obvious being that heartburn is a symptom of GERD and that when
heartburn achieves a certain threshold of frequency or severity, it defines GERD.
Applying that methodology, weekly heartburn has a prevalence estimated at 24 %
among 18-24-year-olds and 33 % in those over 55 years of age [2]. With respect to
esophagitis, early reports using ambulatory esophageal pH monitoring to define
GERD found that 48—79 % of patients with pathologic acid exposure had esophagi-
tis [3]. More recently, a population-based study found endoscopic esophagitis in
22 % of 226 individuals with heartburn at least once weekly [2]. GERD is equally
prevalent among men and women, but there is a male preponderance of esophagitis
(2:1 to 3:1) and of Barrett’s metaplasia (10:1) [4]. Pregnancy is strongly associated
with GERD such that 48—79 % of pregnant women complain of heartburn [5]. All
forms of GERD affect Caucasians more frequently than other races [2].
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A provocative epidemiological observation was of the striking inverse time trends
in the prevalence of GERD- and H. pylori-related peptic ulcer disease [6]. Furthermore,
GERD patients with esophagitis are less likely to have H. pylori infection and H.
pylori infection is associated with a decreased prevalence of Barrett’s metaplasia and
esophageal adenocarcinoma [7]. Thus, epidemiological data suggest a complex rela-
tionship between H. pylori and GERD, which is to some degree dependent of the
associated pattern of gastritis. If the dominant H. pylori strains within a population
primarily result in corpus-dominant gastritis as in Japan [8], the prevalence of GERD
in that population will be lower than it would be in the absence of H. pylori infection.

Mechanisms of Reflux

Under normal conditions, reflux of gastric juice into the distal esophagus is pre-
vented by the esophagogastric junction (EGJ), which is an anatomically complex
area whose functional integrity has been attributed to a multitude of mechanisms.
Quite possibly each functional component is operant under specific conditions, and
the global function of the EGJ as an antireflux barrier is dependent on the sum of the
parts. The greater the dysfunction of the individual mechanisms of competence,
the worse the overall antireflux integrity of the EGJ. By extension, the greater the
degree of EGJ incompetence, the worse the severity of GERD.

Functional Constituents of the Esophagogastric Junction

Conceptualized as an impediment to reflux, the EGJ is generally viewed as an ana-
tomically complex high-pressure zone at the distal end of the esophagus that isolates
the esophagus from the stomach. The esophagus traverses the diaphragmatic hiatus
and joins the stomach in a nearly tangential fashion. Thus, there are several potential
contributors to EGJ competence, each with unique considerations: the lower esoph-
ageal sphincter (LES), the influence of the diaphragmatic hiatus, and the muscular
architecture of the gastric cardia that constitutes the distal aspect of the EGJ.

The LES is a short segment of tonically contracted smooth muscle at the distal
end of the esophagus. Resting LES tone varies among normal individuals from 10
to 30 mmHg relative to intragastric pressure, and continuous pressure monitoring
reveals considerable temporal variation. Large fluctuations of LES pressure occur
with the migrating motor complex; during phase III, LES pressure may exceed
80 mmHg. Lesser fluctuations occur throughout the day with pressure decreasing in
the postcibal state and increasing during sleep [9]. The genesis of LES tone is a
property of both the smooth muscle itself and of its innervation. Vagal afferents as
well as both vagal and sympathetic efferents modulate LES pressure [10]. Efferent
innervation is mediated through myenteric plexus neurons that can effect either
LES contraction or relaxation. Synapses between the efferent vagal fibers and the
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Table 2.1 Factor affecting LES pressure

Increase LES pressure Decrease LES pressure
Foods Protein Fat
Chocolate
Ethanol
Peppermint
Hormones Gastrin Secretin
Motilin Cholecystokinin
Substance P Glucagon

Gastric inhibitory polypeptide
Vasoactive intestinal polypeptide

Progesterone
Neural agents Alpha-adrenergic agonists Alpha-adrenergic antagonists
Beta-adrenergic antagonists Beta-adrenergic agonists
Cholinergic agonists Cholinergic antagonists
Serotonin
Medications Metoclopramide Nitrates
Domperidone Calcium channel blockers
Prostaglandin F,, Theophylline
Cisapride Morphine
Meperidine
Diazepam
Barbiturates

myenteric plexus are cholinergic. The postganglionic transmitter effecting contrac-
tion is acetylcholine, while NO is the dominant inhibitory transmitter with VIP serv-
ing some type of modifying role [11]. Hence, at any given moment, LES pressure is
affected by myogenic factors, intra-abdominal pressure, gastric distention, peptides,
hormones, various foods, and many medications (Table 2.1).

Physiological studies suggest that the EGJ extends distal to the squamocolumnar
junction implying that structures in the proximal stomach are involved [12].
Anatomical studies attribute this distal portion of the EGJ to the opposing sling and
clasp fibers of the middle muscle layer of gastric cardia [13, 14]. In this region, the
lateral wall of the esophagus meets the medial aspect of the dome of the stomach at
an acute angle, defined as the angle of His. Viewed intraluminally, this region
extends within the gastric lumen, appearing as a fold that has been conceptually
referred to as a flap valve because increased intragastric pressure would force the
fold against the medial wall of the stomach, sealing off the entry to the esophagus
[15, 16]. Of note, this distal aspect of the EGJ is particularly vulnerable to disrup-
tion as a consequence of anatomical changes at the hiatus because its entire mecha-
nism of action is predicated on maintaining its native geometry.

Surrounding the LES at the level of the SCJ is the diaphragmatic hiatus, most
commonly comprised of the right diaphragmatic crus. Two flattened muscle bundles
arising from the upper lumbar vertebra incline forward to arch around the esopha-
gus, first diverging like a scissor and then merging anterior with about a centimeter
of muscle separating the anterior rim of the hiatus from the central tendon of the
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diaphragm. The hiatus is a teardrop-shaped canal and is about 2 cm along its major
axis. Recent physiological investigations have advanced the “two-sphincter hypoth-
esis” for maintenance of EGJ competence, suggesting that both the LES and the
surrounding crural diaphragm serve a sphincteric function. Independent control of
the crural diaphragm can be demonstrated during esophageal distention, vomiting,
and belching when electrical activity in the crural diaphragm is selectively inhibited
despite continued respiration [17, 18]. This reflex inhibition of crural activity is
eliminated with vagotomy. On the other hand, crural diaphragmatic contraction is
augmented during abdominal compression, straining, or coughing [19]. Additional
evidence of the sphincteric function of the hiatus comes from manometric record-
ings in patients after distal esophagectomy [20]. These patients still exhibited an
EGJ pressure of about 6 mmHg within the hiatal canal despite having sustained
surgical removal of the smooth muscle LES.

Mechanisms of EGJ Incompetence in GERD

The dominant mechanism protecting against reflux varies with physiological cir-
cumstance. For example, the intra-abdominal segment of the LES may be important
in preventing reflux associated with swallowing, the crural diaphragmatic may be of
cardinal importance with abrupt increases in intra-abdominal pressure, and basal
LES pressure may be of primary importance during restful recumbency. As any of
these protective mechanisms are compromised, the deleterious effect is additive
resulting in an increasing number of reflux events and consequently increasingly
abnormal esophageal acid exposure.

Investigations have focused on three dominant mechanisms of EGJ incompe-
tence: (1) transient LES relaxations (TLESRs) without necessary anatomical
derangement; (2) LES hypotension, again independent of anatomical abnormality; or
(3) anatomical distortion of the EGJ inclusive of (but not limited to) hiatus hernia.
Which reflux mechanism dominates seems to depend upon a number of factors.
While TLESRs typically account for up to 90 % of reflux events in normal subjects
or GERD patients without hiatus hernia, patients with hiatus hernia have a more
heterogeneous mechanistic profile with reflux episodes frequently occurring in the
context of low LES pressure, straining, and swallow-associated LES relaxation [21].
Further complicating the issue, prolonged ambulatory high-resolution manometry
studies demonstrate that patient often flips back and forth between a hernia and non-
hernia configuration of EGJ pressure morphology [22]. These observations suggest
that the integrity of the EGJ is dependent on both the LES and the diaphragmatic
hiatus. In essence, with normal anatomy, gastroesophageal reflux requires a “two-hit
phenomenon” to the EGJ. Inhibition of both the LES and crural diaphragm is required
for reflux to occur; physiologically this occurs only in the setting of a TLESR. In
contrast, patients with hiatal hernia may exhibit preexisting compromise of the hiatal
sphincter. In that setting, reflux can occur with only relaxation of the LES, as may
occur during periods of LES hypotension or even deglutitive relaxation.
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Transient Lower Esophageal Sphincter Relaxations

There is compelling evidence that TLESRs are the most frequent mechanism for
reflux during periods of normal LES pressure (>10 mmHg). TLESRs occur inde-
pendently of swallowing, are not accompanied by peristalsis, are accompanied by
diaphragmatic inhibition, and persist for longer periods than do swallow-induced
LES relaxations (>10 s) [23]. Of note, prolonged manometric recordings have not
consistently demonstrated an increased frequency of TLESRs in GERD patients
compared to controls [24]. However, the frequency of acid reflux (as opposed to gas
reflux) during TLESRs has been consistently reported to be greater in GERD
patients [25].

Recognizing the importance of TLESRs in promoting reflux, investigators have
studied it intensively. The stimulus for TLESRs is distention of the proximal stom-
ach, not surprising given that transient LES relaxation is the physiological mecha-
nism for belching [26]. TLESR can be experimentally elicited by either gaseous
distention of the stomach or distention of the proximal stomach with a barostat bag.
Furthermore, the degree to which TLESR frequency is augmented by gastric disten-
tion is directly related to the size of hiatus hernia suggesting that the associated ana-
tomical alteration affects the afferent mechanoreceptors responsible for eliciting this
reflex [27]. The most likely candidate for the afferent receptor is the intraganglionic
lamellar ending or IGLE [28]. Intraganglionic lamellar endings are found at the
receptor end of vagal afferents innervating the gastric cardia and are activated by
applied tension [29]. The frequency of TLESRs is also greater in an upright posture.
The vagal afferents from the gastric cardia then project to the nucleus tractus solitarii
in the brain stem and subsequently to the dorsal motor nuclei of the vagus. Finally,
dorsal motor nucleus neurons project to inhibitory neurons localized within the
myenteric plexus of the distal esophagus. Furthermore, TLESR is an integrated
motor response involving not only LES relaxation but also crural diaphragmatic inhi-
bition, costal diaphragm contraction, esophageal longitudinal muscle contraction,
gastric fundus contraction, and contraction of the rectus muscles of the abdominal
wall [23, 30, 31]. The TLESR reflex is abolished by vagotomy [32]. Recently, animal
and human experiments have demonstrated that TLESRs can be inhibited by gamma-
aminobutyric acid receptor type B agonists (such as baclofen) and mGIuRS5 antago-
nists, suggesting a potential alternative approach to the treatment of GERD [33].

Lower Esophageal Sphincter Hypotension

Although a hypotensive LES predisposes to reflux, this is actually a rarely observed
mechanism in patients without hiatus hernia [21]. In fact, free reflux is observed
only when the LES pressure is within 0—-4 mmHg of intragastric pressure. More
commonly, strain-induced reflux occurs when a hypotensive LES is overcome and
blown open in association with an abrupt increase of intra-abdominal pressure.
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However, strain-induced reflux is mechanistically unlikely with normal function of
crural diaphragm, which reflexively contracts in association with abdominal strain-
ing. The crural diaphragm, however, is progressively less functional with increasing
size of hiatal hernia as demonstrated in a study of strain-induced reflux that modeled
the interaction between the LES and hiatal hernia concluding that there was an
important interaction between the two [34].

Another important consideration is that only a minority of patients with gastro-
esophageal reflux disease have a hypotensive fasting LES pressure (usually defined
as <10 mmHg) [46]. This observation can be reconciled somewhat when one con-
siders the dynamic nature of LES pressure. The isolated fasting measurement of
LES pressure is probably useful only for identifying patients with a grossly hypo-
tensive sphincter, individuals constantly susceptible to strain and free reflux.
However, there is probably a larger population of patients susceptible to strain-
induced or free reflux when their LES pressure periodically decreases as a result of
specific foods, drugs, or habits (Table 2.1).

The Diaphragmatic Sphincter and Hiatus Hernia

As alluded to above, physiological studies have shown that the augmentation of
EGIJ pressure observed during a multitude of activities which increase intra-
abdominal pressure is attributable to contraction of the crural diaphragm [19]. With
hiatus hernia, crural diaphragm function is potentially compromised both by its
axial displacement [35] and potentially by atrophy consequent from dilatation of
the hiatus [36]. The impact of hiatus hernia on reflux elicited by straining maneu-
vers was demonstrated in studies in normal volunteers compared to GERD patients
with and without hiatus hernia [34] (Fig. 2.2). Of several physiological and ana-
tomical variables tested, the size of hiatus hernia was shown to have the highest
correlation with the susceptibility to strain-induced reflux. The implication of this
observation is that patients with hiatus hernia exhibit progressive impairment of the
diaphragmatic component of EGJ function proportional to the extent of axial her-
niation [34].

Another effect that hiatus hernia exerts on the antireflux barrier is to diminish
the intraluminal pressure within the EGJ. Relevant animal experiments revealed
that simulating the effect of hiatus hernia by severing the phrenoesophageal
ligament reduced the LES pressure and that the subsequent repair of the liga-
ment restored the LES pressure to levels similar to baseline [37]. Similarly,
manometric studies in humans using a topographic representation of the EGJ
high-pressure zone of hiatus hernia patients revealed distinct LES and hiatal
canal pressure components, each of which was of lower magnitude than the EGJ
pressure of a comparator group of normal controls [38]. However, simulating
reduction of the hernia and arithmetically summing superimposed pressures
resulted in calculated EGJ pressures that were practically indistinguishable
from those of the control subjects [35].
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Fig. 2.2 Model of the relationship among lower esophageal sphincter pressure (x-axis), size of
hernia (y-axis), and the susceptibility to gastroesophageal reflux induced by provocative maneu-
vers that increase abdominal pressure as reflected by the reflux score (z-axis). The statistical model
was created by stepwise regression analysis of experimental data in which subjects performed
these maneuvers while being monitored manometrically and fluoroscopically to detect reflux
events. The overall equation for the model is as follows: reflux score=22.64+12.05 (hernia
size)—0.83 (LES pressure)—0.65 (LES pressure hernia size). The multiple correlation coefficient
of this equation for the 50 subject data set was 0.86 (R*=.75) indicating that 75 % of the observed
variance in susceptibility to stress reflux among individuals was accounted for by the size of hiatus
hernia and the instantaneous value of LES pressure (From Sloan et al. [34], with permission).
Going one step further, this same group revealed that the separation leads to greater propensity to
reflux during abrupt increases in IGP. Reflux score is extremely low when either the LES is intact
or the degree of axial displacement is limited. Thus, it appears that GERD requires at least two hits
to the EGJ in order to occur

Gastroesophageal Flap Valve

In addition to the two sphincters described above, another mechanism of barrier
function at the EGJ lies in the positioning of the distal esophagus in the intra-
abdominal cavity. A flap valve is formed by a musculo-mucosal fold created by the
entry of the esophagus into the stomach along the lesser curvature. Increased intra-
abdominal or intragastric pressure can decrease the angle of His and compress the
subdiaphragmatic portion of the esophagus, thereby preventing reflux during peri-
ods of abdominal straining. Although the clinical relevance of this concept has been
controversial, several studies have helped bolster its validity. Hill et al. demonstrated
the presence of a gastroesophageal pressure gradient in cadavers without a hiatal
hernia [16]. They also showed that the ability of the EGJ in cadavers to resist reflux
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in the face of increased intra-abdominal pressure could be increased by surgically
accentuating the length of the flap valve. Hill and colleagues then went on to define
a grading scheme based on endoscopic inspection of the gastroesophageal flap valve
that was shown to correlate with the severity of reflux disease [16, 39]. More
recently, an investigation utilizing wireless pH monitoring found a strong correla-
tion between the degrees to which individuals are susceptible to exercise-induced
reflux and flap valve grade [40]. Most recently, the flap valve has been mathemati-
cally modeled from reconstructions made with 3D MRI further supporting the
importance of the flap valve as a defensive mechanism against reflux [41].

Mechanical Properties of the Relaxed EGJ

For reflux to occur, the LES must not only relax, it must open. Furthermore, it
stands to reason that the greater the degree of opening, the greater the volume of
associated reflux. A key determinant of the degree to which it opens is compli-
ance, that is, the change in opening diameter as a function of intraluminal pres-
sure. Recent physiological studies exploring the role of compliance in GERD
reported that GERD patients without and particularly with hiatus hernia had
increased compliance at the EGJ compared to normal subjects [42] or to patients
with fundoplication. These experiments utilized a combination of barostat-con-
trolled distention, manometry, and fluoroscopy to directly measure EGJ compli-
ance. It was reported that in hiatus hernia patients with GERD, (1) the EGJ opened
at lower distention pressure, (2) the relaxed EGJ opened at distention pressures
very close to resting intragastric pressure, and (3) for a given distention pressure,
the EGJ opened about 0.5 cm wider. Still significant but lesser compliance-related
changes were demonstrated in the non-hernia GERD patients (Fig. 2.3). These
alterations of EGJ mechanics are likely secondary to a disrupted, distensible cru-
ral aperture and may be the root causes of the physiological aberrations associated
with GERD.

Increased compliance helps to explain why GERD patients are more likely to
sustain acid reflux in association with TLESRs compared to asymptomatic subjects.
In an experiment that sought to quantify this difference, normal subjects exhibited
acid reflux with 40-50 % of TLESRs compared to 60-70 % in patients with GERD
[24]. This difference may be the result of increased EGJ compliance and its effect
on trans-EGJ flow. Flow is directly proportional to EGJ diameter to the 4th power
and inversely proportional to the length of the narrowed segment and the viscosity
of the gas or liquid traversing the segment [42]. Should TLESRs occur in the con-
text of an EGJ with increased compliance, wider opening diameters occur and flow
is increased. Figure 2.3 models the impact of this on the flow rates of gas and liquid
in normal controls and GERD patients with and without hiatus hernia. Note that,
because of the reduced opening diameter, the normal EGJ acts as a mechanical filter
selectively permitting flow of gas while limiting that of water. This function is pro-
gressively disabled in the GERD populations.
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Fig. 2.3 Simulated flow rates of water and air across the EGJ using a hydrostat or barostat and
short lengths (1 cm) of polyurethane tubing. The diameter of the tubing used to model each group
simulates cross-sectional area observed with distention pressures of 4 mmHg in the three study
groups (normal, GERD without hiatus hernia, GERD with hiatus hernia). The modeled prediction
of flow is that it is directly proportional to viscosity and related to the diameter of opening to the
fourth power. Given that 57 ml/s was the greatest flow rate attainable with the barostat, higher air
flow rates were extrapolated from liquid flow rates using a liquid to air viscosity ratio of 55:1. At
cross-sectional areas simulating normal subjects, flow of air is preserved while flow of liquid is
minimal. In contrast, the flow of liquid is significantly increased in both GERD groups. We postu-
late that these differences in EGJ opening characteristics may account for some of the observed
differences in the airlfluid content of reflux in GERD patients and normal subjects (Adapted from
Pandolfino et al. [42])

Esophageal Acid Clearance

The duration of time that the esophageal mucosa remains acidified after a reflux
event is the acid clearance time. Acid clearance begins with peristalsis that empties
the refluxed fluid from the esophagus and is completed by titration of the residual
acid by swallowed saliva [43]. Prolongation of esophageal acid clearance among
patients with esophagitis was demonstrated along with the initial description of an
acid clearance test. Subsequent investigations have demonstrated heterogeneity
within the patient population such that about half of the GERD patients had normal
clearance values, while the other half had prolonged values [44]. Ambulatory pH
monitoring studies suggest that this heterogeneity is at least partially attributed to
hiatus hernia, as this subset of individuals tended to have the most prolonged supine
acid clearance. From what we know regarding the mechanisms of acid clearance,
the two main potential causes of prolonged esophageal acid clearance are impaired
esophageal emptying and impaired salivary function.

Two mechanisms of impaired esophageal emptying have been identified:
impaired peristalsis and superimposed reflux associated with hiatus hernia.
Peristaltic dysfunction in esophagitis has been described by a number of
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investigators. Of particular significance are failed peristalsis and hypotensive peri-
staltic contractions (< 30 mmHg), which result in incomplete emptying [45]. As
esophagitis increases in severity, so does the incidence of peristaltic dysfunction
[46]. Hiatus hernia also can impair esophageal emptying by reflux of fluid from the
hernia during swallowing [47, 48]. Emptying was particularly impaired in the non-
reducing hiatus hernia patients who exhibited complete emptying with only one
third of test swallows because of retrograde flow of fluid from the hernia during
deglutitive relaxation.

The final phase of esophageal acid clearance depends on salivation. Just as
impaired esophageal emptying prolongs acid clearance, diminished salivation has
the same effect. Diminished salivation during sleep, for instance, explains why
reflux events during sleep or immediately before sleep are associated with markedly
prolonged acid clearance times. Similarly, chronic xerostomia is associated with
prolonged esophageal acid exposure and esophagitis [49]. However, no systematic
difference has been found in the salivary function of GERD patients compared to
controls. One group of subjects shown to have prolonged esophageal acid clearance
times attributable to hyposalivation is cigarette smokers. Even those without symp-
toms of reflux disease exhibited acid clearance times 50 % longer than those of
nonsmokers, and the salivary titratable base content was only 60 % of the age-
matched nonsmokers [50].

Summary

Gastroesophageal reflux disease is likely the most prevalent condition afflicting the
GI tract in the USA with typical estimates finding 14-20 % of the adult population
experiencing heartburn on at least a weekly basis. The most clearly defined subset of
GERD patients have esophagitis wherein excessive exposure of the esophageal epi-
thelium to gastric acid and pepsin results in erosions, ulcers, and potential complica-
tions of these. However, most GERD patients do not have esophagitis. Paradoxically,
as esophagitis has become less of a problem, largely because of more effective treat-
ments, the issue of symptom control has become a more substantial one.

From a pathophysiological viewpoint, GERD results from the excessive reflux of
gastric contents into the esophagus. Normally, this is prevented as a function of the
EG]J, the integrity of which is dependent upon the interplay of several anatomical
and physiological factors including the LES, TLESRs, and anatomical degradation
of the EGJ inclusive of but not limited to hiatus hernia. In fact, considerable inves-
tigative focus is now aimed at describing the subtle aberrations of the EGJ that
contribute to the root causes of GERD. The net result is of an increased number of
reflux events, an increasing diversity of potential mechanisms of reflux, and a
diminished ability of the stomach to selectively vent gas as opposed to gas and gas-
tric juice during TLESRs.

Once reflux has occurred, the duration of resultant esophageal acid exposure is
determined by the effectiveness of esophageal acid clearance, the dominant
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determinants of which are peristalsis, salivation, and, again, the anatomical integrity
of the EGJ. About half of GERD patients have abnormal acid clearance and the
major contributor to this is hiatus hernia. Abnormalities of acid clearance are prob-
ably the major determinant of developing esophagitis as opposed to symptomatic
GERD.

In summary, GERD is a multifactorial process involving both physiological and
anatomical abnormalities. These abnormalities exhibit a complicated interplay that
degrades the ability of the EGJ to contain gastric juice within the stomach and to
effectively clear the esophagus of gastric juice once reflux has occurred.
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Chapter 3
The Chicago Classification of Esophageal
Motility Disorders

Peter J. Kahrilas, Sabine Roman, and John E. Pandolfino

Abstract Esophageal high-resolution manometry with esophageal pressure topog-
raphy (EPT) is now the gold standard to assess esophageal motility disorders. The
Chicago Classification categorizes esophageal motility in EPT based on the analysis
of ten test swallows conducted in a supine posture. An algorithm is then applied
which classifies motility hierarchically as achalasia, motility disorders never
observed in controls (absent peristalsis, distal esophageal spasm, jackhammer
esophagus) and peristaltic abnormalities statistically different than normal (frequent
failed, weak, rapid, and hypertensive peristalsis). Whereas the first categories are
invariably associated with esophageal symptoms, the clinical relevance of the latter
category remains to be fully defined. Going forward, future investigations will
focus on the classification of esophageal motility disorders after esophagogastric
surgery, on the evaluation of esophagogastric junction in a context of gastroesopha-
geal reflux disease and on UES function.
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Abbreviations

CD crural diaphragm
CDP contractile deceleration point

CFV contractile front velocity
DCI distal contractile integral
DL distal latency

EGJ esophagogastric junction

EPT esophageal pressure topography
GERD gastroesophageal reflux disease
HRM  high-resolution manometry

IRP integrated relaxation pressure
LES lower esophageal sphincter
UES upper esophageal sphincter

Introduction

Esophageal manometry is the best clinical test for defining esophageal motility. Its
clinical utility resides in (1) identifying motility disorders in patients with dysphagia
or chest pain after exclusion of esophageal structural or inflammatory conditions, (2)
assessing esophageal function in gastroesophageal reflux disease (GERD) patients
especially prior to anti-reflux surgery, and (3) localizing the esophagogastric junction
(EQG]J) for the purpose of esophageal pH or pH-impedance monitoring [1].

The field of esophageal manometry was revolutionized by the introduction of
high-resolution manometry (HRM) in the late 1990s [2]. HRM devices are assem-
blies of multiple closely spaces pressure sensors suitable for simultaneously captur-
ing the entirety of the deglutitive response spanning from the pharynx to the
stomach. Contrary to conventional manometry, only a single trans-nasal positioning
of the device is necessary to achieve this. Swallows are displayed as esophageal
pressure topography (EPT) plots. Two high-pressure zones corresponding to the
upper esophageal sphincter (UES) and the EGJ are clearly identified as is the associ-
ated esophageal contraction (Fig. 3.1). The EPT representation allows for improved
recognition of motility disorders and is easier to interpret than conventional manom-
etry displayed as line tracings [3].

The Chicago Classification is an algorithmic scheme for the diagnosis of esopha-
geal motility disorders from HRM studies in terms of EPT [4]. Consequent from their
vetting through a consensus process, the Chicago Classification definitions of esopha-
geal motility disorders are widely accepted. An important caveat to this is that only
primary esophageal motility disorders are addressed in the Chicago Classification. It
was not intended for application to postsurgical studies such as fundoplication, Heller
myotomy, or bariatric surgery. Similarly, the characterization of EGJ pressure mor-
phology and UES function is not addressed in the Chicago Classification. The intent
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Fig. 3.1 Normal peristalsis in HRM with EPT plots. The esophageal contraction is characterized
by three troughs and the contractile deceleration point (CDP, black dot). EGJ relaxation is assessed
using the IRP measured within the white boxes. The DL is measured from UES relaxation to the
CDP. The CFV is measured as the tangent to the contractile wavefront at 30-mmHg isobaric con-
tour. The DCI corresponds to the “volume” of the contraction above 20 mmHg between the proxi-
mal trough and the EGJ (contractile volume included in the dashed yellow box) measured in units
of mmHg-s-cm

of this review is to summarize the current version of the Chicago Classification. The
overall scheme of the analysis is to first systematically analyze the ten test swallows
and to then apply an algorithm to classify motility disorders.

Swallow Analysis

The metrics, normal values, and analysis for the Chicago Classification are based on
a series of ten 5-ml water swallows conducted in a supine posture. Individual test
swallows are first scored utilizing EPT-specific metrics that evaluate EGJ relaxation,
characterize the esophageal contraction, and characterize bolus pressurization.
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Evaluation of EGJ

In absence of hiatal hernia, pressure signals resulting from the lower esophageal
sphincter (LES) and crural diaphragm (CD) are not distinguishable. As a conse-
quence the term “EGJ relaxation” is used. Moreover, during swallowing, the pres-
sure measured at the level of the EGJ is the composite of LES pressure, CD
contraction, and intrabolus pressure as the swallowed bolus traverses the EGJ.
Finally, the LES elevates during swallowing due to esophageal longitudinal muscle
contraction. Hence, accurate identification of the axial limits of the EGJ is essential
to avoid the artifact of pseudo-relaxation created when the sphincter elevates above
the zone of measurement.

The EPT metric which best discriminated normal EGJ relaxation from impaired
EG]J relaxation is the integrated relaxation pressure (IRP) [5]. The IRP is derived
from an e-sleeve measurement applied at the level of the EGJ within a 10-s window
beginning with deglutitive UES relaxation. The IRP is the mean pressure for the 4 s
(continuous or noncontinuous) during which the e-sleeve value is least within this
window. It is influenced not only by LES relaxation but also by CD contraction and
intrabolus pressure. By convention, the IRP is referenced to intragastric pressure.
Using the Given adult version circumferential HRM sensing device (Given Imaging,
Los Angeles, CA), the upper limit of normal for the IRP is a mean of 15 mmHg for
ten swallows in the supine posture. Appropriate normal values for other devices and
postures need to be established.

Although the Chicago Classification was not intended to describe EGJ pressure
morphology or barrier function, this has been characterized to some degree with
EPT. The EGJ can be classified into three subtypes based on the axial relationship
between the LES and the CD [6]. With EGJ type I, the LES and CD are superim-
posed. With EGJ type II there is a minimal separation between LES and CD
(1-2 cm). Finally, EGJ type Il is characterized by a separation >2 cm at inspiration
between the LES and CD. Type III is the HRM signature of hiatal hernia. In a logis-
tic regression analysis, the magnitude of inspiratory augmentation of EGJ pressure
was found to be the only manometric variable independently associated with GERD
[6]. Patients with esophagitis or increased esophageal acid exposure on ambulatory
pH monitoring had significantly less inspiratory EGJ augmentation when compared
to asymptomatic controls or patients with negative pH monitoring studies.

EPT Metrics to Assess the Deglutitive Esophageal Contraction

The architecture of the post-deglutitive esophageal contraction is characterized by
2-3 pressure troughs (proximal, distal, and sometimes one in the middle) [7] and a
contractile deceleration point (CDP) [8] (Fig. 3.1). The proximal trough is also
called the “transition zone.” The CDP is an inflection point in the contractile wave-
front velocity corresponding to the transition from the peristaltic propagation to the
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Fig. 3.2 The DL is used to evaluate the integrity of deglutitive inhibition that precedes the distal
esophageal contraction. It measured from the beginning of UES relaxation to the CDP (black dot).
In this example, the DL is <4.5 s defining a premature contraction. In instances of normal EGJ
relaxation (IRP=9 mmHg in this example), >20 % premature contractions define distal esopha-
geal spasm

late phase of esophageal emptying, which proceeds much slower than the peristaltic
propagation. Thus the contractile front velocity (CFV) is measured from the proxi-
mal pressure trough to the CDP as the slope of the tangent to the 30-mmHg isobaric
contour of the contractile wavefront. However, a more important indicator of the
integrity of the inhibitory pathway in the distal esophagus is the contraction latency
at the CDP. Hence, the distal latency (DL), measured from UES relaxation to the
CDP, is used in the Chicago Classification to define premature esophageal contrac-
tions, indicative of spasm [9] (Fig. 3.2).

The metric developed to describe the vigor of the distal esophageal contraction
in the Chicago Classification is the distal contractile integral (DCI) [10]. It is mea-
sured as the “volume” of the esophageal contraction spanning from the proximal
pressure trough to the EGJ. The DCI is the product of the integral of the amplitude
(greater than 20 mmHg), the duration, and the length of the contractile segment
between the proximal trough and the EGJ (Fig. 3.1). The upper limit of normal
(95th percentile) is 5,000 mmHg-s-cm and a value greater than 8,000 mmHg-s-cm
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was never encountered in a normal population. Lower limits for the DCI were also
recently defined: a DCI<150 mmHg-s-cm identifies failed peristalsis and a
DCI <450 mmHg-s-cm defines weak peristalsis [11].

Scoring Individual Swallows

Each swallow is characterized for the integrity of the contraction, contraction pat-
tern, and intrabolus pressure pattern (Table 3.1). Contraction integrity should first
be assessed based on the integrity of the 20-mmHg isobaric contour. Interruptions,
or breaks, in the 20-mmHg isobaric contour between the UES and the EGJ are char-
acterized by their axial length; breaks 2 cm or longer are considered significant
based on correlation with impaired bolus transit [12]. Large breaks are >5 cm in
length and small breaks are 2-5 cm. Contractions with small or large breaks are
defined as weak contractions.

Intact contractions and weak contractions with small breaks are further charac-
terized by DL, DCI, and CFV. These metrics are used to define premature contrac-
tions (DL <4.5 s; Fig. 3.2), hypercontractility (DCI>8,000 mmHg-s-cm; Fig. 3.3),
and rapid contraction (CFV >9 cm/s), summarized in Table 3.1. Finally, each swal-
low is characterized according to the associated pattern of intrabolus pressure,
assessed with the 30-mmHg isobaric contour. Intrabolus pressure is qualified as

Table 3.1 Esophageal pressure topography scoring of individual swallows

Integrity of contraction

Intact contraction 20-mmHg isobaric contour without large or small break
Weak contraction (a) Large break in the 20-mmHg isobaric contour (>5 cm in
length)

(b) Small break in the 20-mmHg isobaric contour (2-5 cm in
length) or DCI<450 mmHg-s-cm
Failed peristalsis Minimal (<3 c¢m) integrity of the 20-mmHg isobaric contour
distal to the proximal pressure trough (P)
Or DCI<150 mmHg-s-cm
Contraction pattern (For intact or weak contractions with small breaks)

Premature contraction DL<4.5s

Hypercontractile DCI>8,000 mmHg-s-cm

Rapid contraction CFV>9 cm/s

Normal contraction Not achieving any of the above diagnostic criteria

Intrabolus pressure pattern (30-mmHg isobaric contour)
Panesophageal pressurization ~ Uniform pressurization extending from the UES to the EGJ
Compartmentalized esophageal Pressurization extending from the contractile front to a
pressurization sphincter
EG]J pressurization Pressurization restricted to zone between the LES and CD in
conjunction with hiatal hernia
Normal pressurization No bolus pressurization >30 mmHg
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Fig. 3.3 Jackhammer esophagus is defined by a study exhibiting at least one contraction with a
DCI>8,000 mmHg-s-cm. Note that esophageal contraction is repetitive in this example. The DL
and the IRP are normal

panesophageal pressurization if it spans from UES to EGJ, as compartmentalized
pressurization when it is restricted to the segment between the esophageal contrac-
tion and one sphincter, or normal when there is no bolus pressurization to greater
than 30 mmHg. Panesophageal pressurization can be distinguished from a simulta-
neous contraction by analyzing the corresponding spatial pressure variation plot. In
instance of panesophageal pressurization, the spatial pressure variation plot between
sphincters is flat, without regional variation. On the other hand, in instances of
simultaneous esophageal contractions, pressure variations are visualized along the
esophageal body (Fig. 3.4).

Esophageal Motility Disorders

The summary analysis of the ten test swallows is utilized to fit the study to
Chicago Classification criteria [4]. The classification prioritizes esophageal
motility disorders in a hierarchical fashion: (1) achalasia and motility disorders
never observed in normal subjects and (2) peristaltic abnormalities that are out
of the range of normal values (95th percentile confidence intervals for a set of
normal control subjects). Chicago Classification diagnoses are summarized in
Table 3.2.
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Fig. 3.4 Achalasia subtypes and EGJ outflow obstruction. EGJ relaxation is assessed using the
IRP and is >15 mmHg in all of these examples. Type I (panel a) and type II achalasia (panel b) are
characterized by absent contractions. In type II, panesophageal pressurization is a pathognomonic
finding. Esophageal contractions can be normal, weak, hypertensive, or rapid in EGJ outflow
obstruction (panel ¢), whereas they are premature in type III achalasia (panel d). Panesophageal
pressurization (panel b) can be differentiated from simultaneous contraction (panel d) using the
spatial pressure variation plot illustrated on the right, corresponding to the pressure profile within
the esophagus at the time of the black dashed line. In instances of panesophageal pressurization
(panel b), intraesophageal pressure did not vary between the UES and EGJ. In instance of a spastic
contraction (panel d), pressure variations are obvious along the esophageal body

Achalasia and EGJ Outflow Obstruction

In the 2012 iteration of the Chicago Classification, EGJ relaxation was utilized as
the first node in the analysis with a mean IRP>15 mmHg used to define impaired
EG]J relaxation; the combination of impaired EGJ relaxation and absent peristalsis
defined achalasia. Achalasia was then further subdivided into three clinically rele-
vant subtypes [13] (Fig. 3.4). Type I achalasia is characterized by absent contraction
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Table 3.2 Esophageal motility disorders

Diagnosis Diagnostic criteria

Achalasia

Type I achalasia 100 % failed peristalsis, mean IRP>10 mmHg

Type II achalasia No esophageal contraction and panesophageal pressurization with
>20 % of swallows

Type III achalasia Premature contractions with >20 % of swallows, mean IRP
>17 mmHg

EGJ outflow obstruction Mean IRP >15 mmHg, mix of normal, weak, rapid, hypertensive,

failed peristalsis, or panesophageal pressurization
Motility disorders (Patterns not observed in normal individuals)
Distal esophageal spasm Mean IRP <17 mmHg, >20 % premature contractions
Hypercontractile esophagus At least one swallow DCI>8,000 mmHg-s-cm
(jackhammer esophagus)

Absent peristalsis Mean IRP <10 mmHg, 100 % failed peristalsis
Peristaltic abnormalities (Defined by exceeding statistical limits of normal)
Weak peristalsis Mean IRP <15 mmHg and >20 % swallows with large breaks

(=5 cm) or >30 % with small breaks (2—-5 cm) in the
20-mmHg isobaric contour
Or DCI of 150-450 mmHg-s-cm in >30 % test swallows
Frequent failed peristalsis >30 %, but <100 % of swallows with failed peristalsis

Rapid peristalsis Rapid contraction with >20 % of swallows, DL>4.5 s

Hypertensive peristalsis Mean DCI>5,000 mmHg-s-cm, but not meeting criteria for
(nutcracker esophagus) hypercontractile esophagus

Normal Not achieving any of the above diagnostic criteria

and absent esophageal pressurization, type II by absent esophageal contraction and
panesophageal pressurization in at least 20 % of swallows, and type III by at least
20 % of premature contractions or fragments of contractions in the distal esophagus.
EGIJ outflow obstruction was defined as impaired EGJ relaxation and some instances
of normal or weak peristalsis. Several studies have subsequently confirmed that
patients with type II achalasia have the best treatment outcome and type III (spastic
achalasia) the worst [14—16].

A recent study slightly refined the diagnostic algorithm for achalasia based on
the observation that IRP needs to be interpreted in the context of the associated
esophageal contraction [17] (Fig. 3.5). Most notably, with 100 % failed peristalsis
where bolus pressurization makes no contribution to the IRP, a mean IRP>10 mmHg
was sufficient to define impaired EGJ relaxation and, thus, type I achalasia. In pres-
ence of at least 20 % premature contractions where the bolus pressurization can
contribute substantially to the IRP, the threshold mean IRP to diagnose type III
achalasia was 17 mmHg. Furthermore, because the pattern is pathognomonic, the
presence of at least 20 % of swallows with panesophageal pressurization without
evidence of normal, weak, hypertensive or rapid peristalsis was sufficient to diag-
nose type II achalasia, whatever the IRP. EGJ outflow obstruction defined as a mean
IRP>15 mmHg may have a mix of normal, weak, rapid, hypertensive, and failed
peristalsis. EGJ outflow obstruction may be a variant expression of achalasia, but
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increased after EUS rules out

Fig. 3.5 Algorithm for the diagnosis of achalasia. EGJ relaxation is interpreted in a context of the
contractile pattern. In instance of failed peristalsis, the threshold for mean IRP to diagnose type I
achalasia is 10 mmHg. In the context of premature contractions, the diagnosis might be either type
IIT achalasia or DES dependent on whether the mean IRP value is greater than or less than 17 mmHg.
Panesophageal pressurization is pathognomonic of type II achalasia in absence of esophageal con-
tractions regardless of the mean IRP. Finally an IRP >15 mmHg in association with a mix of nor-
mal, rapid, weak, rapid, hypertensive, and failed swallows defines EGJ outflow obstruction

imaging studies such as endoscopic ultrasound are advised in this situation to rule
out alternative diagnoses such as benign or malignant obstruction. Hiatal hernia,
esophageal stenosis, vascular impingement, and eosinophilic esophagitis might also
induce EGJ outflow obstruction. Only in the absence of these alternative explana-
tions should variant achalasia be accepted as the diagnosis.

Esophageal Motility Disorders: Absent Peristalsis, Spasm,
and Jackhammer Esophagus

Although absent peristalsis, distal esophageal spasm, and jackhammer esophagus
are strongly associated with esophageal symptoms (dysphagia, chest pain, regurgi-
tations), their clinical implications are less clear than with achalasia. Absent
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peristalsis is defined as 100 % failed peristalsis with normal EGJ relaxation; this
pattern is associated with impaired esophageal bolus transit and potentially dyspha-
gia. Absent peristalsis is encountered in instances of severe GERD or in collagen
vascular disease, typified by scleroderma.

In the last iteration of the Chicago Classification, the diagnostic criterion for
distal esophageal spasm was revised. Premature contractions, defined as a distal
latency <4.5 s, are never observed in normal subjects (Fig. 3.2). However, these
“spastic” contractions are associated either with type III achalasia or DES [18], the
distinction between the two being that EGJ relaxation is normal with DES and
impaired with spastic achalasia. On the other hand, rapid contractions that were
previously used to define spasm have been shown to be a much less specific finding
owing to regional variability in propagation velocity along the length of the esopha-
gus. Paradoxically, the most common setting in which rapid contractions are
detected is with weak peristalsis.

Hypercontractile esophagus, also named jackhammer esophagus because of the
repetitive contractions that are frequently associated with it, is as an extreme pheno-
type characterized by at least one swallow with a DCI>8,000 mmHg-s-cm, a value
never encountered in normal subjects [19] (Fig. 3.3). As in this example, these con-
tractions are usually repetitive. Dysphagia is the most common symptom of hyper-
contractility. However, chest pain or GERD-like symptoms might be encountered.
Jackhammer esophagus can occur as a primary motility disorder or secondary to
EGI obstruction, eosinophilic esophagitis, or GERD.

Peristaltic Abnormalities: Frequent Failed Peristalsis, Weak
Peristalsis, Rapid Peristalsis, and Nutcracker Esophagus

Unlike the motility disorders just discussed, peristaltic abnormalities are identified
by being outside of statistical norms (95th percentile confidence intervals); by defi-
nition, these can be found in normal subjects. Consequently, their clinical relevance
is variable.

Frequent failed peristalsis is defined as more than 30 % (but less than 100 %)
failed peristalsis. Although clearly associated with impaired bolus transit, this con-
dition was not found significantly more frequently in patients with dysphagia than
in control subjects [12]. Moreover, patients with this condition had a good long-
term outcome without requiring treatment for this finding [20].

Weak peristalsis was initially defined by the occurrence of large (>20 %) or
small (>30 %) breaks in the 20-mmHg isobaric contour of test swallows [12]. Weak
peristalsis was encountered more frequently in patients with dysphagia than in con-
trols. Subsequently, alternative criteria were proposed using either breaks in the
20-mmHg isobaric contour or the DCI [11]. Hence, weak peristalsis may alterna-
tively be identified by the presence of 30 % or more swallows with a DCI <450 mmHg-
s-cm, but >150 mmHg-s-cm. The same numerical thresholds can be used to identify
ineffective esophageal motility (IEM), but it should be emphasized that IEM is not
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part of the Chicago Classification. As defined in conventional manometry, IEM fails
to distinguish between frequent failed peristalsis and weak peristalsis, making it less
precise than the Chicago Classification approach.

The significance of rapid peristalsis (at least 20 % of rapid contractions) is doubt-
ful. In many instances rapid contractions occur as an artifact associated with breaks
in the 30-mmHg isobaric contours or as a rapidly propagated segment within what
is otherwise a normal peristaltic sequence. Spastic contractions defined by short
distal latency will also be rapid, but since distal latency is a much more specific
finding, DL <4.5 s is the Chicago Classification criterion for a spastic contraction.

Hypertensive peristalsis, also known as nutcracker esophagus, is defined by a
mean DCI>5,000 mmHg-s-cm, without meeting the criterion for jackhammer
esophagus. Similar to rapid contractions, its significance is unclear as it is encoun-
tered in a number of clinical scenarios including GERD, esophageal outflow
obstruction, visceral hypersensitivity, and normal subjects.

Future Applications for Postsurgical Conditions

Even though the Chicago Classification was not developed for patients with previ-
ous surgery involving the esophagus and/or stomach, the metrics developed might
be applied in postsurgical cases. However, the interpretation must then be consid-
ered in that context with a potential for secondary disturbances. In context of fundo-
plication, a pattern of EGJ outflow obstruction might be associated with dysphagia
[21-23]. This pattern also occurs in patients with dysphagia after gastric lap band
[24]. In patients treated for achalasia, normalization of IRP on HRM was associated
with improved esophageal emptying on timed barium esophagram and improved
symptomatic score [25]. Finally, after myotomy for achalasia, reduction or normal-
ization of the EGJ relaxation pressure might be also associated with partial recovery
of peristalsis in many patients [26] (Fig. 3.6).

Conclusion

The Chicago Classification has advanced the diagnostic utility of esophageal
manometry utilizing the combined technologies of HRM and EPT to (1) standardize
methodology and interpretation, (2) prioritize the detection esophageal motility dis-
orders never encountered in normals (achalasia, EGJ outflow obstruction, absent
peristalsis, spasm, and jackhammer esophagus), and (3) classify peristaltic abnor-
malities in a systematic fashion. A step-by-step analysis of ten 5-ml swallows in
supine position is utilized. This analysis encompasses the evaluation of EGJ relax-
ation, the individual scoring of each swallow based on contraction and intrabolus
pressure patterns, and then fitting the classification. This scheme allows a more
comprehensive description of esophageal motility disorders and also provides a
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cillustrates a premature fragment of contraction with panesophageal pressurization. Postoperatively
the mean IRP was 17 mmHg, thereby meeting the criterion for persistent achalasia pattern (type
110)

common basis to develop and evaluate treatments. Future research directions should
address the evaluation of postsurgical conditions, UES function, and EGJ anti-
reflux barrier.
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Chapter 4
Gastroesophageal Reflux Disease:
Preoperative Evaluation

Marco E. Allaix, Fernando A. Herbella, and Marco G. Patti

Abstract The diagnosis of gastroesophageal reflux disease (GERD) is frequently
based on the symptomatic evaluation and upper endoscopy. However, both symp-
toms and endoscopic findings have low accuracy, leading to a wrong diagnosis in up
to 30 % of patients. As a consequence, many patients without GERD are often
treated with expensive medications or are referred for antireflux surgery on the
assumption that symptoms are caused by reflux.

Since the proper selection of patients is a key factor that determines the outcome
of antireflux surgery, the preoperative evaluation should always include esophageal
manometry and ambulatory 24-h pH monitoring, in addition to barium swallow and
upper endoscopy.

Keywords Gastroesophageal reflux disease ® Heartburn ® Upper endoscopy ¢ Barium
esophagogram ¢ Esophageal manometry ¢ Ambulatory 24-h pH monitoring °
Multichannel intraluminal impedance * Radiolabeled gastric emptying study

Introduction

Gastroesophageal reflux disease (GERD) is the most common upper gastrointesti-
nal disorder of the Western world and accounts for about 75 % of esophageal dis-
eases [l]. Heartburn, usually considered synonymous with the presence of
gastroesophageal reflux, is experienced by 20—40 % of the adult population.
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However, because many symptomatic patients treat themselves with over-the-
counter medications without consulting a physician, the prevalence of the disease is
probably higher than reported.

The treatment options for GERD include medical therapy (e.g., proton pump
inhibitor, H2 blockers) and laparoscopic fundoplication. However, while antisecre-
tory medications improve or eliminate heartburn by increasing the pH of the gastric
refluxate, they do not stop reflux [2]. On the contrary, laparoscopic fundoplication
restores the competence of the LES stopping any type of reflux, and it is associated
with excellent long-term outcomes [3]. In addition to a properly constructed fundo-
plication, other factors contribute to the success of the procedure such as a careful
preoperative evaluation and patient selection.

The goals of preoperative evaluation are:

1. To establish the presence of abnormal esophageal acid exposure
2. To correlate reflux events with symptoms
3. To identify anatomical and functional abnormalities secondary to reflux

The evaluation should include a symptomatic evaluation, upper endoscopy, bar-
ium esophagram, high-resolution manometry (HRM), ambulatory 24-h pH moni-
toring, and in selected cases multichannel intraluminal impedance (MII) and
radiolabeled gastric emptying study.

Symptomatic Evaluation

The preoperative evaluation starts with a meticulous medical history, including
presence and severity of typical (heartburn, regurgitation, and dysphagia) and atypi-
cal (cough, hoarseness, chest pain, dental erosions) symptoms of GERD, use of
antisecretory medications, and their effect in terms of symptom relief. The presence
of other symptoms such as bloating, nausea, and diarrhea should be investigated as
they might indicate the presence of other diseases and the need for a more compre-
hensive work-up.

Many physicians believe that the diagnosis of GERD can be based on symptoms
evaluation only. Heartburn is usually presumed to be due to GERD, and acid-
reducing medications are often prescribed. However, many studies have shown that
even typical symptoms such as heartburn and regurgitation have a low sensitivity
and specificity, leading to a wrong diagnosis of GERD in about one third of patients
[4]. For instance Patti et al. [4] found that among 822 consecutive patients referred
for esophageal function tests because of a clinical diagnosis of GERD (based on
symptoms and endoscopic findings), abnormal reflux by 24-h ambulatory pH moni-
toring was present in 70 % of patients only. Heartburn and regurgitation were
equally frequent in both patients with and without GERD, underlying that symp-
toms alone cannot distinguish between patients with and without pathologic reflux
[4]. Many patients with a normal pH monitoring study had been treated with expen-
sive medications on the assumption that reflux was the cause of their symptoms,
therefore masking other diagnoses such as irritable bowel syndrome, gallstone
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disease, and coronary artery disease. In addition, some patients who had been
referred for antireflux surgery were found instead to have primary esophageal motil-
ity disorders such as diffuse esophageal spasm and achalasia. Heartburn is, in fact,
described by about 40 % of patients with achalasia, and it is thought to be secondary
to stasis and fermentation of food in the distal esophagus [5]. Since patients with
achalasia are often thought to have GERD refractory to medical treatment, there is
the risk that some of them may undergo antireflux surgery if esophageal function
tests are not performed.

The clinical response to proton pump inhibitors (PPIs) is a good predictor of
GERD and has been demonstrated to be an independent predictor of successful
outcome after antireflux surgery, along with the presence of a pathologic amount of
reflux as shown by ambulatory 24-h pH monitoring [6].

Barium Esophagram

Barium esophagram provides information about:

e 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, explaining
the low diagnostic sensitivity (40 %) and specificity (85 %) for GERD of this test
[7]. On the other hand, even when reflux is demonstrated, it does not mean that
abnormal reflux will be found on 24-h pH monitoring. While a barium swallow
allows evaluation of reflux during 10 min, an ambulatory pH monitoring evaluates
reflux during 24 h, both in the postprandial and fasting state and in the upright and
supine position. In a review of 10 studies about different fluoroscopic techniques,
gastroesophageal reflux was found in only 35 % of symptomatic patients [8]. In a
study from Chen et al, radiological abnormalities were detected in only 30 % of
patients with an abnormal pH study [9]. Similar findings have been recently reported
by Bello et al. [10], who demonstrated the absence of any radiological sign of reflux
in 53 % of patients with GERD diagnosed by ambulatory 24-h pH monitoring. In
addition, no significant difference was noted in terms of incidence of hiatal hernia
between patients with and without GERD.

Therefore, based on these data, a barium esophagram should not be performed
with the goal of establishing the diagnosis of GERD, but rather to define the anat-
omy of the esophagus, the gastroesophageal junction, and the stomach.

Upper Endoscopy

Endoscopy is often the first test performed to confirm a symptom-based diagnosis
of GERD. This approach has several pitfalls that limit its usefulness: for instance,
about 50 % of patients with pathologic reflux do not have esophagitis on endoscopy
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[4, 11, 12]. Patti et al. [4] reported no endoscopic sign of esophagitis in 59 % of
patients with a clinical diagnosis of GERD (patients with Barrett’s esophagus were
excluded). It is well known that endoscopic evaluation has major interobserver
variation, particularly for low-grade esophagitis [13, 14]. In addition, in the era of
proton pump inhibitors, the presence and severity of mucosal injury have been dra-
matically reduced.

Therefore, the major value of endoscopy is to detect Barrett’s esophagus which
is usually present in 10—14 % of GERD patients [15], erosive esophagitis, and to
exclude gastric and duodenal pathology.

Esophageal Manometry

Esophageal manometry is the most reliable test to assess the function of the lower
esophageal sphincter (LES), the esophageal body, and the upper esophageal sphinc-
ter (UES).

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. The data
are then analyzed using a commercially available computer software.

The primary purposes of performing esophageal manometry prior to antireflux
surgery are:

1. To rule out achalasia, which may be misdiagnosed as GERD

2. To provide information about the LES in terms of resting pressure, length, and
relaxation

3. To assess quality of esophageal peristalsis in terms of amplitude and
propagation

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 assess the pressure and coordination of the hypopharynx and cricopharyngeal
muscle

Recently, the conventional manometry performed using an 8-channel water-
perfused catheter has been replaced by high-resolution manometry (HRM), using a
solid-state catheter with 36 circumferential sensors spaced at 1-cm intervals. HRM
provides detailed pressure topography of the esophagus. This allows a better identi-
fication than conventional manometry of segments of compartmentalized esopha-
geal pressurization and better discrimination of conditions such as distal esophageal
spasm, nutcracker esophagus, and vigorous achalasia.

HMR presents some advantages over conventional manometry, including the
presentation of pressure data as a seamless dynamic not only in time but also along
the length of the esophagus and the ability to assess pressure profile along the verti-
cal axis of the esophagus, improving therefore the accuracy of the results [16].
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Ambulatory 24-h pH Monitoring

Ambulatory 24-h pH monitoring is the gold standard for the diagnosis of GERD.
Medications that affect the production of acid by the parietal cells must be stopped
3 days (H,-blocking agents) to 10 days (proton pump inhibitors—PPIs) prior to the
study.

The test is performed by placing the probe 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, but to avoid snacks and carbonated beverages in between
meals. Gastroesophageal reflux is evaluated in terms of frequency of reflux epi-
sodes, duration of the longest reflux episode, number of episodes longer than 5 min,
and time pH less than 4.0 (in total and in the supine and upright position). These six
components are integrated into a composite score (DeMeester score), with a value
greater than 14.7 set as abnormal [17].

Indications for this test are [18]:

. 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

O N O R S

Ambulatory 24-h pH monitoring plays a key role in the preoperative work-up for
the following reasons:

1. It determines whether pathologic reflux is present. It has been demonstrated that
the pH monitoring is normal in up to 30 % of patients with a clinical diagnosis
of GERD [4]. Therefore, these patients could avoid the inappropriate and expen-
sive use of PPI or the performance of antireflux procedures and undergo further
investigation that may lead to other diagnoses, including cholelithiasis, irritable
bowel syndrome, or primary esophageal motility disorders.

2. Tt establishes a correlation between symptoms reported by patients and episodes of
reflux. This is particularly relevant in presence of atypical symptoms such as cough
and chest pain, since heartburn is not experienced in up to 50 % of these patients
[19, 20]. 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 important to
determine the proximal extent of reflux, which suggests micro-aspiration [21].
Conventionally, an episode 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 esoph-
agus. Finally, the pH monitoring helps in identifying patients more likely to benefit
from antireflux surgery. For instance, Patti et al. showed that after antireflux surgery
cough resolved in 83 % of patients with a positive correlation between symptoms
and reflux, but in only 57 % of patients who did not show this association [19].

3. pH monitoring and esophageal manometry allow stratification of patients accord-
ing to the severity of the disease. In particular, they identify patients with worse
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esophageal motility profile (defective LES and/or ineffective esophageal motil-
ity) and a high acid exposure in the distal and proximal esophagus, along with
slower acid clearance. These patients more frequently experience respiratory
symptoms and have Barrett’s esophagus [22].

An abnormal score not only confirms the diagnosis but also has been shown to be
an important factor predicting the successful outcome of antireflux surgery. In a mul-
tivariate analysis conducted on 199 patients who underwent a laparoscopic Nissen
fundoplication for the treatment of GERD, the 24-h pH monitoring score was the
strongest predictor of good or excellent outcome [6]. The same study showed that
25 % of patients with typical symptoms and responsive to acid suppression therapy
but with normal pH score had only a fair or poor outcome after surgery [6]. Comparable
results were reported in the series published by Khajanchee et al. [23], where persis-
tence of typical GERD symptoms was recorded in 40 % of cases with normal reflux
score on 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 report persisting or recurrent symptoms after antireflux surgery.
It has been demonstrated that symptoms are not a reliable indicator of the presence
of reflux since they are due to reflux in about 40 % of patients only. Furthermore, up
to 70 % of patients who are taking acid-reducing medications postoperatively have
a normal pH monitoring [24, 25].

An alternative diagnostic tool to measure gastroesophageal reflux is the 48-h wire-
less esophageal pH monitoring probe (Bravo™; Medtronic, Shoreview, MN). The
capsule is pinned to the esophageal mucosa with the aid of a delivery system used to
place the capsule in position, apply suction in order to draw the mucosa inside a tiny
well located in the capsule, and deploy a fixing pin. The delivery system is usually
passed trans-orally and positioned using endoscopic parameters. 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 monitor-
ing, 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 duration up to
96 h. However, wireless pH monitoring has several limitations: it records the pH in the
lower esophagus only, it causes chest discomfort in about 50 % of patients, and it can
detach early from the esophageal wall causing false positive results. There is also some
concern about the ability to properly place the capsule endoscopically and about its
sensitivity as compared to conventional catheter-based pH monitoring. In addition, it
does not allow recording in the proximal esophagus and can only report acid reflux [26].

Multichannel Intraluminal Impedance pH Monitoring

Multichannel intraluminal impedance (MII) is a technique that measures flow of
liquids and gas across the gastroesophageal junction, independently of the pH of the
gastric refluxate, by identifying differences in electrical conductivity induced by the
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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. Because gas, liquid, and a mixture of them have different conductiv-
ity, they can be distinguished independent of the pH. The order in which the sensors
detect the material allows determination of the direction of flow. As a consequence,
areflux episode occurs when substances are detected in the lumen first in distal sen-
sors, then measured propagating aborally in at least two proximal sensors. MII con-
sists 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 dis-
patched in the catheter [27]. Simultaneous detection of a reflux episode by the pH
sensor and by the impedance sensors denotes reflux and allows characterization of
areflux episode as acidic, weakly acidic, or alkaline.
MII in association with pH monitoring is able to determine:

—_—

. 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

MII-pH is recommended in patients with symptoms refractory to proton pump
inhibitors and in patients with cough of unknown origin. Acid-suppressing medica-
tions can only modify the pH of the gastric refluxate; however, reflux still occurs
because of an incompetent LES and ineffective esophageal peristalsis [2, 27],
explaining why symptoms could be refractory to medical therapy. When MII-pH
monitoring was applied to patients with extraesophageal manifestations of GERD,
it was shown that cough could be temporally associated with reflux episodes whose
pH ranged from 4 to 7 [28].

Mainie et al. showed that patients with persistent symptoms on acid-suppressive
therapy can be successfully treated surgically when MII-pH monitoring shows a
correlation between symptoms and reflux episodes, regardless of its pH [29].
Interestingly, antireflux surgery was effective for improving both typical and atypi-
cal symptoms [29].

Radiolabeled Gastric Emptying Study

Some patients with GERD have delayed gastric emptying. In this group of patients,
delayed gastric emptying is thought to be associated with a progressive dilatation of
the proximal stomach which, in turn, shortens the length of the LES that eventually
becomes incompetent. Not surprisingly, these patients complain more often than
those with normal gastric emptying of dyspepsia, postprandial distention, general-
ized bloating, and abdominal discomfort, in addition to the usual symptoms of gas-
troesophageal reflux [30]. However, symptoms alone do not allow are not sensitive
and specific for diagnosing delayed gastric emptying. Systematic measurement of
gastric emptying has, in fact, shown that the rate of emptying does not necessarily
correlate with the symptoms thought to be caused by delayed gastric emptying [31].
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Table 4.1 Preoperative Symptoms

evaluation Upper endoscopy

Barium swallow

Esophageal manometry

Ambulatory pH monitoring

Impedance pH monitoring®

Radionuclide evaluation of gastric emptying®

In selected patients

Recently, several studies have evaluated the impact of delayed emptying on the
outcome of antireflux surgery. For instance, Bais et al. [32] studied 36 patients (26
with normal and 10 with delayed gastric emptying) before and after Nissen fundo-
plication for GERD, aiming to determine the effect of the operation on the rate of
emptying and the impact of preexisting delayed gastric emptying on the outcome of
the operation. They demonstrated that a Nissen fundoplication decreased the lag
time between ingestion of food and the initiation of emptying and increased the rate
of gastric emptying in all patients. Indeed, patients who had delayed emptying
before the operation had normal values postoperatively. More importantly, they
found that the outcome in terms of symptom control and side effects was similar in
both groups. Similar results were reported more recently by a large prospective trial
involving 372 (31 % with preoperative delayed gastric emptying) patients undergo-
ing fundoplication for GERD [33]. No relationship between gastric emptying and
outcome of fundoplication was demonstrated.

Fundoplication might improve gastric emptying in patients with GERD by
reducing the capacity of the fundic reservoir [32, 34, 35].

Currently, the gastric emptying study is not a routine part of the preoperative
work-up for antireflux surgery. A gastric emptying study should be considered in
patients with significant nausea and bloating, who have retained food in the stomach
after an overnight fast on endoscopy.

Table 4.1 summarizes the preoperative work-up before antireflux surgery.
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Chapter 5
Surgery for Esophageal Disorders:
The Anesthesiologist’s View

Barbara G. Jericho

Abstract The goal of this chapter is to discuss the preoperative evaluation, anes-
thesia concerns in special situations, and postoperative management of patients pre-
senting for esophageal operations and procedures.

Keywords Cardiac risk and optimization * Obstructive sleep apnea ® Intraoperative
monitoring ¢ Fluid management * Pain management

Patients with benign esophageal disorders frequently present with several comorbid
conditions, which should be optimized prior to elective surgeries and procedures.

In this chapter, we discuss the preoperative evaluation, anesthesia concerns in
special situations, and postoperative management of patients presenting for esopha-
geal operations and procedures.

Preoperative Evaluation

The history and physical examination are the most effective screening tools in the
preoperative evaluation and the optimization of patients for anesthesia and surgery.
Patients with esophageal disorders frequently have comorbidities including cardio-
pulmonary diseases and a smoking history.
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Cardiac Evaluation

Patients with cardiopulmonary diseases are evaluated preoperatively by utilizing the
American College of Cardiology (ACC)/American Heart Association (AHA)
Guidelines on Perioperative Cardiovascular Evaluation and Care for Noncardiac
Surgery (Fig. 5.1). To determine which patient needs to be medically optimized
prior to elective noncardiac surgery, one needs to evaluate patient risk factors, surgi-
cal risk factors, and functional capacity [1].

Patient risk factors include “Active Cardiac Conditions” and “Clinical Risk
Factors.” “Active Cardiac Conditions” include unstable coronary syndromes (recent
myocardial infarction, unstable or severe angina), decompensated heart failure, sig-
nificant arrhythmias, and severe valvular disease [1]. If the patient has “Active
Cardiac Conditions” and is scheduled for elective surgery, the patient should be
evaluated and treated prior to the operation or procedure. “Clinical Risk Factors”
include ischemic heart disease, cerebrovascular disease, compensated heart failure,
diabetes mellitus, and renal insufficiency [1].

In addition to patient risk factors, the risk of the surgical procedure is another
component of cardiac risk stratification to consider in the evaluation of patients for
noncardiac surgery. High-risk surgeries (cardiac risk >5 %) include emergency

Need for emergency _»__> : " "
es Operating room Perioperative surveillance
. HOHCBFdIaC surgery? (Class I, LOE C) and postoperative risk
stratification and risk factor
management

Aig\:‘zlﬁzxac Yes Evaluate and treat per Consider
(Class |, LOE B) ACC/AHA guidelines operating room
I d
(Class |, LOEB) ~ LPrnned surgery
No

Good functional capacity (MET level P d with
greater than or equal to 4) without Yes Ia:\(:;iiesuvlyne
symptomst (Class |, LOE B) :Ip gery
No or unknown

| 1 or 2 clinical

3 or more clinical risk factors} i
risk factorst No clinical
Intermediate risk factorst
isk
Vasaular surgery flok surgery Vascular surgery Intermediate risk Class I,
surge LOEB
Class lla, gery
LOEB l

Proceed with planned surgery with HR control§ (Class lla, LOE B)
or consider noninvasive testing (Class Il b, LOE B) if it will change management

N PRI Proceed with
Consider testing if it will planned surgery
change management§

Fig. 5.1 Cardiac evaluation and treatment algorithm for noncardiac surgery based on active clini-
cal conditions, known cardiovascular diseases, or cardiac risk factors for patients >50 years
(Fleischer et al. [1]. Reprinted with permission)
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procedures, aortic and other major vascular surgeries, and peripheral vascular sur-
geries [1]. Intermediate-risk surgeries (cardiac risk 1-5 %) include carotid endarter-
ectomy, head and neck surgery, abdominal and thoracic surgery, orthopedic surgery,
prostate surgery, and endovascular aortic aneurysm repair [1]. Low-risk surgeries
(cardiac risk <1 %) include endoscopic procedures, cataract surgery, and breast sur-
gery [1].

Lastly, one needs to determine the patient’s functional capacity. A patient has
good functional capacity when he or she is able to perform a Metabolic Equivalent
Task (MET) of greater than or equal to four without chest pain or shortness of
breath. Activities involving METs of four include climbing stairs or walking at a
brisk pace (4 miles per hour).

Electrocardiogram (ECG)

Per ACC/AHA Guidelines, a preoperative 12-lead ECG is recommended for
patients with at least one clinical risk factor who are undergoing vascular proce-
dures and for patients with known coronary heart disease, peripheral arterial
disease, or cerebrovascular disease who are undergoing intermediate-risk sur-
gery [1]. If the preoperative ECG is abnormal, the ECG should be compared to a
previous ECG to assess if the change is old or new. In addition, patients with
pacemakers and/or implantable cardioverter-defibrillators should have a preop-
erative ECG.

Hypertension

Hypertension is known to cause end-organ disease including coronary artery dis-
ease, congestive heart failure, renal, and cerebrovascular disease. To address the
association of hypertension and perioperative cardiac risk in the perioperative
period, Howell et al. showed that postponing anesthesia and surgery in patients with
hypertension does not reduce perioperative risk [2]. Thus, for patients with a sys-
tolic blood pressure >180 mmHg and a diastolic blood pressure >110 mmHg, the
risks of performing an operation or a procedure must be weighed against the bene-
fits of delaying it for a period of time required to medically optimize the patient’s
blood pressure [1].

Angioplasty

Patients who had balloon angioplasty should have their elective surgery or proce-
dure delayed for at least 2—4 weeks [3].
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Coronary Stents

Patients with coronary stents scheduled for esophageal operations or procedures need
to have prior to surgery a note in their medical record from the cardiologist stating
whether the patient has a bare-metal stent or drug-eluting stent, when the coronary
stent was placed, the type of stent, the results of any cardiac testing completed since
the stent was placed, and the cardiologist’s recommendations of when it is safe to
discontinue thienopyridine (Clopidogrel) and aspirin therapy. It is the prescribing phy-
sician’s decision when it is safe to stop thienopyridine and aspirin therapy. The patient
should be asked what symptoms he or she had prior to the stent placement and if those
symptoms have returned since the coronary stent was placed. If the patient’s symp-
toms have returned since the coronary stent was placed, this may be a sign that the
patient is having coronary ischemia. This change in symptoms should be communi-
cated to the cardiologist prior to proceeding with an elective operation or procedure.

Bare-Metal Stents

Patients with bare-metal stents are at increased risk of stent thrombosis in the first
2 weeks, which can result in a myocardial infarction or death [1]. Four to six weeks
after stent placement, endothelialization of the stent occurs, after which the risk of
thrombosis decreases [1]. It is thus recommended to delay elective surgery
4-6 weeks after bare-metal stent placement [1]. Thienopyridine and aspirin are
administered for 4 weeks after bare-metal stent placement to reduce the risk of stent
thrombosis. Aspirin therapy is often continued perioperatively unless the risk of
bleeding outweighs the benefits of continued therapy.

Drug-Eluting Stents

For patients with drug-eluting stents, thienopyridine therapy and aspirin are continued
for at least 1 year after stent placement to prevent stent thrombosis that can result in a
myocardial infarction or death [1]. Elective surgeries or procedures should be delayed
at least 12 months after the initiation of thienopyridine and aspirin therapy [1].

Cardiac Implantable Electronic Devices (CIED): Pacemakers,
Implantable Cardioverter-Defibrillators (ICD)

During the preoperative evaluation, information from patients with CIEDs needs to
be obtained to avoid untoward events in the perioperative period including abnormal
rhythms, electromagnetic interference, and pulseless-electrical activity. It is
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essential to inquire about the type of device (pacemaker, ICD), if the patient is CIED
dependent, when the device was last interrogated, when the battery was last changed,
and the functioning of the device. A comprehensive evaluation of the device should
be completed by a cardiologist or a CIED service preoperatively. Stone et al. recom-
mend that in general pacemakers be evaluated within the last 12 months and ICDs
be checked within the last 6 months [4]. Perioperative recommendations for the
management of the CIED are obtained from the cardiologist or CIED service includ-
ing whether or not reprogramming of the device is required.

Pulmonary Evaluation

Chest X-Ray (CXR)

Patients with esophageal disease may have a smoking history or a history of aspira-
tion. A preoperative CXR may reveal aspiration and pulmonary or cardiac disease.
The clinical indications for a preoperative CXR include cardiac or thoracic surgery,
assessment of a possible mass compressing the trachea, active chest disease, decom-
pensated heart failure, intrathoracic malignancy, radiation to the thoracic region,
and pulmonary or mediastinal masses [5].

Pulmonary Function Tests (PFTs)

There usually are no routine clinical indications to obtain preoperative PFTs.
However, preoperative PFTs can reveal potential pulmonary function in patients
undergoing surgical resection of the lung [5]. Baseline PFTs for patients with
severely compromised pulmonary function, such as patients with bronchiolitis
obliterans syndrome related to GERD after lung transplantation surgery scheduled
for laparoscopic antireflux surgery, can aid in the assessment of weaning from
mechanical ventilation and extubation [6].

Smoking

Smokers have an increased risk of postoperative wound infections [7], pulmonary
complications, anastomotic leaks [8], a higher rate of intensive care unit admissions
postoperatively [9], and prolonged mechanical ventilation [10]. For those patients
offered a program to stop smoking with an assumed 25 % cessation rate, Mills et al.
estimate two million less postoperative complications [11]. Ideally it is recom-
mended to have patients stop smoking at least 8 weeks prior to surgery [12].
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Table 5.1 Screening toolto  ¢— Snoring
identify patients at risk for
obstructive sleep apnea
syndrome (STOP-BANG)
[18, 19]

T=Tired during the day
O=0bserved apnea

P=High blood pressure
B=Body mass index >35 kg/m?
A=Age >50 years

N=Neck circumference >40 cm
G =Gender, male

Obstructive Sleep Apnea Syndrome (OSAS)

OSAS affects over 20 million Americans [13]. By the year 2050, it is estimated that
nearly 100 million Americans will have a sleep disorder [13]. The prevalence of
OSAS is 1-9 % for patients presenting for surgery [14]. However, approximately
80-90 % of adults with OSAS are undiagnosed [15]. This means that patients may
present for surgery and anesthesia without a known diagnosis of OSAS. OSAS that
goes undiagnosed is associated with increased perioperative morbidity and mortal-
ity [16, 17]. It is therefore important to screen patients at risk for OSAS preopera-
tively. Chung et al. developed and validated a screening tool, “STOP-BANG” [18,
19]. Patients are considered high risk for OSA if they have three or more of the
items shown in Table 5.1 [18, 19]. Vasu et al. showed that a high score (3 or greater)
of the STOP-BANG questionnaire revealed an approximate tenfold risk for postop-
erative complications [20].

Patients with OSAS are at increased risk for airway collapse and thus are more
sensitive to the effects of narcotics, benzodiazepines, and inhaled anesthetics both
intra- and postoperatively. Furthermore, these patients may have a potentially difficult
airway, may experience exacerbation of hypoxemia and hypercarbia, cardiac arrhyth-
mias and ischemia, hypertension, and increased postoperative wound infections [17]
as well as progression to right heart failure from resulting pulmonary hypertension.
Complications and the length of hospital stay can be reduced if patients with OSAS
use their continuous positive airway pressure (CPAP) mask prior to surgery [17]. In
addition, preoperative polysomnography should be scheduled for those at risk for
OSAS without CPAP therapy and patients with OSAS should be encouraged to bring
their CPAP machine the day of surgery for possible use after extubation.

Pulmonary Aspiration

When patients are unconscious, they lose their normal ability to protect their airway
reflexes and are then at risk for aspiration. Virtually all patients with esophageal
diseases are at increased risk for aspiration during anesthesia and surgery. Patients
with gastroesophageal reflux disease (GERD), achalasia, large hiatal and parae-
sophageal hernias, gastrointestinal motility disorders, pregnancy, obesity, and
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Table 5.2 Fasting Clear liquids® 2h
recommendations to reduce Breast milk 4h
the risk of aspiration [21] Infant formula 6h
Light meal 6h
Fried, fatty foods 8h

*Clear liquids include fruit juice without pulp, water, coffee or tea
without milk, and carbonated beverages. Clear liquids should not
include alcohol

patients who have eaten prior to surgery outside of the American Society of
Anesthesiologists (ASA) Guidelines [21] (Table 5.2) are at increased risk for pul-
monary aspiration and its consequences. Aspiration can occur at the induction of
anesthesia, at extubation, or in the postoperative period.

Aspiration has significant physiological consequences. The clinical effects of
aspiration can range from cough and laryngospasm to a chemical pneumonitis and
death. Chronic aspiration can lead to pneumonia, sepsis, hypoxemia, and restrictive
lung disease. Sakai et al. conducted a 4-year retrospective analysis of the incidence
and outcome of perioperative pulmonary complications (PPA) and found that from
99,441 anesthetic procedures, 14 patients had PPA [22]. Interestingly, 50 % occurred
during gastroesophageal procedures [22]. Out of the 14 cases, 10 occurred under
general anesthesia and 4 occurred under monitored anesthesia care [22]. Six patients
with PPA developed pulmonary complications and one of these six patients died
[22]. The current incidence, morbidity, and mortality of PPA were therefore 1/7,103,
1/16,573, and 1/99,441, respectively [22].

To reduce the risk of and consequences of aspiration, one should follow these
preoperative strategies:

1. Initial assessment that includes the identification of risk factors for aspiration.

2. Minimization of solid food and liquid intake according to the ASA Practice
Guidelines for preoperative fasting that pertain to patients undergoing elective
surgery under general anesthesia, regional anesthesia, or monitored anesthesia
care (MAC) (Table 5.2) [21].

3. Preoperative Pharmacologic Management. The ASA Committee on Standards
and Practice Parameters states that there is insufficient literature to evaluate the
effects of gastrointestinal prokinetics, histamine-2 receptor antagonists, non-
particulate antacids, and proton pump inhibitors on the incidence of pulmonary
aspiration in the perioperative period [21]. Yet, in clinical practice, these agents
are utilized to reduce gastric volume and gastric pH and increase gastric empty-
ing preoperatively in selected patients at risk for aspiration [21].

The routine use of these agents is not recommended in patients not apparently
at increased risk for pulmonary aspiration [21].

4. Airway Protection. Various techniques, including an awake intubation, are utilized
to secure the airway and reduce the risk of pulmonary aspiration. For example, an
awake fiberoptic intubation may be used in patients who have a difficult airway
and are at high risk of pulmonary aspiration. A rapid sequence induction is another
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technique utilized to induce general anesthesia in patients at high risk for aspira-
tion despite few objective data supporting the efficacy of this technique [23]. A
rapid sequence induction involves preoxygenating the patient, the application of
cricoid pressure (Sellick maneuver), intravenous medications to induce anesthesia,
the administration of a rapid-acting neuromuscular blocking agent, and the imme-
diate intubation of the trachea without mask ventilation. Cricoid pressure is contra-
indicated in patients with tracheal injury, active vomiting, and an unstable cervical
spine injury. Should alternative airway devices be used, a laryngeal mask airway
offers less protection against aspiration than cuffed endotracheal tubes [24].

Nasogastric Tubes

Suctioning nasogastric tubes preoperatively and prior to extubation are strategies that
minimize the risk of aspiration. These are especially indicated preoperatively in patients
with achalasia with a dilated esophagus filled with food contents and in patients with
large hiatal hernias. Moreover, the blind placement of a nasogastric tube is not indi-
cated in patients with epiphrenic diverticula as it may perforate the diverticulum.

Intraoperative Monitoring

The decision of which monitors to utilize for esophageal surgery and procedures is
based on the planned procedure and the extent of the patient’s comorbidities. ASA
standard monitors of noninvasive blood pressure, electrocardiogram, pulse oxime-
ter, and capnography are utilized for endoscopic procedures and minimally invasive
procedures [25]. Per ASA Guidelines, significant changes in body temperature
should be monitored when these changes are intended, anticipated, or suspected
[25]. Invasive monitoring (arterial line) to continuously monitor blood pressure is
utilized in transthoracic surgeries, surgeries involving one-lung ventilation, and in
patients with significant cardiac or pulmonary comorbidities. Central venous lines
are placed in those patients with poor peripheral intravenous access, those patients
requiring vasopressors and inotropic support, and septic patients. Bladder catheter-
ization should be considered for those surgeries of long duration, involving signifi-
cant blood loss, and with extensive fluid shifts.

One-Lung Ventilation (OLV)

OLYV facilitates the surgical approach for transthoracic approaches to the esophagus
and for thoracoscopic esophageal surgery. The practitioner must become familiar
with the airway anatomy, be aware if the patient had any prior radiation therapy to
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the head/neck, and be aware of existing compression of the trachea. Patients with
severe pulmonary disease may not tolerate OLV secondary to the inability to oxy-
genate and ventilate.

Methods to achieve lung separation include double-lumen endobronchial tubes,
bronchial blockers, uninvent tubes, or advancing a single-lumen endotracheal tube
into the main stem bronchus.

Double-Lumen Endobronchial Tube (DLT)

One method of achieving OLV requires the use of a DLT with one lumen reaching
a main stem bronchus and a second lumen ending in the distal trachea. Two cuffs, a
proximal tracheal cuff and a distal bronchial cuff, allow achieving lung separation.
There are two types of DLTs, right sided and left sided. Since the right main stem
bronchus is shorter than the left main stem bronchus and the right upper lobe bron-
chus begins 1.5-2 cm from the carina, the right-sided DLT's have a slot on the endo-
bronchial side of the tube to facilitate ventilation of the right upper lobe. Although
left-sided DLT's are more commonly utilized, there are specific indications for right-
sided DLTs. These include abnormal anatomy at the entrance of the left mainstem
bronchus and operations involving the left mainstem bronchus [26]. The position of
a DLT can be confirmed by auscultation, fiberoptic bronchoscopy, fluoroscopy,
chest radiography, selective capnography, and use of an underwater seal. Problems
associated with the use of a DLT are airway trauma, incorrect positioning of the
endobronchial tube [26], and tension pneumothorax in the dependent, ventilated
lung [27]. Patients with a difficult airway requiring OLV can undergo an awake
fiberoptic intubation with a single-lumen endotracheal tube with the use of a tube
exchanger to place a DLT once the patient is under general anesthesia. The position
of the DLT is confirmed with auscultation and a fiberoptic bronchoscope.
Consideration of exchanging a DLT to a single-lumen endotracheal tube at the end
of the operation should be made for those patients requiring prolonged postopera-
tive ventilation.

Bronchial Blockers

Bronchial blockers are an alternative method to achieve lung separation. Bronchial
blockers allow the collapse of a lung distal to the occlusion and are placed through
the lumen of a single-lumen endotracheal tube, alongside a single-lumen endotra-
cheal tube, or through the glottis or tracheostomy. For an adult, nine French block-
ers are adequate. Conditions that may give a preferential use to bronchial blockers
include a potentially difficult airway, an awake intubation, and postoperative venti-
lation. After prolonged ventilation, bronchial blockers avoid switching from a
double-lumen to a single-lumen tube for postoperative ventilation thus potentially
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preventing airway compromise [26]. Patients with a difficult airway requiring OLV
can undergo an awake fiberoptic intubation with a single-lumen endotracheal tube
after the airway is anesthetized. Once the position of the endotracheal tube in the
trachea is confirmed, a bronchial blocker is then placed.

Torque Control Blocker (Univent)

A third method to achieve lung separation is a Univent endotracheal tube in which
the bronchial blocker is enclosed in the endotracheal tube and is advanced with the
aid of a fiberoptic bronchoscope into the bronchus of the lung that is to be collapsed.
Concerns with a bronchial blocker include the migration of the bronchial blocker
above the carina into the endotracheal tube, occlusion of the endotracheal tube with
the bronchial blocker leading to the inability to ventilate and oxygenate with subse-
quent cardiac arrest and death if unrecognized, and shearing of the balloon of the
bronchial blocker.

Anesthesia Concerns in Esophageal Operations
and Procedures

The following section addresses intraoperative anesthesia concerns during the fol-
lowing esophageal operations and procedures: surgery for esophageal diverticula,
surgery for achalasia, esophageal perforation and rupture, tracheoesophageal fis-
tula, esophagogastroduodenoscopy, esophageal foreign bodies, scleroderma, end-
stage lung diseases, and esophagectomy.

Surgery for Esophageal Diverticula

The primary anesthetic concern in patients with esophageal diverticula is the risk of
aspiration. To reduce this risk one should advise the patient to take only clear liquids
for at least 24 h prior to surgery [28], and follow the aspiration strategies as dis-
cussed previously.

In patients with a Zenker’s diverticulum, the orifice of the diverticulum is at the
level of the cricoid cartilage. Cricoid pressure, in this particular situation, can cause
the food in the diverticulum to be pushed into the pharynx [26]. To minimize the risk
of aspiration, the airway may be secured with the patient awake or by a rapid
sequence induction without cricoid pressure but with elevation of the head 30° to
avoid aspiration of the diverticulum contents. The surgical incision is made in the
left neck. Caution is exercised in the placement of oral or nasogastric tubes or esoph-
ageal bougies since their placement may result in perforation of the diverticulum.
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Patients with thoracic and epiphrenic esophageal diverticula are also at risk for
aspiration. Precautions, as stated previously, for aspiration should be taken in these
patients. While the repair of epiphrenic diverticula is almost always accomplished
laparoscopically, the repair of thoracic diverticula is carried out via a left thoracot-
omy incision or left thoracoscopy. In order to facilitate the surgical exposure during
the thoracic approach, OLV is initiated as described previously. During the surgical
procedure, an esophageal bougie may be passed. A nasogastric tube is seldom
passed at the end of the procedure. Most patients who have had a transthoracic
repair of esophageal diverticula can be extubated provided that they met extubation
criteria and have adequate pain control.

Surgery for Achalasia

Esophageal achalasia results in absent esophageal motility, incomplete relaxation of
the lower esophageal sphincter, distention of the body of the esophagus, and retained
food in its lumen. The anesthetic concern in these patients is the risk of aspiration.
In addition to the recommendations for fasting and for minimizing aspiration, it is
best to restrict oral intake of clear liquids for 48 h before surgery to minimize food
retention [29]. Patients with Chagas disease, in addition to a megaesophagus, may
have cardiac conduction abnormalities, cardiac arrhythmias, or left ventricular dys-
function or cardiomyopathy. Patients with Chagas disease with cardiac involvement
must be evaluated by a cardiologist preoperatively [30].

The surgical approach for treatment of achalasia can be transabdominal (laparo-
scopic) or transthoracic (open or thoracoscopic). With the transthoracic approach,
OLV maximizes the surgical exposure. A nasogastric tube is placed after induction
and tracheal intubation and then removed at the end of the operation. Pain control
may be intravenous or via a thoracic epidural for open transthoracic procedures.

Esophageal Perforation and Rupture

The location, type of esophageal injury, and interval between injury and treatment
characterizes the signs and symptoms. Symptoms of esophageal disruption, perfo-
ration, and rupture include chest and/or back pain, dysphagia, hypotension, diapho-
resis, tachypnea, cyanosis, fever, subcutaneous emphysema, hydrothorax, or
hydropneumothorax. A chest X-ray may show subcutaneous emphysema, pneumo-
mediastinum, widened mediastinum, pneumoperitoneum, and pleural effusion.

A preoperative review of radiologic studies is imperative to assess the presence
of airway obstruction, pneumothorax, or pleural effusion. If a pneumothorax is
present, a chest tube must be placed prior to positive pressure ventilation to prevent
the development of a tension pneumothorax. Rapid development of mediastinitis
and sepsis and possibly death can ensue if emergent surgical treatment for repair
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and drainage does not occur [31]. The surgical approach is usually via a right or left
thoracotomy depending on the site or rupture and as evidenced by a radiologic con-
trast study of the esophagus.

The anesthetic concerns for a patient with esophageal perforation or rupture
include the assessment of preoperative volume status, risk of aspiration, and the
consideration of OLV for a thoracotomy to improve surgical exposure of the tho-
racic portion of the esophagus. Fluid and electrolyte abnormalities should be cor-
rected preoperatively as best as possible without delaying the operation. Invasive
arterial monitoring for continuous blood pressure monitoring and the ability to send
arterial blood gas samples is beneficial in this particular case. A pulmonary artery
catheter may be used to guide fluid management and inotropic support if necessary.
After the surgical procedure, postoperative mechanical ventilation might be neces-
sary secondary to hemodynamic instability of the patient, fluid shifts, and pulmo-
nary edema.

Tracheoesophageal Fistula (TEF)

The anesthetic concerns for the patient with TEF undergoing repair include the risk
of aspiration due to positive pressure ventilation and the passage of air into the gas-
trointestinal tract. This in turn promotes abdominal distention, decreases pulmonary
compliance, and increases aspiration risk.

Ideally, the location of the fistula is determined preoperatively. Bronchoscopy
can also determine the location of the TEF after intubation in those situations where
the fistula could not be clearly identified preoperatively.

Induction of anesthesia involves the maintenance of spontaneous ventilation to
avoid positive pressure ventilation. The airway can be secured by an awake fiberop-
tic intubation. OLV can be achieved with a double-lumen tube or occasionally with
a single-lumen endotracheal tube with the cuff below the fistula if the TEF is above
the carina. OLV helps to prevent continued soilage of the lung with gastrointestinal
contents, prevents ventilation of the fistula, and provides adequate pulmonary ven-
tilation. Once OLV is achieved, positive pressure ventilation may begin.

Postoperatively, the esophageal repair can be disrupted by positive pressure ven-
tilation. Prior to extubation, the anesthesiologist will be optimizing the patient’s
pulmonary function, pain control, and returning the patient to spontaneous ventila-
tion with sufficient ability for gas exchange.

Esophagogastroduodenoscopy

Esophagogastroduodenoscopy, esophageal ultrasound, esophageal dilatation and/
or stenting, and banding of esophageal varices are often performed under con-
scious sedation (sedation and analgesia) or under MAC with intravenous
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anesthesia. The patient is monitored with ASA standard monitors [25] following
the ASA Practice Guidelines for Sedation and Analgesia by Non-Anesthesiologists
[32]. A topical application of a local anesthetic (lidocaine or benzocaine) can be
applied to reduce patient gagging and improve patient acceptance of the endo-
scope. The toxic limit of benzocaine should be kept in mind to prevent the develop-
ment of methemoglobinemia [33]. A benzodiazepine with or without an opioid is
administered to the patient for conscious sedation. When MAC is performed by an
anesthesiologist, propofol or other sedatives may be used in addition to benzodiaz-
epines and/or opioids.

Esophageal Foreign Bodies

Under general anesthesia, rigid esophagoscopy is performed for the removal of a
foreign body in the esophagus. The patient is at risk for aspiration and aspiration
precautions should be taken. A rapid sequence induction is utilized to induce gen-
eral anesthesia and secure the airway.

Scleroderma

Involvement of the gastrointestinal tract by scleroderma determines progressive
systemic sclerosis with smooth muscle atrophy and fibrosis of the distal esophagus
[34]. This results in hypomotility or no peristaltic contractions with decreased lower
esophageal sphincter tone and likely esophagitis due to severe gastroesophageal
reflux. For these reasons, patients with scleroderma are at significant risk for
aspiration.

GERD and End-Stage Lung Diseases (ESLD)

Patients with ESLD who underwent lung transplantation are susceptible to aspira-
tion that can precipitate acute and chronic rejection and infectious complications in
the pulmonary allograft [6]. These patients commonly undergo a laparoscopic anti-
reflux operation to stop aspiration of gastric contents [6]. In these patients, preop-
erative antibiotics are always administered as prophylaxis, and a central line and an
arterial line in most cases are avoided to minimize the risk of infection [6]. These
patients are at risk of aspiration because of the prevalence of gastroparesis (particu-
larly those with cystic fibrosis) and the disruption of the cough reflex secondary to
the disruption of tracheal innervation during transplantation. Aspiration precautions
and strategies should be therefore followed. Care is exerted during intubation to
prevent disruption of the tracheal anastomosis.
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Esophagectomy

The surgical approaches to esophagectomy include a transthoracic (Ivor-Lewis) or
a transhiatal approach.

Preoperatively, a thoracic epidural is often placed for postoperative pain man-
agement. ASA standard monitors [25] in addition to an arterial line, Foley catheter,
and central venous access are utilized. The left neck should not be accessed for a
central venous line since the left neck may be utilized as a site for surgical esopha-
geal anastomosis. Since the patient is at risk for pulmonary aspiration, aspiration
precautions are taken. A nasogastric tube is placed after induction to decompress the
stomach.

Preventive measures to reduce the risk of pulmonary complications include the
cessation of smoking and the confirmation of appropriate swallowing mechanisms
prior to oral intake postoperatively. Extubation after surgery is encouraged for those
patients meeting extubation criteria. For those patients who do not meet extubation
criteria and who have had a DLT placed, this can be exchanged for a single-lumen
endotracheal tube to ease postoperative ventilation. Postoperatively the patient’s
head should also be raised 30°.

The thoracic approach to the transthoracic esophagectomy in this two-phase pro-
cedure (laparotomy and right thoracotomy) requires lung separation. Some practitio-
ners may intubate the trachea with a single-lumen endotracheal tube for the laparotomy
portion of the surgery. Prior to the thoracotomy, the single-lumen endotracheal tube
may be exchanged for a DLT or an endobronchial blocker is placed. Alternatively, a
DLT can be placed initially prior to the laparotomy. Hypotensive episodes should be
treated aggressively and the patient’s intravascular volume should be optimized.

During a transhiatal esophagectomy, which does not require lung separation, the
patient’s intravascular volume status should be optimized prior to the manual dissec-
tion of the esophagus in the mediastinum. During this phase of the operation, the
heart and great vessels can be compressed with a subsequent drop in blood pressure
and cardiac output, and atrial and/or ventricular arrhythmias can occur. Communication
between the surgeon and anesthesiologist is important since the dissection may have
to be halted to allow the blood pressure and cardiac output to recover.

Hemorrhage in the mediastinum, tracheal injury, unilateral recurrent laryngeal
nerve injury (hoarseness), aspiration, and anastomotic leak are potential complica-
tions. Mediastinal hemorrhage is uncommon but may require an emergency thora-
cotomy along with resuscitation and the transfusion of packed red blood cells. If the
trachea is injured, the endotracheal tube should be advanced beyond the site of
injury.

Cardiac complications can have significant sequelae after a transhiatal esopha-
gectomy. Al-Tarshihi has shown that atrial fibrillation occurred in 20.6 %, supraven-
tricular tachycardia in 8.8 %, atrial flutter in 2.9 %, and fatal and nonfatal myocardial
infarction in 2.9 and 1.5 %, respectively, during the first postoperative week [35].
Because of these findings, prolonged postoperative monitoring is usually recom-
mended [35].
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Other Special Situations During Laparoscopic
Esophageal Surgery

An esophageal perforation may be encountered due to bougie insertion during a
laparoscopic fundoplication, the execution of an esophageal myotomy for achala-
sia, or during the repair of a difficult paraesophageal hernia. A small perforation
may be closed by the surgeon laparoscopically. If this is too large or located in the
chest, a laparotomy or a thoracotomy with OLV may be required. To discover the
perforation, a saline leak test may be performed with an endoscope, or diluted meth-
ylene blue can be introduced through the nasogastric tube placed in the esophageal
body.

A small pleural perforation may be caused during the laparoscopic mediastinal
dissection during a fundoplication or the repair of a paraesophageal hernia. If the
patient’s vital signs are stable and the peak inspiratory pressures are within normal
limits (25-30 cm H,0), then a chest tube is usually not required, as the pneumo-
thorax is not caused by pulmonary injury and carbon dioxide is highly diffusible
[36]. Only if the patient becomes symptomatic, a CXR and a chest tube are
appropriate.

Subcutaneous emphysema may be apparent during a laparoscopic procedure or
in the recovery room. In esophageal surgery subcutaneous emphysema is due to air
tracking through the soft tissues of the neck during the mediastinal dissection.
Although occasionally large, subcutaneous emphysema resolves spontaneously
without treatment.

Fluid Therapy

The fluid requirements for patients vary greatly and are influenced by the patient’s
preoperative deficits, insensible losses, maintenance requirements, fluid shifts, and
blood loss.

While fluid requirements have not been well delineated for esophageal surgery,
the literature does not provide an overall consensus and discusses pathophysiologi-
cal effects of the type of fluid administered, the volume of fluid administered, and
goal-directed fluid therapy for surgical patients. The ongoing debate of the effec-
tiveness of colloids versus crystalloids continues. In a Cochrane review of random-
ized controlled trials, Perel et al. showed that fluid resuscitation with colloids
versus crystalloids did not reduce the risk of death in patients undergoing surgery
[37]. The strategy of the administration of fluid volume is also debated. Though the
overload of intravenous fluid administration has been shown to delay the return of
gastrointestinal function [38], prolong hospital stay [38], and increase the inci-
dence of cardiopulmonary [39] and tissue-healing complications [39] in patients
who underwent gastrointestinal surgery, Holte et al. found no difference between
restricted and liberal fluid administration in terms of the duration of postoperative
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ileus, nausea, vomiting, balance function, fatigue, or drowsiness and found that
liberal fluid administration significantly reduced the stress response (aldosterone,
renin, and angiotensin II) [40]. Furthermore, Holte et al. found that patients who
received restricted fluid administration experienced a transient improvement in
their pulmonary function and postoperative hypoxemia but also an increase in
morbidity [40].

Goal-directed therapy entails that fluid administration is directed to achieve spe-
cific hemodynamic endpoints, such as cardiac output and stroke volume in an indi-
vidual. Kimberger et al. in a porcine model showed that goal-directed colloid as
compared to goal-directed crystalloid or restricted crystalloid fluid therapy increased
microcirculatory blood flow and tissue oxygen tension [41]. Furthermore, in a pro-
spective, randomized, control study, Gan et al. showed that goal-directed intraop-
erative fluid therapy (crystalloid and colloid) during major surgery resulted in a
slightly shorter hospital stay, less postoperative nausea and vomiting, and earlier
return of gastrointestinal function [42].

Despite many studies on the topic of fluid replacement and the type of fluid uti-
lized in the perioperative period, there does not seem to be an overall consensus on
best practice management as of this time.

Postoperative Management

Pain Management

The range of pain experienced by patients having esophageal operations or proce-
dures ranges from minimal or no pain with endoscopic procedures to significant
postoperative analgesic requirements in patients undergoing open abdominal or
thoracic surgery. In these patients, intravenous analgesics, including patient-
controlled analgesia, and epidural anesthesia are considerations for postoperative
pain management. Many benefits of thoracic epidural analgesia have been shown
to date. Thoracic epidural analgesia provides greater pain relief with fewer opioid
side effects [43], reduces intensive unit care stay, promotes early extubation, and
mobilization of the patient [44], has a lower morbidity and mortality postopera-
tively in those patients immediately extubated [45], improves tissue oxygenation
and oxygen tension [46], and halves pulmonary complications [47]. Yet, thoracic
epidural anesthesia does not decrease the incidence of cardiac arrhythmias [48],
does not suppress acute inflammatory response [49], and does not preserve immune
function [49].

Contraindications to epidural anesthesia include infection, coagulopathy, patient
refusal, increased intracranial pressure, severe aortic stenosis, allergy to local anes-
thetics, hypertrophic cardiomyopathy, sepsis, uncooperative patient, and a severe
spinal deformity.
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Chapter 6
Treatment of Epiphrenic Diverticula

Anahita Jalilvand, P. Marco Fisichella, Pitichote Hiranyatheb,
and Mark K. Ferguson

Abstract The goal of this chapter is to illustrate our approach to patients with epi-
phrenic diverticula in terms of preoperative evaluation and surgical technique. Two
techniques will be presented: a laparoscopic repair and a thoracic approach.
Indications for each technique will be discussed, as well as proper patient selection
and management.

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

Esophageal diverticula are categorized by their anatomic location and whether they
are pulsion or traction diverticula. The most common anatomic locations are the
pharyngoesophageal junction, the mid esophagus, and the epiphrenic region. The
distinction between pulsion and traction diverticula relates to the etiology of
the diverticulum. Pulsion diverticula occur due to an increase in intraluminal pres-
sure, typically from segmenting contractions of the esophagus, and generally result
in false diverticula, consisting of only the mucosal and submucosal layers. Traction
diverticula are caused by external traction on the esophageal wall from surrounding
inflammation; they usually consist of mucosal, submucosal, and muscular layers of
the esophagus and are thus true diverticula [1].

A. Jalilvand ¢ P.M. Fisichella, MD, MBA, FACS (X))

Department of Surgery, Stritch School of Medicine, Loyola University Medical Center,
2160 South 1st Avenue, Maywood, IL 60153, USA

e-mail: ajalilvand @lumc.edu; pfisichella@lumc.edu

P. Hiranyatheb, MD  M.K. Ferguson, MD

Department of Surgery, The University of Chicago, 5841 S. Maryland Avenue,
Chicago, IL 60637, USA

e-mail: pitichoteh@yahoo.com; mferguso@surgery.bsd.uhicago.edu

P.M. Fisichella et al. (eds.), Surgical Management of Benign Esophageal Disorders, 69
DOI 10.1007/978-1-4471-5484-6_6, © Springer-Verlag London 2014



70 A. Jalilvand et al.

Epiphrenic diverticula are the rarest type of esophageal diverticula. They are pul-
sion diverticula and are located in the distal third or 10 cm of the thoracic esopha-
gus, and their occurrence is considered to be secondary to an esophageal motility
disorder [2]. Dysfunctional contractions of the esophagus cause increased intralu-
minal pressure and thereby cause mucosal herniation through weaknesses in the
esophageal musculature. Most epiphrenic diverticula are observed in either middle-
aged or elderly populations, which is consistent with a gradual weakness in the
esophageal wall observed in pulsion diverticula [1].

The majority of epiphrenic diverticula are found incidentally, and less than 40 %
of patients with this finding have any symptoms [2]. In patients who are symptom-
atic, commonly reported symptoms include dysphagia, regurgitation of undigested
food, chest pain, heartburn, nocturnal aspiration, aspiration pneumonia, and if
severe, weight loss [1]. Because the etiology of the diverticula is an underlying
motility disorder, most symptoms such as dysphagia, chest pain, and heartburn are
due to the motility disorder and not to the diverticulum itself [1]. This is why the
size of the diverticulum does not correlate with the severity of symptoms experi-
enced by the patient. Regurgitation of undigested food, nocturnal aspiration, and
aspiration pneumonia, however, are clinical manifestations of the diverticulum [2].

Because of potentially life-threatening complications such as aspiration pneumo-
nia, some have argued that all epiphrenic diverticula should be resected. Most of the
current literature, however, suggests that the risks of surgical management outweigh
the incidence of these rare complications [3]. Treatment of epiphrenic diverticula is
thus usually reserved for severely symptomatic patients. There is additional concern
that larger diverticula have an increased, albeit small, risk for malignant transforma-
tion of the diverticular mucosa owing to longstanding inflammation [2]. Most reports
of concomitant cancer with a diverticulum have involved squamous cell cancer [4].

Where there is more controversy is in finding a consensus as to which patients
qualify for surgical intervention. Evaluation includes the severity of the patient’s
symptoms; dysphagia, regurgitation, and aspiration are considered indications for
further clinical assessment. The current diagnostic workup for epiphrenic divertic-
ula includes a combination of barium swallow, upper endoscopy, and possibly
esophageal manometry [5]. A barium swallow is performed primarily for anatomic
considerations and is generally the first test performed. It not only demonstrates
where the diverticulum is located, which has implications in the accessibility of the
diverticulum through a laparoscopic or transthoracic approach, but it is also useful
in determining the size of the diverticulum. Diverticula that are located more than
10 cm proximal to the gastroesophageal junction or that have wide necks may
require a transthoracic approach to dissect the upper portion of the diverticulum
from the surrounding mediastinal structures [2].

Esophageal manometry is used to classify the underlying motility disorder in
selected patients. The most commonly identified disorders include a nonspecific
esophageal motility disorder, achalasia, diffuse esophageal spasm, nutcracker esoph-
agus, and hypertensive esophagus. Due to the episodic nature of these motility disor-
ders, it is important to note that manometry results might not always be abnormal in
these patients [6]. However, given the correlation between epiphrenic diverticula and
esophageal dysmotility, normal manometry results should not be used to influence the
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surgical management of the diverticulum, but may be useful in determining whether
additional surgical considerations are needed [2]. Regardless of manometric findings,
myotomy is the primary treatment for diverticula and should be included in any surgi-
cal therapy for this disorder. Finally, upper endoscopy is used to evaluate for mucosal
lesions within the diverticulum and search for any additional pathology in the upper
gastrointestinal tract, such as esophageal and gastric ulcers, Barrett’s esophagus, or
diffuse esophagitis, which may contribute the patient’s presentation [5].

Surgical management of the patient with a diverticulum includes three elements:
myotomy, possible diverticulectomy, and possible fundoplication. The goal of the
surgery is to address the underlying motility disorder, remove the diverticulum
when appropriate, and prevent postoperative gastroesophageal reflux. Historically,
a transthoracic approach through a left thoracotomy incision has been the standard
of care. This allows optimal visualization and access to the distal esophagus and
provides the best exposure for diverticulum resection, oversewing of the esophageal
musculature, and myotomy. With advances in minimally invasive operative tech-
niques, laparoscopy has become a reasonable approach for surgical management in
most cases and has been shown in numerous clinical studies to be effective in pro-
viding symptomatic relief [7]. Regardless of whether treatment is done through an
open, thoracoscopic, or laparoscopic approach, morbidity and mortality may be
considerable. The most common complication is leakage from the staple line, with
other severe complications including sepsis, pneumonia, empyema, and abscess.
Leakage may be prevented, as it is strongly associated with the failure to perform a
myotomy, which is crucial in addressing the underlying motility disorder and avoid-
ing leaving a high pressure zone distal to the staple line [8].

The advantages of laparoscopic approach include an avoidance of performing
surgery through the chest, an easy application of endostapler to resect the diverticu-
lum, and easier performing cardiomyotomy, partial fundoplication, and closure of
the diaphragmatic hiatus [9]. However, these advantages may be limited in cases of
large-sized diverticulum, long distance between the diverticulum and the hiatus (>8—
10 cm), and presenting of dense adhesion between the diverticulum and adjacent
mediastinal structures, making dissection, application of the stapler, and approxima-
tion of the muscle layers, through the laparoscope, more difficult [10, 11]. In these
circumstances, video-assisted thoracoscopic surgery (VATS) may be more suitable
as either a single or combined procedures with laparoscopy. In these combined pro-
cedures, some authors suggest that a laparoscopic procedure should be performed
before VATS to prevent a loss of the air into the dissected pleural space [11, 12].

Technique of Laparoscopic Repair of Epiphrenic Diverticula

The transabdominal approach consists of three parts, diverticulectomy, myotomy,
and fundoplication. The myotomy is a crucial portion of the procedure as it will
correct the underlying dysmotility disorder that most likely caused of diverticulum.
We prefer to perform an anterior partial fundoplication to protect the myotomy and
prevent gastric reflux at the same time.
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Preparation

The patient is placed in the supine position on a beanbag. Rapid sequence intubation
should be performed to minimize gastric distention and risk of aspiration. A Foley
catheter is placed for the duration of surgery. Once anesthesia has been induced, the
patient is placed in stirrups and reverse Trendelenburg. The surgeon stands between
the legs. Alternatively, some surgeons prefer stand at the right side of the patient
that is placed supine on the operating table.

Port Placement

The abdomen is insufflated to 14 mmHg, and an 11 mm Optiview trocar is inserted
into the abdomen through a 1 cm supraumbilical incision (approximately 1 in.
above the umbilicus) under direct visualization. Four working ports are placed,
including the supraumbilical port A (Fig. 6.1). Ports B and C are also 11 mm ports.
D is a 12 mm port that accommodates the stapler. A 5 mm incision is then made
immediately left of the xiphoid process for placement of a Nathanson retractor. This
retracts the left lobe of the liver to expose the esophageal hiatus. We use a 30° lapa-
roscope for better visualization into the mediastinum.

Liver
& retractor %
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Fig. 6.1 Position of \ '
operative ports and liver .

retractor (Reprinted with
permission)
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Fig. 6.2 A diverticulum is
shown with its neck
completely mobilized and its
relationship with the anterior
vagus nerve demonstrated.
The hiatus has been already
closed with two interrupted
stitches (Reprinted with
permission)

Mobilization of the Distal Esophagus

An Allis clamp is inserted through Port D near the gastroesophageal junction to lift
the gastrohepatic ligament, which is then divided. The esophagus is bluntly dis-
sected from the right crus in order to access the posterior mediastinum. The poste-
rior vagus nerve is identified. A Penrose drain is passed around the esophagus and
both vagi, allowing for caudal retraction of the esophagus that will help deliver the
diverticulum into the abdomen.

Exposure of the Diverticulum Neck

Once the diverticulum is located, it should be carefully dissected off the dense adhe-
sions to the pleura and the esophageal wall. One must ensure the neck of the diver-
ticulum is adequately isolated. In the case of a large diverticulum, one may need to
divide the diaphragm anteriorly (Fig. 6.2). Care should be taken to mobilize the
diverticulum neck completely, especially the most cranial portion. Failure to achieve
this step may prompt to perform a myotomy and fundoplication transabdominally
and then resorting to a thoracoscopic approach to complete the diverticular dissec-
tion and perform the final transection.

Stenting

After the diverticulum is dissected free and the neck is isolated, a 54—58 F bougie is
inserted into the esophagus. The diverticulum is closed loosely with a grasper to
prevent the bougie from entering it. An endoscope may be inserted into the esopha-
gus as an alternative. Endoscopy also provides the option of inspecting and testing
the integrity of the staple line after diverticulectomy.
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Fig. 6.3 The stump of the
neck of the diverticulum is
shown after its stapled
transaction alongside the
esophagus (Reprinted with
permission)

Fig. 6.4 The defect of the
esophageal musculature is
closed in one layer with
interrupted sutures to
imbricate the staple line
(Reprinted with permission)

Stapling

After the bougie is inserted past the diverticulum, a 2.5 mm vascular cartridge is
inserted into the abdomen and oriented longitudinally to the esophagus. We pull
back on the bougie prior to firing the stapler to avoid dragging the stent across the
staple line. This minimizes staple line disruption. The bougie is then completely
removed (Fig. 6.3).

Esophageal Musculature Closure

The diverticulum is removed from the abdomen in a plastic bag. The muscular lay-
ers adjacent to the neck of the diverticulum are closed with interrupted sutures to
reinforce the staple line (Fig. 6.4).
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Fig. 6.5 A contralateral
myotomy is shown extending
onto the body of the
esophagus and onto the
anterior wall of the stomach.
The myotomy is 10 cm long
and it is located at the 10
o’clock position (Reprinted
with permission)

Myotomy

The myotomy is performed contralateral to the site of the resected diverticulum. It
is extended 7 cm cranially proximal to the cranial extent of the diverticulum and
3 cm caudally onto the anterior wall of the stomach until the first branch of the left
gastric artery is identified (Fig. 6.5). The anterior vagus nerve is preserved during
the myotomy.

Closure of the Esophageal Hiatus

Heavy silk interrupted sutures are used to close the hiatus. To avoid postoperative
dysphagia from constriction of the esophageal and prevent a leak at the staple line
due to outflow obstruction, the uppermost crural stitch is placed 1 cm posterior to
the esophagus. If the diverticulum was large and required anterior splitting of the
diaphragm, this is now closed with 0-0 silk interrupted sutures.

Partial Fundoplication

A partial anterior (Dor) fundoplication is preferred and prevents reflux after the
myotomy. The short gastric vessels may be divided to enable a tension-free fundo-
plication. The gastric fundus is then sutured laterally to the apex of the left crus and
the left edge of the myotomy. The stomach is folded over the myotomy. It is sutured
superiorly along the diaphragmatic hiatus and medially along the right crus with
interrupted sutures (Fig. 6.6).
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Fig. 6.6 Completed partial
anterior fundoplication
(Reprinted with permission)

Upon completion of the operation, the Foley catheter is removed while the
patient is still in the operating room. The patient is admitted overnight. On postop-
erative day 1, some surgeons perform a contrast swallow study to evaluate for a
possible leak. If no leak is present, the patient is advanced to a soft mechanical diet
which he or she will maintain for 1 week postoperatively. The patient will then
follow-up in clinic and have dietary restrictions lifted at that time.

Technique of Thoracic Repair

Preparation

The patient undergoes general anesthesia and a double-lumen endotracheal tube
is inserted. Perioperative antibiotics are administered, and venous thromboem-
bolic prophylactic measures are instituted, including lower extremity pneumatic
compression devices and subcutaneous heparin. The patient may be placed in
either the right (left side up) or left (right side up) lateral decubitus position,
depending on the location and orientation of the diverticulum. Most often, pul-
sion diverticula present to the right side, and so a right thoracic approach is gener-
ally favored. Others may prefer a left-sided approach, especially for diverticula
that present to the left. The choice is only moderately important, as circumferen-
tial dissection of the esophagus is often needed to both treat the diverticulum and
perform a subsequent myotomy away from the site of diverticulectomy. The ipsi-
lateral lung is deflated.
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Fig. 6.7 Port placement for
thoracoscopic esophageal
diverticulectomy and
myotomy ~
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Port Placement

The surgeon may stand facing the patient’s back or chest, according to personal
preference. This chapter describes an approach used when the surgeon stands at the
patient’s back. Access is gained through a 5 mm camera port low in the chest in the
posterior axillary line, two working ports anterior and posterior to the camera port,
and a 3 cm non-rib spreading access incision placed anterolaterally in the 4th inter-
space. Ports are positioned with the goal of having the target in line with the camera
and between the two working ports (Fig. 6.7). The pleural cavity may be insufflated
initially with warm, humidified carbon dioxide at a pressure of 8 mmHg to facilitate
lung deflation. A suture may be placed through the central tendon of the diaphragm
and brought out through the lower anterior chest wall to improve visualization.

Esophageal Mobilization

The site of the diverticulum is identified. The mediastinal pleura overlying the
diverticulum and the adjacent esophagus is incised. The esophagus is mobilized
with a sealing device (EnSeal™ or Ligasure™), hook-electrocautery, or scissors.
Mobilization should be sufficient to permit exposure of the neck of the diverticu-
lum. In addition, exposure of the wall of the esophagus 90-180° circumferentially
from the diverticulum and from proximal to the neck of the diverticulum to the
gastroesophageal conjunction is necessary to perform the myotomy. Care should be
taken to avoid injury to the vagus nerves, which should be clearly identified. A
Penrose drain may be used to encircle the adjacent esophagus to facilitate retraction
and mobilization.
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Dissection of the Diverticulum

The diverticulum is bluntly and sharply dissected free from the surrounding struc-
tures. It is important to dissect the investing connective tissue from the diverticu-
lum, revealing its origin from between the split fibers of the esophageal circular and
longitudinal smooth muscle layers.

Stenting the Esophagus

After the diverticulum is sufficiently dissected, an assessment is made as to whether
resection of the diverticulum is needed. Small, wide-mouthed diverticula may be
left in situ, eliminating a risk of perforation or suture line breakdown. In most
patients, however, diverticulectomy is appropriate. A 48-50 Fr bougie is passed to
prevent excess mucosa from being excised during the diverticulectomy. Care must
be taken to prevent bougie entry into the diverticulum, which could result in inad-
vertent perforation. Alternatively, an endoscope may be used to stent the esophagus
while the diverticulectomy is performed.

Diverticulectomy

An endostapler is positioned at the base of the diverticulum and parallel to the esophagus
(Fig. 6.8). Care should be taken to gently retract the diverticulum during stapler firing
but not to pull it too tightly. More than one firing of the stapler may be used in sequence;
care should be taken to ensure that they are in line with each other. The specimen is
retrieved through the access port. The continuity of the mucosa should be assessed by
direct inspection thoracoscopically and endoscopically during air insufflation.

Muscle Approximation

The muscular layers over the mucosa are approximated with running or interrupted
absorbable suture. This reinforces the staple line and helps prevent contamination of
the pleural space should a small leak from the stable line occurs.

Myotomy

The esophagus is rotated 90-180° away from the site of the diverticulectomy. Dilute
epinephrine may be injected submucosally along the line of the planned myotomy
to hydrodissect the plane and to constrict the submucosal plexus of vessels that may
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Fig. 6.8 Placement of the
endostapling device for
thoracoscopic
diverticulectomy (Note: The
stapler is place through the
access incision. The dark area
at the base of the
diverticulum represents the
cut muscle. There is a push
retracting the lung anteriorly)

otherwise cause annoying bleeding. The myotomy is performed using hook-
electrocautery, scissors, or EnSeal, extending from proximal to the diverticulum
origin and extending inferiorly. For very distal diverticula, the myotomy should
extend through the lower esophageal sphincter. Leaving the hiatus intact provides
sufficient antireflux effect, making a fundoplication unnecessary. For most diver-
ticula, especially those without a defined abnormality on manometry such as acha-
lasia, diffuse spasm, or nutcracker esophagus, the myotomy can end just at the lower
esophageal sphincter. Endoscopic insufflation is performed again to ensure that no
mucosal injury has occurred.

A pleural drainage tube is placed. A nasogastric tube is not required. A contrast
swallow study is performed the following day if there is concern about possible
mucosal injury or leak. In the absence of such concerns, a clear liquid diet is started
on the first postoperative day and gradually advanced to a soft diet over 7 days.

Outcomes

The results of laparoscopic and thoracoscopic operations for epiphrenic diverticula
are summarized in Tables 6.1 and 6.2. Importantly and similarly improved symp-
toms are evident after both laparoscopic and VATS approaches. The incidence of
complications is low. Mortality rates range from 0 to 10 %, which are comparable
to those of open approaches. Morbidity rates appear to be similar between the
groups, ranging from 0 to 33 %. At present, there are no studies that evaluate these
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two approaches simultaneously. Comparing outcomes for them is difficult because
of the limited number of cases, the variety of surgical techniques used and outcome
measurements in each report, and differences in patient selection for each
operation.

Conclusion

Epiphrenic diverticulum is a rare disease that is commonly associated with motility
disorders. Treatment of the underlying motility disorders must be included in the
management of epiphrenic diverticula to prevent potential postoperative complica-
tions and recurrences. Laparoscopic and VATS approaches are useful for the treat-
ment of epiphrenic diverticula. The surgical techniques for them are described.
Good outcomes can be achieved when performing this procedure in appropriately
selected patients and by experienced surgical teams.
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Chapter 7
Head and Neck Manifestations
of Gastroesophageal Reflux Disease

David D. Walker and Alexander J. Langerman

Abstract Laryngopharyngeal reflux (LPR) occurs when gastric contents pass
through the upper esophageal sphincter (UES) into the upper aerodigestive tract
(UADT). These relatively brief episodes can have sinister implications, resulting in
irritation to the delicate mucosa of the larynx, pharynx, Eustachian tubes, and nasal
passages. The subsequent inflammatory changes that take place are responsible for
many of the signs and symptoms that have come to define the disease process. The
majority of patients with LPR lack the classic gastroesophageal reflux (GER) symp-
toms of heartburn, and dysphagia, therefore making the diagnosis more challenging
(Koufman, Laryngoscope, 101:1-78, 1991). Instead, patients with LPR commonly
present with a constellation of symptoms reflective of UADT inflammation includ-
ing chronic cough, hoarseness, and postnasal drip (Fennerty, Gastroenterol Clin
North Am, 28:861-873, 1990; Koufman, Gastroesophageal reflux and voice disor-
ders. In: Rubin J (ed) Diagnosis and treatment of voice disorders. Igaku-Shoin, New
York, pp 161-175, 1995). Unfortunately, the relative ubiquity of these nonspecific
symptoms makes the diagnosis of LPR difficult to establish based solely on clinical
presentation. In turn, further workup is often necessary, requiring a combination of
laryngoscopy (Fennerty, Gastroenterol Clin North Am, 28:861-873, 1990; Maronian
et al., Laaryngology, 110:606-612, 2001), dualprobe pH monitoring (Muderris
et al., Arch Otolaryngol Head Neck Surg, 135:163-167, 2009), and multichannel
intraluminal impedance (MCII) testing (Kawamura et al., Am J Gastroenterol,
99:1000-1010, 2004; Hoppo et al., J Gastrointest Surg, 16:16-25, 2012). While
each of these tests provides important diagnostic data, they are not without short-
comings. In fact, an accurate diagnostic tool for LPR has yet to be identified, and
clearly defined diagnostic criteria have yet to be agreed upon. While the workup of
LPR remains controversial, the treatment is more widely accepted and employs a

D.D. Walker, MD ¢ A.J. Langerman, MD (<)

Section of Otolaryngology — Head and Neck Surgery, University of Chicago Medical Center,
5841 S. Maryland Ave., MC 1035, Chicago, IL 60637, USA

e-mail: david.walker @uchospitals.edu; alangerm @surgery.bsd.uchicago.edu

P.M. Fisichella et al. (eds.), Surgical Management of Benign Esophageal Disorders, 85
DOI 10.1007/978-1-4471-5484-6_7, © Springer-Verlag London 2014



86 D.D. Walker and A.J. Langerman

combination of behavioral changes and medical management including PPIs, H2
blockers, mucosal cryoprotectants, and prokinetic agents. Response to therapy is
often variable, and many patients require aggressive antiacid intervention to have
complete resolution of symptoms (Vaezi, Nat Clin Pract Gastroenterol Hepatol
2:595-603, 2005). Despite these aggressive approaches, there are subsets of patients
deemed refractory to medical management. In these cases, surgical intervention
may be needed to achieve complete or even partial resolution of symptoms
(Oelschlager et al., Gastrointest Surg, 6:189—194, 2002; Brown et al., Surg Endosc,
25:3852-3858, 2011).

Keywords Laryngopharyngeal reflux (LPR) ¢ Upper esophageal sphincter (UES) ¢
Laryngoscopy ® Hoarseness ® Cough

Introduction

Laryngopharyngeal reflux (LPR) occurs when gastric contents pass through the
upper esophageal sphincter (UES) into the upper aerodigestive tract (UADT).
These relatively brief episodes can have sinister implications, resulting in irrita-
tion to the delicate mucosa of the larynx, pharynx, Eustachian tubes, and nasal
passages. The subsequent inflammatory changes that take place are responsible
for many of the signs and symptoms that have come to define the disease process.
The majority of patients with LPR lack the classic gastroesophageal reflux (GER)
symptoms of heartburn, and dysphagia, therefore making the diagnosis more
challenging [1]. Instead, patients with LPR commonly present with a constella-
tion of symptoms reflective of UADT inflammation including chronic cough,
hoarseness, and postnasal drip [2, 3]. Unfortunately, the relative ubiquity of these
nonspecific symptoms makes the diagnosis of LPR difficult to establish based
solely on clinical presentation. In turn, further workup is often necessary, requir-
ing a combination of laryngoscopy [2, 4], dualprobe pH monitoring [5], and mul-
tichannel intraluminal impedance (MCII) testing [6, 7]. While each of these tests
provides important diagnostic data, they are not without shortcomings. In fact, an
accurate diagnostic tool for LPR has yet to be identified, and clearly defined
diagnostic criteria have yet to be agreed upon. While the workup of LPR remains
controversial, the treatment is more widely accepted and employs a combination
of behavioral changes and medical management including PPIs, H2 blockers,
mucosal cryoprotectants, and prokinetic agents. Response to therapy is often
variable, and many patients require aggressive antiacid intervention to have com-
plete resolution of symptoms [8]. Despite these aggressive approaches, there are
subsets of patients deemed refractory to medical management. In these cases,
surgical intervention may be needed to achieve complete or even partial resolu-
tion of symptoms [9, 10].
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Pathophysiology

On a mechanical level, it is a commonly reported and held belief that the UES is a
critical site of dysfunction in LPR. This makes sense given that the UES is the last
barrier before refluxate enters the pharynx. However, experimental evidence has yet
to definitively explain the role of the UES in LPR episodes. Cricopharyngeal (CP)
electromyography studies of healthy controls and LPR patients failed to demon-
strated abnormal activity in LPR patients [11]. Compared to healthy controls, LPR
patients do demonstrate greater duration of CP contraction in response to swallow-
ing, but this may be a result of chronic irritation from acid rather than a cause of
pharyngeal acid exposure [11]. Patti and colleagues studied with esophageal
manometry and dual-probe pH monitoring 70 patients with symptoms of GER and
found lower UES resting pressures in patients with greater acid exposure in the
proximal esophagus [12, 13]. In these studies, the relationship of UES pressure to
pharyngeal acid exposure was not explored directly.

Oelschlager studied 15 patients with extraesophageal symptoms prior to surgical
intervention and found resting UES pressures to be lower in the 9 patients with
evidence of pharyngeal reflux based on pH-monitoring readings below 4 in this area
[9]. Interestingly, in his series restoration of the LES competence by laparoscopic
fundoplication eliminated pharyngeal reflux, despite no interventions at the UES.

Using dual-probe impedance and pH monitoring, Kawamura demonstrated the
presence of acidic gas reflux in patients with reflux-associated laryngitis but not in
GERD patients or controls [6]. This important finding has shed new light on the
mechanisms of LPR and its independence from GERD. Given the at least partly
gaseous nature of this exposure and the purported small frequency and duration of
reflux necessary to result in LPR symptoms, it may be that baseline abnormalities in
the UES are a component, but not the sole driver of LPR pathophysiology.

GER and LPR are both associated with esophageal dysfunction. GER episodes
are associated with frequent LES relaxation episodes or less commonly, LES hypo-
tension. Esophageal dysmotility also plays an important role in GER, with studies
demonstrating that the greater the degree of esophageal dysmotility, the more severe
the GER [14]. Abnormal esophageal peristalsis also plays a role in LPR. When
studied by pH monitoring, patients with LPR do have decreased esophageal acid
clearance as compared to healthy controls [15]. Furthermore, in a prospective study
of esophageal motility in 100 patients with symptoms and findings of LPR, hyper-
tensive LES was present in 23 % of patients, and esophageal motility was abnormal
in 71 % [16]. Thus, dysmotility and LES abnormalities are appropriate to explore in
LPR patients and represent potential targets for management of the disease.

The primary explanation for the laryngeal manifestations of LPR is that the
laryngeal mucosa is more susceptible to injury from acid and activated pepsin than
esophageal mucosa. In patients with GER, esophageal mucosa demonstrates
increased expression of carbonic anhydrase, an enzyme that acts to neutralize
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luminal pH [17]. Conversely, in patients with laryngeal disorders related to LPR,
64 % demonstrated absent or decreased carbonic anhydrase expression suggesting
a decreased ability of laryngeal mucosa to protect itself against the assault of acid
exposure [18]. Furthermore, laryngeal tissue exposed to LPR demonstrated down-
regulation of E-cadherin, a key component of epithelial barrier function and a
checkpoint on the pathway to carcinomatous changes [18]. Changes can occur even
with short exposure (<60 s) to weak acid—pepsin solutions, as evidenced by in vitro
upregulation of messenger RNA for stress response genes EGR-1 and ATF-3 as well
as for genes implicated in neoplastic processes such as VEGF and MMP-2 [19].

Highlighting the multifactorial nature of reflux irritation, nonacidic pepsin has
also been shown to be toxic above the UES. Cultured hypopharyngeal epithelial
cells subjected to human pepsin at a pH of 7.4 demonstrated upregulation of stress-
and toxicity-related genes [18]. To date, similar molecular evidence is not available
for other tissues in the UADT, but as discussed in the next section, epidemiologic
evidence connects LPR to diseases in these areas.

This heightened sensitivity of acid exposure in laryngeal versus esophageal mucosa
underlies the key differences between GER and LPR. First, much fewer episodes of
acid exposure are associated with LPR compared to GER. Second, the manifestations
of LPR occur in many cases in the absence of signs or symptoms of esophageal dis-
ease. A landmark study by Koufman demonstrated that as few as three episodes of
laryngeal reflux per week can be sufficient to cause severe laryngeal inflammation and
injury [1]. Using 24-h pH monitoring, he demonstrated abnormal reflux in 62 % of
182 patients with laryngitis, dysphagia, chronic cough, stenosis, and laryngeal carci-
noma. Of these patients, only 43 % reported symptoms of heartburn or regurgitation,
supporting the concept of LPR as a distinct clinical entity.

In addition to direct effects on UADT mucosa, acidification of the esophagus can
result in indirect changes to the airway. This is possibly due to a vagal-mediated
reflex, but research is still evolving in this area. In one recent study using an anes-
thetized cat model, instillation of physiologic concentrations of hydrogen chloride
(HCI) resulted in decreased diameter of small bronchioles, decreased mucociliary
clearance, and increased mucous production [20]. These changes are presumed to
be part of a protective mechanism in preparation for possible tracheal acid expo-
sure. Despite minimal effect of esophageal acidification on airway resistance in this
cat and also in rabbit models, increased mucous production may alone account for
some of the laryngeal and airway symptoms attributed to LPR [20, 21]. A similar
reflex in the sinuses has also been demonstrated experimentally in humans using a
catheter to infuse the distal esophagus, but the response could not be directly linked
to acid exposure, as infusion with saline also resulted in mucous production [22].

Epidemiology and Clinical Manifestations

It has been estimated that as many as 25—40 % of adult Americans experience symp-
tomatic GER at least once per month [23]. In turn, it is not surprising that GER has
garnered the majority of the attention from both clinicians, as well as the general
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public, when it comes to manifestations of reflux disease. LPR has only recently
gained attention as an important contributor to reflux-related morbidity, based on
evidence of connections to several disease processes. These disease processes are
evident in three primary areas of the head and neck: the larynx, the nasal cavity, and
the middle ear.

Laryngeal

Given the proximity of the larynx to the UES, it is unsurprising that the larynx is the
most studied and most frequently encountered anatomic subsite affected by LPR. A
2002 international survey by the American Bronchoesophagological Association
revealed that the most common LPR symptoms reflected laryngeal insult and
included throat clearing (98 %), persistent cough (97 %), globus pharyngeus (95 %),
and hoarseness (95 %) [24]. Coughing/throat clearing has long been recognized as
one of the more common presenting symptoms of LPR. In Koufman’s 1991 land-
mark study, 87 % of patients with proven LPR reported cough or excessive throat
clearing. Interestingly, only 3 % of patients with GERD reported similar symptoms
[1]. The association between reflux and chronic cough has been demonstrated
within several large population-based surveys [25, 26]. The pathogenic mechanism
is primarily believed to be micro aspiration of gastric contents into the airway,
although vagal-mediated airway reflexes have also be proposed.

In addition to chronic chough, both hoarseness and dysphonia are also common
manifestations of LPR. The symptoms are often grouped together since both reflect
underlying laryngitis. Like many laryngeal manifestations of LPR, both conditions
are commonly encountered within the general population, and most cases do not
warrant further diagnostics. However, when symptoms last longer than 2 or 3
weeks, further workup is warranted. In such cases, it is not uncommon to identify
reflux as either an inciting etiologic agent or an underlying comorbidity. In 1991
Koufman found it to be the most common manifestation of LPR, occurring in 92 %
of LPR patients surveyed [1]. While subsequent studies have argued that this figure
might be inflated, it is established that hoarseness is one of the more common pre-
senting symptoms of LPR [27]. Furthermore, a 2005 Cochrane Review found LPR
to be one of the more common causes of hoarseness, with as many as 50 % of hoarse
patients having some underlying level of acid reflux [28]. Clinical data support the
aforementioned epidemiologic data. Wiener and colleagues reported that 78 % of 32
patients with voice complaints had LPR documented by pH monitoring [28]. While
not all patients with LPR exhibit dysphonia, those who do have been found to have
more episodes of proximal reflux [29].

While cough and dysphonia remain perhaps the most common laryngeal presen-
tations of LPR, globus sensation is also a common complaint amongst LPR patients.
Classically referred to as having a “lump in one’s throat,” globus sensation has been
estimated to be present in as many as 63 % of patients with reflux symptoms [30].
Furthermore, studies examining patients with globus sensation have found that
nearly 72 % had LPR as diagnosed by either symptom score or pH monitoring [31].
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Although rare, paroxysmal laryngospasm can be one of the more frightening and
stressful manifestations of reflux disease. Defined as the tonic and sustained con-
traction of the thyroarytenoid muscle, laryngospasm ultimately stems from the sud-
den, prolonged, and forceful adduction of the vocal cords. Often described as “throat
closing,” patients commonly report an inability to inspire despite adequate and con-
scious attempts to do so. Reflux-induced laryngospasm was first described by in
1977 [32]. Since its original description, numerous other studies have gone on to
support the hypothesis that LPR is a significant etiologic agent in the pathogenesis
of spontaneous laryngospasm. Loughlin and Koufman conducted a prospective
study of patients with laryngospasm and demonstrated that over 92 % had evidence
of reflux-related disease on physical exam and 83 % had abnormal ambulatory pH
testing [33]. While extremely distressing for the patient, laryngospasm responds
well to antireflux medication. In Loughlin’s study, 100 % of the patients with LPR
and laryngospasm responded to 6 weeks of antireflux medication [33].

Laryngeal findings in LPR range from subtle signs of inflammation to more
severe manifestations of vocal cord granulomas and laryngeal stenosis. Vocal cord
granulomas arise from the posterior cartilaginous vocal process of the true vocal
cord and are considered an inflammatory response from injury to the underlying
perichondrium. While laryngeal granulomas have been recognized in a variety of
patients, those arising from reflux are most classically seen within adult males in the
fourth or fifth decade of life [34]. Patients often present with dysphonia, globus
sensation, hoarseness, cough, and sore throat. While reflux is thought to be an
important instigator in the pathogenesis of vocal cord granuloma, one-to-one cor-
relation has not been proven [35], and the incidence of vocal cord granuloma is rela-
tively low. Thus, the presumptive hypothesis offered by many researchers is that
rather than acting as a primary etiologic agent, LPR may act as a priming event or
co-instigator in the pathogenesis of vocal cord granuloma.

Laryngeal and subglottic stenosis are also associated with LPR [4]. A single-
center study demonstrated that over 50 % of patients with idiopathic subglottic
stenosis have pepsin embedded in tissue of larynx or subglottic scar. The aberrant
localization of gastric-specific protein has led researchers to question whether LPR
may be responsible for underlying airway stenosis. Other studies have strengthened
this association. One such prospective study investigated a small cohort of individu-
als with diagnosed subglottic stenosis. These patients had a variety of underlying
disease pathologies presumed to be the causative etiology for the stenosis. However,
dual-probe pH monitoring revealed that 86 % of the patients investigated had pH
readings below 4 at the level of the laryngeal inlet. Such findings have caused
researchers to hypothesize that while LPR may not be the sole instigating event in
the pathogenesis of subglottic stenosis, it may very well act as a priming or contrib-
uting causative factor.

Of all the aforementioned manifestations of reflux disease, none remains more
debated than the association between reflux and upper airway malignancy. For over
50 years, gastric reflux has been a popularly implicated etiologic agent of squa-
mous cell carcinoma within the upper airway [36]. Unfortunately, while the asso-
ciation is pronounced, the causality of association has eluded researchers.
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Proponents of this theory hypothesize that chronic repetitive chemical stimulation
of gastric acid leads to laryngeal mucosal dysplasia and there is molecular evidence
to support carcinogenic changes due to acid exposure [18, 19]. However, to date no
study has been able to demonstrate a causal relationship between reflux and laryn-
geal malignancy [37].

Nasal

For the past two decades, researchers have hypothesized that LPR may be an impor-
tant etiologic agent within the pathogenesis of chronic sinusitis. While an associa-
tion between the two pathologies exists, studies have failed to consistently establish
casualty between the two conditions. Opponents of this theory maintain that both
conditions are extremely common, and therefore, they attribute any association to
confounding bias.

The association between reflux and chronic rhinosinusitis is primarily supported
by retrospective case analyses or prospective cohorts trials without controls — the
vast majority lacking significant power and subject to significant biases [38].
Despite these pitfalls, the findings of these studies demonstrate intriguing results.
For instance, investigations of children with medically refractory chronic sinusitis
found that nearly 63 % of pediatric patients had reflux identified on pH monitoring
[39]. A separate study investigated children who were on a waiting list for sinus
surgery and revealed that 73 % had LPR identified on pH monitoring, of which
41 % had no other LPR symptomology [39]. Although the data from each study are
compelling, both had small sample sizes, 30 patients and 22 patients, respectively.
Moreover, each study investigated pharyngeal reflux as monitored by probes placed
in the hypopharynx. While the data provided by these studies may be diagnostic of
LPR, they do not prove the presence of nasopharyngeal reflux. Instead, the authors
seem to assume that LPR and NPR are synonymous.

Adult studies have investigated the presence of NPR in patients with medically
refractory chronic rhinosinusitis (CRS). One study found that NPR events (pH<5)
occurred significantly more often in CRS patients when compared to healthy adults
(76 % vs 28 %) [40]. Unfortunately, a separate study of CRS patients using 4-channel
pH probe found that while 32 % of CRS patients had pH probe evidence of GERD,
only 3 % had LPR, and just 0.2 % had evidence of nasopharyngeal reflux [41].

While studies investigating the association between LPR and CRS are flawed,
studies investigating the effect of antireflux therapy on CRS symptoms are perhaps
even more poorly controlled. Like the aforementioned studies, biases and con-
founding variables make it difficult to draw conclusions from the data. For instance,
Kleeman and colleagues investigated the utility of PPI therapy on CRS patients who
continued to have symptoms 3 weeks after functional endoscopic sinus surgery. The
study failed to account for postsurgical improvement within the treatment group
and had no control group. However, the authors noted that the addition of PPIs
reduced nasal symptoms in 76 % of patients. Other studies also relied on patient
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symptom scores to monitor for nasal symptoms improvement after institution of
PPI therapy [40, 42]. While this study showed that 93 % of patients with medically
refractory CRS had improvement after 1 month of PPI, it is subject to patient sub-
jectivity and recall bias [42].

Otologic

LPR may also be a contributing factor to otitis media, particularly in children. When
compared to adults, the pediatric Eustachian tube is both shorter and more horizontal.
This anatomy makes the inner ear susceptible to migrating infections from the naso-
pharynx, and it is the generally accepted explanation for the increased incidence of
otitis media with effusion (OME) within the pediatric population. The same patho-
genic model used to describe the migration of microbes from nasopharynx to inner ear
has been applied to reflux as well. The relatively close proximity between UES and
Eustachian tube in the pediatric patient means that reflux gastric contents can easily
reach the nasopharynx, Eustachian tube, and theoretically the middle ear. A number of
studies have demonstrated an association between LPR and otitis media. Analysis of
pediatric LPR patients found that reflux was present in 12.6-64 % of patients with
chronic OME and 61.5-64.3 % of recurrent acute otitis [43—46]. Several elegant stud-
ies have gone on to support the underlying epidemiologic data by searching for pepsin
and pepsinogen within the middle ear effusion product [47—49]. One such study exam-
ined both adenoid tissue and middle ear effusions from patients undergoing tympano-
plasty and adenoidectomy. The study demonstrated that pepsinogen was detected in
84 % of patients with middle ear effusions, at concentrations 1.86—12.5 times higher
than that of serum. A separate, but similarly designed, study revealed the presence of
pepsin and pepsinogen within 59 of 65 middle ear effusion samples [48].

These findings are supported by a recent systematic review that found the mean
reported prevalence of LPR in patients with OME was 48.6 %, and the mean
reported pepsin/pepsinogen presence in OME was 85.3 % [50]. While such evi-
dence is compelling, studies investigating the role of antireflux medication of
patients with OME demonstrated modest results. One randomized non-blinded
study administered PPIs to patients with chronic OME and found improvement in
75 % of the treatment group versus 62 % of the no treatment group, which while
trending for benefit was not statistically significant [50]. Other studies found similar
results [50, 51]. At present, we cannot definitively establish causality between LPR
and OME nor recommend the use of PPIs in OME patients [50].

Diagnosis

Classically, there have been three methods of confirming the diagnosis of LPR:
resolution of symptoms with medical treatment, endoscopic observation of mucosal
injury and inflammation, and demonstration of reflux events by pH monitoring. In
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addition, patients with suspected LPR undergo thorough history, examination of the
UADT, and, when indicated, pH and impedance testing. The primary criticism of
LPR has been that this diagnosis is often subjective and nonspecific, with a reliance
on patient’s reported symptoms and subtle endoscopic findings. Furthermore, the
criteria for LPR using objective testing are controversial. To address this contro-
versy, diagnostic criteria have been proposed by several independent authors, but to
date no universally agreed upon criteria exists [52—54].

History

Diagnosis first begins with a thorough history and physical examination.

As previously mentioned, many of the most common LPR symptoms are rela-
tively nonspecific and cannot be used independently to diagnose LPR [55]. To
address this issue, researchers have created symptom-scoring indices to better indi-
cate whether symptoms are reflective of reflux-related disease. In addition, such tools
can provide an assessment of the relative degree of LPR. One of the more popular
and well-studied scoring indices is the Reflux Symptom Index (RSI). Originally
defined by Belafsky in 2002, the RSI sought to create a standardized scoring system
to define the severity of LPR [56]. The survey asks patients to utilize a 0-5 point
scale to grade the following symptoms: (1) hoarseness or dysphonia, (2) throat clear-
ing, (3) excess throat mucus or postnasal drip, (4) dysphagia, (5) coughing after eat-
ing or lying down, (6) breathing difficulty or choking spells, (7) persistent cough, (8)
sensation of something sticking or lump in the throat, and (9) heartburn. Belafsky’s
original study examining 40 patients with pH-monitoring-proven LPR suggested that
a score of 13 or greater was highly suggestive of LPR [56].

In patients with LPR symptoms, it is critical to assess for concurrent esophageal
symptoms, given the significant proportion of LPR patients who exhibit other
esophageal abnormalities. A history of allergic rhinitis or sinusitis is also highly
relevant to the treatment of LPR, as these conditions can not only create laryngeal
symptoms similar to LPR but can also exacerbate laryngeal inflammation and com-
plicate the treatment of LPR.

Endoscopy

The primary physical examination for LPR is visualization and inspection of supra-
glottic, glottic, and subglottic structures as well as the pharyngeal mucosa. An
appropriate exam also includes visualization of the nasal cavity and nasopharynx to
examine for signs of LPR disease in these areas and also to rule out other indepen-
dent or coexistent causes of rhinitis or sinusitis, which can have similar manifesta-
tions to LPR. Although these exams can be performed by indirect mirror examination,
the advent of high-definition flexible naso-endoscopes has enabled more detailed
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examination of these areas. Regardless of the technique, patients with LPR tend to
exhibit a distinct subset of findings unique to the disease process. While not patho-
gnomic, posterior laryngitis — characterized by redness, thickening, and edema of
the posterior larynx — is an extremely common finding in LPR patients [57].
Generalized laryngeal and pharyngeal inflammation are also common findings,
though certainly nonspecific. Indeed, there are no pathognomonic findings for LPR.

Like the RSI, Belafsky and colleagues also developed a scoring system to objec-
tively define the severity of laryngoscopic findings [58]. The Reflux Finding Score
(RFS) is comprised of 8 LPR-associated laryngeal features and given a severity score
of 0—4. The exam findings include (1) subglottic edema, (2) ventricular obliteration,
(3) erythema/hyperemia, (4) vocal fold edema, (5) diffuse laryngeal edema, (6) poste-
rior commissure hypertrophy, (7) granuloma, and (9) thick endolaryngeal edema. This
study concluded that an RFS of 7 or more predicts LPR with 95 % certainty [58].

There is controversy in the literature about the reliability of laryngoscopic diag-
nosis of LPR and evidence that the exam is subject to high interpreter variability and
low specificity [31, 59]. Furthermore, the findings in LPR can be seen in many other
patients as well. For instance, one study demonstrated that 93 % of normal, asymp-
tomatic adults had at least one sign of laryngeal irritation when examined by fiber-
optic laryngoscopy [60].

Ambulatory pH and Impedance Monitoring

For patients with equivocal history and laryngoscopic findings, with severe LPR
symptoms or concurrent esophageal symptoms, those who do not respond to a trial
of medical therapy, or those in whom surgical intervention is contemplated, further
diagnostic testing with pH or impedance monitoring is warranted.

The advent of dualprobe pH monitoring allowed researchers to position the prox-
imal sensor in the area of the UES and led to the first major clinical series describing
LPR [30]. Since that time, 24-h dualprobe pH monitoring has been considered the
standard for confirming LPR and has been used in multiple studies [61]. However,
pH monitoring has limitations in its ability to diagnose and describe LPR. Vaezi and
colleagues demonstrated only a 55 % reproducibility for detecting proximal reflux
when the probe was positioned distal to the UES [62]. Using a probe placed above
the UES in patients with suspected LPR, Harrell and colleagues found the vast
majority of 24-h hypopharyngeal pH readings less than 4 were due to what they
defined as artifact (swallows, meals, short drops) [63]. In this study, short (Iess than
5 s) drops accounted for 48 % of the hypopharyngeal events, which may still repre-
sent chemical exposure. This highlights the present debate surrounding the number
of episodes and pH cutoff to define LPR, as experimental evidence suggests that
even limited exposure to gastric contents can be detrimental to laryngeal and pha-
ryngeal mucosa [19, 64, 65]. Furthermore, the need to manually exclude artifacts
from pH testing makes this modality cumbersome in a clinical setting. Despite con-
troversy, many authors have used the criteria of a pH reading <4 in a sensor placed
proximal to the UES, preceded by a similar drop in a sensor placed in the proximal
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esophagus, as evidence of an LPR event, and exposure of pH <4 for greater than
1 % of a 24-h period as diagnostic of LPR ([15, 66],).

Multichannel intraluminal impedance (MCII) combined with pH monitoring has
extended our ability to describe LPR events. This technology allows assessment of
the liquid and gas composition of reflux as well as its acidity [61]. Kawamura’s
study using MCII demonstrated that gaseous acidic events are exclusively corre-
lated with LPR symptoms, giving new insights into the pathophysiology of LPR
[6]. Furthermore, the detection of nonacidic events by MCII allows the assessment
of chemical exposure in the UADT, which is emerging as an important contributor
to LPR-associated damage [7, 61]. Thus, MCII is a promising technique, with the
caveat that the clinical utility of abnormal findings has yet to be defined [67].
Presently, we use a combination of MCII and pH monitoring in those patients who
require further assessment of their LPR but rely heavily on clinical interpretation of
both studies prior to considering surgical intervention.

Treatment

Medical

Many patients with LPR respond favorably to a combination of lifestyle changes
and pharmacotherapy. Such lifestyle changes include avoidance of caffeine, choco-
late, mints, and alcohol; abstaining from smoking; cutting out fatty, fried, and spicy
foods from the diet; and avoiding large meals before bedtime. Medication regimens,
however, vary and can be the subject of a trial and error effort on the part of the
treating clinician. The use of proton pump inhibitors and H2 blockers has shown
promising results when used in the treatment of mild, moderate, and even
severe LPR.

Patients with LPR have a highly variable response to acid-suppressive regimens.
Given the paucity of placebo-controlled trials available investigating acid-suppression
therapy and its effects on LPR, it is not surprising that there are no accepted protocols
or algorithms for initiating medications therapy. There are, however, several medical
options available: H2 blockers, mucosal cryoprotectants, prokinetic agents, and PPL
In general, H2 blockers have fallen out of favor as the primary intervention as their
use has proven to provide only mild improvements to LPR symptoms [68]. Almost
unequivocally, PPIs present a better option for treatment of LPR. However, the dose
and duration of treatment remain a point of contention [69—71].

Surgical

In patients with severe symptoms who fail maximal medical management or those
who have concurrent esophageal pathology, laparoscopic fundoplication has
emerged as the preferred surgical intervention [28].
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Patti and colleagues described the results in 39 patients with GERD and respira-
tory symptoms who were surgically treated with laparoscopic fundoplication [72].
The association between reflux and cough or wheezing was based on history alone
in 14 and on history plus pH monitoring confirmed temporal association between
episodes of reflux and respiratory symptoms in 23. Respiratory symptoms resolved
after surgery in 83 % of patients in whom a temporal correlation between cough and
reflux was established but in only 57 % of patients in whom there was no correla-
tion. These data support not only the benefit of laparoscopic fundoplication in treat-
ing GERD complicated by respiratory symptoms but also the utility of using pH
monitoring to predict the outcome of surgery.

The utility of pH monitoring over impedance monitoring and endoscopy in stratify-
ing likely responders to fundoplication was also supported by a recent study by Francis
and colleagues [67] in 27 patients with extraesophageal reflux symptoms and objec-
tive evidence of GERD. Using a regression model, the main predictors of response to
surgery were the preoperative presence of heartburn and esophageal pH<4 for greater
than 12 % of a 24-h period. This may suggests that GERD with extraesophageal symp-
toms, rather than isolated LPR, is most responsive to surgical intervention.

Oelschlager and colleagues reported results of fundoplication in 21 patients who
had extraesophageal symptoms [66]. In all patients with perioperative pH monitor-
ing, the average pharyngeal exposure of pH<4 decreased postoperatively. Of the
five patients who had pre- and postoperative pH monitoring and had demonstrated
preoperative pharyngeal reflux based on hypopharyngeal readings of pH <4, all had
areduction in pharyngeal reflux. Two of thirteen patients with postoperative studies
in his series had persistent pharyngeal reflux, and this was attributed to persistent
esophageal reflux (failure of surgery). The remaining patients with successful fun-
doplication did not demonstrate persistent pharyngeal reflux [66]. In a follow-up
study examining 128 consecutive patients with extraesophageal symptoms and
GERD, Oelschlager’s group found that extraesophageal symptoms improved in
70 %,and GERD symptoms responded in 90 % of patients [73].

Together, these data suggest that patients with extraesophageal symptoms and
symptoms of GERD, who have objective testing of at least esophageal reflux, are
potential candidates for surgical intervention. This must be weighed against the
risks of surgery but also considered in the light of the long-term inconvenience and
consequences of lifetime acid-suppressive therapy.
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Chapter 8
Minimally Invasive Treatment of GERD

Marco E. Allaix, Fernando A. Herbella, and Marco G. Patti

Abstract A laparoscopic total fundoplication is considered today the gold standard
for the surgical treatment of gastroesophageal reflux disease (GERD). Short-term
outcome is excellent, with low perioperative morbidity and fast recovery. Long-
term follow-up has shown that symptom control is achieved in about 80-90 % of
patients 10 years after a fundoplication.

This chapter describes the technical steps of a laparoscopic fundoplication.

Keywords Gastroesophageal reflux disease ® Laparoscopic Nissen fundoplication *
Total fundoplication e Partial fundoplication ¢ Toupet fundoplication * Guarner fun-
doplication ¢ Dor fundoplication

Introduction

The indications for surgical treatment of gastroesophageal reflux disease (GERD)
have changed during the last two decades. While in the past antireflux surgery was
often considered for patients who did not have a good response to acid-reducing
medications, today the best indication for surgery is instead a good control of symp-
toms with proton pump inhibitors (PPIs) [1].

An antireflux operation is indicated when pathologic gastroesophageal reflux
is documented by 24-h ambulatory pH monitoring and/or combined multichan-
nel intraluminal impedance and pH testing (MII-pH) [2]. Indications include
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(a) heartburn and regurgitation not completely controlled by medications; (b) when
it is suspected that respiratory symptoms are induced by gastroesophageal reflux;
(c) desire of the patient to stop chronic use of PPI; (d) poor patient’s compliance
with medical treatment; (e) cost of medical therapy; (f) development of osteopo-
rosis; (g) C. difficile infections, pneumonia, or hypomagnesemia; and (h) young
patients in whom lifelong medical treatment is not advisable.

A laparoscopic total fundoplication is considered today the procedure of choice
because it increases the resting pressure and length of the LES, decreases the number
of transient LES relaxations, and improves quality of esophageal peristalsis [3, 4].
This procedure is associated with low morbidity, short hospital stay, and excellent
outcome [5, 6]. Follow-up has shown that control of symptoms is achieved in about
80-90 % of patients 10 years after a fundoplication [7-9]. Control of reflux is not
influenced by the pattern of reflux (i.e., upright versus supine) [6]. Furthermore, the
procedure is equally safe and effective in young and elderly patients [5].

Postoperative dysphagia is one of the main risks of antireflux surgery. Several
studies, mostly from Europe and Australia, have found that a partial fundoplication
is as effective as a total fundoplication, and it is associated with a lower rate of
postoperative dysphagia [10]. In the United States, however, many studies have
shown that while a partial fundoplication and a total fundoplication have a similar
rate of postoperative dysphagia, a partial fundoplication is less effective in control-
ling reflux than a total fundoplication. These data suggest that a total fundoplica-
tion should be the procedure of choice for patients with GERD regardless of the
preoperative esophageal motility [3, 11, 12]. In most centers in the United States,
a partial fundoplication is therefore performed only in selected patients with very
impaired or absent esophageal peristalsis, such as those with scleroderma or
achalasia.

Several eponyms are used in the literature to denote different antireflux operations:
Nissen, Nissen-Rossetti, Toupet, Lind, Guarner, Hill, and Dor. However, we feel that
it is more important to focus on the technical elements which make a fundoplication
effective and long lasting.

This chapter discusses the technical aspects of total and partial laparoscopic fun-
doplication for the treatment of GERD.

Laparoscopic Total Fundoplication

Positioning of the Patient on the Operating Table

The patient lies supine on the operating table over a beanbag that is inflated to
prevent sliding during the operation when a steep reverse Trendelenburg position is
used. After induction of general anesthesia, an orogastric tube is inserted to keep the
stomach decompressed, and it is removed at the end of the procedure. The legs are
extended on stirrups, and the knees are flexed at a 20° to 30° angle. The surgeon
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Table 8.1 Instrumentation Five 10-mm ports
for laparoscopic

i 0° and 30° scope
fundoplication

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

performs the entire procedure standing between the patient’s legs, with an assistant
on the right side and another one on the left side of the operating table.

Instrumentation for Laparoscopic Fundoplication

The equipment required for the procedure includes five 10-mm trocars, a 30° cam-
era, a hook cautery, and various other instruments (Table 8.1).

Step 1: Placement of Trocars

A five-trocar technique is used for the operation (Fig. 8.1). 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 tro-
car, since the insertion site in the supraumbilical area is just above the aorta and its
bifurcation. In order to increase the distance between the abdominal wall and the aorta
and therefore reduce the risk of vessel injuries, the abdomen is initially inflated by
using a Veress needle to a pressure of 15 mmHg. Subsequently, under direct vision, an
optical port with a 0° scope is placed. 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, 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 segment 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 dis-
secting and suturing instruments.
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Fig. 8.1 Trocars’ placement.
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Step 2: Division of Gastrohepatic Ligament; Identification
of Right Crus of the Diaphragm and Posterior Vagus Nerve

The gastrohepatic ligament is divided, beginning above the caudate lobe of the
liver, where the ligament is usually very thin, and continuing toward the diaphragm
until the right crus is identified. The crus is then separated from the right side of the
esophagus by blunt dissection, identifying the posterior vagus nerve. The right crus
is dissected inferiorly toward the junction with the left crus.

During the dissection of the right crus from the esophagus, the electrocautery
should be used with extreme caution. Because of the lateral spread of the monopolar
current, the posterior vagus nerve may be damaged, even without direct contact.
A bipolar instrument represents a safer alternative.

An accessory left hepatic artery originating from the left gastric artery is fre-
quently present in the gastrohepatic ligament. Preservation of this artery should be
attempted if possible; however, if this vessel limits the exposure, it may be divided.

Step 3: Division of Peritoneum and Phrenoesophageal
Membrane Above the Esophagus and Identification of the Left
Crus of Diaphragm and Anterior Vagus Nerve

The peritoneum and the phrenoesophageal membrane above the esophagus are
transected with the electrocautery, and the anterior vagus nerve is identified. The left
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crus of the diaphragm is dissected bluntly downward toward the junction with the
right crus.

This dissection must be performed with extreme caution to avoid an injury to
the anterior vagus nerve or the esophageal wall. Accordingly, the nerve should be
left attached to the esophageal wall, and the peritoneum and the phrenoesophageal
membrane should be lifted from the wall by blunt dissection before they are
divided.

Step 4: Division of Short Gastric Vessels

The 5-mm laparoscopic bipolar instrument is introduced through trocar 2. A grasper
is introduced through trocar 5 and held by the surgeon, while traction on the greater
curvature of the stomach is applied by an assistant through trocar 4. The dissection
begins at the level of the middle portion of the gastric body and continues upward
until the most proximal short gastric vessel is divided [13].

Bleeding, either from the short gastric vessels or from the spleen, and damage to
the gastric wall are possible complications during this step of the procedure.

Excessive traction and division of a not completely coagulated vessel are the
most common causes of bleeding from the short gastric vessels, while a burn from
the electrocautery during dissection between vessels and traction applied with the
graspers or the Babcock clamp are the most common mechanisms of damage to the
gastric wall.

Step 5: Creation of a Window Between Gastric Fundus,
Esophagus, and Diaphragmatic Crura and Placement
of Penrose Drain Around the Esophagus

A Babcock clamp is applied at the level of the esophagogastric junction to retract
upward the esophagus. 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. 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 and (2) perforation of the gastric fundus. A left
pneumothorax is usually created when the dissection is performed above the left
pillar of the crus in the mediastinum, rather than between the crus and the gastric
fundus.

Perforation of the gastric fundus is usually caused by pushing a blunt instrument
under the esophagus. Sometimes, monopolar electrocautery used for dissection can
cause a perforation. An electrocautery burn may be not recognized intraoperatively,
and it usually manifests itself clinically during the first postoperative day.
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Step 6: Closure of Crura

The diaphragmatic crura are closed with interrupted 2-0 silk sutures that are tied
intracorporeally. Retraction of the esophagus upward and toward the patient’s left
with the Penrose drain provides 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 the Esophagus
and Across the Esophageal Junction

After removal of the orogastric tube, a 56-French bougie is inserted down the esoph-
agus through the esophagogastric junction [14]. The crura must be snug around the
esophagus but not too tight: a closed grasper should slide easily between the esoph-
agus and the crura.

The most serious complication during this step is an esophageal perforation.
Lubrication of the bougie and slow advancement of the bougie by the anesthesiolo-
gist help prevent this complication. In addition, all instruments must be removed
from the esophagogastric junction, and the Penrose drain must be opened. These
measures prevent the creation of an angle between the stomach and the esophagus,
which increases the risk of perforation.

Step 8: Wrapping of Gastric Fundus Around
the Lower Esophagus

The surgeon gently pulls the gastric fundus under the esophagus with two graspers.
The left and right sides of the fundus are wrapped above the esophagogastric junc-
tion. 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. Two coro-
nal stitches are then placed between the top of the wrap, the esophagus, and the right
or left pillar of the crus. Finally, one additional suture is placed between the right
side of the wrap and the closed crura (Fig. 8.2).

One way to evaluate whether the wrap is going to be floppy consists of delivering
the fundus under the esophagus, checking for the origins of the transected short
gastric vessels. Essentially, the wrap is being done using both the anterior and the
posterior wall of the fundus. 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 vessels have been
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Fig. 8.2 Total
fundoplication. a indicates
closure of crura, b wrap, ¢
coronal sutures, d posterior
suture, and sgv divided short
gastric vessels
sgv
sgv

sgv

sgv

transected and the posterior dissection completed. To avoid redundancy of the wrap,
a “shoeshine” maneuver should be performed. If tension is still present after these
maneuvers, a partial wrap is preferable.

Damage to the gastric wall may occur during the delivery of the fundus. The
surgeon should use atraumatic graspers pulling gently and passing the tissue from
one grasper to the other. The wrap should be no more than 2-2.5 cm in length.

Step 9: Final Inspection, Removal of Instruments and Trocars
Jrom 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 total fundoplication.

Partial Posterior Fundoplication

Once the gastric fundus is delivered, it is gently pulled under the esophagus with
two graspers. The right and left sides of the wrap are separately sutured to the
esophagus, leaving 80°—120° of the anterior esophageal wall uncovered. Three 2-0
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Fig. 8.3 Partial
fundoplication. a crura
closure, b posterior partial
fundoplication, ¢ two coronal
stitches placed between the
top of the wrap, the
esophagus, and the right or
left pillar of the crus, d one
additional stitch placed
between the right side of the
wrap and the closed crura

silk sutures are placed on each side between the muscular layers of the esophageal
wall and the gastric fundus. Two coronal stitches are then 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. 8.3).

Partial Anterior Fundoplication

Itis a 180° anterior fundoplication. Two rows of sutures (2-0 silk) are used. The first
row is on the left side of the esophagus and has three stitches. The top stitch incor-
porates the 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 addi-
tional stitches are placed between the fundus and the rim of the esophageal hiatus to
eliminate any tension from the fundoplication.

Postoperative Course

Patients are fed with clear liquids and then a soft diet the morning of the first
postoperative day and are instructed to avoid meat, bread, and carbonated bever-
ages for the following 2 weeks. About 85 % of patients are discharged within
23 h, and 95 % of patients are discharged within 48 h. Most patients resume their
regular activity within 2 weeks.
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Postoperative Complications

Esophageal or gastric perforation is a feared complication of laparoscopic fundopli-
cation, which may be caused either by traction or by an inadvertent electrocautery
burns during any step of the dissection. A leak usually manifests itself during the
first 48 h. The patient will show peritoneal signs if the spillage is limited to the
abdomen; shortness of breath and a pleural effusion will be noted if spillage also
occurs in the chest. The site of the leak must always be confirmed by a contrast
study with a water-soluble contrast agent. Optimal management consists of a reop-
eration and direct repair.

Short-Term Outcomes

Almost every patient after total fundoplication experiences some degree of dyspha-
gia postoperatively. Dysphagia usually resolves after 6-10 weeks [3]. If dysphagia
persists beyond this period, one or more of the following could be the cause:

1. A too tight or too long (i.e., >2.5 cm) wrap [14]. In case of a too tight wrap,
endoscopic dilatation represents the initial therapy in most cases [15], while redo
surgery is an alternative option 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 [13].

3. A wrap made with the body of the stomach rather than the fundus. LES and the
gastric fundus relax simultaneously with swallowing after a properly done fun-
doplication. In this case, the fundus will not relax as the LES does on arrival of
the food bolus [16].

4. Choice of the wrong procedure. A partial wrap is preferable in case of severely
impaired or absent esophageal peristalsis [17], because a 360° wrap may be the
cause of postoperative dysphagia and gas bloat syndrome.

Long-Term Outcomes

Ten-year or greater follow-up studies have shown that symptom relief and reflux
control is achieved in about 80-90 % of patients undergoing total fundoplication for
GERD [7-9].

On the other hand, long-term studies have reported a less effective control of
gastroesophageal reflux with a partial fundoplication rather than a total fundoplica-
tion [3, 11, 12]. At 5-year follow-up, recurrence of gastroesophageal reflux
confirmed by pH monitoring was reported in more than 50 % of patients after partial
fundoplication [3, 11, 12].

Late complications of fundoplication include wrap disruption and herniation of
an intact wrap. If the gastroesophageal junction and the wrap slip into the chest, the
patient may experience dysphagia and regurgitation. The diagnosis is confirmed by
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a barium swallow. The incidence of paraesophageal hernia may be increased if the
coronal suture is not used and the closure of the crura is not performed or if it is too
loose [13, 16]. This step not only is essential for reducing the risk of paraesophageal
hernia [16, 18, 19], but also it is important from a physiologic point of view, as it
helps to strengthen the LES preventing reflux.
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Chapter 9
Minimally Invasive Treatment
of GERD: Special Situations

Yee M. Wong and P. Marco Fisichella

Abstract Research progress over the past few decades has helped us understand
the association between gastroesophageal reflux disease (GERD), various pul-
monary diseases, and obesity. Even though the pathophysiology and mecha-
nisms behind the association have yet to be fully elucidated, treatment for GERD
in these special populations has dramatically changed over this period. While
lifestyle and dietary changes remain important for the management of GERD,
the results can be highly variable since they depend mostly on the compliance of
the patients. Pharmacologic agents such as proton pump inhibitors (PPIs) and
histamine-2 receptor antagonists are effective in reducing gastric acid and
thereby improving symptoms secondary to acidic reflux; however, they do not
prevent nonacidic reflux episodes and chronic microaspiration, which may con-
tribute to poorly controlled asthma, progression to end-stage lung disease, and
bronchiolitis obliterans syndrome (BOS) in lung transplant recipients. Therefore,
surgical intervention may be necessary in selected patients. Today, with the
advancement of laparoscopic techniques since their introduction in the 1990s,
morbidity and mortality of anti-reflux and bariatric procedures have progres-
sively improved, making them the treatment of choice for GERD in this special
patient population.
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Introduction

Gastroesophageal reflux disease (GERD) is present in 10-20 % of the general popu-
lation in the United States, and classic or “typical” reflux symptoms include heart-
burn and regurgitation. However, over the past few decades, increasing evidence has
shown a strong association between GERD and various pulmonary disorders.
Whether acid reflux predisposes patients to some of these pulmonary disorders or
vice versa is still unclear, the diagnosis and treatment for these patients have posed
an immense challenge for clinicians, since many of these patients do not present
with the classic reflux symptoms or may be entirely asymptomatic and response to
therapy is often variable. Lastly, as obesity is becoming an epidemic in the United
States, the incidence of GERD may also be on the rise since obesity is a known
contributing factor to the development of acid reflux disease. The goal of surgical
intervention in this subset of patient addresses both the issues of obesity and reflux
symptoms. In this chapter, the association between GERD, asthma, laryngopharyn-
geal reflux, (LPR) end-stage lung disease, and obesity will be discussed, as well as
their challenges on diagnosis and treatment.

Asthma

Prevalence and Pathophysiology

The association between asthma and GERD has been well documented for years.
It has been reported that GERD on pH monitoring is present in up to 80 % of
patients with asthma [1]. A more recent systematic review looking at the preva-
lence of the two diseases showed that 59 % of patients with asthma also have a
diagnosis of GERD compared with only 38 % of controls. Patients with asthma are
also 1.8 times more likely to develop GERD compared to those without asthma. In
addition, the prevalence of asthma in patients with GERD is 1.2 times higher than
controls [2]. Even though the association seems clear, its pathophysiologic mecha-
nism is not completely understood. One hypothesis suggests that aspiration of
esophageal acid into upper airway leads to bronchospasm and increases airway
reactivity through a vagal reflex [3]. On the other hand, bronchoconstriction in
asthmatics can also trigger reflux symptoms. Further, lung hyperinflation in asthma
may cause an increase in the pressure gradient between the abdomen and chest,
which may lead to the herniation of the lower esophageal sphincter (LES) into the
chest. As a result, the pressure of the LES is decreased and acid is refluxed into the
esophagus [4]. These findings have since shaped the notion that surgical treatment
of GERD in patients with asthma may improve symptoms and outcomes of both
diseases.
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Symptoms and Diagnosis

Although the association between the GERD and asthma diseases has been well
established, GERD can be difficult to diagnose in asthmatic patients. About
40 % of patients with asthma do not present with typical reflux symptoms, such
as regurgitation or heartburn, but have positive pH monitoring and are referred
to as having “silent GERD” [5]. These patients often fail standard therapy for
asthma control and may complain of frequent episodes of nocturnal respiratory
symptoms. Inflammation of the esophageal mucosa from GERD can also cause
chronic cough and bronchospasm through neurogenic mechanisms [6].
Diagnosing GERD in this patient population can often be challenging and is
primarily a diagnosis of exclusion. A detailed clinical history should be obtained
with focus on the “atypical” reflux symptoms, including substernal chest pain,
dysphagia, hoarseness, or worsening of asthma symptoms when recumbent.
A 24-h pH monitoring is commonly used to evaluate for acid reflux in proximal
and distal esophagus. However, in patients with poorly controlled asthma, a
positive pH test is not associated with increased asthma symptoms, worse out-
come, decreased lung function, or increased airway hyperresponsiveness, if no
typical reflux symptoms are present [7]. In addition, the result of a positive pH
monitoring does not predict response to acid suppression treatment; therefore,
the routine use of pH monitoring for poorly controlled asthmatics remains con-
troversial [8].

A diagnostic modality for GERD that has been gaining widespread popularity
since its introduction in 1991 is the multichannel intraluminal impedance test. It
allows for measurements of acidic and nonacidic events, which some suggest
may be the cause for poorly controlled asthma in some patients despite PPI ther-
apy. The probe contains multiple impedance sensors and a pH sensor and is
placed with its most distal impedance sensor within 2 cm of the lower esopha-
geal sphincter (LES). When a more distal impedance sensor detects substance in
the esophagus before the proximal sensors, it denotes a reflux episode. A non-
acidic reflux event can be distinguished from an acidic episode when the imped-
ance sensors are activated, but not the pH sensor. Another advantage of this
technique is that the sensors can detect the characteristics of the esophageal
refluxate, such as gas, liquid, or a mixture of both. One study suggests that the
presence of gas in the refluxate may be associated with worse perception of
symptoms by the patients [9]. Weakly acidic or nonacidic reflux episodes are
also associated with chronic cough in some studies [10, 11]. In children with
persistent respiratory symptoms, pH-impedance testing has been shown to be
more useful in detecting nonacid reflux events that are often associated with
respiratory symptoms than pH monitoring alone [12], making it a more preferred
option in diagnosing GERD in asthmatic patients especially when they are
refractory to medical therapy.
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Treatment

Currently, the recommendations for conservative treatment of GERD are lifestyle
modifications and initiation of medical therapy. Compared to histamine-2 receptor
blockers, PPIs are superior in improving reflux symptoms and healing esophagitis
[13]. However, in patients with moderate to severe asthma and symptoms of GERD,
treatment with PPIs fails to improve asthma symptoms and pulmonary function,
although patients usually report better quality of life and reduction in asthma exac-
erbation [14, 15]. In a randomized controlled trial studying the efficacy of PPIs in
poorly controlled asthmatics with mild or no reflux symptoms, no benefit was
shown with twice daily esomeprazole compared to placebo [5]. The results of these
studies may support the notion that nonacidic gastric content can also exacerbate
asthma. When comparing medical treatment with surgical intervention, multiple
studies have shown that anti-reflux surgery is comparable, if not more effective, in
improving asthma symptoms in patients with GERD. In a randomized study by
Sontag et al., 62 patients were assigned to receiving Nissen fundoplication, raniti-
dine three times daily, or antacid as needed. The patients were followed for up to 19
years, and outcomes such as pulmonary medication requirement, asthma symptom
score, overall clinical status, peak expiratory flow, and pulmonary function were
collected. By 2 years, 74.9 % of patients in the surgical group had significant
improvement in overall asthma status compared to 9.1 % of the medical group and
4.2 % of the control group. However, there was no significant difference in medica-
tion requirement, pulmonary function, or peak expiratory flow in the three treatment
groups [16]. In a more recent study evaluating the effect of laparoscopic Nissen
fundoplication in the pediatric population with steroid-dependent asthma, 89 % of
patients reported significant improvement in overall symptoms, 90 % had reduction
in nocturnal asthma, and 78 % of patients were weaned off oral steroids postopera-
tively [17]. Therefore, for patients with proven GERD and difficult to control
asthma, anti-reflux surgery may provide symptomatic relief even if it may not
improve pulmonary function or overall survival.

Laryngopharyngeal Reflux

Prevalence and Pathophysiology

Laryngopharyngeal reflux (LPR) is defined as the retrograde flow of gastric con-
tent up to the level of the upper esophageal sphincter. About 24 % of patients with
GERD are also diagnosed with LPR [18]. LPR is associated with chronic laryngitis
and difficult-to-treat sore throat in up to 60 % of patients [19]. Unlike patients with
the “typical” GERD symptoms, only a small percentage of those diagnosed with
LPR have evidence of esophagitis on endoscopy [20]. The reason for this finding
is still poorly understood, but studies have shown that the presence of pepsin, in
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addition to a low pH, from gastric content, leads to tissue injury and altered epithe-
lial repair that is not readily seen in the esophagus [21]. Therefore, as few as three
proximal reflux episodes per week can lead to LPR compared with up to 50 episodes
for GERD [22]. While the relationship between GERD and esophageal adenocarci-
noma is well established, the association between LPR and laryngeal squamous cell
carcinoma remains unproven. However, recent evidence suggests that pepsin pro-
motes epithelial proliferation in larynx and pharynx, which may imply a role in the
development of laryngeal cancer [23]. As a result of these studies, early diagnosis
of LPR may be important in preventing progression to malignancy.

Symptoms and Diagnosis

Since most patients with LPR often do not have the finding of esophagitis on EGD,
they may not complain of the typical GERD symptoms. More commonly, they may
report hoarseness (95 %), globus pharyngeus (95 %), persistent cough (97 %), and
throat clearing (98 %) [24]. A scoring system developed by Belafsky et al. can be
used to aid with diagnosis and to assess treatment response. The Reflux Symptom
Index uses a scale of 0-5 to grade the following symptoms: hoarseness or voice
problem, throat clearing, excess throat mucus or postnasal drip, difficulty swallow-
ing, coughing after eating or lying down, breathing difficulties or choking spells,
persistent cough, sensation of something sticking or a lump in the throat, and heart-
burn, chest pain, indigestion, or regurgitation [25]. A score of 13 and above is con-
sidered abnormal and further diagnostic modalities are warranted.

Once LPR is suspected, laryngoscopy should be performed. Laryngeal inflam-
mation is a nonspecific finding, but posterior laryngitis, with thickening, erythema,
and edema concentrated in the posterior larynx, is a common finding in those with
LPR. Contact granuloma is highly suggestive of LPR, as it is present in 65-74 % of
patients with GERD on pH monitoring [26]. Another common finding at laryngos-
copy is pseudosulcus, where diffuse infraglottic edema causes linear indentation to
the medial edges of the vocal cords that resembles sulcus vocalis [27]. Other less
specific findings include subglottic edema, diffuse laryngeal edema, ventricular
obliteration, and posterior commissure hypertrophy. Although these findings are all
suggestive of LPR, to confirm the diagnosis of reflux, pharyngeal pH monitoring
and an ambulatory multichannel intraluminal impedance study are most commonly
performed. LPR is diagnosed when total acid exposure time, defined as percentage
of time when the sensor detects pH levels less than four during a 24-h monitoring,
is more than 1 % [28]. However, some studies found the false-positive rate of pha-
ryngeal pH monitoring ranging from 7 to 17 % [29, 30], and a positive test result
does not necessarily correlate with response to PPI therapy [31]. More recently,
impedance testing has been recommended in patients who are refractory to medical
treatment since it offers more clinical information including nonacidic reflux epi-
sodes that may contribute to the development of LPR [32]. Lately, the Restech
Dx-pH probe, introduced to improve the diagnosis of LPR, allows measurements of
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pH in a nonliquid environment, such as the pharynx, and may be able to detect
reflux in areas not otherwise evident during conventional pH monitoring or imped-
ance testing. One prospective study reported a sensitivity of 69 % and a specificity
of 100 % with this diagnostic modality [33], although larger randomized studies are
still needed to compare its efficacy with more traditional techniques.

Finally, although some clinicians may initiate a 3-month trial of high-dose PPIs
to confirm the diagnosis of LPR before any invasive testing, it should be noted that
the response to medical treatment can be variable and similar to that achieved in the
asthmatic population with GERD. For these reasons, there is controversy today
regarding the efficacy of PPIs in the treatment of LPR [19].

Treatment

Like those diagnosed with GERD, patients with LPR are counseled on dietary
changes, as well as behavioral modifications, such as weight loss, decreased alcohol
intake, and smoking cessation. One randomized controlled trial showed that life-
style changes for 2 months, with or without PPIs, significantly improved symptoms
of LPR [34]. Despite controversy about the efficacy of PPIs, the current recommen-
dation in a suspected case of LPR is to initiate a high dose of PPIs twice daily for
3 months. However, symptoms may take up to 6 months to resolve in some patients.
Therefore, unlike GERD, LPR should be treated more aggressively and conse-
quently may require a more prolonged course of treatment [35, 36]. For patients
with GERD who are refractory to conservative therapy, laparoscopic anti-reflux
surgery is generally recommended. Pharyngeal reflux is reduced from 7.9 to 1.6
episodes per 24 h and esophageal acid exposure is reduced from 7.5 to 2.1 % after
surgical intervention in a study by Oelschlager et al. [37]. A recent systematic
review of literature that evaluated the effectiveness of laparoscopic fundoplication
on the treatment of LPR showed an improvement of symptoms after surgery across
the board [38]. However, because of the variability of the studies in terms of preop-
erative assessment, evaluation of outcomes, and inclusion criteria, clear recommen-
dations could not be made. Nevertheless, for patients with LPR unresponsive to
acid suppression treatment, laparoscopic fundoplication may successfully treat
laryngeal symptoms secondary to GERD in those with positive pH monitoring.

End-Stage Lung Diseases Before and After Lung
Transplantation

Since the first lung transplantation performed by Dr. James Hardy in 1963, over
32,000 transplants have since been performed [39]. From 1995 to 2009, over one
third of the transplantations were for chronic obstructive pulmonary disease
(COPD). Idiopathic pulmonary fibrosis (IPF) is the second leading cause of
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transplant with 22 %, cystic fibrosis (CF) accounts for 16 %, and o;-antitrypsin
deficiency (AATD) emphysema composes 7 % of the procedures. Other indications
include idiopathic pulmonary arterial hypertension, sarcoidosis, bronchiectasis,
congenital heart disease, connective tissue disease, cancer, and obliterative bronchi-
olitis [39].

Emerging studies over the past decade have shed light on the association between
some of these end-stage lung diseases, most notably IPF, and GERD. An early
study by Mokhlesi et al. evaluated the prevalence of GERD in patients with COPD
based on symptoms alone and found that a higher percentage of patients with mild
to severe COPD have one or more reflux symptoms compared to those without
COPD or asthma [40]. A more recent study utilized esophageal pH monitoring to
confirm reflux events in patients with advanced COPD. The results of this study
showed an overall prevalence of GERD of 57 % compared to that of 10-20 % in the
general population and that only one third of these patients complained of symp-
toms of GERD [41]. The reasons for this increased prevalence are not entirely
understood. However, some suggest that hyperinflation, chronic cough, and bron-
chospasm may increase the intra-abdominal pressure and reduce the tone of the
LES by altering its relationship with the diaphragm. Some medications for the
symptomatic treatment of COPD, such as beta-agonists, anticholinergics, and the-
ophylline, have also been postulated to increase GERD by reducing the LES pres-
sure, but studies evaluating the association between GERD and these medications
have not been conclusive [42, 43].

Similarly, there is an increased prevalence of GERD in patients with IPF with
Raghu et al. reporting it as high as 87 % [44]. A study by Sweet et al. also confirmed
these findings and showed a 67 % prevalence of GERD in IPF patients [45]. IPF
carries a high mortality rate with median survival between 3 and 5 years from diag-
nosis [46]. The traditional understanding of the pathogenesis of IPF has been
chronic interstitial inflammation leading to fibrosis. Until recently, focus on the
treatment of IPF has been on immune modulators and anti-inflammatory agents to
halt the progression of disease; however, results have not been very promising, and
mortality rate has not improved over the years, which has prompted a change in
direction in identifying the pathophysiologic mechanisms of this disease. With
increasing evidence of a strong association between GERD and IPF, many now
hypothesize that chronic microaspiration may be the etiological factor in the devel-
opment of pulmonary fibrosis [47]. Although the causal relationship remains
unclear, examination of surgical lung biopsies of some patients with chronic hyper-
sensitivity pneumonitis caused by aspiration also has shown the usual interstitial
pneumonia pattern typical of IPF [48]. In addition, esophageal dysmotility has been
proposed as a contributing factor to microaspiration leading to lung fibrosis. Patti
et al. evaluated patients with end-stage IPF awaiting lung transplantation for GERD
with esophageal manometry and pH monitoring. The authors found that reflux epi-
sodes were associated with a hypotensive LES and abnormal esophageal peristalsis
in those with positive pH monitoring [49]. An additional finding that supports the
microaspiration hypothesis is the positive effect of anti-reflux surgery on exercise
capacity and oxygen requirement in IPF patients awaiting lung transplantation [50].
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The use of anti-reflux medications has also been found to be an independent predic-
tor of longer survival time and lowers the radiologic fibrosis score in patients with
IPF [51]. New insight into the pathogenesis of idiopathic pulmonary fibrosis has
thus led to the focus of targeting the underlying cause of the aspiration with the hope
of improving mortality and quality of life.

In contrast to IPF, the pathogenesis of cystic fibrosis has been well established.
Like other indications for lung transplantation, there is also a higher prevalence of
GERD in the CF population. Mendez et al. from Loyola reported the prevalence of
reflux disease in CF patients after transplantation to be as high as 90 % compared to
lung transplant patients with other pulmonary disorders. Interestingly, these patients
are also more prone to proximal reflux, which has a profound implication for the
treatment of GERD in this population to prevent chronic allograft rejection [52]. In
addition, patients with CF are six to eight times more likely than controls to experi-
ence GERD symptoms [53]. A recent study by Blondeau et al. utilized impedance
pH monitoring to evaluate the prevalence of reflux in 24 children with CF and found
67 % of them have increased esophageal acid exposure. One third of the patients
also tested positive for bile acid in their saliva, which may increase their risk for
aspiration [54]. However, the mechanism of association between GERD and CF is
still under debate and several theories have been proposed. Some contributing fac-
tors include increased frequency of transient LES relaxations, prolonged gastric
emptying, reduced pulmonary function from chronic obstruction of the airways,
chronic cough and wheezing with increased intra-abdominal pressure, high-fat diet,
and alpha-adrenergic medications [53, 55]. Microaspiration from reflux may also
contribute to poor control of CF and progression to end-stage lung disease necessi-
tating lung transplantation. Therefore, the treatment of GERD is again crucial in the
overall management of patients with end-stage CF.

Bronchiolitis Obliterans Syndrome

Chronic allograft rejection, also known as bronchiolitis obliterans syndrome (BOS),
contributes to the lower survival rate of lung transplant patients compared to recipi-
ents of other solid organs. It usually develops 6 months to 2 years after transplant
and affects 50-60 % of patients 5 years after transplantation. BOS is also respon-
sible for about 30 % of deaths after 3 years of transplantation [56—58]. The disease
is defined as a decreased of forced expiratory volume in 1 s (FEV,) from the best
postoperative value without any other cause, such as infection or anastomotic stric-
tures. Pathologically, BOS is characterized by progressive fibrosis of small airways,
sclerosis, intimal thickening, and damage to pulmonary vasculature [57, 58]. Since
GERD is highly associated with other pulmonary disorders, chronic aspiration sec-
ondary to reflux has also been suggested as a contributing factor to the development
of BOS after transplant, and the prevalence of GERD in posttransplant patients is
as high as 75 % [57]. A study from Duke found an increased incidence of GERD
after transplant compared to before, as well as an increased acid exposure time from
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5.6 t0 9.3 % in the upright position and 5.1 to 11.4 % in the supine position [59].
Reasons for the increase in prevalence have been attributed to injury to the vagus
nerve, which leads to delayed gastric emptying and dysmotility of the esophagus,
or to the side effects of immunosuppression drugs. In fact, a study by Davis et al.
found that 36 % of posttransplant patients diagnosed with GERD also had esopha-
geal dysmotility compared to only 6 % of patients without GERD. Another study
from Loyola has also shown that the prevalence of delayed gastric emptying and
Barrett’s esophagus was reported at 36 and 12 %, respectively [60]. As the associa-
tion between GERD and BOS becomes more evident, these findings support a more
aggressive approach in the diagnosis and treatment of reflux disease for end-stage
lung disease patients before or after lung transplantation.

Diagnosis and Treatment

Current consensus recommends that all patients should undergo ambulatory pH
monitoring to diagnose GERD, as many patients with GERD may be asymptomatic.
However, since weakly acidic or nonacidic reflux episodes have also been postu-
lated as exacerbating factors for progression of BOS, the use of multichannel intra-
luminal impedance study has been increasingly employed for detecting reflux
events [61]. Nonetheless, even though both pH monitoring and impedance can con-
firm the presence of reflux, they do not offer information on aspiration. As a result,
some studies have measured the levels of biomarkers, such as pepsin or bile acids,
in bronchoalveolar lavage (BAL) fluid to detect aspiration. In a study by Stovold
et al., elevated levels of pepsin were found in BAL fluid of stable posttransplant
patients, those with acute rejection, and those with BOS. Interestingly, recipients
with acute rejection had the highest pepsin levels, which suggest that aspiration may
play a role in non-alloimmune injury to graft [62]. Similarly, increased bile acid
levels in BAL fluid were also found in 50 % of transplant patients. Of these patients,
70 % were diagnosed with BOS compared with 31 % of recipients without, which
proposes that bile acids may be more specific compared to pepsin in the association
with BOS. The study also found that PPI therapy had no impact on the levels of
pepsin or bile acids in the BAL fluid [63].

With increasing evidence that chronic aspiration contributes to the development
of BOS, focus on the management of GERD in transplant recipients has largely
shifted to the prevention or better control of reflux events. Even though PPIs are still
prescribed as prophylaxis for all patients after transplant, they do not prevent reflux,
whereas promotility agents, such as azithromycin combined with its anti-
inflammatory properties, may offer some benefits in lung function and survival rate
by improving airflow limitation [64]. In 2000, a case report by Palmer et al. found
improved FEV, and resolution of bronchial inflammation in a posttransplant recipi-
ent after anti-reflux surgery [56]. Since then, multiple studies have emerged evaluat-
ing the effect of surgical intervention on lung function, BOS, and long-term survival.
Laparoscopic fundoplication is the procedure of choice performed today and has
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been shown to improve the early stages of BOS in 16 out of 26 patients after surgery
in a study published in 2003 by the group from Duke [65]. A later study from the
same institution compared outcomes between early and late fundoplication groups
and demonstrated a significantly reduced incidence of BOS in patients who under-
went anti-reflux surgery within 90 days after transplant compared to those in the late
group (15.9 % vs. 47.7 %) [66]. Studies on fundoplication in patients with end-stage
lung disease awaiting lung transplantation also showed that patients either had stable
or improved lung function compared to control patients who showed progressively
worsening oxygen requirement [67, 68]. Anti-reflux surgery has also been found to
be effective in controlling chronic aspiration as evident in a study evaluating pepsin
levels in BAL fluid of posttransplant patients after undergoing fundoplication. In this
study, the authors from Loyola have shown that laparoscopic anti-reflux surgery sig-
nificantly decreased the amount of pepsin in BAL fluid compared to those without
anti-reflux procedure [69]. Lastly, laparoscopic Nissen fundoplication has been
shown to have similar morbidity and mortality in end-stage lung disease patients
after transplantation compared to normal patients undergoing the procedure [70].

Obesity

Prevalence and Pathophysiology

During the past three decades, the prevalence of obesity more than doubled in the
United States. In a report by the US National Health and Nutrition Examination
Survey (NHANES) in 2004, 66 % of American adults are either overweight or
obese [71]. With an increase in obesity, GERD is also on the rise because obese
patients have a 2-2.5 times elevated risk of developing reflux symptoms [72]. One
study reported 39 % of obese patients, with body mass index (BMI) defined as
greater than 30 kg/m?, had heartburn and/or regurgitation [73]. Similarly, for patients
with BMI over 35, the prevalence of GERD, based on symptoms and 24-h pH moni-
toring, ranges from 53 to 61 % [74, 75]. Some proposed mechanisms for this asso-
ciation include altered intragastric pressure with increased visceral fat favoring
reflux, decreased LES pressure, significant increased rate of transient LES relax-
ations in the postprandial period compared to nonobese patients possibly related to
higher intragastric pressure, diet habits in obese patients with high caloric meals
which leads to delayed gastric emptying, higher incidence of hiatal hernia, and
increased amount of circulating estrogen associated with higher incidence of GERD
[76]. Support for these proposed mechanisms includes a study by Pandolfino et al.
utilizing high-resolution manometry to measure intragastric pressure and gastro-
esophageal pressure gradient in normal, overweight, and obese patients. The authors
found a strong correlation between increased BMI and elevated intragastric pressure
and gastroesophageal pressure gradient, especially during inspiration [77], which
are risk factors contributing to the development of GERD. In a case-control study
published in 2007, central obesity, rather than BMI, was found to be associated with
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Barrett’s esophagus, and the odds of long-segment Barrett’s esophagus was 4.3 for
patients with the highest waist-to-hip ratio, further supporting the hypothesis that
increased visceral fat favors reflux from elevated intragastric pressure [78]. Not
surprisingly, with an association between Barrett’s esophagus and obesity, the prev-
alence of malignancy has also been found to be higher. An obese individual has an
odds ratio of 16.2 for developing esophageal or gastric cardia adenocarcinoma com-
pared to an individual with a BMI less than 22 [79].

Although the symptoms and diagnostic techniques for GERD are similar between
the obese and nonobese populations, management for the two groups can be entirely
different. For obese patients who are refractory to medical therapy, anti-reflux sur-
gery may not be the best option since bariatric surgery has shown beneficial effects
on all comorbidities including GERD, in addition to weight loss.

Treatment

Similar to normal patients with GERD, overweight and obese patients are advised
to implement lifestyle modifications and dietary changes to control reflux symp-
toms as well as to lose weight. However, limited studies on the effect of weight loss
and GERD have variable results. One study by Kjellin et al. did not find any signifi-
cant difference in pH monitoring and reflux symptoms between patients who were
prescribed a very low calorie diet (about 400 kcal/day) and those who had no change
in their diet [80]. In contrast, Fraser-Moodie et al. reported a 75 % reduction in
reflux symptoms using the modified DeMeester questionnaire in patients who lost
weight compared to those who gained weight [81]. However, a definitive conclu-
sion in the effect of weight loss on GERD cannot be made since both studies had a
very small sample size and confounding variables, such as medication use and pres-
ence of hiatal hernia, were not controlled.

The efficacy of PPIs in the obese patients has not been well established. Currently,
no significant difference has been shown regarding the effect of BMI on the efficacy
of PPIs.

Regarding the role of surgery, multiple studies have demonstrated beneficial
effects of bariatric surgery on GERD. A study from Braghetto et al. compared three
different surgical treatments in patients with short-segment Barrett’s esophagus or
long-segment Barrett’s esophagus: fundoplication with posterior gastropexy, fundo-
plication with vagotomy, distal gastrectomy, Roux-en-Y gastrojejunostomy, and
laparoscopic Roux-en-Y gastric bypass. While all three procedures reduced acid
reflux significantly, laparoscopic Roux-en-Y gastric bypass had a better reduction in
body weight and BMI, in addition to improving GERD and Barrett’s esophagus [82].

In 2003 a study directly compared the outcomes of laparoscopic Nissen fundo-
plication with laparoscopic gastric bypass in morbidly obese patients with GERD
and found similar efficacy in reducing reflux and DeMeester scores postoperatively
[83]. The results of a subsequent study by Csendes et al. also showed improvement
in symptoms of GERD, but more importantly, the rate of erosive esophagitis
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decreased from 97 to 6.5 % after gastric bypass [84]. Patients with Barrett’s esopha-
gus or intestinal metaplasia of the cardia either had regression of the metaplasia or
cessation of the progression to dysplasia after bariatric surgery [85]. Importantly,
with anti-reflux surgery, the failure rate of this operation increases with increasing
BMI [86] and morbidity could be as high as 42.8 % for a Roux-en-Y gastric bypass
performed after a fundoplication [87].

In addition to the treatment of GERD, overwhelming evidence has shown the
beneficial effects of bariatric surgery on the medical complications of obesity, such
as hypertension, obstructive sleep apnea, and diabetes. Therefore, unlike the typical
patients with GERD, laparoscopic Roux-en-Y gastric bypass is the recommended
treatment for GERD in the obese population.
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Chapter 10
Endoscopic Treatment of Gastroesophageal
Reflux Disease

Marie C. Ziesat and Michael B. Ujiki

Abstract Many variations to the endoscopic treatment of gastroesophageal reflux
disease (GERD) have emerged through the past two decades, ranging from endolu-
minal suturing devices, staplers, fasteners, injectable implants, to radiofrequency
ablation. The literature investigating these endoscopic treatments is limited by small
sample size and relatively short follow-up (typically 6—12 months). Parameters
studied included symptoms, quality of life, esophageal acid exposure, lower esoph-
ageal sphincter (LES) pressure, and need for proton pump inhibitors (PPIs). Most of
these studies are observational and few are randomized sham-controlled trials.
Within these limitations, several of these treatments have been demonstrated to be
safe, but further research is still required to prove that they are effective in the long
term. Most studies yielded better results with subjective parameters such as heart-
burn and quality of life than with objective measures such as pH monitoring. The
most common complications with these devices include bleeding and perforation.
The greatest body of literature investigated Stretta, which employs radiofrequency
ablation to decrease compliance of the LES. Only Stretta and Esophyx (a transoral
incisionless fundoplication) remain commercially available today. This chapter
reviews the published data describing past and present modalities of endoscopic
treatment of GERD.
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Introduction

Laparoscopic fundoplication has been well established as the durable, effective gold
standard for treatment of gastroesophageal reflux disease (GERD) in numerous tri-
als [1-3]. Endoscopic treatment of GERD offers the potential benefits of decreased
pain, hospital stay, and anesthesia when compared to laparoscopic fundoplication.
Both proton pump inhibitors (PPIs) and laparoscopic fundoplication have some
described disadvantages. Patients on PPIs can fail due to noncompliance, and
patients undergoing laparoscopic fundoplication undertake risks of surgery under
general anesthesia. Patients who use PPIs incur lifetime cost of daily medication,
risk of osteoporosis, interference with absorption of other medications and vita-
mins, and a potential risk of infections such as Clostridium difficile and pneumonia
[4-9]. The treatment of GERD has taken many faces throughout the past 20 years.
Initial success with acid-reducing medications and the advent of laparoscopic fun-
doplication have both yielded exceptional results in symptom control. Drawbacks
of these modalities, however, include dependence on pills, noncompliance, surgical
complications (including bleeding, perforation, pneumothorax, and pneumomedi-
astinum), cost, and long-term potential failure [10]. Researchers began to investi-
gate novel approaches to GERD treatment in the late 1990s. Endoscopy, like all
minimally invasive innovations, offers an appealing approach to the treatment of
GERD in that it has the potential to avoid incisions, hospital stay, and pain.
Endoscopy also does not require the use of a general anesthetic. With these potential
benefits, the challenge then becomes providing an endoscopic technique that is as
effective as laparoscopy. Researchers have developed multiple modalities and tech-
niques, including endoscopic sewing, injection, staplers, fasteners, and other
devices, as well as radiofrequency or thermal energy.

The first endoscopic approach to GERD in the mid-1980s utilized sewing from
the tip of flexible endoscopes to plicate the squamocolumnar junction [11]. These
devices failed to gain popularity as quickly as the laparoscopic approach to GERD
because of modest results in small, uncontrolled trials. Interest in endoscopy bur-
geoned anew in the early 2000s [12, 13]. Several companies developed prototypes
for various endoscopic methods to treat GERD during this time. Designs included
methods to thicken or bolster the lower esophageal sphincter (LES) through the
application of energy to create scar tissue or through permanent implants injected
directly into the submucosa or muscular layer. Different prototypes of endoscopic
suturing or plication also resurfaced in several trials. Most of these models are no
longer commercially available, but both transoral incisionless fundoplication (TIF)
and radiofrequency ablation (RFA) remain in use in clinical practice, and research
continues on developing and improving these technologies.

Endoscopic Suturing and Plicators

The goal of an endoscopic sewing and full-thickness Plicator device is to create an
anatomic reconstruction and restore the angle of His similar to a surgical fundopli-
cation but from within the lumen of the stomach. Many endoscopists currently use
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similar full-thickness sewing techniques for other transluminal procedures such as
fistula repair and bariatric surgery.

The Bard EndoCinch (C. R. Bard, Inc., Murray Hill, NJ) was the first of these
devices to be approved by the Food and Drug Administration in 2000. The
EndoCinch uses two gastroscopes through an overtube to deploy full-thickness
sutures through the squamocolumnar junction. One of the video gastroscopes per-
forms the initial endoscopy, guidewire placement, and suture cutting, and the other
gastroscope delivers the suturing device. Monofilament 3—0 sutures are delivered
on a hollow-core needle through a suction capsule that acts to pull the tissue at the
squamocolumnar junction into the device. A treasury tag (or “t-tag”) mounted on
the end of the suture is pushed through the suctioned tissue, then the t-tag is cap-
tured again by the capsule. The suction then releases after the first stitch has been
placed. The sutures are long enough to span the length of the endoscope and over-
tube so they can be tied manually extracorporeally. The t-tag is reloaded into the
needle, and a second suture is then driven through the tissue 1-1.5 cm away from
the initial stitch, creating a stitch that passes through two adjacent folds. The origi-
nal design of the EndoCinch involved manually tying the sutures one by one, requir-
ing the removal of the endoscope with each pass. This step added approximately
15 min to the procedure. Innovations on the EndoCinch brought about a cinching
and cutting catheter that decreased the time of plication to 5-10 min. Various pat-
terns of suturing have been used, including circumferential, vertical or linear, and
helical or spiral (Fig. 10.1) [14].

Research investigating the EndoCinch device has had mixed results. In a ran-
domized sham-controlled trial of 60 patients in the Netherlands, heartburn and qual-
ity of life improved after 3 months after EndoCinch as compared to sham, but acid
exposure did not change, and 29 % of patients had to be retreated within a year.
There were no major adverse events associated with EndoCinch in this trial [15].

Fig. 10.1 EndoCinch. The
Bard EndoCinch (C. R. Bard,
Inc., Murray Hill, NJ)
delivers a hollow-core needle
through a suction capsule that
acts to pull the tissue at the
squamocolumnar junction
into the device. A treasury tag
(or “t-tag”) mounted on the
end of the suture is pushed
through the suctioned tissue,
then the t-tag is captured
again by the capsule




132 M.C. Ziesat and M.B. Ujiki

A nonrandomized prospective trial of 51 patients comparing EndoCinch and lapa-
roscopic Nissen fundoplication showed a significant improvement in Heartburn
Severity Score (HBSS), acid exposure, PPI use, and quality of life after both proce-
dures with a 1-year follow-up. Laparoscopic fundoplication, however, had a signifi-
cant advantage in both HBSS and acid exposure as compared to EndoCinch.
EndoCinch did not have a significant effect on LES pressure or esophagitis. Two
episodes of bleeding, one requiring transfusion, occurred after EndoCinch.
Postoperative dysphagia was more common in the laparoscopic group [16].

Velanovich and colleagues conducted a nonrandomized trial of 27 EndoCinch
and 27 laparoscopic fundoplication patients and found no statistical difference
between the two groups in terms of GERD health-related quality of life score
(GERD-HRQL) [17]. A multicenter trial following 85 patients that underwent
EndoCinch over 2 years showed significant improvement in heartburn frequency
score (HFS), PPI use, and acid exposure but failed to show any improvement in LES
pressure. One patient required intubation during the procedure, and another experi-
enced melena but did not require transfusion [18]. Another study of 64 patients
followed for 6 months after EndoCinch had similar results in terms of improved
heartburn without change in manometry or degree of esophagitis. One patient had a
perforation that was treated with antibiotics [19]. One study reported a 55 % retreat-
ment rate at 2-year follow-up [20]. Overall, the data for EndoCinch show modest
improvement in symptom control and only equivalent or worse rates of PPI discon-
tinuation when compared to laparoscopic fundoplication.

Many variations on endoscopic sewing devices have been developed that have
since been removed from commercial use. The NDO Endoscopic Plicator system
was approved by the FDA in 2003 and utilized a retroflexed Plicator that retracts the
stomach 1.5 cm below the cardia and then deploys a pre-tied full-thickness stitch
just below the gastroesophageal junction (GEJ) to create a serosa-to-serosa fundo-
plication. Rothstein and colleagues performed a multicenter prospective random-
ized sham-controlled trial with 78 patients undergoing the Plicator procedure and
81 undergoing a sham procedure. They showed significant improvement in GERD-
HRQ, PPI use, and esophageal acid exposure in the Plicator group versus the sham
group, but the follow-up was limited to only 3 months. The Plicator procedure was
associated with several complications: pneumoperitoneum (in as high as 39 % of
patients), need for intubation, pneumothorax, and minor symptoms such as pain,
nausea, dysphagia, and eructation [21]. Ultimately, device malfunctions caused the
NDO Plicator to be recalled in 2007.

Other endoscopic suturing devices that are no longer commercially available for
the treatment of GERD include the Cook Endoscopic Suturing Device (ESD), the
Syntheon Anti-Reflux Device (ARD, Miami, Fl), and the Olympus HIZ-WIZ
Device created in Tokyo. These devices failed to show efficacy in several small
nonrandomized trials. The Cook ESD, for example, did not produce any significant
improvement in manometry, DeMeester score, PPI use, or quality of life in two
small case series [22, 23].

Esophyx by EndoGastric Solutions (Redwood City, WA) is the newest endo-
scopic suturing device that was approved for use by the FDA in 2007. Esophyx uses
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permanent polypropylene “H” fasteners to create a serosa-to-serosa fundoplication.
This device has undergone two major transformations since its initial prototype.
The first version, termed the endoluminal fundoplication (ELF) used the TIF1
device that created a gastrogastric wrap at the GEJ. The second version, TIF2,
attempted to replicate a laparoscopic fundoplication by placing the full-thickness H
fasteners 3-5 cm above the GEJ to create an esophagogastric fundoplication.
Cadiere and colleagues first published their experience with ELF in 2006 in a small
trial of 19 patients comparing ELF to laparoscopic fundoplication as well as endo-
scopic plication. Laparoscopy had the best results in terms of PPI discontinuation
(92-96 %) and pH normalization (91-96 %) among the three groups at 6 months.
Eighty percent of patients treated with ELF were off PPIs at 6 months, and 67 % had
normal pH. Endoscopic plication had the worst results with 74 % off PPIs and only
30 % with normal pH after 6 months [24]. After 1-year follow-up in 16 patients,
82 % of patients treated with ELF had discontinued PPIs, 63 % had normalized pH,
and 53 % had over a 50 % improvement in HRQL [25]. The same group then pub-
lished a larger multicenter prospective feasibility study in 2008 that followed 79
patients for 1 year. They stratified their subjects by Hill grade, and 21 who main-
tained a Hill grade 1 valve had improved results in HRQL over the entire group.
They did report two incidences of perforation and one post-procedure bleed requir-
ing transfusion and a second endoscopic procedure [26]. At 2-year follow-up on 14
of these patients, the same group reported that 29 % had no symptoms of heartburn
or regurgitation, and 21 % continued to use PPIs (Fig. 10.2).

Several other small trials reported slightly decreased efficacy and a similar safety
profile as Cadiere with both TIF 1 and TIF2 [27]. One prospective trial of 20 patients
showed reduction of hiatal hernia in 61 % of patients on post-procedure endoscopy
[28]. Hoppo et al. reported more disappointing results in a small trial of 19 patients,
of whom 10 had TIF failure requiring laparoscopic fundoplication [29]. A number
of severe complications were reported, including several bleeds and perforations.

A larger retrospective study of 110 patients yielded more promising results after
a 7-month follow-up: 93 % of subjects had discontinued PPIs, 79 % reported no
symptoms, and only 4 % required a laparoscopic Nissen fundoplication after TIF
[30]. Svoboda and colleagues conducted a randomized control trial comparing TIF
and laparoscopic Nissen fundoplication in 16 and 18 patients, respectively (they
initially included the Plicator but stopped recruiting for that arm when it was
removed from commercial use). Both TIF and laparoscopic fundoplication groups
yielded equivalent results, but the TIF group had a significantly shorter hospital stay
[31]. Bell et al. reported a multicenter prospective trial of 100 consecutive patients
undergoing TIF in which they found a significant improvement in GERD-HRQL,
regurgitation, and heartburn scores. They also reported that 80 % of patients were
off PPIs after TIF, whereas 92 % required PPIs before the procedure [32]. Transoral
incisionless fundoplication has been shown to be safe in many observational stud-
ies, but further long-term, large, randomized, sham-controlled trials are required to
prove its efficacy. Like most of the trials mentioned in this chapter, these trials are
underpowered and do not have longer than a 1-year follow-up. Another criticism is
that the device has undergone revisions, so its current model has limited published
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Fig. 10.2 Esophyx. Esophyx by EndoGastric Solutions (Redwood City, WA) is a transoral inci-
sionless fundoplication device that uses permanent polyproplylene “H” fasteners to create a
serosa-to-serosa fundoplication

data. Of the endoscopic suturing devices, Esophyx, however, has the greatest prom-
ise in terms of finding a role in the treatment of GERD (Fig. 10.3).

Medigus in Tel Aviv, Israel has developed the SRS endoscopic stapling system
that uses endoscopic ultrasound guidance to place a cartridge of staples through the
tip of the retroflexed endoscope through the cardia into the esophagus 2-3 cm above
the GEJ. The ultrasonic probe allows the endoscopist to ensure that the appropriate
tissues are being plicated. The staples are fired against an anvil that is deployed
through the tip of the endoscope and is temporarily screwed in place. Once the sta-
ples fire, the screws are withdrawn, and the scope is extended and removed. This
technology is currently undergoing investigational studies and is not yet approved
for commercial use [33].

No rigorously tested option currently exists to address hiatal hernias endoscopi-
cally, so patients with any large or fixed hiatal hernias should not be offered an
endoscopic anti-reflux procedure. Ihde and colleagues did develop a hybrid TIF and
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Fig. 10.3 SRS endoscopic Suction Alignment pin
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laparoscopic hiatal hernia repair with posterior cruroplasty in 48 patients with hiatal
hernias >3 cm, but they did not stratify their results into TIF alone versus TIF with
laparoscopic paraesophageal hernia repair [34].

Injections and Implants

Researchers have designed several modalities of injections of both polymers and
implants into the distal esophagus in an effort to reinforce the reflux barrier by
increasing lower esophageal pressure. None of these designs, however, remains on
the open market currently for clinical use due to reports of serious complications
and lack of efficacy.

Radiofrequency Ablation

The goal of radiofrequency ablation is to decrease the compliance of the LES.
Radiofrequency ablation, such as Stretta (Mederi Therapeutics, Greenwich, CT),
works by inserting small needles that conduct radiofrequency energy into the LES.
The procedure then creates coagulative necrosis and eventual fibrosis of the sphinc-
ter. This technique is the most extensively studied endoscopic modality.
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Fig. 10.4 Stretta. Stretta (Mederi Therapeutics, Greenwich, CT) works to thicken the gastro-
esophageal junction by inserting small needles that conduct radiofrequency energy into the lower
esophageal sphincter musculature

Technique

The procedure was initially approved by the United States FDA in 2000. The Stretta
device deploys a balloon within a basket fastened to a guidewire through a flexible
endoscope. The endoscopist centers the balloon 1 cm above the Z line and inflates
it, which deploys four electrodes radially out into the muscular layer of the esopha-
gus. This step is then repeated once more after deflating and rotating the device 45°
to apply thermal energy to eight spots 1 cm above the Z line for 1 min intervals. This
procedure is then repeated six times at half-centimeter increments down to the squa-
mocolumnar junction and the cardia. Each electrode is designed to heat the tissue to
85° with an impedance monitor to keep temperatures from exceeding 100 °F. The
procedure generally lasts between 40 and 60 min. The maximum effect is thought
to occur 2—6 weeks after the procedure. A second postulated benefit of Stretta is the
interruption of vagal afferent fibers, which could decrease the pain of heartburn and
the regulatory feedback that would have signaled for relaxation of the LES
(Fig. 10.4).

Stretta became the most frequently used endoscopic treatment of GERD early
after its FDA approval. Endoscopists used it in over 10,000 patients, and it has been
tested in several randomized, sham-controlled trials with modest results and short-
term follow-up.

The first randomized, double-blinded, multicenter sham-controlled trial was pub-
lished by Corley et al. in 2003 [35]. They randomized 35 patients to RF and 29 to a
sham procedure and found a significant decrease in mean heartburn and HRQL
scores at 6 months in the RF group. Symptom improvement persisted after 12 months.
They did not find a significant improvement in PPI use, acid exposure, LES pressure,
or healing of esophagitis. There were no major complications associated with the
procedure. Aziz and colleagues conducted a multicenter, randomized sham-con-
trolled trial of 36 patients with GERD. They randomized 12 patients to receive one
RF treatment, a second RF treatment if GERD-HRQL scores had not improved over
75 %, or a sham procedure. They followed their patients for a year and found that
both the single and double RF treatment groups had significantly improved
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GERD-HRQL scores and 50 % had discontinued PPIs. Two patients had significant
delayed gastric emptying, but there were no other severe complications [36].

Arts et al. published a sham-controlled crossover study, in which patients were
randomized to Stretta followed by sham, or sham followed by Stretta with 3- and
6-month follow-up. They found a significant decrease in GEJ tissue compliance and
improvement in symptom scores after Stretta versus sham, but they did not find any
difference in terms of baseline LES pressure or acid exposure after 3 or 6 months [37].

The longest follow-up reported was a single-center prospective study of 53
patients that showed a significant improvement in GERD-QOL scores at 48 months
[38]. Richards et al. published a comparative study of 65 patients who underwent
RF and 75 who underwent laparoscopic fundoplication. RF and laparoscopic fundo-
plication had equivalent improvement in quality of life, but laparoscopic fundopli-
cation was superior to RF in terms of PPI use, acid exposure, and overall patient
satisfaction [39].

A meta-analysis of 18 studies and 1,441 patients who underwent RF treatment for
GERD showed similar trends. This meta-analysis found an overall improvement in
heartburn, quality of life, and esophageal acid exposure in short-term follow-up [40].

Conclusions

A clear role for endoscopy in the treatment of GERD has yet to be defined. At pres-
ent endoscopic treatment of GERD is not supported by a high level of evidence. All
of the studies investigating endoscopic treatment of GERD have small sample size,
and short follow-up, rarely longer than 1 year. Radiofrequency ablation (Stretta)
and endoscopic full-thickness suturing (Esophyx) remain the only two approved
devices commercially available today. Due to a robust body of prospective evidence
and durable results, laparoscopic fundoplication remains the gold standard for the
treatment of GERD. Endoscopy has yet to find a suitable niche among antisecretory
medications and surgical fundoplication in the treatment of GERD.
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Chapter 11
Endoscopic Management of Achalasia

Eric S. Hungness and Peter J. Kahrilas

Abstract Achalasia is an esophageal motility disorder characterized by impaired
LES relaxation and absent peristalsis in the distal esophagus. Note, however, that
absent peristalsis means that there is no progressively sequenced esophageal con-
traction; it does not imply the complete absence of esophageal contractions or intra-
luminal pressure. In fact, spastic contractions and panesophageal pressurization of
the esophagus are often seen in patients with achalasia, and these criteria are now
part of the Chicago classification for subtypes of achalasia (Bredenoord AJ, Fox M,
Kahrilas PJ et al, Neurogastroenterol Motil:24(Suppl 1):57, 2012). The scope of
endoscopic treatment for achalasia has also evolved over the past 5 years with the
emergence of per-oral endoscopic myotomy.

Keywords Myotomy ¢ Achalasia ¢ Endoscopic * Submucosal ¢ Manometry ®
Pneumatic ¢ Dilation

Introduction

Achalasia is an esophageal motility disorder characterized by impaired LES relax-
ation and absent peristalsis in the distal esophagus. Note, however, that absent peri-
stalsis means that there is no progressively sequenced esophageal contraction; it
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does not imply the complete absence of esophageal contractions or intraluminal
pressure. In fact, spastic contractions and panesophageal pressurization of the
esophagus are often seen in patients with achalasia, and these criteria are now part
of the Chicago classification for subtypes of achalasia [1]. The scope of endoscopic
treatment for achalasia has also evolved over the past 5 years with the emergence of
per-oral endoscopic myotomy.

Pathophysiology

The loss of functional myenteric ganglion neurons in the distal esophagus and lower
esophageal sphincter (LES) is the hallmark pathology of achalasia [2]. This likely
occurs as an autoimmune process triggered by an indolent viral infection in a genet-
ically susceptible host [3]. From a functional viewpoint, inhibitory myenteric plexus
neurons in the LES are uniformly affected while the degree of functional impair-
ment observed in the distal esophagus and with excitatory (cholinergic) myenteric
plexus neurons is variable among cases. Dysfunction of inhibitory post-ganglionic
neurons results in an imbalance between excitatory and inhibitory control causing
impaired deglutitive LES relaxation and either absent or spastic contractility in the
adjacent distal esophagus.

The distal esophagus adjacent to the LES has no myogenic tone making it flaccid
in the absence of neuronal stimulation. Paradoxically, selective loss of inhibitory
myenteric plexus neurons with preservation of excitatory (cholinergic) neurons in
this region leads to a pattern of premature contraction [4] causing bolus trapping in
the distal esophagus (“corkscrew” or “rosary bead” esophagus) as seen with distal
esophageal spasm. The same mechanism may be involved when panesophageal
pressurization is seen and that may represent an early stage of achalasia when the
primary abnormality of outflow obstruction is associated with preserved esophageal
shortening, UES contraction, and some preserved circular muscle contraction [5, 6].
Absent peristalsis might then represent late stage disease due to more widespread
neuronal degeneration and/or long-term obstruction. If left untreated, achalasia can
progress to severe esophageal dilatation and deformation (sigmoid esophagus)
associated with increased morbidity and decreased treatment efficacy.

Clinical Presentation

Achalasia is rare with an annual incidence of 1 per 100,000 and a prevalence of 10
in 100,000, most presenting between the ages of 30 and 60 years [7]. The primary
presenting symptom is dysphagia for both solids and liquids. The dysphagia occurs
with such consistency that patients often learn to adapt to the condition, simply
describing themselves as “slow eaters.” The dysphagia is often accompanied by
non-bilious regurgitation of undigested food and saliva minutes, hours, or even days
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after the meal. Regurgitation episodes can occur when trying to sleep flat requiring
patients to elevate the head of the bed or even sleep upright. Patients also sometimes
experience chest pain or heartburn making the distinction between achalasia and
reflux disease difficult and leading experts to recommend that esophageal manom-
etry be a routine part of the workup prior to antireflux surgery [8, 9]. It is important
to note that the etiology of chest pain in achalasia is less clear than is that of dyspha-
gia or regurgitation and its response to therapy is less predictable.

Diagnosis

The diagnosis of achalasia is contingent on demonstrating impaired LES relaxation
and absent peristalsis without partial esophageal obstruction near the LES by a
stricture, tumor, vascular structure, implanted device (e.g., Lapband), or infiltrating
process [9]. Thus, the minimal requisite evaluation should include manometry to
document the motor findings and appropriate imaging studies to rule out obstruc-
tion. With regard to esophageal manometry, a major technological evolution has
occurred during the last decade with the widespread adoption of high-resolution
manometry (HRM) systems. As a result of this technology, the criteria for making a
diagnosis of achalasia have been tightened [1], and physiologic subtypes have been
identified using the new metric of integrated relaxation pressure (IRP) to define the
hallmark feature of the disease [5]. Measurement of the IRP utilizes an “electronic
sleeve sensor” that compensates for potential LES movement by tracking the
sphincter within a specified zone. It is calculated as the 4-s mean of maximal EGJ
relaxation after swallow initiation, providing the most accurate and objective
assessment of EGJ relaxation [10].

With the adoption of HRM, three distinct subtypes of achalasia have been quan-
titatively defined (Table 11.1) [5] with numerous subsequent publications support-
ing the prognostic value of this classification [11-13]. Type II patients have the best
prognosis with myotomy or pneumatic dilation, while the treatment response of
type I patients is less robust. Type III patients have the worst treatment outcomes,
likely because the associated spasm is less likely to respond to therapies directed at
the LES.

The other absolute requirement to establish a diagnosis of achalasia is inclusion
of an imaging study (usually endoscopy) to rule out pseudoachalasia. Upper endos-
copy can help determine the degree of esophageal dilatation, whether or not there is
significant esophageal retention of food and fluid, and evaluate for Candida esopha-
gitis. A barium esophagram is also often done and may help in instances where there
are equivocal manometric findings or when the manometry catheter cannot be
passed into the stomach due to severe esophageal dilatation and angulation. The
esophagram can also quantify the degree of esophageal emptying if done as a “timed
barium esophagram” protocol (200 ml of barium with upright images at 1, 2, and
5 min). Endoscopic ultrasound and/or CT may be necessary when suspicion of
pseudoachalasia is high.
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Table 11.1 HRM with pressure topography definitions of achalasia

Achalasia subtype Manometry criteria

Type I (classic) Impaired EGJ relaxation (IRP >10 mmHg)
Absent peristalsis
No significant esophageal pressurization

Type II (with Impaired EGJ relaxation (IRP >15 mmHg)
compression) Absent peristalsis
>20 % swallows with panesophageal pressurization to >30 mmHg
Type III (spastic) Impaired EGJ relaxation (IRP >17 mmHg)

Absent peristalsis

>20 % swallows with premature contractions (distal latency <4.5 s)
EG]J outflow obstruction®  Impaired EGJ relaxation (IRP >15 mmHg)

Some preserved weak or normal peristalsis

*This group is heterogeneous but includes cases of variant achalasia

Endoscopic Management

There are three endoscopic options for achalasia that merit discussion: botulinum
toxin injection, pneumatic dilation, and per-oral endoscopic myotomy. In general,
medical therapy with smooth muscle relaxants is ineffective and should be reserved
for patients with substantial comorbidity making them poor risks for anesthesia and/
or surgery. Patients who are judged fit for general anesthesia should be counseled to
pursue a definitive treatment capable of alleviating EGJ outflow obstruction such as
endoscopic pneumatic dilation, endoscopic surgical myotomy, or laparoscopic
Heller myotomy. Surgical myotomy will be discussed in the subsequent chapter of
this text.

Endoscopic Injection of Botulinum Toxin

The standard protocol for endoscopic botulinum toxin (Botox) injection into the
LES is to inject 100 units with a sclerotherapy needle about 1 cm proximal to the
squamocolumnar junction in four radially dispersed aliquots. Using this technique,
Pasricha reported improved dysphagia in 66 % of achalasia patients for 6 months
[14]. Botox prevents acetylcholine release at cholinergic synapses thereby negating
the effect of these nerves on the sphincter. The physiologic effect is eventually
reversed by axonal regeneration and most patients who derive benefit from the pro-
cedure relapse and require retreatment within 12 months. However, there have been
reports that repeated treatments result in fibrosis of the sphincter making subsequent
Heller myotomy more challenging [15-17]. Recognizing these limitations, Botox
injection should not be utilized as a first-line therapy for achalasia for most patients.
Rather, it should be reserved for poor surgical candidates and special
circumstances.
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Pneumatic Dilation

An achalasia dilator is a noncompliant, cylindrical balloon that is positioned across
the LES and inflated with air using a handheld manometer. The only design cur-
rently available in the USA, the Rigiflex dilator, is positioned fluoroscopically over
a guidewire and is available in 30, 35, and 40 mm diameters. Bougie and standard
through-the-scope balloon dilators (maximal diameter of 20 mm) have no sustained
efficacy in achalasia and should not be used. A cautious approach to dilation with
the Rigiflex dilators is to initially use the 30 mm dilator and follow with a 35 mm
dilator 2—4 weeks later if the initial dilation was insufficient. The reported efficacy
of pneumatic dilation ranges from 32 to 98 % [18]. Patients with a poor result or
rapid recurrence of dysphagia are unlikely to respond to additional dilations, but
subsequent response to myotomy is not influenced. The major complication of
pneumatic dilation is esophageal perforation. Although the reported incidence of
perforation from pneumatic dilation ranges from 0 to 16 %, a recent systematic
review on the topic concluded that using modern technique, the risk was less than
1 %, comparable to the risk of unrecognized perforation during Heller myotomy
[19]. Furthermore, most perforations are clinically obvious and when surgically
repaired within 6-8 h have outcomes comparable to patients undergoing elective
Heller myotomy.

Although there is no standardized approach to the technique of pneumatic dila-
tion, there are some basic principles that should be followed (Table 11.2). The
patient should have appropriate dietary instructions before the procedure so that
there is minimal residual food in the esophagus during the procedure. The balloon
dilator is completely deflated prior to both passage and prior to withdrawal using a
T-piece and large syringe to minimize trauma to the oropharynx. Pneumatic dilation
requires concomitant endoscopy and fluoroscopy to place and visualize the guide-
wire and to verify appropriate balloon position. Our practice has been to use stiff
spring-tipped Savary guidewires rather than the flimsy wires provided by the manu-
facturer. The balloon size is chosen using a graded approach, starting with a 30 mm
balloon and increasing to the 35 mm size if patients do not respond. We do not
recommend using the 40 mm balloon because of reports suggesting an unacceptable
perforation rate. Accurate placement of the balloon is crucial to the effectiveness of
the procedure, and this must be verified fluoroscopically during the initial stages of
balloon inflation (Fig. 11.1). The inflation pressure of the balloon is not stipulated;
full effacement of the sphincter on fluoroscopy is the endpoint of interest, which is
usually associated with distention pressures of 8—15 psi. Patients should be observed
in recovery for at least 2 h with careful assessment for post-procedure pain. A gas-
trografin/barium swallow study should be obtained if there is any worry of perfora-
tion. Patients should be explicitly advised to seek care emergently if they develop
fever, shortness of breath, severe pain (especially if pleuritic), or subcutaneous
emphysema.

Studies using pneumatic dilation as the initial treatment of achalasia have
reported excellent long-term symptom control. However, a third of patients will
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Table 11.2 Pneumatic dilation protocol. “Recommended” should be universally applied while

E.S. Hungness and P.J. Kahrilas

there is no consensus among experts on “other suggestions”

Recommended Other suggestions
Pre-dilation N.PO.>12h Clear liquids for
24-48 h
Anesthesia Same as for diagnostic EGD MAC or general
Dilator size 30 mm unless previously unsuccessful, either within 35 mm balloon in
selection the past month or in prior treatment series young male
patients
Positioning Localize the EGJ using fluoroscopy over a stiff

Balloon inflation

Time of inflation

Post-procedure

Follow-up

guidewire

Slow inflation to capture the “waist” of the LES

Deflate and reposition if the waist is not visible or is
seen to migrate off the top of the balloon

Maintain tension on the dilator during inflation to
resist balloon getting “pulled” into the esophagus

One inflation, slowly increasing balloon pressure
until the “waist” of the LES is seen to fully efface
on fluoroscopy; then fully deflate, aspirate empty
with a large syringe connected by a T-piece,
position the patient on their side, and remove
wire and dilator in unison

Observe in recovery for at least 2 h

Water-soluble contrast study prior to discharge if pain
or other clinical parameters are concerning

Assess efficacy at 2—4 weeks, 6 months, and
12 months

Repeat dilation with 35 mm dilator if treatment
failure within 6 months

Inflate balloon to at
least 8 psi

Inflate balloon for
15-60 s

Repeat the dilation
twice

Routine contrast study

PRN pain medications

2 weeks of PPI
therapy

Repeat dilation at
shorter intervals
(2—4 weeks)

Fig. 11.1 Fluoroscopic images taken during pneumatic dilation showing proper localization of the
LES on the expanding balloon (leff) and complete effacement of the sphincter (right)



11 Endoscopic Management of Achalasia 147

relapse in 4-6 years and may require repeat dilation. Response to therapy may be
related to preprocedural clinical parameters, such as age (favorable if age>45),
gender (female>male) [20], esophageal diameter (inversely related to response),
and achalasia type (type II better than I and III) [5, 13]. Although surgical myotomy
has a greater response rate than a single pneumatic dilation, it appears that a strategy
utilizing a series of dilations with the potential for repeat is comparable to surgery
and a reasonable alternative to surgery. A recent randomized controlled trial com-
pared this type of graded strategy to surgical myotomy and found it to be non-
inferior in efficacy [21].

Per-oral Endoscopic Myotomy (POEM)

Although laparoscopic Heller myotomy and pneumatic dilation are effective treat-
ments for achalasia, some drawbacks exist with each. Consequently, there has been
interest in developing a hybrid technique incorporating an endoscopic approach, but
applying principles of a surgical myotomy. This technique termed per-oral endo-
scopic myotomy, or POEM, was initially described by Pashricha et al. [22] and
subsequently developed by Inoue et al. in Japan (Fig. 11.2) [23].

The procedure should be done in the operating room under general anesthesia
(positive pressure ventilation) with CO, endoscopic insufflation (Table 11.3). After
preoperative intravenous antibiotics are given, diagnostic endoscopy should be done
to rule out retained food or Candida esophagitis, as the presence of either should
postpone the procedure. We also suggest tight blood pressure control
(SBP~ 100 mmHg) to help reduce submucosal bleeding. It is critical to turn off the
air insufflation to avoid tension pneumomediastinum and subcutaneous emphysema.

The initial step of the POEM procedure is a submucosal saline injection (usually
with indigocarmine and 1:10,000 dilution of epinephrine) approximately 12 cm
proximal to the squamocolumnar junction. A 2 cm longitudinal mucosal incision is
created using a triangle-tipped knife with monopolar electrocautery. A high-
resolution forward-viewing endoscope is then navigated into the submucosal space
utilizing an obliquely angled dissecting cap (long bevel edge down), and a submu-
cosal tunnel is created along the anterior esophagus all the way to the gastric cardia,
as areolar submucosal fibers between the circular muscle and mucosa are spray
coagulated after being held in tension by the dissection cap (Fig. 11.3a). Correct
orientation of the tunnel is periodically checked by dripping saline. Careful atten-
tion is made to avoid mucosal injury, particularly at the esophagogastric junction,
where the submucosal space is much tighter. Additional saline injections facilitate
safe dissection by increasing the distance between the mucosa and circular muscle
(Fig. 11.3b). The injections also give the mucosa a bluish (from the dye), white
(epinephrine effect) appearance when viewed endoscopically from the true lumen
of the esophagus (Fig. 11.3c).

Extension of the tunnel onto the gastric cardia is critical to the procedure’s suc-
cess, and several anatomic cues help make this determination. First, the submucosal
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Fig. 11.2 Schematic of the POEM procedure (see text): (a) entry into the submucosal space, (b)
submucosal tunnel to the gastric cardi, (¢) beginning the myotomy, (d) completion of the myot-
omy, and (e) closing the mucosotomy with endoclips (Inoue et al. [23])

space narrows considerably in the distal esophagus at the level of the EGJ, but then
dramatically increases in the stomach. Second, palisading blood vessels are encoun-
tered on the gastric side. Lastly, the circular muscle fibers become much more dis-
organized as more oblique sling fibers are visualized.

Once the tunnel is complete, the endoscope is removed and its adequacy assessed
by luminal inspection of the EGJ and proximal stomach (Fig. 11.3d). The tunnel is
then reentered and a selective myotomy of the circular muscle accomplished with
electrocautery tools for a minimum length of 6 cm up the esophagus and 3 cm distal
to the SCJ onto the gastric cardia (Fig. 11.4a). Portions of the longitudinal muscle
often “split” during this portion of the procedure, but this is of no clinical conse-
quence. At our institution, we also assess the adequacy of the myotomy by using
intraoperative functional lumen image planimetry (FLIP), which usually demon-
strates at least a fourfold increase in EGJ distensibility (unpublished results). The
endoscope is then withdrawn after infusion of antibiotic containing irrigant,
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Table 11.3 Per-oral endoscopic myotomy protocol. “Recommendations” should be universally
applied

Recommendations Other suggestions
Pre-procedure N.PO.>12h Nystatin S/S for 5 days
Clear liquids for 48 h
Intravenous antibiotics
Anesthesia General
Endoscopic High-definition endoscope Overtube
equipment CO, insufflation

Triangle-tipped needle knife
Obliquely cut dissection cap
Submucosal tunnel Submucosal injection with 0.9 % saline, =~ Mark distal target of tunnel
creation indigocarmine (0.2 mg/ml), epineph- with indigocarmine

rine (5 mcg/ml) 12 cm above
squamocolumnar junction

2 cm longitudinal mucosotomy

Tunnel along anterior aspect of esophagus

Extend 3 cm onto the stomach

Myotomy Start 3 cm caudal to mucosotomy Confirm adequacy of myotomy
Selectively divide circular muscle (increased distensibility)
Extend myotomy to the end of the tunnel with functional lumen
image probe (FLIP)
Mucosal closure  Infuse tunnel with antibiotic solution Use endoscopic suturing device
Use standard endoscopic clips
Post-procedure Admit for 23-h observation

Scheduled antiemetics
Water-soluble contrast on morning of POD
1 before advancing to clear liquids
Full liquid diet for 1 week, then soft food
for 2 additional weeks
PPI treatment for 6 months
Follow-up 2-3-week post-op check Repeat FLIP study
6-9-month F/U with symptom scoring,
endoscopy, pH study off PPIs

collapsing the tunnel. Commercially available hemostatic clips are used to reap-
proximate the mucosa. The first clip is place at the distal aspect to create mucosal
ridge (Fig. 11.4a), facilitating sequential application of the usual 7-9 additional
clips (Fig. 11.4b).

Initial reports of success rates of the POEM procedure in prospective cohorts of
achalasia patients have been greater than 90 %, comparable to those of laparoscopic
Heller myotomy [24-27]. To date, no randomized prospective trials comparing
POEM with either laparoscopic myotomy or pneumatic dilation have been reported.
Hence, although POEM is clearly a very promising technique, its relative efficacy
compared to the well-studied alternatives of pneumatic dilation or laparoscopic
Heller myotomy in terms of long-term dysphagia control, progression of esopha-
geal dilation, and post-procedure reflux remains to be established.
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Fig. 11.3 Images of the submucosal dissection (see text): (a) after the submucosal space is
entered, the circular muscle is positioned at the top of the image to maintain orientation as the
flimsy areolar tissue is tensed with the use of the dissection cap and divided with a triangle-tipped
needle knife using spray coagulation; (b) care is taken to stay within the “zone of safety” (shaded
area), between the circular muscle (fop) and mucosa (bottom); (c) after the submucosal tunnel is
extended 3 cm onto the gastric cardia, the tunnel is inspected and the scope is returned to the true
lumen; and (d) on inspection from the stomach, the mucosa in the region of the EGJ will appear
bluish white due to the combination effect of dilute indigocarmine and epinephrine confirming the
extension of the dissection on the gastric cardia

Posttreatment Follow-Up

Patients should have a post-procedure evaluation of effectiveness of achalasia treat-
ment within the first few weeks and then at 6 months after the intervention to assess
adequacy of symptom response. In the case of pneumatic dilation, this early assess-
ment may mandate a repeat dilation with the larger diameter (35 mm) dilator. At the
6-month follow-up, subjective findings of symptom reduction and objective find-
ings evaluating esophageal retention and continued EGJ outflow obstruction should
be assessed as highlighted in work published by Vaezi et al. assessing long-term
outcome in patients after pneumatic dilation [28]. The authors showed that concor-
dance of symptom improvement and minimal bolus retention on timed barium
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Fig. 11.4 (a) A selective myotomy of the circular muscle is made by hooking and coagulating the
fibers with a triangle-tipped needle knife. The longitudinal muscle layer (L) is seen beyond and is
preserved. (b) Mucosal closure is achieved with hemostatic endoscopic clip placement beginning at
the distal aspect. (¢) Sequential clips are placed proximally to completely reapproximate the mucosa

esophagram had good long-term improvement, while patients with discordance of
improved symptoms but poor bolus emptying on timed barium esophagram had a
worse long-term prognosis and were more prone to return with symptoms.

Timed Barium Esophagram

Improving esophageal emptying, thereby reducing regurgitation, aspiration risk,
and progressive esophageal dilatation, is an important aspect of treating achalasia.
Thus, a timed barium esophagram should be incorporated into the posttreatment
assessment. This study is done by having the patient drink 200 ml of thin barium
and obtaining single images to assess bolus retention at 1, 2, and 5 min [29]. Studies
have shown that post-procedure timed barium esophagram predicts treatment suc-
cess and the requirement for future intervention. Vaezi et al. reported a significant
association between the result of the timed barium esophagram and symptom reso-
Iution [29] and that timed barium esophagram was predictive of treatment failure at
1 year irrespective of reported symptoms [28].
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Manometry

Since abnormal EGIJ relaxation is the cornerstone of the diagnosis of achalasia,
incorporating an assessment of EGJ function in the posttreatment follow-up is
inherently reasonable. Supportive of this, a prospective study assessing 54 patients
found that patients were much more likely to be in remission (100 % versus 23 %)
at 10 years if their post-procedure basal EGJ pressure was less than 10 mmHg [30].
Recent data obtained using HRM and IRP measurement also supports this concept.
Nicodeme et al. recently showed that a posttreatment IRP< 15 mmHg after pneu-
matic dilation or myotomy was associated with lower Eckardt scores and less
esophageal retention on timed barium esophagram [31]. The authors also observed
that the manometric finding of weak peristalsis after intervention was predictive of
a good outcome.

Posttreatment GERD

Pneumatic dilation or POEM may result in esophagitis or new reflux symptoms.
Our standard practice is to put all patients on 6 months of once daily omeprazole,
after which time the medication is stopped for pH testing. Endoscopy may also be
helpful in detecting esophagitis as a potential cause of poor treatment response,
especially in those patients that do not respond to proton pump inhibitors.

Conclusion

Although achalasia is a well-defined esophageal motility disorder, the presenting
symptoms and esophageal contractile patterns vary. Once a diagnosis of achalasia is
made, early definitive therapy aimed at relieving EGJ outflow obstruction should be
offered, assuming the patient is a good surgical candidate. Among the endoscopic
therapies (botulinum toxin injection, pneumatic dilation, and per-oral endoscopic
myotomy (POEM)), this is achieved only with the latter two. The importance of
relieving EGJ outflow obstruction is that this should halt the progressive esophageal
dilatation that ultimately leads to end-stage achalasia, a condition with substantial
morbidity and relatively poor therapeutic options. Consequently, although botuli-
num toxin injection may provide symptomatic relief to some patients, it should be
reserved for very limited circumstances: essentially, when patients are poor surgical
risks. Pneumatic dilation is a well-established treatment that can be durable for
many years and compares favorably with laparoscopic Heller myotomy in con-
trolled trials. The major risk of pneumatic dilation is inadvertent perforation.
However, when the procedure is done in a cautious and methodical fashion, that risk
is less than 1 %, comparable to the risk of an unrecognized perforation with Heller
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myotomy. POEM is a promising technique that potentially achieves the effective-
ness of a surgical myotomy with the morbidity of an endoscopic approach. Clinical
trials comparing POEM to either pneumatic dilation or Heller myotomy are not yet
available, but uncontrolled series have reported very promising results. Regardless
of which endoscopic technique is utilized, short-term follow-up should assess for
both the symptomatic outcome and the therapeutic efficacy in alleviating EGJ out-
flow obstruction to prevent disease progression. The latter is best achieved with
timed barium esophagram and high-resolution manometry.
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Chapter 12
Surgical Treatment of Esophageal Achalasia

Marco E. Allaix, Adrian Dobrowolsky, and Marco G. Patti

Abstract The last two decades have witnessed an extraordinary evolution in the
treatment of esophageal achalasia. Nowadays, laparoscopic Heller myotomy with
partial fundoplication is considered in most centers the standard of care, while
pneumatic dilatation is mainly reserved for the management of patients unfit for
surgery or in case of surgical failure. Recently, the peroral endoscopic myotomy
(POEM) has been proposed as a new approach to achalasia.

Keywords Achalasia ® Botulinum toxin injection * Endoscopic dilatation ¢ Peroral
endoscopic myotomy * Laparoscopic myotomy ¢ Partial anterior fundoplication
Partial posterior fundoplication

Introduction

Esophageal achalasia is a primary motility disorder of unknown etiology. It is char-
acterized by lack of esophageal peristalsis and failure of the lower esophageal
sphincter (LES) to relax properly in response to swallowing. The LES is hyperten-
sive in about 50 % of patients only [1].

The goal of treatment is to improve esophageal emptying and patient’s symp-
toms by decreasing the functional obstruction at the level of the gastroesophageal
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junction. This goal can be accomplished by either endoscopic therapy or by surgery.
Treatment modalities include (1) endoscopic injection of botulinum toxin, (2) pneu-
matic dilatation, (3) laparoscopic Heller myotomy (LHM), and, more recently, (4)
peroral endoscopic myotomy (POEM).

Endoscopic botulinum toxin injection is a safe procedure and achieves immedi-
ate relief or improvement of symptoms in 80-85 % of patients. However, the effects
progressively decline over time, and clinical benefits are short lasting even after
repeated botulinum toxin injections [2]. This treatment modality is associated with
significantly higher symptom recurrence rates compared to pneumatic dilatation
and LHM [3, 4]. In addition, transmural inflammation and fibrosis frequently occur
at the level of the gastroesophageal junction and may make a myotomy more chal-
lenging and the outcome less predictable [5, 6]. For these reasons, endoscopic botu-
linum injection today should be limited to those patients who are poor candidates
for more effective treatment modalities such as pneumatic dilatation and LHM.

Pneumatic dilatation of the LES is the most effective endoscopic treatment for
achalasia [7]. Compared to pneumatic dilatation, LHM obtains better results in terms
of dysphagia improvement and postoperative gastroesophageal reflux rates, with a
significantly lower risk of re-intervention [8]. While the results are similar at a short-
term follow-up, long-term follow-up shows that about 80-90 % of patients after LHM
are asymptomatic, compared to only 50 % of patients even after multiple pneumatic
dilatations [8, 9]. Therefore, while in the pre-laparoscopic era pneumatic dilatation
was the main treatment modality for achalasia, today it plays a major role in patients
who are poor candidates for surgery or in case of recurrent dysphagia after LHM.

Peroral endoscopic myotomy (POEM) has been recently introduced as a novel
approach to achalasia [10]. Based on the data from few studies (with small sample
sizes and very short follow-up), POEM seems to be a promising new procedure,
with favorable results in terms of symptom relief. However, it is a very demanding
procedure, requiring major skills, with a very long learning curve. In addition, gas-
troesophageal reflux is reported in up to 50 % of patients after POEM, replicating
the results obtained when a minimally invasive myotomy was performed without a
fundoplication [11, 12]. Large prospective studies with long-term follow-up and
comparing POEM with LHM are needed to determine the role of this new technique
in the treatment of esophageal achalasia.

Today, LHM is considered the gold standard for the treatment of achalasia in
most centers in the United States. This procedure is associated with minimal post-
operative pain, short hospital stay (1-2 days), and fast recovery to daily activities
(2-3 weeks). Symptoms are improved in 90-95 % of patients at 5 years and in
80-90 % at 10 years [13—15]. Symptoms recurrence mainly occurs during the first
2-3 years of follow-up, and it is probably secondary to fibrosis at the level of the
distal edge of the myotomy or to gastroesophageal reflux [16]. Most cases can be
successfully treated endoscopically with pneumatic dilatation [15]. Increased age
and esophageal diameter are not associated with adverse outcomes. Therefore,
LHM should be also performed even in elderly patients and in patients with a dilated
and sigmoid esophagus, while esophagectomy should be considered only in case of
LHM failure [17, 18].
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Postoperative gastroesophageal reflux is found in about 25-35 % of patients, and
it is usually well controlled by medical therapy [7].

This chapter discusses the technical aspects of a laparoscopic myotomy and par-
tial fundoplication for the treatment of achalasia.

Patient’s Positioning

After induction of general endotracheal anesthesia, the patient is positioned supine
in low lithotomy position with the lower extremities extended on stirrups, with
knees flexed 20°-30°. To avoid sliding as a consequence of the steep reverse
Trendelenburg position used during the entire procedure, a bean bag is inflated to
create a “saddle” under the perineum.

Because increased abdominal pressure from pneumoperitoneum and the steep
reverse Trendelenburg position decrease venous return, pneumatic compression
stockings are always used as prophylaxis against deep venous thrombosis.

An orogastric tube is placed to keep the stomach decompressed during the pro-
cedure, and it is removed before starting the myotomy. A Foley catheter is inserted
at the beginning of the operation and removed at the end of procedure.

The surgeon stands between the patient’s legs. The first and second assistants
stand on the right and left side of the operating table.

Placement of Ports

Five 10-mm ports are used for the procedure. The first incision is made in the mid-
line 14 cm distal to the xiphoid process, and a Veress needle is introduced into the
peritoneal cavity. The peritoneal cavity is insufflated to a pressure of 15 mmHg.
Subsequently, under direct vision, an optical port with a 0° camera is placed. Once
this port is placed, the 0° camera is replaced with a 30° camera, and the other trocars
are inserted under laparoscopic vision. The second port is placed in the left midcla-
vicular line at the same level of port 1. It is used for the insertion of a Babcock
clamp for traction on the gastroesophageal junction and of an instrument to take
down the short gastric vessels. Then, the third port is placed in the right midclavicu-
lar line at the same level of the other two ports. A retractor is used through this port
to lift the left lateral segment of the liver to expose the gastroesophageal junction.
The retractor is held in place by a self-retaining system fixed to the operating table.
Finally, the fourth and fifth ports are placed under the right and left costal margins
so that their axes and the camera form an angle of about 120°. These ports are used
for the insertion of graspers, scissors, and dissecting and suturing instruments
(Fig. 12.1).

The instrumentation necessary for the laparoscopic myotomy is reported in
Table 12.1.



158 M.E. Allaix et al.

Fig. 12.1 Placement of the
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Table 12.1 Instrumentation Fijye 10-mm ports
for laparoscopic Heller
myotomy and partial
fundoplication

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

Dissection

The gastrohepatic ligament is divided, beginning the dissection above the caudate
lobe of the liver, where the ligament is thinner, and continuing toward the diaphragm
until the right pillar of the crus is identified. The right pillar of the crus is separated
from the esophagus by blunt dissection until the left crus is recognized, and the
posterior vagus nerve is identified. Subsequently, the peritoneum and the phreno-
esophageal membrane overlying the esophagus are divided, and the anterior vagus
nerve is identified. The left pillar of the crus is then separated from the esophagus
and dissected toward the junction with the right pillar of the crus. Blunt dissection
is finally performed in the posterior mediastinum, laterally and anteriorly to the
esophagus in order to have about 4-5 cm of esophagus without any tension below
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the diaphragm. No posterior dissection is necessary if an anterior fundoplication is
planned. When dealing with a sigmoid esophagus, it is important to extend the dis-
section more proximally in the posterior mediastinum and to also dissect posterior
to the esophagus. This dissection allows straightening of the esophageal axis, avoid-
ing stasis of food after the myotomy.

Division of the Short Gastric Vessels

The short gastric vessels are taken down all the way to the left pillar of the crus,
starting from a point midway along the greater curvature of the stomach [16].

Myotomy

The fat pad should be removed to expose the gastroesophageal junction, after iden-
tification of the anterior vagus nerve. Traction is then applied with a Babcock clamp,
grasping below the gastroesophageal junction and pulling downward and to the left
in order to expose the right side of the esophagus. A myotomy is performed on the
right side of the esophagus in the 11 o’clock position using a hook cautery. The
proper submucosal plane is found using the cautery, about 3 cm above the gastro-
esophageal junction.

Once the mucosa is exposed, the myotomy is extended proximally for about
6 cm above the gastroesophageal junction and distally for 2.0-2.5 cm onto the gas-
tric wall (Fig. 12.2) [19].

It is important to be cautious in patients previously treated with prior intrasphinc-
teric injection of botulinum toxin, as fibrosis can be present at the level of the gas-
troesophageal junction, with consequent loss of the normal anatomic planes. In
these circumstances, the myotomy can be very difficult, and there is an increased
risk of mucosal perforation [5, 20, 21]. If a perforation occurs, it is closed with fine
(5-0) absorbable sutures.

The edges of the muscles are then separated with a dissector in order to have
3040 % of the mucosa not covered by muscles.

Intraoperative endoscopy is rarely necessary, particularly when enough experi-
ence is present and a long myotomy onto the gastric wall is performed.

Because the main goal of the surgical treatment is the relief of dysphagia while
preventing gastroesophageal reflux, several studies have addressed the role and type
of fundoplication. A laparoscopic Heller myotomy alone is associated with postop-
erative gastroesophageal in about 50-60 % of patients, with the risk of developing
esophagitis, Barrett’s esophagus, or a stricture [20, 22, 23]. If a total fundoplication
is performed, there is an increased risk of persistent or recurrent dysphagia [13].
Therefore, a partial fundoplication added to the myotomy entails better functional
results when compared to a total fundoplication because it takes into account the



160 M.E. Allaix et al.

Fig. 12.2 Esophageal
myotomy

lack of peristalsis [13]. A recent multicenter, randomized controlled trial did not
find significant differences in terms of control of gastroesophageal after the partial
anterior in 49 patients and partial posterior fundoplication in 36 patients with acha-
lasia [24]. A partial anterior fundoplication is often preferred because it is simpler
to perform and covers the exposed esophageal mucosa [25].

Partial Anterior Fundoplication

The partial anterior fundoplication is a 180° anterior fundoplication. Two rows of
sutures (2—0 silk) are used. The first row is on the left side of the esophagus and has
3 stitches. The top stitch incorporates the fundus of the stomach, the muscular layer
of the left side of the esophagus, and the left pillar of the crus (Fig. 12.3). The sec-
ond and third stitches incorporate the gastric fundus and the muscular layer of the
left side of the esophagus (Fig. 12.4). The fundus is then folded over the exposed
mucosa so that the greater curvature of the stomach is next to the right pillar of the
crus (Fig. 12.5). The second row of sutures on the right side of the esophagus con-
sists 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. 12.6).

To reduce the risk of postoperative dysphagia due to the fundoplication, (a) the
short gastric vessels should be divided, and (b) the wrap should be performed using
the fundus rather than the body of the stomach [16].
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Fig. 12.3 Dor
fundoplication: top stitch of
the left row of sutures

Fig. 12.4 Dor
fundoplication: second and
third stitches of the left row
of sutures
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Fig. 12.5 Dor
fundoplication: right row of
sutures

Fig. 12.6 Completed Dor
fundoplication

Postoperative Complications

An esophageal leak may occur during the first 24-36 h postoperatively, and it is
usually the result of a thermal injury of the esophageal mucosa. Typical signs and
symptoms include pain, fever, and dyspnea. A chest x-ray may show a pleural
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effusion. An esophagram confirms the location and the size of the leak. Treatment
options vary based on the time of diagnosis and on the location and size of the leak.
In case of early diagnosis, small leaks can be repaired directly. If the damage is too
extensive or the inflammatory reaction in case of late diagnosis does not allow a
direct repair, an esophagectomy is indicated.

Pneumothorax occurs in case of intraoperative opening of the parietal pleura.
Usually, it resolves spontaneously.

Persistent dysphagia is usually due to technical errors, such as a too short myot-
omy or a too tight fundoplication. Recurrent dysphagia after a symptom-free period
may be caused by scar tissue in the distal portion of the myotomy, postoperative
gastroesophageal reflux, technical errors above cited, or by esophageal cancer. In
either case, a thorough evaluation is mandatory to rule out cancer and to establish a
correct diagnosis. Subsequent treatment is tailored to the results of this work-up and
includes pneumatic dilatation or a reoperation.
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Chapter 13
Paraesophageal Hernias: Indications
and Surgical Treatment

Ezra N. Teitelbaum and Nathaniel J. Soper

Abstract Laparoscopic paraesophageal hiatal hernia repair is a complex operation
that requires experience with advanced minimally invasive surgical techniques, as
well as an expertise in both the anatomy and physiology of the esophagus and stom-
ach. When performed correctly the operation should result in a high rate of symp-
tomatic resolution with a low complication profile, despite often being performed in
patients who are elderly with multiple medical comorbidities. However, if the prin-
ciples of a proper repair are not followed, patients can be left with persistent dys-
phagia and/or gastroesophageal reflux, resulting in a worse quality of life than they
had preoperatively and possibly necessitating reoperation. This chapter outlines the
preoperative assessment, evaluation, and indications for surgery in patients present-
ing with paraesophageal hernia. The key steps and components of a laparoscopic
repair are detailed, with an emphasis on adherence to the fundamentals of creating
a functional repair. These include creating a setup and port placement that allows for
efficient and effective operating, complete dissection and reduction of the hernia
sac, mobilization of the distal esophagus, performing a tension-free crural repair,
and creation of an effective antireflux fundoplication. The decisions of when to
perform an esophageal lengthening procedure and/or reinforce the crural repair with
a mesh are also addressed. While surgeons must tailor their technique to their own
operating style and individual patient anatomy, if these basic principles and steps
are adhered to, the operation should lead to successful and durable outcomes on a
consistent basis.

Keywords Paraesophageal hernia * Hiatal hernia ¢ Foregut surgery ¢ Laparoscopy
 Gastroesophageal reflux ¢ Nissen fundoplication ¢ Crural repair * Esophageal
lengthening procedure ¢ Esophageal physiology
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Table 13.1 The four types of hiatal hernias

Hiatal

hernia type Anatomy

I The EGJ herniates above the diaphragmatic crura, often moving transiently from
the abdomen into the mediastinum

11 A portion of the stomach is herniated into the mediastinum alongside the esopha-
gus, with the EGJ in normal (i.e., intra-abdominal) position

I The EGJ is above the hiatus and a portion, or the entirety, of the stomach is folded
alongside the esophagus

v An intra-abdominal organ other than the stomach is additionally herniated through
the hiatus

Introduction and Hernia Classification

Hiatal hernias result from a widening of the diaphragmatic crura and a weakening
of the phrenoesophageal membrane [1]. This results in a protrusion of a hernia sac
containing intra-abdominal organs through the diaphragmatic hiatus and into the
mediastinum. This displacement can result in a wide range of symptoms and poten-
tially lead to gastric incarceration and strangulation, a life-threatening emergency.
For this reason, hernia repair is generally indicated for patients with symptomatic
hernias. The technical aspects of such operations have undergone significant evolu-
tion in the last century [2], and laparoscopy is now considered the preferred
approach, offering reductions in pain, convalescence, hospital length of stay, and
morbidity, when compared with laparotomy or thoracotomy [3, 4]. However, many
controversies still remain, including whether to reinforce the crural closure with
mesh, how frequently an esophageal lengthening procedure is necessary, and the
role of a concomitant antireflux procedure [5]. This chapter will address the work-
up and preoperative evaluation of patients with paraesophageal hernia, describe the
technical aspects of a laparoscopic repair as we perform it, and review the literature
regarding the unresolved debates over optimal technique.

Hiatal hernias are subclassified into four types (Table 13.1). In a type I hiatal
hernia, the esophagogastric junction (EGJ) migrates cephalad to the crura, resulting
in a portion of intrathoracic stomach. As the EGJ forms the lead point of herniation
between the abdomen and mediastinum, type I hiatal hernias are also termed “slid-
ing hernias.” Type I hernias are by far the most common form of hiatal hernia, mak-
ing up 95 % of the total prevalence. Type II, III, and IV hernias are together termed
paraesophageal hernias (PEH) and combined account for the remaining 5 % of hia-
tal hernias. Type II anatomy consists of a hernia in which a portion of the stomach
(usually the fundus) has migrated through the hiatus and into mediastinum but with
an EGJ that remains below the diaphragm. In a type III hernia, the EGJ is above the
diaphragm and a portion of the stomach is additionally present within the chest and
alongside the esophagus. Type III hernias are typically caused by a large crural
separation which can result in a large portion, or the entirety, of the stomach lying
intrathoracically. For this reason, type III hernias are often referred to as “giant
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paraesophageal hernias.” Type IV is defined as any hiatal hernia in which an intra-
abdominal organ other than the stomach has also migrated through the crura.
Common examples are the omentum, small bowel, transverse colon, spleen, and/or
pancreas.

Presenting Symptoms

Patients with PEHs commonly present with symptoms due to either intermittent
obstruction or gastroesophageal reflux (GER). Obstruction is caused by a kinking of
the esophagus and/or stomach and results in episodes of dysphagia, early satiety,
regurgitation, nausea, vomiting, and/or chest pain. The anatomic distortion of PEHs
often leads to an incompetence of normal EGJ function [6]. This in turn causes
GER, with its characteristic symptom of intermittent retrosternal heartburn, which
is often postprandial and exacerbated when supine. PEHs can also result in erosions
of the gastric mucosa, termed “Cameron ulcers.” These ulcers can cause anemia
from chronic bleeding, and their exact etiology has not been conclusively deter-
mined [7]. Friction from repeated passage of the stomach through the hiatus,
increased acid exposure from stasis of gastric juices, and ischemia have all been
proposed as causal mechanisms [7, 8]. Larger type III and IV hernias can addition-
ally cause respiratory and cardiac impairment via direct compression of the lungs
and heart [9].

The symptoms discussed so far are usually subacute, and patients can suffer for
prolonged periods of time while being evaluated and are often incorrectly treated
for more common conditions such as non-hernia-related GER, peptic ulcer disease,
angina, and biliary colic. This scenario of clinical manifestation is distinct from
patients who present acutely with an incarcerated PEH. Acute PEH incarceration is
a life-threatening surgical emergency, as it can lead to gastric ischemia and, if not
alleviated, necrosis. The classic presenting symptoms and signs of an acute incar-
ceration are “Borchardt’s triad” of chest pain, the urge but inability to vomit, and
failure of nasogastric tube passage below the diaphragm. Immediate reduction of
the hernia is required to restore blood flow to the stomach, and a laparotomy or
thoracotomy is often necessary to achieve this. The remainder of this chapter will
address only the evaluation and management of patients with PEH in an elective
setting.

Indications for Surgery

Based on the potential for gastric incarceration, it was a long accepted surgical prin-
ciple that PEHs should be repaired on an elective basis when discovered, regardless
of the patient’s symptoms [10, 11]. This traditional assumption was challenged by a
landmark study by Stylopoulos and colleagues in 2002 [12]. The authors
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constructed a Markov Monte Carlo analytic model using pooled outcomes data to
estimate quality of life years for patients with asymptomatic PEH, treated with
either laparoscopic repair or watchful waiting. This analysis showed that watchful
waiting resulted in a yearly acute incarceration rate of only 1.1 %, and was superior
to surgery for 83 % of patients. Based on these findings, expectant management is
now considered a reasonable option in patients with truly asymptomatic PEH. On
the other hand, the presence of any symptoms related to PEH, whether due to
obstruction or GER, is considered an indication for laparoscopic repair, as long as
the patient is of reasonable operative risk.

Preoperative Evaluation

In addition to a thorough history and physical examination, several tests are indi-
cated preoperatively in order to secure the diagnosis of PEH and help define the
anatomy and physiology of the esophagus and stomach. Contrast esophagram, or an
“upper GI study,” forms the basis for diagnosis of PEH and description of its anat-
omy. The location of the esophagus, EGJ, stomach, and pylorus can all be assessed.
This secures the diagnosis and subclassification within hiatal hernia type and allows
the surgeon to approximate the size of the hernia sac and width of the crural defect.
The distance between the EGJ and hiatus can also be measured, which if >5 cm,
serves as a predictor that a esophageal lengthening procedure may be required [13,
14]. The use of fluoroscopy to obtain multiple images over time allows for an
assessment of esophageal function. Pooling of a contrast column within the esopha-
gus and a delay in contrast transit through the EGJ indicate a functional obstruction
as a result of the hernia. Conversely, reflux of contrast material from the stomach
back into the esophagus is indicative of an incompetent EGJ resulting in GER.

Upper endoscopy is mandatory in the preoperative evaluation of patients prior to
planned PEH repair. The primary purpose is to rule out a malignancy near the EGJ,
which can present with the same obstructive symptoms as PEH. It is also important
to check for the presence of esophagitis or gastritis, Barrett esophagus, Cameron
ulcers, and/or peptic ulcer disease. It should be noted that upper endoscopy can be
extremely challenging in these patients, especially those with type III PEHs, and the
risk of esophageal perforation can be increased if not performed by a skilled
endoscopist.

Although not universally adopted, we routinely perform an esophageal manom-
etry study on patients being evaluated for PEH. This study is often technically dif-
ficult to perform in these patients [15], and it is often easiest to place the manometry
catheter during endoscopy. The advance to high-resolution manometry is particu-
larly useful in the setting of PEH, as the catheter does not have to be moved once it
is positioned across the EGJ. Despite these challenges, it is useful to assess the peri-
staltic function of the esophagus preoperatively. Patients with PEH often have
abnormal esophageal motility, and these impairments can improve after surgery
[16]. However, in patients with complete aperistalsis on preoperative manometry or
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those who have weak peristalsis and dysphagia that cannot be explained by the
anatomy seen on esophagram, we will tailor our operation to include a partial, rather
than complete 360°, fundoplication. Additionally, high-resolution manometry can
be used to measure the distance between the EGJ and diaphragmatic hiatus (i.e.,
distance between high-pressure zone and respiratory inversion point), which can
help stratify the risk of requiring an esophageal lengthening procedure.

Although PEH can result in pathologic GER, obtaining a 24-h pH monitoring
study does not add any useful information preoperatively. This is because the dis-
section required to perform an effective repair will likely alter the physiology of the
EGIJ, and patients with PEH and heartburn (i.e., who are symptomatic) should
undergo surgical repair regardless of the findings of pH monitoring.

Operative Technique

Patient Positioning and Setup

Laparoscopic PEH repair is performed under general anesthesia with endotracheal
intubation and full paralysis. Patients are positioned supine with legs abducted. We
tuck the right arm and abduct the left arm and use a vacuum beanbag mattress to
support the patient’s sides and perineum. This positioning provides stability when
the table is shifted into a steep reverse Trendelenburg position and helps to prevent
neuropathy during what may be a lengthy operation. Pneumatic compression stock-
ings and a urinary catheter are placed, and patients receive appropriate antibiotic
prophylaxis prior to the initial incision.

Trocar Placement

Five trocars are utilized: one for the laparoscope, two for the operating surgeon, one
for the assistant, and one for a liver retractor (Fig. 13.1). We begin by placing a
10-mm trocar slightly to the left of midline and superior to the umbilicus, approxi-
mately 12—-15 cm from the xiphoid process. This is typically done using a Veress
technique in patients without prior upper abdominal surgery, but an open Hasson
technique may be used as well. Once this trocar is inserted and the abdomen insuf-
flated, a 30- or 45° laparoscope is inserted and an initial diagnostic laparoscopy is
performed. Use of an angled laparoscope during PEH repair is essential so that
unobstructed views can be obtained when working in the confined space of the hia-
tus and mediastinum.

A 5-mm trocar for the liver retractor is then placed just below the right costal
margin, approximately 15 cm from the xiphoid. We use a self-retaining retractor to
elevate the left lateral segment of the liver and expose the hiatus. A 5-mm port for
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Fig. 13.1 Trocar positioning
for laparoscopic PEH repair:
R surgeon’s right hand
instrument, L surgeon’s left
hand instrument, A assistant’s
instrument, L/ liver retractor,
C camera port (Adapted from
Vaziri and Soper [17])

\/

the assistant’s instrument is then placed in the right upper abdomen, approximately
midway between the liver retractor and laparoscope ports. A common alternative is
to place the assistant’s trocar in a lateral position below the left costal margin [18].

The two trocars for the operating surgeon’s instruments are then placed. The
positioning of these ports is intended to create a triangulation effect, in which
the two instruments enter the operative field at a 30-60° angle from either side
of the laparoscopic image. The esophagus enters the abdomen through the hia-
tus at a right-to-left angle, so the surgeon’s two working trocars are also arranged
“off center” towards the patient’s left side. For the surgeon’s right hand, a
10-mm trocar (to accommodate a curved needle) is inserted just inferior to the
left costal margin, approximately 10 cm from the xiphoid process. We lastly
place the surgeon’s left hand 5-mm trocar, slightly inferior and to the right of
the xiphoid process. Depending on the size and anatomy of the liver, this trocar
may need to be placed more inferiorly on the abdominal wall. For this reason,
once the liver retractor has been secured, we test potential locations for this
trocar by first passing a Veress needle through the abdominal wall to ensure that
the working instrument will have a clear path to the hiatus.

Once the trocars have been placed, the patient is tilted to a steep reverse
Trendelenburg position in order to shift the abdominal contents inferiorly, away
from the hiatus, and to bring the patient’s upper abdomen closer to the surgeon,
thereby improving ergonomics. This should be done slowly, and in coordination
with the anesthesiologist, as this maneuver can significantly reduce venous return.
The operating surgeon then moves to a position between the patient’s legs with the
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laparoscopic monitor placed directly over the head of the patient. The assistant
stands to the patient’s right and the camera operator is seated in a stool to the
patient’s left.

Dissection and Reduction of the Hernia Sac

A thorough diagnostic laparoscopy is then performed, focusing on delineating the
hernia anatomy. This can be difficult on initial inspection, as a significant portion of
the stomach may be lying in the mediastinum. Of importance to note at the onset of
the operation are the positions of the pylorus, left gastric artery, spleen, and short
gastric vessels, as well as the width of the crural defect.

After initial anatomic identification, an attempt is made to reduce the stomach
from the hernia sac and into the abdominal cavity (Fig. 13.2). This helps to facilitate
the remainder of the operation by creating additional working space in the medias-
tinum. A hand-over-hand technique is used to gently pull the stomach inferiorly
using atraumatic graspers. However, excessive force should never be applied to the
stomach during this initial maneuver. Significant adhesions can exist between the
stomach and the hernia sac, and traction under these conditions can result in gastric
injury and even perforation. If the stomach does not reduce easily, this step should
be abandoned and the operation proceeds with dissection of the hernia sac.

To initiate this dissection, the hepatogastric ligament is divided in order to gain
access to the lesser sac and mobilize the lesser curvature of the stomach. In the case
of a large type III PEH, a significant portion of the lesser curvature may lie intratho-
racically. In operations involving this severe an anatomic distortion, the surgeon

Crural Defect

Fig. 13.2 A large PEH with
a significant portion of
intrathoracic stomach is seen
after liver retractor
placement. Gentle traction is
applied to reduce as much of
the stomach as possible into
the abdomen prior to
beginning dissection of the
hernia sac
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Fig. 13.3 Dissection of the
hernia sac begins at the
medial border of the right
crus. The hernia sac and sac
contents are swept to the right
of the laparoscopic image,
and the right crus is swept to
the left in order to enter the
mediastinum on the outside
of the sac. The assistant
provides retraction inferiorly
on the hernia sac

Right Crus Hernia Sac Edge

must be extremely careful to identify the location of the left gastric artery, right
gastric artery, and even porta hepatis, prior to dividing the hepatogastric ligament,
as these structures can be shifted towards the hiatus. The hepatic branch of the vagus
nerve, on the other hand, can be divided without physiologic consequence.

Once the lesser sac is entered, division of the lesser omentum continues superi-
orly to the level of the right crus. We use an ultrasonic dissector to accomplish this,
although bipolar or monopolar energy devices can also be employed. The next step
is to enter the mediastinum and develop a plane on the outside of the hernia sac. The
importance of this maneuver cannot be overemphasized, and the relative ease or
difficulty of the remainder of the operation often hinges upon it. To achieve this, the
surgeon grasps the right crus with a blunt grasper and then incises the peritoneal
layer at its medial aspect (Fig. 13.3). The hernia sac is an extension of this perito-
neal membrane and therefore if it is divided at the medial edge of the right crus, the
mediastinum can be entered external to the sac. Once this entry is made, blunt dis-
section is used to sweep the sac and its contents medially and inferiorly, separating
them from the rest of the mediastinal structures. The assistant forcibly retracts the
hernia sac inferiorly in order to continuously reduce the hernia contents as the dis-
section proceeds. It should be noted that neither the surgeon nor assistant should
grasp the esophagus directly, as it can be injured easily. During this portion of the
procedure, the use of cautery should also be limited so as to not inadvertently cause
a tear in the hernia sac or thermal injury to the esophagus or vagus nerves.

If the correct plane has been entered, the hernia sac should separate relatively
easily, revealing the right-sided mediastinal pleura laterally, pericardium anteriorly,
and vertebrae and aorta posteriorly. The anterior and posterior vagus nerves should
be identified as well and kept alongside the esophagus. As this mediastinal working
space is enlarged, the edge of the hernia sac is sequentially divided at its junction
with the crura. This is done in a clockwise direction, starting at the point of medias-
tinal entry and proceeding towards the left crus. Blunt dissection of the hernia sac
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Fig. 13.4 The anatomy seen
after completion of hernia sac
dissection and esophageal
mobilization. The entire
stomach and EGJ lie
intra-abdominally, and the
esophagus is mobilized off of
the crura circumferentially

Mediastinum Esophagus

Stomach

then proceeds to the patient’s left, and the left pleura is exposed. During this step in
the operation, tears in the pleura on either side can occur. This usually does not
result in adverse physiologic consequences, but the anesthesiologist should be
immediately informed. In the case of capnothorax that results in hypotension or
increased airway pressures, a reduction in insufflation pressure, or complete dein-
sufflation of the abdomen, will almost always correct these abnormalities. Insertion
of a chest tube is rarely, if ever, required.

Once the dissection reaches the left crus, we next divide the short gastric vessels
and gastrosplenic ligament. This mobilization will be required eventually in order
to perform the fundoplication, and when performed at this point in the operation, it
allows for easier access to the posterior aspect of the hiatus and hernia sac. We pre-
fer to mobilize the entire fundus, starting at the point at which the vessels begin to
run perpendicularly to the greater curve (i.e., the short gastric vessels). The assistant
retracts the stomach medially, while the surgeon uses his or her left hand to retract
the omentum laterally. This aligns the short gastric vessels horizontally in the lapa-
roscopic view. Division with an ultrasonic dissector, or other energy device, then
proceeds proximally up the greater curvature until the stomach is separated com-
pletely from the left crus and posterior hiatal attachments. The posterior hernia sac,
arising from the lesser peritoneal sac, is divided at the base of the crura.

At this point the esophagus should be circumferentially mobilized away from the
crura. Blunt dissection of any remaining hernia sac off of the mediastinal structures
and into the abdomen continues until the sac is completely freed and reduced
(Fig. 13.4). At this point we prefer to excise as much of the hernia sac as possible.
This allows for accurate identification of the EGJ and prevents incorporation of
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remaining sac tissue into the eventual fundoplication. Care must be taken to identify
and trace both vagal trunks prior to sac excision, as there can be dense adhesions
between the vagi, sac, and stomach.

Esophageal Mobilization and Lengthening

Once the sac is excised and removed though a trocar, the intra-abdominal length of
the esophagus is measured. We prefer to have an esophageal segment of at least
2.5 cm below the diaphragm, with no axial traction exerted, so that a 2-cm-long
Nissen fundoplication can be comfortably constructed around it. Failure to achieve
this length will predispose to re-herniation of the wrap into the chest, which can
cause obstructive symptoms, and may necessitate reoperation. In order to measure
this length accurately, we use the distance between the open jaws of an atraumatic
grasper (2.5 cm in our instrument set) and, if any question exists, a sterile tape mea-
sure. It is critical that no caudad traction is placed on the stomach while obtaining
these measurements, as this can falsely lengthen the intra-abdominal distance.

If there is less than 2.5 cm of esophagus below the crura, the mediastinal esopha-
gus is mobilized further cephalad in order to gain additional length. This circumfer-
ential dissection can be taken to the level of the inferior pulmonary veins and is
successful in achieving the desired intra-abdominal segment in the majority of
cases. However, even after meticulous dissection, in 3—14 % [19-21] of cases, the
EGJ remains close to or above the crura, resulting in a “short esophagus.”
Preoperative risk factors that predispose to the occurrence of short esophagus
include long-standing GER or reoperation, an EGJ that is greater than 5 cm above
the hiatus on esophagram or manometry, or the presence of peptic strictures or
Barrett esophagus on endoscopy [14, 22]. However, even when taken in combina-
tion, these risk factors do a poor job of predicting which patients will ultimately
require esophageal lengthening, and the final diagnosis is always made intraopera-
tively after a complete esophageal mobilization has been performed.

If a short esophagus still exists after the previously described maneuvers, an
esophageal lengthening procedure should be performed so that a completely intra-
abdominal fundoplication can be created. We prefer a stapled-wedge gastroplasty
technique that creates a length of “neo-esophagus” out of the gastric cardia and
lesser curve. This is performed using a standard laparoscopic linear cutting-stapler
that is capable of articulation. First, a 40- or 50-French bougie is passed into the
stomach along the lesser curve. A marking stitch is placed on the left edge of the
bougie at a distance approximately 3 cm inferior to the hiatus, at the point that will
become the new “EGJ.” The stapler is then used to divide the fundus from the greater
curvature to this marked point. The stapler is then articulated to the right and fired
alongside the left lateral aspect of the bougie to create a length of neo-esophagus and
resect a small wedge of fundus. Other techniques for accomplishing a similar gastro-
plasty have been described, including introduction of the stapler through a right-
sided thoracoscopy port, which eliminates the need to resect a portion of fundus [20].
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Crural Closure and Options for Mesh Reinforcement

Once an adequate intra-abdominal esophageal length has been established (via dis-
section or lengthening procedure), the crura are then closed in order to repair the
hernia defect. Interrupted O or 2—0 nonabsorbable braided sutures are placed at 1 cm
intervals, beginning at the posterior crural junction and working anteriorly
(Fig. 13.5). The use of pledgeted sutures has been described [23], but we prefer not
to leave any synthetic material in this closure, as it may come in contact with the
esophagus. It is important to incorporate intact crural fascia, along with muscle, into
these bites so they do not pull through. This relies on meticulous preservation of this
fascia throughout the prior hernia sac dissection. Often only posterior sutures are
necessary, but if this configuration creates an abnormal anterior angulation at the
EGJ, then one or more anterior sutures may be needed.

As the role of synthetic mesh in reinforcing inguinal and ventral hernia repairs
became firmly established, their use in hiatal hernia repair gained considerable
attention. Several early series, and even randomized controlled trials [24, 25],
appeared to indicate that routine reinforcement of hiatal hernia repairs with syn-
thetic mesh resulted in lower recurrence rates when compared with primary closure
alone. However, a number of serious, and potentially life-threatening, complica-
tions have been described as a result of mesh erosion into the esophagus and even
aorta and bronchi [26-29]. For this reason, the use of synthetic mesh for PEH repair
has largely been abandoned.

Biologic meshes used in this context have the potential to provide structural sup-
port with less theoretical risk for erosion, as they result in a less severe inflammatory
response and are eventually incorporated and absorbed. A trial by Oelschlager and
colleagues randomized patients undergoing PEH repair to crural reinforcement with
a biologic mesh (porcine intestinal submucosa) or primary closure only. While rates
of recurrent hiatal hernia at 6 months were lower in the mesh group (9 vs. 23 %)

Crural Repair Esophagus

Fig. 13.5 After completing a
posterior crural repair with
interrupted sutures, the
esophagus has been
sufficiently mobilized so that
a segment longer than 2.5 cm
lies intra-abdominally
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[30], this advantage was no longer present at 5-year follow-up (54 vs. 59 %) [31].
However, despite the fact that both groups had high radiologic recurrence rates, they
had relatively minor symptoms and improvements in quality of life, and reoperation
was rarely needed. Based on these results, there is insufficient evidence currently to
support the routine use of biologic mesh during PEH repair.

If there is considerable tension placed on the closure, and a primary repair is
therefore not possible, our current approach is to create a “relaxing incision” in the
right hemidiaphragm. The diaphragm is incised just lateral to the right crus, to
mobilize the crus to the patient’s left and allow the two crura to come together with-
out undue tension. We then sew a biologic, or nonbiologic absorbable, mesh patch
over the resulting diaphragmatic defect. This provides the advantage of not having
any mesh in direct contact with the esophagus, although the long-term results of
such a repair have not been established.

Fundoplication

Once the hiatus has been closed, a functional antireflux barrier is constructed. We
perform a 360° Nissen fundoplication regardless of the presence of preoperative
heartburn or objective evidence of GER (e.g., esophagitis on upper endoscopy).
However, we modify this to a partial fundoplication if preoperative manometry
shows complete aperistalsis or severely impaired peristalsis that is associated with
dysphagia. Other authors have contended that these markers are poor predictors of
postoperative function and advocate for use of a complete fundoplication in all
cases [16].

To create the fundoplication, the surgeon first passes his or her left hand instru-
ment posterior to the esophagus and grasps the most superior aspect of the fundus
along the greater curvature. The instrument is then pulled back behind the esopha-
gus in order to wrap the fundus around the esophagus posteriorly. With the right
hand, the surgeon then grasps the anterior fundus that remains to the left of the
esophagus and performs a “shoe-shine” maneuver, sliding the fundus back and forth
with both hands, in order to check for twists in the wrap and abnormal angulation of
the esophagus. It is essential that the wrap be situated entirely around the esopha-
gus, rather than the stomach. This is because a low-lying fundoplication at the level
of the gastric body can cause pooling of acidic secretions proximal to the wrap,
which can then reflux into the esophagus. Additionally, this anatomy recreates that
of a “slipped wrap,” which is generally associated with significant dysphagia.

After the fundus is deemed to be in an acceptable location, a 60-French bougie is
passed into the gastric body under direct laparoscopic vision. The wrap is secured
in place with interrupted seromuscular bites of 2—0 nonabsorbable, braided suture
(Fig. 13.6). Typically three sutures are required to create a wrap that is approxi-
mately 2 cm in length. We incorporate the most proximal suture into the muscle of
the esophageal body in order to prevent wrap slippage. We do not anchor the fundo-
plication to the crura, although other authors have described doing so to prevent
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Fig. 13.6 The final anatomy
after completion of crural
repair and Nissen
fundoplication. The
fundoplication is created
around intra-abdominal
esophagus, rather than the
stomach body

Crural Repair Fundoplication

wrap migration into the chest [32]. Some surgeons add a gastropexy to the anterior
abdominal wall, although we have not found this to be routinely necessary [33].

After completion of the fundoplication, the abdomen is aspirated and checked
for hemostasis. If any question exists regarding esophageal or gastric injury, or wrap
malformation, an upper endoscopy and insufflation leak test are performed. The
liver retractor and trocars are then removed under direct vision. The fascia of trocar
sites >5 mm is closed and the skin is closed with absorbable suture.

Postoperative Care

Patients are typically extubated immediately after surgery and a nasogastric tube is
not needed. Patients are started on scheduled antiemetics and intravenous ketorolac,
with intravenous narcotics as needed for breakthrough pain. Unless the mediastinal
dissection was difficult and required extensive esophageal and gastric manipulation,
patients are allowed sips of liquids on the day of surgery and then full liquids the
following morning. A routine esophagram is not obtained, unless an esophageal
lengthening procedure was performed. If advancing as expected, a soft diet is initi-
ated for lunch and patients are discharged home in the afternoon of the first postop-
erative day. Retching occurs not infrequently in the early postoperative period and
can cause wrap herniation above the crural repair. For this reason, any nausea should
be treated aggressively with additional antiemetics, and an esophagram should be
performed after any episode of vomiting to check for anatomic disruption. Any
significant deviation from the normal postoperative course, such as severe nausea,
significant abdominal or chest pain, fever, or tachycardia, should be assumed to be
a leak from an esophageal or gastric perforation until proven otherwise. Such
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patients should be investigated immediately with an esophagram using water-
soluble contrast, with a low threshold for diagnostic laparoscopy if the results are
inconclusive.

After hospital discharge, patients are maintained on a soft diet until their first
postoperative visit at 2 weeks, and then slowly reintroduce solid foods as tolerated.
We typically have patients then return to clinic on a yearly basis and obtain a routine
esophagram at 6—12 months postoperatively. Symptoms that are potentially related
to either obstruction or GER are first investigated with an esophagram to confirm the
anatomy of the repair and fundoplication and then an upper endoscopy. HRM and
24-h pH studies are reserved for patients in whom these tests are nondiagnostic.

Conclusion

Laparoscopic PEH repair is a complex operation that presents a unique challenge
with each case due to the anatomic variation inherent to the disease. A detailed
understanding of esophageal physiology and the ability to safely perform a thor-
ough upper endoscopy in the context of distorted anatomy are essential in the pre-
operative work-up of these patients. Intraoperatively, patience and adaptability are
required when formulating strategies to achieve adequate intra-abdominal esopha-
gus length and a durable and functional crural repair. The optimal techniques for
accomplishing these aspects of PEH repair have not been conclusively defined, and
specifically, further research is required to determine if, and when, cruroplasty with
biologic mesh is most effective.
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Minimally Invasive Treatment of Benign
Esophageal Tumors
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Abstract Benign esophageal tumors are rare entities that constitute less than 0.5 %
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1-2 % of resected esophageal neoplasms (Nguyen NT, Reavis KM, El-Badawi K,
Hinojosa MW, Smith BR, Surg Innov 15(2):120-125, 2008). Most of them are clin-
ically unremarkable. Thus, expectant management of a small, benign-appearing
solid or cystic lesion may be acceptable. Traditionally, the management of larger or
symptomatic lesions is surgical resection. With advances in minimally invasive sur-
gical and endoscopic techniques in last decades, tumor removal can be achieved by
a variety of methods. Generally, small intraluminal lesions can be managed with
simple endoscopic ablation or resection. Endoscopic mucosal resection may be
used for the removal of submucosal lesions, but only by an experienced endosco-
pist. For large intramural or extramural lesions, enucleation or even resection by
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Introduction

Benign esophageal tumors are rare entities that constitute less than 0.5 % of the
population on autopsy [1, 2] and only 1-2 % of resected esophageal neoplasms [3].
Most of them are clinically unremarkable. Thus, expectant management of a small,
benign-appearing solid or cystic lesion may be acceptable. Traditionally, the man-
agement of larger or symptomatic lesions is surgical resection. With advances in
minimally invasive surgical and endoscopic techniques in last decades, tumor
removal can be achieved by a variety of methods. Generally, small intraluminal
lesions can be managed with simple endoscopic ablation or resection. Endoscopic
mucosal resection may be used for the removal of submucosal lesions, but only by
an experienced endoscopist. For large intramural or extramural lesions, enucleation
or even resection by using thoracoscopic or laparoscopic techniques has demon-
strated feasibility and efficacy as a treatment of choice alongside standard thora-
cotomy or laparotomy.

General Considerations

Classification

Although relatively rare, benign tumors of the esophagus comprise numerous cell
types and characteristics (Table 14.1) [4]. A number of classification systems have
been proposed, but three commonly used classifications are based on cell of origin
[epithelial, nonepithelial, and heterotopic tumors], layers of the esophageal wall
(mucosa, submucosa, muscularis propria), or radiographic and endoscopic appear-
ance (intramural-extramucosal, intraluminal-mucosal, cyst and duplication)
(Table 14.2) [4, 5]. The description of the management for each tumor type below
is arranged according to the last classification system. The importance of these clas-
sifications is to help the treating physician understand the location and surgical
anatomy, which are necessary for clinical decision making.

Clinical Manifestations

Benign esophageal tumors are usually asymptomatic and often are detected inciden-
tally during radiologic or endoscopic examination for other conditions. In symptom-
atic patients, the most common presenting symptom is dysphagia which is more
likely to be associated with an intraluminal location than with other locations [4].
Other symptoms associated with intraluminal masses are vomiting, bleeding, cough,
substernal discomfort, and weight loss. A cervical pedunculated polypoid mass may
cause regurgitation which result in aspiration pneumonitis and airway obstruction [4].
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Table 14.1 Classification  (agsification Cell type
of benign esophageal
tumors by cell of origin

Epithelial Squamous cell papilloma
Fibrovascular polyp
Adenoma
Inflammatory pseudotumor/polyp
Nonepithelial Leiomyoma
Hemangioma
Fibroma
Neurofibroma
Schwannoma
Rhabdomyoma
Lipoma
Lymphangioma
Hamartoma
Heterotopic Granular cell tumor
Chondroma
Osteochondroma
Osteochondroma
Giant cell
Amyloid
Eosinophilic granuloma

Table 14.2 Common classification systems of benign esophageal tumor

Methods of classification Types
By cell of origin Epithelial
Nonepithelial
Heterotopic
By layers of the esophageal wall Mucosa
Submucosa
Muscularis propria
By radiographic and endoscopic appearance Intramural-extramucosal

Intraluminal-mucosal
Extramural (cyst and duplication)

Intramural tumors are mostly asymptomatic and often found incidentally for
other reasons. Dysphagia is the most frequent complaint in symptomatic patients,
and its severity is likely to be associated with the size of tumor [6]. Other associated
symptoms are substernal pain, weight loss, and hemorrhage.

Investigation

There are several investigative tools that help in making a definite diagnosis,
including contrast esophagogram, chest computed tomography (CT), flexible
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endoscopy, and endoscopic ultrasonography (EUS). Contrast esophagography
may help to characterize the surface of esophageal mucosa as well as the con-
tour of the esophagus and the stomach so that the whole esophagus including the
lesion can be seen. Moreover, it can be used to evaluate other pathologies
including both structural and functional abnormalities that may be beneficial in
preoperative evaluation [7]. CT of the chest identifies the radiographic features
and the location of the lesion with its anatomic relationship to adjacent organs.
Computed tomography may be most useful for large intraluminal or intramural
lesions. Endoscopy may demonstrate the intraluminal or mucosal lesion and
other possible lesions involving the mucosa. It can also be used for performing
biopsy and any therapeutic procedure for the lesion. Endoscopic ultrasonogra-
phy (EUS) is used as a diagnostic tool, providing the sonographic appearance of
the lesion in relation to each layer of esophageal wall [8] as well as aiding
fine-needle aspiration (FNA) when appropriate. Additionally, EUS can some-
times differentiate benign from malignant lesions. EUS findings that are suspi-
cious for malignancy include a tumor diameter >4 cm, irregular tumor margins,
a heterogenous internal echo pattern, and associated regional lymphadenopathy
[8, 9].

Management

Periodical examinations can be performed in most asymptomatic patients with
benign esophageal tumors. Generally, removal of these tumors is indicated when
they cause symptoms or complications or when the malignancy is suspected.
Removal of the tumors can be done through endoscopy in cases with small intra-
luminal or mucosal-based tumors. Otherwise, surgical intervention is
indicated.

Preoperative Evaluation

When surgery is indicated, all patients diagnosed as having a benign esophageal
tumor should be thoroughly evaluated with a history, physical examination, and
proper investigation to avoid unnecessary or incorrect surgery and detect other
potential or commonly associated pathologies such as hiatal hernia, diverticulum,
gastroesophageal reflux (GERD), and achalasia [10, 11]. Lower esophageal lesions
may require mobilization of the cardia and hiatus. Thus, performance of a simulta-
neous anti-reflux procedure should be discussed with these patients before surgery.
Patients who have symptoms of reflux should be further investigated preoperatively
with pH monitoring and manometry so that concomitant surgery to correct those
associated conditions can be performed [11].
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Minimally Invasive Approaches for Management of Benign
Esophageal Tumors

Indications for tumor removal include the presence of symptoms, large tumor size,
increasing tumor size, mucosal ulceration, prevention of potential complications,
preemption of malignancy degeneration, or a need to confirm the histologic diagno-
sis [11, 12]. A variety of approaches for tumor removal are available.

Minimally Invasive Surgery

Minimally invasive surgery for benign esophageal tumor includes thoracoscopic or
laparoscopic tumor enucleation and minimally invasive esophagogastric resection.
Thoracoscopic enucleation of esophageal leiomyoma was first reported by Everitt
in 1992 [13]. Since then, many case series of minimally invasive surgery for benign
esophageal tumor have demonstrated its feasibility, good operative outcomes, low
mortality, and minimal complication [3, 11, 12, 14-17].

Endoscopic Surgery

Given the recent advances in endoscopic techniques, benign esophageal tumors
can be removed endoscopically rather than requiring surgical resection.
Endoscopic techniques include snare polypectomy, intralesional ethanol injec-
tion, band ligation, endoscopic mucosal resection (EMR), and endoscopic submu-
cosal dissection (ESD) [12, 18-21]. Tumors that are most appropriate for
endoscopic resection are characterized as intraluminal in location, polypoid, less
than 2 cm in diameter, or intramural originating no deeper than the muscularis
mucosae [12].

Robotic Surgery

Robotic-assisted surgery has also been successfully used in the treatment of benign
esophageal tumors. Reported procedures have included enucleation of esophageal
leiomyomas [22, 23], esophageal resection for a large leiomyoma [24], and removal
of a duplication cyst [25]. These authors propose that robotic-assisted surgery pro-
vides benefit through better visualization, greater range of motion with multiarticu-
lated instruments, and more precise movements with tremor filtration and motion
scaling compared to ordinary thoracoscopic surgery [22, 25, 26]. Given the high
capital expenditure associated with robotic surgery without solid evidence of
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whether its outcome is better than other minimally invasive technique, such reports
must be viewed cautiously. At present, this approach may be considered for appro-
priately selected cases in a robotic-capable center.

Management According to Tumor Type

Intramural-Extramucosal Tumors

Leiomyoma
Clinical Features

Leiomyoma is a benign tumor that is of smooth muscle in origin and usually arises
from the muscularis propria or on occasion from muscularis mucosa [11]. It is the
most common benign esophageal tumor, accounting for more than half of all benign
tumors of the esophagus [27]. The tumors are mostly located in the lower two-thirds
of the esophagus, and more than two-thirds of the tumors are found as an intramural-
submucosal mass [5]. The peak age that the tumors are detected is between 30 and
50 years.

Most leiomyoma patients are asymptomatic, but when symptoms are present,
they are mostly nonspecific and of long duration [12]. The most common presenting
symptoms are dysphagia, retrosternal pain, and weight loss [27].

On the contrast-swallow study, leiomyoma may be seen as a rounded or lobu-
lated, elevated filling defect with a sharp margin between the mass and the esopha-
geal wall beneath the smooth mucosal surface. A CT scan of the chest is not specific
for diagnosing leiomyoma, but it may be helpful for evaluation of large tumors that
extend into the mediastinum to assess the interface between tumors and adjacent
structures or tumors whose findings are atypical such as those exhibiting rapid
growth, or ulcerated or inflamed mucosa. Endoscopy is indicated for evaluation of
the mucosa. The lesion can appear on endoscopy as having normal overlying
mucosa, moveable mass beneath the mucosa, and narrowing of the esophageal
lumen without obstructing the passage of the scope. Cold forceps biopsy through
the endoscope is contraindicated because it usually does not help in diagnosis, and
risks complications such as bleeding, infection, and mucosal perforation at the time
of enucleation. EUS is very helpful for diagnosis of leiomyoma, which is character-
ized as well circumscribed, homogeneous, and hypoechoic with a smooth outer
border, usually arising from the fourth layer or muscularis propria [8]. Fine-needle
aspiration (FNA) of the lesion can be done during performing EUS. Although, there
are some reports mention about the effectiveness of EUS-FNA in helping to obtain
more definite diagnosis of esophageal leiomyoma [28, 29], some authors proposed
that it provided no significant benefit especially in differentiating benign leiomy-
oma from malignant leiomyosarcoma [8, 30]. Thus, the effectiveness of this tech-
nique is still uncertain.
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Indications for Tumor Removal

Resection of the tumor is indicated in symptomatic cases. For asymptomatic
patients, the indication for tumor removal includes tumor size >5 cm, an increase in
tumor size, mucosal ulceration or suspicion of malignancy [12, 18].

Treatment

Endoscopic resection: Leiomyomas can be removed by various endoscopic methods as
described above but only in selected cases and by capable endoscopists. Small (<2 cm)
pedunculated leiomyomas originating from the muscularis mucosa can be resected
using snare polypectomy [12]. Rubber band ligation through the scope at the neck of a
small mass has also been reported [19]. Wider-based lesions may be removed by EMR
or enucleation. EMR is performed by using a snare wire after injection of normal saline
or other appropriate solution to lift the submucosal layer from the muscularis propria in
order to cause protrusion of the tumor into the lumen [18]. For larger lesions, multiple
sessions of ethanol injection into the mass through the scope may be an option with
complete sloughing of the lesion without serious complication [31, 32], but this method
is not common in the USA and other western countries and should be done by a skilled
endoscopist. Endoscopic submucosal dissection (ESD) was originally reported as a
treatment option for early gastric cancer and other superficial gastrointestinal cancers in
Japan and has also been reported as a treatment of esophageal leiomyoma originating
from the muscularis propria [21]. However, with a concern of its efficacy and safety,
more studies will be needed before being considered as a standard treatment.

Minimally invasive surgery: Thoracoscopic and laparoscopic approaches for both
enucleation and esophageal resection are standard treatments for esophageal leiomy-
oma. For tumors smaller than 5 cm, enucleation via thoracoscopic or laparoscopic
approach is recommended. In the cases of larger tumors, circumferential lesions, sig-
nificant distortion of the esophageal musculature, high suspicion of malignancy, or
extensive damage to the esophageal mucosa, segmental esophageal resection is suitable
either via minimally invasive techniques or through a laparotomy or thoracotomy [11].

To perform enucleation, the selected side for the operation depends on the loca-
tion of the tumor. Localizing the tumors is accomplished by visualization, palpa-
tion, or endoscopy. Enucleation is done by longitudinal incising and splitting the
muscle fibers over the mass and then dissecting the mass from the attached muscle
and submucosal tissue without disrupting the mucosa. The details of minimally
invasive techniques will be discussed later in this chapter.

Granular Cell Tumor

Clinical Features

Granular cell tumor (GCT) is a rare submucosal tumor of the esophagus. It can be
found in many different organs, most frequently in the tongue, skin, breast, and
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muscle and uncommonly at the gastrointestinal tract [33]. GCT has been assumed
to originate from neural tissues since its ultrastructural and immunologic-staining
appearances are similar to those of Schwann cell [33]. As an intramural tumor, the
presenting symptoms of GCT are almost the same as for leiomyoma, and most of
the patients are asymptomatic. The endoscopic findings of GCT may include a yel-
lowish polypoid lesion beneath the thin mucosa. Endoscopic biopsy is frequently
nondiagnostic, but a diagnosis may be accomplished with multiple biopsies taken
from the same site [18]. GCT appears on EUS as a hyperechoic solid mass sur-
rounded by a hypoechoic submucosa. There is a 1-3 % malignancy rate among all
GCTs; there appears to be no potential for malignant transformation in instances in
which the GCT histologically is benign [18].

Indications for Tumor Removal

Resection should be considered for lesions >1 c¢cm in diameter or for those that are
symptomatic.

Treatment

Endoscopic mucosal resection is appropriate for lesions that do not extend beyond
the submucosal layer [18, 20]. Other treatments have been described including etha-
nol injection [34] and minimally invasive surgical enucleation [14].

Hemangioma
Clinical Features

Hemangiomas of the esophagus are benign vascular tumors that arise from the sub-
mucosal layer. They can be found throughout the esophagus [1]. Most patients are
asymptomatic. Among patients who do have symptoms, dysphagia and bleeding are
the most common complaints. Bleeding from rupture of the hemangioma can be
massive and fatal. At endoscopy the lesions appear as bluish, polypoid, or sessile
submucosal masses. On EUS, they usually occupy the 2nd or 3rd layer and have a
sharp border. CT and MRI help in diagnosis and treatment planning, especially for
large tumors. Given the concern for massive hemorrhage, biopsy is not
recommended.

Indications for Tumor Removal

Intervention for esophageal hemangiomas should be considered regardless of
whether patients have symptoms because of the high risk of bleeding [18].
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Treatment

Many endoscopic methods have been proposed including sclerotherapy (similar to
the treatment for varices), laser fulguration, and EMR [18, 35, 36]. Surgical treat-
ment is another choice including enucleation and resection of the esophagus by
minimally invasive or open techniques [37].

Lipoma
Clinical Features

Lipomas of the esophagus are usually found incidentally. Most lipomas of the tho-
racic esophagus are intramural, whereas those located in the cervical esophagus are
mostly pedunculated. They usually appear soft and yellowish and are located
beneath intact mucosa. EUS demonstrates the lesions to be homogenous, hyper-
echoic, and with sharp margins confined to the submucosal layer [11].

Indication for Tumor Removal

Resection should be performed in symptomatic patients or for larger pedunculated
lesions in the cervical esophagus.

Treatment

Treatment options include endoscopic resection and ligation or stapling for pedun-
culated lesion. Otherwise, enucleation can be done by transcervical, transthoracic,
VATS, or laparoscopic approaches. Transgastric laparoscopic resection via stapling

of a long-stalked, pedunculated thoracic esophageal lipoma has been performed
successfully, with tumor removal through the transgastric port [38].

Intraluminal-Mucosal Tumors

Fibrovascular Polyp
Clinical Features

Fibrovascular polyps are the most common benign intraluminal tumor. It is thought
that the tumor is formed from an area of submucosal thickening, then gradually
protrudes into esophageal lumen aided by esophageal peristalsis. Most of the
lesions are located in the cervical esophagus, just distal to the cricopharyngeus
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muscle in the region of Laimer’s triangle. Clinical presentations include dyspha-
gia, regurgitation, retrosternal pain, weight loss, and airway obstruction [11].
Large lesions with a long stalk that extend into the stomach may develop superfi-
cial ulceration which results in bleeding and anemia. Contrast esophagography
usually shows a smooth, lobulated, elongated filling defect. The findings from CT
and MRI can also demonstrate differing density or attenuation, depending on the
relative amounts of fibrous and adipose tissue in the mass [39]. Endoscopy can
identify the site of origin and size of the lesion. However, a small polyp may be
missed since its origin is most often in the proximal esophagus and the lesion is
typically covered with normal mucosa. EUS may be of use in large-stalk lesions to
assess the feeding vessels that may put the patient at risk for bleeding after resec-
tion [18].

Indications for Tumor Removal

All large or elongated-stalk polyps should be removed because of the potential risks
of respiratory complications including airway obstruction from regurgitation of the
polyp and aspiration into the proximal airway.

Treatment

Most small polyps or thin stalk lesions can be removed via endoscopic methods
such as snare polypectomy or EMR. Large polyps in the cervical esophagus
may require left cervical esophagotomy for tumor removal [40]. The main
goal of treatment is to remove the polyp base completely to prevent local
recurrence.

Cysts and Duplications

Cysts and duplications of the esophagus are rare malformations that occur during
embryonic development. These malformations are included in the spectrum of
developmental aberrations of the embryonic foregut as esophageal duplications,
bronchogenic cysts, gastric cysts, inclusion cysts, and neuroenteric cysts [41].
Many explanations have been offered for their pathogenesis, but no causative fac-
tors have yet been identified [42]. One theory is that these abnormalities may result
from either incomplete recanalization or abnormal budding of the primitive fore-
gut [43].

Esophageal cysts are classified as duplications if they meet the following criteria:
(1) the cyst is intramural; (2) it is covered by two muscle layers; and (3) it is lined
by squamous epithelium or other lining of embryonic esophagus (columnar, cuboid,
pseudostratified, or ciliated) [41].
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Bronchogenic cysts presumably originate from the developing lung buds that are
incompletely separated from the primitive foregut [44]. They can be found as intra-
mural esophageal cysts but are more commonly related to the lungs and bronchial
tree. The present of cartilage in a cyst is the unique characteristic of bronchogenic
cysts.

Gastric cysts are intramural esophageal cysts that are lined with gastric mucosa
and contain one or more muscular layers in the cyst wall. It is believed that they
originate from embryonic gastric cells that remain in the esophageal wall when the
developing stomach is descending [41].

Inclusion cysts are intramural esophageal cysts of unknown etiology. The cells
lining the cysts can be the same type as duplication cysts, but they are neither cov-
ered by muscle nor contain cartilage [41].

Neuroenteric cysts are believed to originate from a portion of the endoderm of
the primitive foregut attaching to the notochord. During the separation between
those two structures, an endodermal diverticulum may develop to become a cyst.
Other names for these cysts are posterior mediastinal duplication cysts [41] or
enteric cysts [44]. They are located in the posterior mediastinum, having well-
formed muscular walls and lined with ciliated or any alimentary cell types. These
cysts are commonly associated with vertebral abnormalities such as spina bifida
occulta or anterior hemivertebrae [44].

Acquired esophageal cysts are believed to originate from obstruction of glands
in the mucosal and submucosal layers of the esophagus. Other names for them are
either retention cysts if they appear as a single lesion or esophagitis cystica in cases
of multiple lesions. They are commonly found in the upper esophagus and usually
are asymptomatic [41].

Clinical Features

Most patients with esophageal cysts and duplications are asymptomatic [45].
Symptoms are usually caused by compression of adjacent intrathoracic structures,
with respiratory problems predominating, including coughing, wheezing, stridor, or
shortness of breath, depending on the level of compression [42, 46, 47]. Other symp-
toms from esophageal compression are dysphagia and weight loss. The development
of complications has been reported including infection, hemorrhage, erosion with
perforation or fistulization adjacent structures, and malignant transformation of the
cyst wall into adenocarcinoma or rhabdomyosarcoma [46]. Investigative imaging to
confirm diagnosis can be done by using contrast esophagography, endoscopy, EUS,
CT, and MRI. Esophagography and endoscopy reveal a smooth-walled indentation
which is similar to other submucosal masses [11]. Cold forceps biopsy of the lesion
is not recommended since it may complicate surgical resection of the cyst, while
needle aspiration may help clarify the diagnosis while not interfering with subse-
quent treatment. CT and MRI can be used to locate the lesion and its relations to
adjacent organ. EUS can differentiate cysts from other submucosal lesions and can
delineate its extent and the composition of the cyst wall [48].



192 P. Hiranyatheb and M.K. Ferguson

Indications for Tumor Removal

All cysts and duplications, either asymptomatic or symptomatic, should be removed.
Resection is indicated for asymptomatic patients because of the moderate potential
to develop complications and possibly because of the low risk of malignant trans-
formation [42, 46, 49, 50].

Treatment

Conventionally, removal of the cyst has been done by enucleation or esophageal
resection through open thoracotomy. Given the advantages of thoracoscopic and
laparoscopic approaches in terms of shortened hospital stay, minimal postoperative
discomfort, faster recovery, and quicker return to regular activities, these approaches
are favored currently [45, 46, 49-51]. The general principles of minimally invasive
surgical removal of cysts are similar to those for other submucosal tumors. To facili-
tate dissection, aspiration of the cyst in the initial of the operation may be useful
[49, 52]. Other specific points should be taken into account, as prior infection or
inflammation of the cyst can result in dense adhesion to the esophagus and adjacent
structures, making complete excision with enucleation difficult, especially in cases
of intramural cysts because part of the cyst wall is fused with the esophageal wall.
In such cases, resection of cysts with part of the esophageal wall can be done by
using a laparoscopic linear stapler-cutter device rather than relying solely on enu-
cleation. Other considerations include evaluation of the integrity of the esophageal
mucosa after resection of the cyst using intraoperative endoscopy, closure of the cut
muscle edges over the defect, and avoidance of vagal nerve injury [45, 46, 49]. In
cases in which the lesion requires extensive resection because of dense adhesion or
associated malformation or the cyst forms a common wall with the bronchus, open
thoracotomy should be performed [46]. In such cases, partial resection may be an
option. However, recurrence of a duplication cyst after incomplete resection has
been reported [53]. Robotic-assisted removal of esophageal duplication cysts with-
out complication has been reported [25].

Technical Considerations During Minimally Invasive Surgery

Thoracoscopic Enucleation

The patient is intubated with a double-lumen endotracheal tube under general anes-
thesia to permit deflation of the ipsilateral lung. The patient is placed in a lateral
decubitus position. Tumors in the upper two-thirds of the esophagus are usually
approached through the right side, whereas those in the lower third are accessed
from either the left or the right side. Endoscopy is performed to confirm the site of
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the tumor. Typically a camera port and 2 or 3 instrument ports are used; all can be
5 mm unless use of a stapler is necessary. Port placement depends on the tumor
location and personal preferences of the surgeon. An example of the position of the
ports for a tumor involving the lower third of the esophagus is illustrated in Fig. 14.1.
The surgeon may stand at the back or front of the patient and may face superiorly
for mid and upper esophageal lesions or inferiorly for lesions located near the dia-
phragm. After the first port is placed, the pleural cavity is insufflated to a pressure
of 8 mmHg to facilitate lung deflation, which is discontinued after placement of the
other ports. The subsequent ports are placed under direct vision with a 5 mm cam-
era. Sometimes a 2-3 cm incision is performed at the site of the 3rd or 4th inter-
space anterolaterally in order to facilitate tissue retraction and for retrieving the
specimen. In cases of intramural tumors in the lower esophagus that are obscured by
the diaphragm, a traction suture can be placed through the central tendon of the
diaphragm and pulled out through the chest wall to improve visualization.

After the camera and instruments are placed, the esophagus is exposed by dividing
the mediastinal pleura overlying the lesion. Some surgeons use a balloon [54] and the
light from an endoscope [15] or put a bougie [14] into the esophagus adjacent to the
lesion in the case of small leiomyomas, in order to facilitate exposure of the lesion.
The esophagus just above and below the lesion is mobilized sufficiently to identify
the tumor’s circumferential and longitudinal extent. The azygous vein may be divided
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as necessary to gain adequate exposure for lesions located more proximally. To help
exposing the entire lesion, a Penrose drain may be used to encircle the esophagus for
retraction. In the case of leiomyoma, a longitudinal myotomy is performed over the
tumor, which appears as a smooth gray-white mass. Dissection of the tumor from the
muscle and submucosa can be done by using hook electrocautery or scissors. A
retraction suture may be placed through the tumor to assist in this step. Dissection of
other benign intramural tumors can also be performed in the same fashion.

In the case of large inflammatory cysts, decompression under direct vision of the
cyst can be performed before mobilization [45]. Then, dissection is performed,
using hook electrocautery, ultrasonic shears, or scissors.

The specimen is put in a bag and removed through a port site. Continuity of the
mucosa must be confirmed by direct inspection with air insufflation through an
endoscope. If there is a mucosal injury, it is repaired using interrupted absorbable
stitches. The muscular defect is closed with absorbable sutures to prevent the poten-
tial development of a pseudodiverticulum [55, 56]. Care must be taken not to nar-
row the esophageal lumen. If the muscle closure is not secure, a flap of pleura,
pericardium, diaphragm, or pedicled intercostal muscle may be used as a buttress
for the closure. A pleural drain is placed and the port sites are closed while the lung
is reexpanded. A nasogastric tube is not required. A clear liquid diet can be started
on the day of surgery and gradually advanced to a soft diet for patients who do not
have any mucosal perforation. In patients who require mucosal repair, liquid feed-
ings are delayed for 1-2 days to ensure integrity of the closure. Routine postopera-
tive imaging of the esophagus is not required.

Laparoscopic Enucleation

This procedure is indicated for patients who have a benign intramural tumor at or
near the gastroesophageal junction [3, 14,57, 58]. Some authors apply this approach
for tumors as high as the distal third of the esophagus [59, 60]. The patient is placed
supine or in a modified lithotomy position, under standard general anesthesia. An
endoscopy may be performed to confirm the site of the lesion. The surgeon stands
at the right side of the patient or between the patient’s legs. A pneumoperitoneum is
created and ports are placed. Generally, 5 ports are used (Fig. 14.2): a camera port,
three working/retraction ports, and a port for the liver retractor. The hiatus is opened
and the esophagus is dissected sufficiently to expose the tumor. Intraoperative
endoscopy may be used for small or deep tumors to identify the margins. Enucleation
is performed as described above using hook electrocautery, scissors, or a sealing
device. Care should be taken to avoid injury to the mucosa and vagal nerves. The
mass is removed and the air-leak test is performed using an endoscope. The muscu-
lar edges are closed over the defect with interrupted sutures. The crura of the dia-
phragm are also approximated using interrupted stitches. No drain is left. In cases
of preexisting gastroesophageal reflux, a fundoplication should be performed.
Postoperative care is the same as for thoracoscopic enucleation.
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Minimally Invasive Gastroesophageal Resection

Partial resection of a gastroesophageal segment via minimally invasive tech-
niques is indicated in large tumors or those with circumferential involvement as
described above. Preoperative preparation and positioning are similar to those
for thoracoscopic enucleation. The extent of the resection and the location of the
anastomosis depend on the site of the tumor; the anastomosis can be done in the
chest in case of lower esophageal tumors, whereas a cervical anastomosis is
usually required for upper thoracic tumors. There are 3 minimally invasive sur-
gical options similar to those for esophageal cancer including Ivor-Lewis resec-
tion, the 3-hole (or McKeown) approach, and laparoscopic transhiatal
esophagectomy.

Outcomes and Complications

The outcomes and complications of thoracoscopic and laparoscopic benign tumor
resection are summarized in Tables 14.3 and 14.4. The results are excellent with
minimal complications, very low mortality, and no tumor recurrence in the reports.
When compared to an open-thoracotomy approach, some specific potential compli-
cations, such as pseudodiverticulum and GERD, may be of concern because of a
reduction of propulsive activity and acid-clearing ability after myotomy [12].
Although there is no strong evidence to support this, most authors still repair the
muscular defect to prevent those potential problems. The outcomes of thoracoscopic
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Table 14.3 Outcomes of thoracoscopic enucleation

Tumor size [cm] Morbidity
Authors Year n  Average Range n [%] Note
Roviaro et al. [59] 1998 6 NR NR
Zaninotto et al. [57] 2006 7 4.3 3-5 0 [0]
Kentet al. [14] 2007 9 3.5 0.9-8 (laparoscopy 2 [22] Pneumonia 1
included) GERD 1
von Rahden et al. [54] 2008 10 3.5 0.5-5 0 [0]
Palaniveluetal. [17] 2008 6 6.3 4.6-7 2 [33] Pneumonia
Subcutaneous
emphysema

Luhetal. [15] 2012 12 5.0 1-8 0 [0]
Note: GERD gastroesophageal reflux, nnumber of patients, NR not reported
Table 14.4 Outcomes of laparoscopic enucleation

Tumor size [cm] Morbidity
Authors Year n Average Range n [%] Note
Zaninotto et al. [57] 2006 4 4.8 2-5 1 [25] Esophageal

perforation 1
Kent et al. [14] 2007 7 3.5 0.9-8 {thoracoscopy 2 [22] Arrhythmia 1
GERD 1

von Rahden et al. [54] 2008 3 2.0 0.5-4 0 [0]
Palaniveluet al. [17] 2008 7 6.6 5.0-7 1 [14] Bowel ileus

Nguyen et al. [3] 2008 1 1.1 - 0 [0]

esophageal cyst removal are also good, with low rates of complications and very
low mortality [45, 46, 51, 52]. However, the number of patients in each report is
very small. More studies are needed to clearly demonstrate the efficacy and safety
of minimally invasive approaches for these lesions.

Conclusions

Benign tumors of the esophagus are rare and are usually asymptomatic. Some of
them can give rise to important problems. The results of small case series indicate
that various methods of endoscopic and minimally invasive surgery for manage-
ment of these problems are feasible, efficacious, and safe. Most small intraluminal
lesions can be removed endoscopically, whereas minimally invasive procedures are
optimal for leiomyomas and other intramural tumors, having the advantage of
avoiding open surgery. Proper patient selection as well as experienced physicians is
required for good outcomes.
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Chapter 15
Barrett’s Esophagus: Treatment Options
and Management

Wesley D. Leung and Irving Waxman

Abstract Barrett’s esophagus (BE) involves specialized intestinal metaplasia of
the esophagus and is a precursor of esophageal adenocarcinoma. Although no ran-
domized trials have demonstrated mortality benefit, we recommend patients with
multiple risk factors for BE undergo endoscopic screening for dysplasia (which
should be confirmed by an expert pathologist). Patients with BE should be treated
with proton pump inhibitor (PPI) and be considered for PPI even in the absence of
reflux symptoms or reflux esophagitis. We recommend patients with BE with no
dysplasia, low-grade dysplasia (LGD), and high-grade dysplasia (HGD) (in the
absence of eradication therapy) have endoscopic surveillance. In most patients with
BE-associated HGD, we recommend endoscopic eradication therapy rather than
surgery or intensive surveillance. This involves endoscopic mucosal resection
(EMR) for removal and staging of visible lesions (if present) followed by radiofre-
quency ablation or photodynamic therapy to ablate remaining metaplastic epithe-
lium. Surgery is a reasonable alternative in young patients with HGD and
long-segment BE or multifocal dysplasia, whereas intensive surveillance is reason-
able in elderly and frail patients where endoscopic therapy might pose a substantial
risk.
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Abbreviations

APC Argon plasma coagulation

BE Barrett’s esophagus

EAC Esophageal adenocarcinoma
EMR  Endoscopic mucosal resection
ESD Endoscopic submucosal dissection
EUS Endoscopic ultrasound

GERD  Gastroesophageal reflux disease
HGD  High-grade dysplasia

IGD Indeterminate-grade dysplasia
IMC Intramucosal carcinoma

LGD Low-grade dysplasia

NDBE Non-dysplastic Barrett’s esophagus
PDT Photodynamic therapy

PPI Proton pump inhibitor

RFA Radiofrequency ablation

Introduction

Barrett’s esophagus (BE) is a condition characterized by specialized intestinal meta-
plasia of the esophagus and is recognized as the only known precursor lesion to
esophageal adenocarcinoma (EAC). The development of BE is thought to be a
reparative response to chronic reflux injury to the squamous esophageal epithelium,
resulting in metaplasia to intestinal epithelium. BE may progress to dysplasia.
Studies suggest the annual cancer incidence with BE ranges from 0.1 to 2.0 % [1-3].
Although the risk of developing EAC from BE has been estimated to be 30-fold
above the general population [4], the absolute risk of developing cancer is low.

Risk factors for BE include male sex, white race, age older than 50 years, family
history of BE, increased duration of reflux symptoms, smoking, and obesity [5].
Endoscopic screening for BE is controversial because no randomized controlled
trials have demonstrated decreased mortality in EAC as a result of screening
[6-8].

Histologically, BE can be graded as non-dysplastic (NDBE), indeterminate-
grade dysplasia (IGD), low-grade dysplasia (LGD), high-grade dysplasia (HGD),
intramucosal carcinoma (IMC), or invasive EAC [9]. IGD is typically an interim
diagnosis typically found in the presence of inflammation or technical issues related
to the specimen precluding a definitive diagnosis of dysplasia.

The management of patients with BE involves 3 major elements: (1) treatment of
gastroesophageal reflux disease (GERD), (2) surveillance of dysplasia, and (3)
treatment of dysplasia. Chemoprevention of BE to prevent EAC has also been
studied.
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Treatment of GERD

For patients with BE, GERD therapy with medication effective to treat GERD
symptoms and to heal reflux esophagitis is clearly indicated, as for patients without
BE. However, some experts recommend initial therapy with proton pump inhibitor
(PPI) rather than a “step-up” approach to GERD in patients without BE [5].
However, evidence to support the use of acid suppression in patients with BE solely
to reduce the risk of progression to dysplasia or cancer is indirect and has not been
proven in clinical trials. In BE patients without GERD symptoms or endoscopic
evidence reflux esophagitis, the risks and benefits of long-term PPI therapy should
be discussed with patients taking into account their overall health status and medi-
cation use.

Different strategies have been studied to determine if aggressive reflux treatment
prevents progression of BE to cancer. In vitro studies suggest acid exposure to
metaplastic esophageal epithelium may stimulate markers of cell proliferation, and
PPIs may decrease it (and by inference carcinogenesis) [10, 11]. Clinical studies
(mainly observational) suggested profound acid suppression by double-dose PPI
[12] or fundoplication [13] may result only in a small regression of BE. However, a
systemic review of 25 surgical studies found antireflux surgery reduced incidence of
EAC only in uncontrolled but not controlled studies [14]. Thus, aggressive attempts
to eliminate esophageal acid exposure for the prevention of EAC have not been
found to be helpful. This includes PPI use greater than once daily, esophageal PH
monitoring to titrate PPI dosing, and antireflux surgery.

Endoscopic Dysplasia Surveillance

A survival benefit of endoscopic surveillance for dysplasia in BE patients has not
been demonstrated in randomized prospective trials. Such trials may be too large
and costly to perform. Therefore, BE surveillance assumes BE reduces survival and
surveillance can reduce mortality. Data supporting BE surveillance suggest it can
detect curable dysplasia in BE and treatment [6, 15-18]. However, this data is
mainly observational, and few studies document the natural history of dysplasia.
Despite large disparities seen in results of available studies, the risk of EAC in
patients with BE is approximately 0.25 % per year [19]. In patients with HGD, the
risk is 4-8 % per year [20]. In patients with LGD, the risk is poorly defined but
likely between rates in BE and HGD [21].

However, available data suggest that EAC is an uncommon cause of death in
patients with BE. In a 2010 meta-analysis of BE studies [22], the incidence of mor-
tality from EAC was 3.0 per 1,000 person-years and 37.1 person-years due to other
causes. This is likely because many BE patients are elderly and pass away from
common diseases such as coronary artery disease rather than EAC. This questions
the value of surveillance in patients with BE; however, the benefit may be greater in
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younger patients. Moreover, incurable malignancies have been reported in patients
despite adherence to endoscopic surveillance programs [15]. Another issue with BE
surveillance is that random biopsy sampling techniques used are imperfect for
detecting dysplasia, which is often patchy. Molecular markers such as p53, cyclin
D1 expression, and abnormal cellular DNA content by flow cytometry are promis-
ing markers associated with carcinogenesis, but none have been proven for routine
clinical use [5]. According to the 2011 American Gastroenterological Association
guidelines [5], patients with verified BE, with no dysplasia after extensive biopsy
sampling, should undergo surveillance endoscopy every 3—5 years and patients with
LGD every 6—12 months. Surveillance in HGD will be discussed later.

Endoscopic Evaluation

Procedure Overview

BE endotherapy is performed most commonly on an outpatient basis. The proce-
dure can be performed with moderate sedation in some cases, although facilities are
increasingly utilizing monitored anesthesia care or general anesthesia as the pre-
ferred approach. For elective cases, patients should fast for 2 h (clear liquids) and
8 h (solid food) before the procedure. Ideally, anticoagulants (e.g., warfarin) and
antiplatelet agents (e.g., clopidogrel) should be held for 5-7 days, particularly in the
setting of endoscopic resection maneuvers. As a general rule, an international nor-
malized ratio <1.5 and platelet count >50,000 are preferred. Aspirin <325 mg by
mouth daily probably does not impact the risk of post-procedure hemorrhage.

For BE endotherapy, patients undergoing standard esophagogastroduodenos-
copy (a.k.a. upper endoscopy) are typically sedated in the left lateral position.
Following either procedure, patients who are at a moderate to high risk for compli-
cations should be kept fasting or advanced to clear liquids only and resume normal
diet the next morning in the absence of concerning signs/symptoms. Patients who
are at low risk of complications can gradually advance their diet over 4—6 h.

Endoscopic Assessment

BE is typically diagnosed endoscopically by a salmon or pink color (Fig. 15.1) on a
background of light gray squamous esophageal epithelium. However, histologic
exam of biopsies is required to confirm the diagnosis.

Detection and diagnosis of BE by white light endoscopy alone has a sensitivity
from 80 to 90 % [23, 24]. Nodules, ulcers, and other mucosal abnormalities should
have targeted biopsies because they are more likely to have dysplasia or cancer.
Adjunctive techniques to increase the sensitivity of BE detection include
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Fig. 15.1 Endoscopic view
of Barrett’s esophagus
epithelium. Endoscopic
view of a long segment of
columnar epithelium
(salmon pink) above the
gastroesophageal junction
on a background of
squamous epithelium (gray)

VSR

autofluorescence, chromoendoscopy, magnification, and confocal endoscopy
[25-27]. Although some of these modalities appear promising, none of these tech-
niques have been shown to provide additional clinical information beyond high-
resolution white light endoscopy to justify routine use in surveillance.

Endoscopic Ultrasound (EUS)

Before endoscopic therapy, EUS-guided fine-needle aspiration should be con-
sidered in select cases of HGD and IMC. This is based on a study that suggested
EUS detection of unrecognized malignant lymphadenopathy changed manage-
ment strategies in as many as 20 % of patients [28]. However, others do not use
EUS in patients with flat mucosa and HGD on biopsy or do not feel it is neces-
sary at all. EUS may be inaccurate and EMR is superior to EUS for local
T staging [29].

Endotherapy

Endoscopic therapy has evolved as a safe and effective method of treating BE and
IMC. Once identified, numerous endoscopic management options are available for
patients with BE, based on the presence and grade of BE-associated dysplasia
(Table 15.1). An important element to endoscopic therapy of dysplasia is PPIs given
after endotherapy allow injured mucosa to heal and re-epithelization of new squa-
mous mucosa.
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Table 15.1 Barrett’s esophagus endoscopic management strategies

Histology Intervention options

NDBE Consider no surveillance.
If surveillance is elected, perform EGD every 3-5 years with 4-quadrant biopsies
every 2 cm.
Consider endoscopic ablation in select cases.
IGD Clarify presence and grade of dysplasia with expert Gl pathologist.

Increase antisecretory therapy to eliminate esophageal inflammation.
Repeat EGD and biopsy to clarify dysplasia status.
LGD Confirm with expert Gl pathologist.
Repeat EGD in 6 months to confirm LGD.
Surveillance EGD every year, 4-quadrant biopsies every biopsies every 1-2 cm.
Consider endoscopic resection or ablation.
HGD Confirm with expert GI pathologist.
Consider surveillance EGD every 3 months in select patients, 4-quadrant biopsies
every | cm.
Consider endoscopic resection or RFA ablation.
Consider EUS for local staging and lymphadenopathy.
Consider surgical consultation.

Resection

EMR and ESD are techniques intended to remove superficial GI tissue (EMR) or
large en bloc strips of mucosa (ESD). EMR is indicated for short-segment dysplas-
tic BE, nodular dysplasia, and superficial (T1a) EAC. ESD can be used in similar
situations but may be more preferred for extensive dysplastic lesions or IMC. EMR
can be performed using a band ligator or cap. Both techniques have similar depth
and complication profiles [30]. Multiband ligation is more efficient at removing a
wider field, but the optimal technique should be determined by the preference of the
endoscopist. During ESD, endoscopic tools are used to dissect lesions from the
submucosa. ESD can often remove larger lesions intact than EMR, but expertise in
this technique in the esophagus is not widely available in the United States. More
information on various techniques used to perform EMR and ESD are described
elsewhere [31].

Complications of EMR include bleeding, perforation, and stricture formation.
Immediate bleeding may occur in 10 % of patients whereas delayed bleeding is rare
[28, 32, 33]. Perforation is reported in less than 3—7 % of patients at high-volume
centers [34-36]. Stricture formation occurs in 17-37 %, but rates may vary depend-
ing on circumference and length of mucosa removed by EMR [37]. However, when
stepwise radical endoscopic resection is employed, stricture rates can be as high as
88 % have been reported. Most strictures can be managed by endoscopic dilation.

Unlike ablative techniques, EMR gives histopathologic information on depth
and stage of the lesion (to estimate risk of lymph node metastases) and adequacy of
resection. Therefore, EMR of nodular or dysplastic BE is often performed for diag-
nostic purposes before proceeding with ablative therapy, particularly for Tlb
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dysplasia (which has an increased risk of lymph node metastases and failure of
endoscopic therapy) [32].

Long-term outcomes of EMR for IMC demonstrated 95.7 % complete response
rate at 5 years. EMR can be performed focally or for the entire BE epithelium.
However, focal EMR alone is associated with high recurrence rates of 14-47 % [32,
38-44]. Complete eradication of BE epithelium is also known as circumferential
EMR, stepwise radical endoscopic resection, or wide area EMR. This approach
seeks to resect all known neoplasia as well as all at risk BE that may harbor poten-
tial synchronous and metachronous lesions. The response rates of circumferential
EMR have ranged from 76 to 100 % in studies [33, 35, 37, 45]. Results of ESD for
EAC showed 100 % en bloc resection rates and 80 % curative resection rates. In one
study comparing EMR and ESD for large (>20 mm) esophageal squamous cell can-
cers, EMR had a higher local recurrence rate than ESD (23.9 % vs. 3.1 %) [46].

Ablation

Ablative techniques include photodynamic therapy (PDT), radiofrequency ablation
(RFA), and cryotherapy. In the past, PDT was the primary ablative therapy for BE.
PDT utilizes photosensitizer agents such as 5-aminolevulinic acid and porfimer
sodium that produce a cytotoxic reaction after being stimulated by a certain wave-
length of light in the presence of oxygen. Potential complications of PDT include
bleeding, skin photosensitivity for as long as 1 month, and stricture formation in
30 % of patients [47, 48]. Another disadvantage of PDT is the high rate of buried
metaplastic glands that harbor neoplastic potential and decreased efficacy when
compared with newer modalities. Studies demonstrated initial and long-term suc-
cess of PDT for eliminating HGD (77 % over 5 years) and early EAC [47]. Because
of its side effect profile and inability to eliminate NDBE, PDT is less commonly
used for dysplasia since the emergence of RFA.

RFA involves application of radiofrequency energy to esophageal mucosa with
the HALO system (BARRX medical, Sunnyvale, California). The thermal energy is
delivered by a balloon embedded with closely spaced electrodes. It is advantageous
because it generates a uniform circumferential thermal injury with controlled depth,
potentially explaining the lower rate of stenosis compared to EMR and low rate of
buried metaplasia. Complications of RFA include noncardiac chest pain which gen-
erally subsides after 1 week [49]. Other potential complications include lacerations,
bleeding, and stenosis (6 %). A multicenter sham-controlled trial using RFA for
LGD and HGD demonstrated complete BE eradication in 90.5 % of patients with
LGD and 81 % patients with HGD with lower rates of disease progression in the
treatment arm compared with controls (3.6 % vs. 16.3 %) and fewer cancers (1.2 %
vs. 9.3 %) [49]. Recently published data demonstrated eradication of dysplasia in
98 % and metaplasia in 91 % of patients at 3 years [50].

Cryotherapy involves cellular destruction of esophageal mucosa by freeze-thaw
cycles. Cryotherapy utilizes a spray catheter being passed through a working
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channel of the endoscope, and either liquid nitrogen or carbon dioxide is applied to
the dysplastic area. The spray is applied for a total of 40 s (two 20-s or four 10-s
applications). Cryotherapy has a very good safety profile with a low rate of potential
complications that include chest pain, bleeding, and strictures. One case of perfora-
tion has been reported. Cryotherapy also results in a low rate of buried metaplasia.
A case series of 60 patients with BE and HGD demonstrated elimination of HGD in
97 %, all dysplasia in 87 %, and all BE in 57 % [51].

Adjunctive Techniques

Argon plasma coagulation (APC) is a modality that uses a noncontact electrocoagu-
lation device with high-frequency monopolar current conducted via flow of ionized
argon gas. Depth of tissue penetration may vary with factors such as generator
power setting, gas flow, distance of probe from tissue, and duration of application
[52]. Limited data support the usage of APC as a primary treatment modality [53,
54] of HGD and IMC. It is also limited by its nonuniform ablation of tissue, need
for repeat sessions, and risk of persistent buried metaplastic glands. However, some
experts have used APC as an adjunctive modality to ablate hard-to-reach areas of
BE mucosa.

Hybrid Approaches

As previously mentioned, EMR for dysplasia and early EAC is safe in experienced
hands with excellent 5-year survival. However, it may not be more beneficial than a
hybrid approach, employing that EMR is used for all visible lesions and remainder
of epithelium treated with serial RFA. This hybrid approach demonstrated complete
response rates of neoplasia and metaplasia of 83-95 % and 79-88 %, respectively,
in two trials [55, 56]. A randomized control trial compared stepwise radical endo-
scopic resection (focal EMR followed by serial EMR) versus a EMR/RFA approach.
The two groups had similar complete remission rates (100 % vs. 96 %) but more
stenosis in the radical resection group (88 % vs. 14 %) [57]. Thus, the hybrid
approach is a good balance of efficacy and complication profile. A summary of how
HGD or IMC is treated at our institution is shown in Fig. 15.2.

Indications for Esophagectomy

After endoscopic resection, positive deep margins of resection specimens and sub-
mucosal invasion of tumor are indications for esophagectomy. However, superficial
submucosal tumors (have a lower rate of lymph node metastases than deeper
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Fig. 15.2 The approach to HGD or IMC at our institution (Adapted from Konda et al. [66])

submucosal lesions) have been treated successfully endoscopically [58], but further
studies are warranted.

Esophagectomy is the only treatment modality for HGD that removes all neo-
plastic tissue, occult malignancy, and regional lymph nodes. However, it also has
the highest rate of procedure-related mortality and morbidity. The mortality rates
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for esophagectomy have been shown to correlate inversely with the volume of the
center performing it with rates ranging from 3 to 12 % [59, 60]. The risk of lymph
node metastases for HGD and IMC has been reported as 0 and 1-2 %, respectively
[61]. Esophagectomy involves removal of local lymph nodes and potentially does
not guarantee cure for a tumor that has metastasized to lymph nodes. However, with
endoscopic therapy, esophagectomy can often be avoided.

Patients that are more likely to benefit from esophagectomy are patients with
submucosal invasion, evidence of lymph node metastasis, and failed endoscopic
therapy or select high-risk patients with HGD/IMC (such as young patients with
long-segment BE or multifocal dysplasia) [62].

Intense Surveillance

Intense surveillance involves endoscopic examinations of HGD every 3—6 months,
withholding invasive treatments like esophagectomy until biopsy specimens reveal
adenocarcinoma. Few studies support this approach, as various series have reported
multiple patients with incurable disease (metastases) when the cancer was first
detected on surveillance endoscopy while compliant with surveillance or when lost
to follow-up [63—-65]. Thus, we feel this approach should be discouraged in patients
with HGD.

Conclusion

Although there are many unresolved issues regarding optimal management of BE,
we follow guidelines put forth by medical societies such as the American
Gastroenterological Association in 2011 and American Society of Gastrointestinal
Endoscopy in 2012. Patients with BE should be treated with PPI and be considered
for PPI even in the absence of GERD symptoms or reflux esophagitis endoscopi-
cally after risks and benefits are discussed with the patient.

We recommend patients with BE with no dysplasia, LGD, and HGD (in the
absence of eradication therapy) have endoscopic surveillance as described. The
diagnosis of dysplasia should be confirmed by an expert GI pathologist. The opti-
mal treatment of HGD and IMC should take into account factors such as patient age,
comorbidities, extent of BE/dysplasia, available expertise, and patient preferences.
However, in most patients with BE-associated HGD, we recommend endoscopic
eradication therapy rather than surgery or intensive surveillance. This involves
EMR for removal and staging of visible lesions (if present) followed by RFA or
PDT to ablate remaining metaplastic epithelium. Surgery is a reasonable alternative
in young patients with HGD and long-segment BE or multifocal dysplasia, whereas
intensive surveillance is reasonable in elderly and frail patients where endoscopic
therapy might pose a substantial risk.
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In the future, further studies will likely solidify the role of endoscopy in diagno-

sis, surveillance, and treatment of BE. More clinical trials, long-term data for the
various treatment modalities and hybrid approaches, and studies on risk stratifica-
tion and surveillance are still needed.
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Chapter 16
Surgery for Barrett’s Esophagus: From
Metaplasia to Cancer

Ellen H. Morrow and Brant K. Oelschlager

Abstract This chapter reviews the management of patient with Barrett’s esopha-
gus, from metaplasia to high-grade dysplasia and intramucosal cancer.

Anti-reflux surgery may be indicated in symptomatic patients with metaplasia.
However, there is no evidence that it prevents progression to dysplasia and cancer
so that postoperative surveillance is recommended.

Endoscopic techniques (radiofrequency ablation and endoscopic mucosal resec-
tion) are used for most patients with high-grade dysplasia and intramucosal (T1a)
cancers, while an esophagectomy is indicated for more advanced stages of the
cancer.

Keywords Gastroesophageal reflux disease ° Barrett’s metaplasia ¢ Barrett’s
low-grade dysplasia * Barrett’s high-grade dysplasia ¢ Radiofrequency ablation ®
Endoscopic mucosal resection * Esophagectomy

Introduction

Surgical intervention may be recommended for Barrett’s metaplasia, dysplasia, or
associated adenocarcinoma. Both endosurgical and more traditional surgical
approaches will be discussed in this chapter. In general, the trend is towards less
invasive or radical resection techniques, although the long-term outcomes of these
approaches are not yet known. Patients must understand the risks of whichever
approach they choose, and they must be compliant with ongoing surveillance if a
less invasive approach is selected.
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The natural history of Barrett’s esophagus and dysplasia is incompletely
understood, but estimates of cancer risk have been made based on large cohort
studies. The overall risk of cancer in patients with Barrett’s is low, less than 1 %
per patient per year [1, 2]. The lifetime risk of cancer for Barrett’s has been esti-
mated between 2 and 5 % [3]. Low-grade dysplasia is an entity with much vari-
ability, and its cancer risk is not well defined. Once a patient is diagnosed with
high-grade dysplasia, however, the risk of progressing to invasive disease (or
having occult synchronous cancer) is high. In large series and a meta-analysis, the
risk of developing adenocarcinoma has been estimated at 34 % at 3 years and
59 % over 5 years [4-6].

Indications

Surgery for Barrett’s metaplasia, in the form of a laparoscopic fundoplication, may
be undertaken if the indication is associated severe reflux. The presence of Barrett’s
does not and should not significantly change the threshold for surgery for a patient
with GERD, although Barrett’s can be seen as a marker for severe GERD which
confirms the diagnosis.

There is, however, some evidence that surgery affects the natural history of
Barrett’s epithelium. Several observational studies showed that anti-reflux surgery
was significantly better than medical therapy for preventing progression of Barrett’s
and additionally promoting its regression [7—14]. Cohort studies and one random-
ized trial failed to confirm this. There was a trend, however, even in these controlled
studies towards superiority of surgical therapy. Controversy still exists in this man-
agement point, but no definitive claims can be made about the ability of anti-reflux
surgery to prevent cancer [15].

When Barrett’s esophagus progresses to dysplasia, intervention is recommended.
Usually this can be done endoscopically. Radiofrequency ablation (RFA), endo-
scopic mucosal resection (EMR), and surgical resection are options available for
high-grade dysplasia and T1a cancer [16].

Initial management should include liberal use of EMR for any nodules or visible
areas of concern. This allows for most accurate diagnosis and staging of the lesion,
as well as in many cases allowing for definitive treatment of the abnormal mucosa
(if T1a with negative margins) [17].

Once invasive disease has been resected or confirmed to be absent, the rest of the
dysplastic/metaplastic mucosa may be ablated. After patients have been success-
fully ablated, we consider whether they are good candidates for anti-reflux surgery.
If patients have poorly controlled reflux, our hope is that the operation can help
prevent disease recurrence. This seems intuitive, although it is unproven.

Patients who are not successfully ablated pose a treatment dilemma. We would
recommend continuing to monitor patients who have persistent Barrett’s epithelium
of low-grade dysplasia. Patients with persistent high-grade dysplasia can have
repeat EMR and RFA or consider esophagectomy. In this case, one should make an



16  Surgery for Barrett’s Esophagus: From Metaplasia to Cancer 217

individualized decision based on the extent of disease and the patient’s overall
health and longevity.

Rarely do we recommend surgical resection for noninvasive disease as initial
treatment. Disease that is staged as T1b or higher should be treated surgically due to
the higher risk of lymph node metastasis (20 %) [18, 19]. Esophagectomy is also
recommended for high-risk (when sampling error is suspected), progressive, or per-
sistent dysplasia. Series of resections for high-grade dysplasia have revealed occult
adenocarcinoma rates of 38-41 % [20, 21].

Patient’s Preparation

Patients with Barrett’s receive a similar diagnostic evaluation to other patients with
significant symptomatic GERD. Patients who are asymptomatic on typical PPI ther-
apy, even if Barrett’s is present, are adequately treated with that therapy. Many
Barrett’s patients, however, have inadequate symptom control and should be con-
sidered for anti-reflux surgery.

The evaluation of surgical candidates requires a complete understanding of the
anatomy and physiology that may be contributing to GERD, so that appropriate
intervention can be planned. When considering surgical therapy for GERD, patients
are evaluated with the following studies:

1. Endoscopy — can identify findings of severe GERD, like Barrett’s or erosive
esophagitis, or other diseases that may mimic GERD such as peptic ulcer dis-
ease. It is also helpful in assessing the anatomy, such as hiatal hernia.

2. Upper Gl series — if performed by an experienced radiologist, it provides impor-
tant anatomic information. This is also the best test for identifying associated
hiatal hernia.

3. Manometry — this is important when considering anti-reflux operations in order
to assess esophageal motility, rule out primary motility disorders such as achala-
sia, and, perhaps most importantly, to identify the location of the lower esopha-
geal sphincter (LES) for proper placement of the pH monitoring probe (5 cm
above the upper border of the manometrically determined LES).

4. pH monitoring — 24-h pH monitoring is performed with a probe placed 5 cm
above the GE junction. An abnormal pH study is the best predictor of success
prior to performing anti-reflux surgery. Although current opinion is that all
patients with Barrett’s esophagus have abnormal GERD, it is helpful to quantify
the severity of this problem before surgery. It helps in counseling the patient and
is valuable as a baseline should symptoms of GERD recur after surgery.

Once diagnostic evaluation has been completed and a patient is selected for anti-
reflux surgery, preparation should also include adequate medical clearance. Despite
the relatively quick recovery from laparoscopic surgery, it is still considered major
abdominal surgery with a moderate cardiac risk profile. Although laparoscopy
makes for better pulmonary toilet postoperatively, patients must have enough
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cardiopulmonary reserve to tolerate pneumoperitoneum and steep reverse
Trendelenburg during the operation.

Patients should follow general guidelines for preoperative preparation including
fasting after midnight the day prior to the operation, antibiotics which cover skin
flora, and deep vein thrombosis prophylaxis. Many anesthesiologists will choose
rapid sequence intubation for patients with a history of severe reflux to reduce aspi-
ration risk.

Before proceeding with an anti-reflux operation in a Barrett’s patient, we want to
make sure that they are not likely to progress to cancer in the near future. This could
subject them to a subsequent resection. Because of the interobserver variation in the
diagnosis of low-grade dysplasia between pathologists, it may be useful to re-biopsy
these patients to confirm the diagnosis before proceeding to an operation.

Patients with high-grade dysplasia should undergo ablation or EMR prior to an
anti-reflux operation.

Preparation for patients with dysplasia or carcinoma centers around adequate
staging (as well as general assessment of health). Routine forcep biopsies are not
sufficient to rule out esophageal adenocarcinoma in the setting of high-grade dys-
plasia. EMR should be performed for staging of high-grade dysplasia.

Endoscopic ultrasound (EUS) should be performed for any nodules before
attempting EMR in order to estimate the depth of the lesion and the presence of
lymph nodes. Patients with a diagnosis of esophageal carcinoma need EUS to most
accurately estimate the T and N stage. They should also be evaluated with PET-CT
to rule out distant disease.

If a patient is staged as T3 or N1, preoperative preparation will include neoadju-
vant chemoradiation. This takes place over 6 weeks. The optimal time for resection
is 6 weeks after completion of neoadjuvant therapy. Patients must be re-staged with
PET-CT to rule out progression after neoadjuvant therapy is completed and before
planned resection.

Anesthesia concerns for esophagectomy include adequate IV access and inva-
sive blood pressure monitoring.

Operative Techniques

Patients with Barrett’s metaplasia may be candidates for anti-reflux procedures.
These are described in another chapter in this book. Endoscopic techniques (RFA,
EMR, and cryoablation) are also discussed in another chapter.

Surgical resection of esophageal carcinoma or high-grade dysplasia requires
esophagogastrectomy. This can be performed via the transhiatal or thoracic
approaches.

The optimal approach depends on location and size of the tumor, as well as train-
ing and preference of the surgeon. Barrett’s-related adenocarcinoma is most often
located at the gastroesophageal junction. This makes it especially amenable to
resection via the transhiatal approach (THE). A laparoscopic-assisted approach to
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the transhiatal resection is described here (our preference). Transthoracic approaches
are subsequently described in less detail.

When THE is chosen, the patient is initially positioned for a laparoscopic foregut
operation. The patient is positioned on a bean bag in low lithotomy to support the
patient in steep reverse Trendelenburg. The neck is positioned for the left cervical
incision — the head is extended and turned to the right. A gel donut aids with stability
of the head. A Foley catheter with a temperature probe is placed in order to avoid
esophageal temperature probes. Sequential compression devices are placed to the
lower extremities. Both arms are tucked in. The patient is then prepped from the
lower abdomen to the ear lobe and draped from the umbilicus to the left neck.

When using the laparoscopic-assisted approach, access to the peritoneal cavity is
obtained with a Veress needle for insufflation. A 10 mm optical trocar is then placed
in the midline 10 cm below the xiphoid process. Five millimeter trocars are inserted
in the left and right upper quadrants for the surgeon’s two hands, as well as a
Nathanson liver retractor in the midline. A 5 mm assistant port is inserted in the left
lateral abdomen.

The phreno-esophageal membrane is then divided. The short gastric vessels are
transected with a sealing device. A Penrose drain is placed around the gastroesopha-
geal junction for traction, and the esophagus is mobilized in the mediastinum as far
superiorly as possible. The left gastric pedicle is skeletonized (for future division).
The diaphragm is opened superiorly just to the phrenic vessels. The left lateral lobe
of the liver is mobilized. This concludes the laparoscopic portion of the case.

An upper midline laparotomy is then made. A self-retaining retractor is placed
and a wide Kocher maneuver is performed. The stomach is completely mobilized;
the left gastric artery and the coronary vein are ligated, and care is taken to pre-
serve the right gastroepiploic arcade, which along with the right gastric artery
provides the blood supply to the gastric conduit.

The left neck incision is made along the anterior border of the sternocleidomas-
toid muscle down to the level of the sternal notch. The incision is carried through
the platysma. The facial vein and middle thyroid vein are ligated. The omohyoid
muscle is divided. A 36 French bougie can be placed to facilitate location of the
esophagus. Care should be taken to avoid injury to the recurrent laryngeal nerve.
Most of the dissection is blunt, avoiding the use of cautery in this location. The
esophagus is mobilized off of the airway and cervical spine. A Penrose drain can be
placed for traction.

The transhiatal dissection is then performed from the abdomen. This may require
further widening of the hiatus and ligation of the phrenic vessels. Careful commu-
nication with the anesthesia team is required during this portion of the case as the
patient is likely to become hypotensive. Gentle traction is placed downward on the
stomach as the surgeon inserts a hand along the esophagus superiorly to complete
the mobilization. Assistance can also be offered from the cervical side.

Once the transhiatal dissection is completed, a gastric drainage procedure is per-
formed. Although some authors have suggested that this is not necessary, the bal-
ance of available evidence promotes the use of an emptying procedure [22, 23]. It
seems that pyloric emptying procedures can decrease the rate of early complications
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such as anastomotic leak, pulmonary complications including fatal aspiration, and
gastric outlet obstruction. In terms of late outcomes, there is a nonsignificant trend
favoring pyloric emptying for gastric emptying and nutritional status. Some esopha-
geal surgeons have adopted the practice of injecting botulinum toxin into the pylo-
rus to prevent early complications without subjecting the patient to the risk of a
pyloromyotomy or pyloroplasty [24].

The gastric conduit is then be created by tubularizing the stomach based on the
greater curvature. This is accomplished with thick and medium-height staple loads
from inferomedial to superolateral. The cardia of the stomach is thereby removed
with the specimen. A standard width of the tube is 6 cm. There is a trend towards
greater risk of anastomotic leak with more slender gastric tubes, although this has
not reached statistical significance [25, 26].

A large Penrose drain is then sutured to the specimen and the conduit. This assists
with transfer of the conduit into the neck. Traction should not be placed on the
drain, but rather the conduit should be advanced with pressure from below into the
chest [27]. The drain helps to ensure that there is no twisting of the conduit.

Once the conduit is in the neck, the esophagus can be divided and the specimen
removed. Stay sutures should be placed first. By this point, the bougie should have
been exchanged for a nasogastric tube. A cervical anastamosis is then fashioned in
the manner described by Orringer [28, 29]. The esophagus is positioned anterior to
the conduit. Stay sutures are placed. A gastrotomy is made, and a 30 mm endo-GIA
stapler with medium-height staples is used to create the anastomosis. The nasogas-
tric tube is then passed through the anastomosis. This is then closed using running
absorbable monofilament suture. A second layer of Lembert-type sutures can also
be used to invert the closure.

A feeding jejunostomy is then placed. The abdomen is closed in layers. A drain
is placed in the neck near the anastomosis. This extends into the superior mediasti-
num. The neck is also closed in layers. Drainage of the chest is not usually required,
but a chest radiograph should be obtained prior to extubation to rule out hemo- or
pneumothorax.

Many other approaches to esophagectomy have been described. The most tradi-
tional approach is the Ivor Lewis esophagectomy which involves a right thoracot-
omy and laparotomy with the gastroesophageal anastomosis in the chest. This
approach is the most popular in many centers for intrathoracic tumors [30].

The operation begins with an abdominal phase, where the stomach is mobilized,
similar to the abdominal phase described above. A pyloric drainage procedure is
also performed. The patient is then repositioned for right thoracotomy. This is per-
formed through the fifth intercostal space. One-lung ventilation is generally required
for this phase of the operation. The azygos vein is divided, as well as the inferior
pulmonary ligament and the mediastinal pleura. The esophagus is mobilized. The
tumor is resected under direct vision and a lymphadenectomy is performed.

The gastric conduit is then delivered into the chest and a tube is formed using
linear staplers. The anastomosis is then performed in either a hand-sewn or stapled
fashion. Circular staplers are commonly employed.
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Proponents of transthoracic techniques believe that they allow for a better lymph-
adenectomy and that this impacts oncologic outcomes. They also argue that dissec-
tion in the chest is safer for more bulky or cranial tumors. Proponents of the
transhiatal technique believe that avoidance of thoracotomy reduces the cardiopul-
monary risk of the procedure and shortens recovery time. This discussion is covered
further under outcomes.

The left thoracoabdominal approach is also used. This requires one large inci-
sion. Minimally invasive variations on the Lewis-Tanner approach can include tho-
racoscopy or laparoscopy. Nguyen has been a proponent of the minimally invasive
transthoracic approach using both [31]. Three-field esophagectomies have also been
employed, with thoracic dissection and a cervical anastomosis. These can also be
performed with open or minimally invasive techniques. Luketich and his group
performed a large series of minimally invasive three-hole esophagectomies but
have more recently converted to a minimally invasive Ivor Lewis approach [32].

Strategies for Avoiding and Managing Complications

Complications can occur from any of the procedures outlined above for treatment
of metaplasia, dysplasia, or carcinoma. In general, the potential risks increase with
the invasiveness of the procedure, although even esophagectomy should have an
acceptable risk profile in experienced centers.

Complications of anti-reflux surgery are covered elsewhere. In the setting of
Barrett’s, specific risks include progression of disease despite the intervention and
possible difficulty with surveillance. Some endoscopists are concerned that Barrett’s
surveillance may be less accurate with anatomy that is altered by fundoplication,
although this has not been studied. Complications of endoscopic therapy have been
described in another chapter.

Esophagectomy entails a 20-40 % risk of morbidity and 2—10 % risk of mortality
[33]. The risk of mortality has been shown to be equivalent at 10 % between tran-
shiatal and transthoracic approaches in a large Veterans Affairs study [34]. In a
study using the SEER database, there appeared to be a lower operative mortality
with the transhiatal approach, but this may be confounded by a more advanced stage
of disease in patients selected for the transthoracic approaches [35]. There was no
difference in 5-year survival when adjustment was made for stage. Hospital and
surgeon volume have also been associated with operative mortality. Higher-volume
centers, surgeons, and teaching hospitals have improved outcomes [36, 37].

Like any major abdominal operation, there is risk of cardiopulmonary compro-
mise, thromboembolic events, and infection. These risks should be minimized with
routine perioperative protocols for pulmonary toilet, early ambulation, DVT pro-
phylaxis, and skin preparation. Risk of pneumonia is decreased with the transhiatal
approach as opposed to thoracotomy [38]. Epidural analgesia is also recommended
for improved pulmonary toilet.
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Anastomotic leak is another serious complication. This occurs with an incidence
approaching 10 % with the transhiatal approach [39]. The risk can be reduced by
performing the anastomosis in a side-to-side stapled fashion. Leak is more frequent
with the transhiatal than with a transthoracic approach, but the septic complications
are less threatening. Often a cervical leak can be managed with the operative drain.
It may also require NPO or liquid diet only with supplemental nutrition through the
jejunostomy tube. The leak should be confirmed using an esophagram with water-
soluble contrast. Before relying on the operative drain only, cross-sectional imaging
should also be performed to rule out an undrained collection. If the leak is not com-
pletely drained using the operative drain, the incision should be opened and drained
in the operating room. Stenting is also another management option that can be help-
ful in this setting.

Other serious and specific complications include conduit necrosis, chylothorax,
and recurrent laryngeal nerve injury. Stricture with need for dilation is a late
complication.

Although it has been hypothesized that there should be fewer complications with
minimally invasive esophagectomy, it is difficult to draw any definitive conclusions
from the available data. Comparisons have been complicated by the multitude of
techniques that are used for both open and minimally invasive esophagectomy.
Publication bias and learning curves can also make interpretation of cohort studies
difficult. Preliminary data suggest comparable levels of safety and efficacy for min-
imally invasive esophagectomy [40]. There is no significant difference in mortality
or the rate of RO resection. There is a trend towards decreased intraoperative blood
loss and intensive care and hospital stays [41].

Quality of Life After Esophagectomy

Quality of life (QOL) after esophagectomy has recently come into more focus.
Many studies have been conducted comparing survival and complications, but little
attention has previously been paid to functional outcomes and patient satisfaction.
As esophageal cancer is diagnosed more frequently in earlier stages, long-term
quality of life is becoming more important as there are more long-term survivors.
This is an area of investigation that is in its early stages.

Some authors have shown that esophagectomy negatively impacts physical func-
tioning and fatigue, although not global health function [42]. Dysphagia is improved,
but strictures with need for dilation are common. Other common complaints are
regurgitation, early satiety, and dumping [43]. That said, we have reported quality
of life after esophagectomy for early-stage lesions to be similar to age-matched
controls after they have recovered [44]. In a comparison of three esophagectomy
techniques (Ivor Lewis, left thoracoabdominal and thoracoscopic/laparoscopic),
QOL had declined in all patients at 1 week postoperative and slowly recovered. In
the two open groups, QOL had not fully recovered by 24 weeks from surgery,
whereas the minimally invasive group had [45].
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Most of the data that are available come from comparative studies of surgery

versus chemoradiotherapy or comparisons of different modes of esophagectomy.
These comparisons only include patients who have had very disruptive therapy for
malignant disease. As we focus on Barrett’s and earlier-stage disease, we will have
to use these parameters to compare endoscopic therapy and surveillance to surgical
resection.
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Chapter 17
Revisional Surgery for Achalasia

Elizabeth A. Warner, Marco G. Patti, Marco E. Allaix,
and Carlos A. Pellegrini

Abstract A laparoscopic Heller myotomy with partial fundoplication is considered
today the surgical procedure of choice for patients with achalasia. Even though the
operation has a very high success rate, dysphagia recurs in some patients. When this
happens, it is important to perform a careful work-up to identify the cause and to
design a tailored treatment plan. In general, patients with persistent or recurrent
dysphagia present with a narrowing of the esophageal lumen (caused by the disease
or the incomplete correction of the problem at the initial operation). This narrowing
can be dealt with, successfully, by endoscopic means in many patients. Some may
need revisional surgery. The best results are obtained in centers where radiologists,
gastroenterologists, and surgeons have experience in the diagnosis and treatment of
this rare disease. The diagnosis and proper management of patients with recurrent
(or residual) dysphagia after Heller myotomy are discussed in this chapter.
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A shift in the treatment algorithm of esophageal achalasia has slowly occurred in
the last two decades due to the introduction of minimally invasive surgery. The
technique has evolved over time, and today, a laparoscopic Heller myotomy and
partial fundoplication are considered the procedure of choice [1-14].

In 1992, we reported our initial experience with a myotomy performed through
a left thoracoscopic approach [15]. Using the guidance provided by intraoperative
endoscopy, we performed a myotomy which extended for only 5 mm onto the gas-
tric wall, without an antireflux procedure. It became soon clear that, when compared
to the classic approach by a left thoracotomy, the operation was associated with a
shorter hospital stay, minimal postoperative discomfort, and a faster recovery [15].
Long-term follow-up showed that the operation achieved relief of dysphagia in
almost 90 % of patients, but unfortunately, it was associated to abnormal reflux in
60 % of patients [1]. The laparoscopic approach was then chosen as it provided a
better exposure of the gastroesophageal junction (GEJ) and allowed the perfor-
mance of a partial fundoplication [1]. Over time, the length of the myotomy onto the
gastric wall was increased, as studies showed that a longer myotomy provided bet-
ter relief of dysphagia [3, 6].

Overall, a major improvement in esophageal emptying can be achieved today in
about 90-95 % of patients [4, 6, 7, 10]. However, some patients do not experience
the expected improvement after the operation (persistent dysphagia), while others
have recurrence of their symptoms over time (recurrent dysphagia). This chapter
describes the diagnostic and therapeutic approach for patients with persistent or
recurrent dysphagia after a Heller myotomy.

Persistent Dysphagia

Persistent dysphagia is that which is present immediately after a Heller myotomy
for achalasia or one that follows a brief temporary relief of it. There are several
reasons (mostly technical) that may be responsible for persistence of dysphagia
after a Heller myotomy:

1. Short myotomy. The most common cause of persistent dysphagia is a short myot-
omy, primarily on the gastric side of the GEJ. This became evident during our
early experience, when the operation was performed through the chest and the
ability to carry out the myotomy onto the gastric wall was limited. With the advent
of the laparoscopic approach to the esophagus, we switched from the thoraco-
scopic to the laparoscopic approach. While this approach provided the opportu-
nity to perform a longer myotomy in the gastric wall, we initially chose to extend
itonly 1-1.5 cm below the GEJ. Encouraged by what appeared to be a better (but
not yet perfect) resolution of dysphagia, a few years later we decided to extend
the myotomy even further to 3 cm below the GEJ. In a landmark study,
Oelschlager et al. compared the results of a conventional myotomy (that which
extended 1.5 cm onto the gastric wall) to those obtained with an “extended”
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Fig. 17.1 30-40° separation of the myotomy edges

myotomy (that which extended 3 cm below the GEJ) [3]. Long-term relief of
dysphagia was obtained in 83 and 97 % of patients, respectively [6]. Today, an
extended myotomy of this sort is our standard technique for patients with acha-
lasia. Even though the first branch of the left gastric artery can be used as a
landmark to gauge the extent of the myotomy onto the gastric wall, we feel that
intraoperative endoscopy is very important to assess the distal extension in rela-
tionship to the endoscopic view of the squamocolumnar junction.

2. Incomplete myotomy. This may occur because of scar tissue at the level of the
GEJ secondary to prior endoscopic treatment [2, 7, 16—18]. Both pneumatic dila-
tation and intra-sphincteric injection of botulinum toxin can cause scarring at the
level of the GEJ with fibrosis and loss of the normal anatomic planes. In these
cases, the myotomy is more difficult, often incomplete, perforation of the mucosa
is more common, and the results are less predictable [16].

3. Lack of separation of the muscle edges. After completion of the myotomy, it is
important to separate the edges of the muscle layers so that about 30—40 % of the
mucosa is uncovered (Fig. 17.1). This step decreases the chance of re-
approximation of the muscle edges distally during healing and the formation of
a new scar resulting in esophageal narrowing.

4. Tight closure of the hiatus. Because sutures that narrow the hiatal opening may
impair esophageal emptying, we do not advocate hiatal closure in the average
patient with achalasia. The choice of antireflux procedure to be associated with
the Heller myotomy (most commonly a Dor or a Toupet) should have no bearing
on it. Indeed, when a Dor fundoplication is done, there is not even a need to
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a Apical stitches b

Fig. 17.2 Dor fundoplication. (a) Correct configuration. (b) Wrong configuration

dissect the posterior aspect of the GEJ, and the hiatus should remain undisturbed.
When a Toupet fundoplication is used, the natural opening of the hiatus serves as
a perfect platform to “fix” the right and the left side of the partial wrap. Hiatal
closure should be considered only for the rare patient who has an associated large
hiatal hernia; and in those patients, we recommend the hiatus be closed only
partially to avoid persistence of dysphagia.

5. Wrong type of fundoplication. A 360° fundoplication may create a mechanical
obstruction because of the lack of peristalsis in patients with achalasia.

6. Wrong configuration of the fundoplication. Either an anterior or a posterior partial
fundoplication may be a cause of persistent dysphagia. A Dor fundoplication (180°
anterior) must be constructed with two rows of sutures only, one on the left and one
on the right [9]. The left row should have three sutures, with the upper one incorpo-
rating the esophagus, the fundus of the stomach, and the left pillar of the crus. The
second and the third stitches are placed between the fundus of the stomach and the
left side of the esophageal wall. After folding the fundus over the exposed mucosa,
three additional sutures are placed. The first one incorporates the fundus of the
stomach, the esophagus, and the right pillar of the crus: the second and the third
stitches should only incorporate the esophageal wall and the fundus. Too many
stitches at this level will cause constriction of the GEJ (Fig. 17.2a, b). Patti et al.
showed that problems with the construction of a Dor fundoplication could be a
cause of both persistent and recurrent dysphagia [2]. Apical stitches and transection
of the short gastric vessels are also important as they avoid tension on the fundopli-
cation (Fig. 17.2a). A Toupet fundoplication (240° posterior) may also cause angu-
lation of the esophagus (if it is not appropriately sized) and problems with
esophageal emptying. The technical steps have been described elsewhere [11].
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Recurrent Dysphagia

Recurrent dysphagia is far more common than persistent dysphagia. These are
patients who experience substantial relief for months or years after the initial Heller
myotomy and then progressive dysphagia slowly develops. The specific cause of
recurrent dysphagia is not always easy to elucidate as progression of disease, scar-
ring in the area of the previous Heller, or rare conditions such as cancer may be
causing it. Most common causes usually attributed to the development of recurrent
dysphagia are:

1. Scarring of the distal edge of the myotomy. When patients experience recurrent
symptoms after a long symptom-free interval, scarring at the distal edge of the
myotomy is the most common cause [2, 19, 20]. While studies to date have not
identified specific factors that predict this problem, we believe that a longer
myotomy and a wider separation of the edges of the myotomy at the time of
initial operation should decrease the frequency of this problem [3, 6].

2. Complete fundoplication. We have long maintained that a partial fundoplication
is the procedure of choice in conjunction with a Heller myotomy as it takes into
consideration the lack of esophageal peristalsis. Because both a Dor and a Toupet
fundoplication are effective in controlling reflux in only 60-70 % of patients,
some authors have proposed the use of a Nissen fundoplication which is a more
effective antireflux procedure [21]. This approach however is associated with
poor long-term results [22, 23]. For instance, Rebecchi et al. compared 71
patients who underwent a laparoscopic Heller myotomy and Dor fundoplication
in 67 patients who had a Heller myotomy and a Nissen fundoplication [23]. After
10 years, dysphagia was present in 2.8 and 15 % of patients, respectively. Similar
problems have been reported by others [22].

3. Gastroesophageal reflux disease. Postoperative reflux is present in 50-60 % of
patients when a myotomy alone is performed and in 30-40 % when a partial
fundoplication is added. Abnormal reflux is considered a common cause of
recurrent dysphagia. Csendes et al. showed that there is a progressive clinical
deterioration of the initially good results over time and that this deterioration is
mainly due to an increase in pathologic reflux and the development of short- or
long-segment Barrett’s esophagus [24]. Unfortunately, most patients that
develop pathologic reflux are asymptomatic [1]. It is therefore very important,
particularly when operating on young patients, to perform an ambulatory pH
monitoring after the operation [25]. If abnormal reflux is demonstrated, acid-
reducing medications should be prescribed, and closer endoscopic follow-up
performed.

4. Esophageal cancer. Achalasia patients are at increased risk of developing squa-
mous cell carcinoma. In addition, if pathologic reflux occurs after the myotomy,
Barrett’s esophagus and adenocarcinoma can develop causing recurrent
dysphagia [26]. Even though precise guidelines about endoscopic follow-up in
achalasia patients have not been established, an upper endoscopy should be rou-
tinely performed every 3-5 years.
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Diagnostic Evaluation

When patients complain of persistent or recurrent dysphagia, it is important to per-
form a complete work-up to try to identify the cause and site of obstruction in order
to formulate a tailored treatment plan [27].

The first step should always be to review the entire history — in particular that
which existed before the first operation — and to review, when possible the diagnos-
tic tests performed before the initial operation. It is at this time that we have found,
with distressing frequency, that some of these patients did not have achalasia to
begin with. Once this process is complete, we like to review the report of the origi-
nal operation. Often there are clues that explain the symptoms, such as the descrip-
tion of scar tissue due to prior treatment, failure of identifying the anatomic planes,
or a short myotomy.

The symptomatic evaluation is the next step. It determines which symptoms are
present and compares them to the symptoms present before the first operation. In
addition, it distinguishes between persistent and recurrent dysphagia.

A barium swallow is probably the most useful test to determine the cause of the
dysphagia. It identifies the area of obstruction; assesses the degree of esophageal
dilatation, the emptying of the barium from the esophagus into the stomach; and
reveals the overall shape of the esophagus. It might help distinguish between a short
myotomy, a tight closure of the hiatus, and a constricting or malpositioned fundopli-
cation (Fig. 17.3a, b). Loviscek et al. recently reported a series of patients with recur-
rent dysphagia after Heller myotomy who underwent redo surgery and was able to
correlate the preoperative radiologic findings on barium swallow to the postopera-
tive improvement in reflux symptoms. Patients with a straight esophagus (normal or
dilated caliber) all had improved dysphagia after revisional surgery, whereas dys-
phagia improvement was less consistent if the esophagus was sigmoid in shape [27].

An upper endoscopy should be carried out in every patient. It shows if there is
mucosal damage due to reflux, or Candida esophagitis due to slow emptying, and
rules out the presence of cancer. Endoscopic evaluation can also reveal angulation
of the distal esophagus due to a malpositioned or overly tight fundoplication
(Fig. 17.4a, b).

Esophageal manometry is essential to confirm the diagnosis of achalasia and to
measure the pressure of the lower esophageal sphincter. When compared to the
preoperative test, it can show if the myotomy has been extended appropriately onto
the gastric wall or if a residual high-pressure zone is still present (Fig. 17.5).

Ambulatory 24-h pH monitoring should be performed in patients with recurrent
dysphagia, particularly if a cause for the dysphagia has not been found. It is impor-
tant to not only look at the reflux score but to review the pH tracing to distinguish
between real reflux and false reflux due to stasis and fermentation (Fig. 17.6a, b).
This test should be routinely done even in asymptomatic patients after a Heller
myotomy as reflux can be often “silent” [1]. This is particularly important when
operating on children as a lifelong exposure to reflux can cause Barrett’s esophagus
and even esophageal cancer [24, 26, 28].
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Fig. 17.3 Barium swallow.
(a) A malpositioned Dor
fundoplication impinges on
the gastroesophageal junction
creating a partial obstruction.
(b) An incomplete myotomy
resulting in persistent
dysphagia

Sometimes patients have persistent dysphagia even though manometry shows
achalasia and the myotomy has been properly performed. When pseudoachalasia
secondary to the presence a submucosal tumor or a tumor outside the esophagus is
suspected, endoscopic ultrasound and computed tomography can help establishing
the diagnosis [29].
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Fig. 17.4 Corroborative studies ((a) barium swallow, (b) upper endoscopy) indicating a defective
fundoplication impeding esophageal emptying in a patient with prior Heller myotomy and Toupet
fundoplication

Treatment

Pneumatic Balloon Dilatation

A balloon dilatation should always be considered in patients with recurrent dyspha-
gia. Contrary to common belief, the perforation rate is very low due to the fact that the
myotomy is covered by the stomach if a Dor was performed or by the left lateral seg-
ment of the liver if a Toupet was added to the myotomy. Zaninotto et al. documented
recurrent dysphagia in 9 of 113 patients (8 %) after laparoscopic Heller myotomy and
Dor fundoplication [19]. Seven of the nine patients were effectively treated by bal-
loon dilatation (median two dilatations, range 1-4), while two required a second
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Fig. 17.5 High-resolution manometry of a patient with persistent dysphagia after a Heller myot-
omy confirming the diagnosis of achalasia with an aperistaltic esophagus and a non-relaxing lower
esophageal sphincter
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Fig. 17.6 24-h pH monitoring. (a) Real reflux. (b) False reflux

operation. Similar results were described by Sweet et al. who reported on the effec-
tiveness of dilatation for the treatment of both persistent and recurrent dysphagia [7].
Revisional Surgery

If dysphagia is not relieved by dilatations, a reoperation must be considered. When
consenting the patient, it is important to stress that even though most cases can be
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Fig. 17.7 New myotomy
performed on the opposite
side of the esophagus -

Old myotomy

New myotomy /

performed laparoscopically, a laparotomy might be needed. In addition, patients
must be aware that in case of severe damage to the mucosa during the course of the
operation, an esophagectomy may be necessary.

The first step of the operation consists in separating the liver from the stomach
and the esophagus. Subsequently, the fundoplication should be taken down and the
fundus brought to the left in order to expose the esophageal wall. Adequate and com-
plete exposure of the esophageal wall including a thorough dissection of the previous
myotomy is the next step. Once this has been accomplished, and the area of narrow-
ing is clearly identified, we prefer to correct the problem by performing a new myot-
omy (usually easier if done to the right of the previous myotomy, through the GEJ
and extending it 3 cm onto the gastric wall, close to the lesser curvature). Rather than
trying to extend the prior myotomy, it is easier to perform a new myotomy on the
opposite side in order to work on an unscarred part of the esophageal wall [27]
(Fig. 17.7). The myotomy should be extended for 3—4 cm below the GEJ, and intra-
operative endoscopy should be performed to evaluate for inadvertent esophageal or
gastric mucosal injury. After the myotomy is completed, consideration should be
given whether or not to add a fundoplication. Certainly, if a mucosal injury has
occurred, a Dor fundoplication may buttress the closure, decrease the chance of
immediate complications, and prevent future reflux. However, in the absence of a
perforation, our tendency has been to avoid performing a fundoplication. Our ratio-
nale is based on the fact that (a) dysphagia is the primary problem necessitating
repeat intervention; (b) returning to the operating room a third time to relieve dys-
phagia is an increasingly difficult task; (c) occasionally, a fundoplication may con-
tribute to dysphagia; and (d) abnormal reflux can be treated medically far easier than
dysphagia. Loviscek et al. recently showed excellent results using this approach [27].
The outcome of 43 achalasia patients who underwent redo Heller myotomy for
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recurrent dysphagia between 1994 and 2011 was analyzed. Three patients underwent
take down of the previous fundoplication only, while the remaining 40 patients had
that and a redo myotomy that extended for 3 cm onto the gastric wall. Only about one
quarter of these patients had recreation of a fundoplication. All patients were fol-
lowed for at least 1 year after the operation. At a median follow-up of 63 months in
24 patients, 19 patients (79 %) reported improvement of dysphagia, with median
overall satisfaction rating of 7 (range 3—10). Four patients required esophagectomy
for persistent dysphagia. Similar results have been reported by others [30-32].
Sometimes patients present with recurrent dysphagia after a Heller myotomy per-
formed through either a left thoracotomy or a left thoracoscopic approach [33].
Because the abdomen and the right side of the esophagus are free of adhesions and
scar tissue created by the first operation, a laparoscopic approach allows a myotomy to
be performed on the right side of the esophagus with excellent results [33]. Depending
on the size of the esophagus, a partial fundoplication can be added to the myotomy.

Esophagectomy

Esophagectomy should be avoided whenever possible as it is associated with a mor-
tality rate between 2 and 4 % even in expert hands [34, 35]. In addition, it carries a
high morbidity rate. For instance, Devaney and colleagues reported a 10 % rate of
anastomotic leak, 5 % rate of hoarseness, and 2 % rate of bleeding and chylothorax
requiring thoracotomy among 93 patients who had an esophagectomy for achalasia
[35]. Furthermore, 46 % of patients had dysphagia requiring anastomotic dilatation,
42 % had regurgitation, and 39 % had dumping syndrome. The average hospital
stay was 12.5 days. Despite these shortcomings, esophagectomy is sometimes the
only option. This is particularly the case for patients with end-stage achalasia,
dilated and sigmoid-shaped esophagus, who have already failed Heller myotomy
and sometimes a redo Heller. Indeed, in some patients with this type of anatomy and
history, we have performed an esophagogastrostomy, which provides a 6 cm tunnel
at the end of the esophagus. Yet, in our experience, food continued to accumulate in
the large aperistaltic and tortuous esophagus, and an esophagectomy was needed.
When performing an esophagectomy, we prefer to use the stomach as an esophageal
substitute. Because the esophagus is frequently dilated and fed by large blood ves-
sels, we prefer to dissect the thoracic esophagus under direct vision, either thoraco-
scopically or by performing a right thoracotomy. The esophagogastric anastomosis
can be placed either in the neck or at the apex of the right chest.

Alternative Treatment Modalities

A peroral endoscopic myotomy (POEM) has been associated with excellent relief of
dysphagia in patients with achalasia [36, 37]. Short-term follow-up in patients in
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whom POEM has been used as a primary treatment modality has shown improve-
ment of the swallowing status in the majority of patients. Because the laparoscopic
myotomy is performed on the anterior wall of the esophagus, POEM could be used
as a remedial operation in patients with persistent or recurrent dysphagia by per-
forming an endoscopic myotomy on the posterior wall of the esophagus.

Recently, a laparoscopic-stapled cardioplasty has been proposed as a salvage
operation in patients with recurrent symptoms [38]. The cardioplasty is accom-
plished by making a gastrotomy in the anterior wall of the stomach and then placing
one limb of a 45 mm linear stapler in the esophagus and one in the gastric fundus.
By firing the instrument, a lateral opening between the esophagus and the stomach
is created. Because the experience is very limited, it is unclear if this technique will
gain more popularity. One concern is that very severe gastroesophageal reflux can
occur. In addition, failure of this procedure has been described with need for subse-
quent esophagectomy [27].

Conclusions

A laparoscopic Heller myotomy with partial fundoplication is now considered the
surgical procedure of choice for patients with achalasia. The technical steps have
been clearly identified and described, and failure to follow them causes persistent or
recurrent symptoms.

Even though the operation has a very high success rate, some patients eventually
need further treatment, particularly if the first operation was done at an early age.
When this happens, it is important to perform a careful work-up to try to identify the
cause and to have a tailored treatment plan. The best results are obtained in centers
where radiologists, gastroenterologists, and surgeons have experience in the diag-
nosis and treatment of this rare disease.
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Chapter 18
Failed Antireflux Surgery: Analysis
of the Causes and Treatment

Marco E. Allaix, Fernando A. Herbella, and Marco G. Patti

Abstract Even though the technical elements for a successful laparoscopic fundoplica-
tion have been clearly identified, 10-15 % of patients will eventually experience recur-
rence of their symptoms and between 3 and 6 % will need a second antireflux operation.

This chapter describes the work-up necessary to understand the causes of the
failure and the treatment alternatives available.

Keywords Gastroesophageal reflux disease * Hiatal hernia ¢ Obesity * Esophageal
manometry ® Ambulatory pH monitoring * Laparoscopic fundoplication ¢ Redo fun-
doplication ® Roux-en-Y gastric bypass

A laparoscopic fundoplication is a very successful treatment modality for patients
with gastroesophageal reflux disease (GERD). Data from specialized centers show
control of symptoms in about 85-95 % of patients [1-4]. However, about 15 % of
patients eventually experience recurrence of their symptoms, and between 3 and
6 % will need a second antireflux operation [5, 6]. This chapter focuses on the iden-
tification of the causes for failure and the treatment alternatives available.

Persistent or Recurrent Symptoms: Why?

The causes for a failed fundoplication can be divided into three groups: (1) wrong
indications, (2) wrong preoperative work-up, and (3) failure to execute the proper
technical steps.
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Wrong Indications

The current indications for antireflux surgery can be summarized as follows:

e Typical symptoms of GERD such as heartburn and regurgitation not completely
responsive to medical therapy

e Extra-esophageal symptoms of GERD characterized by documented high reflux
and aspiration, such as cough of unknown origin, idiopathic pulmonary fibrosis,
and hoarseness

* Young patients who do not want to be on medical therapy for their entire life

 Patients who have complication secondary to proton pump inhibitors (PPIs) such
as osteoporosis, C. difficile infections, pneumonia, or hypomagnesemia with car-
diac arrhythmias

On the other hand, patients who have symptoms not responsive to proper medi-
cal therapy, patients complaining of bloating, epigastric pain, a strange taste in their
mouth, and patients with a normal preoperative ambulatory pH monitoring more
likely than not will not be satisfied with their operation.

Wrong Preoperative Work-Up

A proper preoperative work-up should include an accurate clinical history (including
the evaluation of the response to PPI therapy), barium swallow, upper endoscopy,
esophageal manometry, and ambulatory pH monitoring. Unfortunately, many physi-
cians believe that GERD can be securely diagnosed based on the symptoms reported
by the patient and the results of the endoscopy. However, many studies have shown
that even typical symptoms such as heartburn and regurgitation have low accuracy,
leading to a wrong diagnosis of GERD in 30-50 % of patients [7, 8]. For instance,
Patti et al. [7] found that among 822 consecutive patients referred for esophageal
function tests because of a clinical diagnosis of GERD (based on symptoms and
endoscopic findings), abnormal reflux by pH monitoring was present in 70 % of
patients only. Heartburn and regurgitation were equally frequent in both groups of
patients with and without GERD, underlying that symptoms alone cannot distin-
guish between patients with and without pathologic reflux [7]. Many patients with a
normal esophageal acid exposure had been treated with expensive medications on
the assumption that gastroesophageal reflux was the cause of their symptoms, there-
fore masking other diagnoses such as irritable bowel syndrome, gallstone disease,
and coronary artery disease. In addition, some patients who had been referred for
antireflux surgery were found to have primary esophageal motility disorders such as
achalasia. Heartburn is in fact experienced by about 40 % of patients with achalasia,
but it is due to stasis and fermentation of food in the distal esophagus and not to real
gastroesophageal reflux [9]. Unfortunately, these patients are frequently labeled as
having “refractory GERD,” and they are treated for long time with PPIs or they
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might undergo an antireflux operation if esophageal function tests are not performed.
Bello et al. recently analyzed the sensitivity and specificity of symptoms, endoscopy,
barium esophagography, and manometry as compared to ambulatory 24 h pH moni-
toring in 138 patients referred for laparoscopic antireflux surgery (LARS) [10]. Four
patients were excluded as were found to have achalasia. Of the remaining 134
patients, 56 (42 %) were found to have a normal pH monitoring and 78 (58 %) had
a pathologic amount of reflux. When these two groups were compared, there was no
difference in the incidence of symptoms, presence of reflux, and hiatal hernia on
esophagogram, endoscopic findings, and esophageal motility. This study clearly
indicated that 24 h pH monitoring should be routinely performed in the preoperative
work-up of patients sus pected of having GERD in order to avoid unnecessary sur-
gery [10]. The importance of demonstrating the presence of pathologic reflux on pH
monitoring was clearly indicated by Campos and colleagues [11]. They showed that
the three most important predictors of successful LARS are the presence of typical
symptoms such as heartburn, a good relief of symptoms with PPI therapy, and the
presence of a pathologic amount of reflux as shown by pH monitoring [11].

Failure to Execute the Proper Technical Steps

The technical steps of a laparoscopic fundoplication have been clearly identified
[12]. They include:

* Dissection in the posterior mediastinum in order to have 3—5 cm of esophagus
without tension below the diaphragm. This step has reduced tremendously the
incidence of a “short esophagus” with the need for a lengthening procedure [13].

» Taking down the short gastric vessels. Even though a prospective and random-
ized trial performed in Australia comparing the outcome of LARS performed
with and without section of the short gastric vessels showed similar symptoms
control and incidence of postoperative dysphagia [14], most surgeons feel more
comfortable with the section of these vessels. This step changes the geometry of
the fundoplication, as it allows the use of both the anterior and posterior gastric
walls, avoiding any tension [12].

* Approximation of the right and left pillar of the esophageal crus. This step is
important as it avoids herniation of the wrap in the chest and because the
diaphragm has a synergistic action with the lower esophageal sphincter protect-
ing particularly against sudden increases in intra-abdominal pressure such as
during coughing [15].

* Creation of the wrap over a bougie. The use of a bougie lessens the incidence of
postoperative dysphagia. Patterson et al. compared 81 patients in whom a fundo-
plication was performed over a 56F bougie to 90 patients in whom the bougie
was not used. Long-term dysphagia occurred in 17 % of patients in the bougie
group and in 31 % of patients in the non-bougie group (p=0.047). Severe dys-
phagia was present in 5 % and in 14 % of patients, respectively [16].
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Choice of the correct wrap. In the United States in the early 1990s, a “tailored
approach” was used, whereby a total fundoplication (360°) was performed in
patients with normal motility, while a partial fundoplication (Toupet, 240° pos-
terior; Dor, 180° anterior) was chosen if abnormal peristalsis was present [12,
17]. This approach was based on the data obtained by studies with a very short
follow-up that showed that the two procedures were equally effective in control-
ling symptoms but the partial fundoplication was associated to a lower risk of
postoperative dysphagia. Subsequent studies however showed that reflux
recurred in about 50 % of patients 5 years after a partial fundoplication [18-20].
In addition it became clear that a total fundoplication could be performed even
in patients with dysmotility, without a higher incidence of dysphagia [18-20].
Based on these data, in the United States today, a total fundoplication is the pro-
cedure of choice, while a Toupet or a Dor fundoplication are chosen mostly for
patients with absent peristalsis such as in achalasia or scleroderma [21, 22].
Interestingly, data from Europe and Australia show similar results for both pro-
cedures in terms of reflux control and incidence of postoperative dysphagia [23].
A key step of the operation is to choose the correct part of the stomach to bring
around the esophagus and the gastroesophageal junction. If a point too low along
the greater curvature is chosen, the surgeon will have the illusion of creating a
“floppy” wrap, but will indeed leave part of the stomach above the wrap itself
[24]. A shoeshine maneuver helps in avoiding this mistake [1]. The total length
of the anterior portion of the wrap should measure about 2 cm, as it has been
shown that a longer wrap increases the risk of postoperative dysphagia [25]. This
is accomplished by approximating the right and the left sides of the fundoplica-
tion with 3 interrupted sutures of nonabsorbable material placed at 1 cm of dis-
tance from each other.

Clinical Presentation and Evaluation

A thorough evaluation must be performed in every patient who presents with symp-
toms after a fundoplication in order to understand the cause and to plan treatment
accordingly.

Symptomatic Evaluation

As stressed by Dr. Horgan et al. in their analysis of failures of LARS [26], patients
usually present because of (a) heartburn and/or regurgitation (suggestive of recur-
rent reflux due to an incompetent cardia), (b) dysphagia (suggestive of defective
esophageal emptying), and (c) a combination of the two. If the patient is again tak-
ing PPI, it is important to assess the response as this has significant therapeutic
implications.
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Barium Swallow and Endoscopy

The combination of these two tests usually identifies possible anatomic problems
such as a herniated wrap or a wrong configuration of the fundoplication.

Esophageal Manometry

This test is important to assess the pressure and relaxation of the lower esophageal
sphincter and the quality of the esophageal peristalsis. This is particularly essential
if the patient complained preoperatively of severe dysphagia in addition to heart-
burn to rule out achalasia [10]. Finally, an achalasia-type picture can be caused by a
too tight or long fundoplication [27].

Ambulatory pH Monitoring

If a patient experiences heartburn after a fundoplication, it is usually assumed that
the operation has failed, and acid suppressing medications are prescribed [28].
Unfortunately, this approach is wrong in the majority of patients and exposes them
to improper and costly medical therapy [29-31]. Many studies have, in fact shown
that when patients with recurrent heartburn are tested by ambulatory pH monitor-
ing, abnormal reflux is present in 23-39 % only [29-31]. Based on these data,
objective evidence of abnormal esophageal acid exposure should always be docu-
mented by esophageal function tests before prescribing acid suppression medica-
tions or planning to redo a fundoplication.

Causes of Failure

Horgan and colleagues proposed a very interesting anatomic classification of fail-
ures based on the results of the preoperative work-up and the operative findings,
providing explanatory figures in their manuscript [26].

Type IA Hernia

Both the gastroesophageal junction (GEJ) and the wrap are located above the dia-
phragm. Type IB hernia. The wrap is located below the diaphragm while the GEJ is
located above. Both anatomic findings can be caused by limited mediastinal
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dissection with only 1 or 2 cm of esophagus below the diaphragm, a short esopha-
gus, and inadequate closure of the hiatus. These problems can be avoided by proper
dissection in the posterior mediastinum until at least 4 cm of esophagus is located
without tension below the diaphragm and by a tight closure of the hiatus by inter-
rupted sutures of nonabsorbable material placed posterior to the esophagus.

Type II Hernia

This occurs when part of the stomach is located above the wrap and it is herniated
above the diaphragm. This problem usually is caused by a faulty closure of the hia-
tus and by a redundant fundoplication. This can occur unintentionally because the
surgeon does not realize that a point too low along the greater curvature has been
brought around the esophagus or intentionally in the attempt to create a very
“floppy” fundoplication. A shoeshine maneuver can avoid this mistake in most
cases.

Type I1I Hernia

This occurs when the body rather than the fundus of the stomach is used to construct
the wrap. This represents an exaggeration of a type II problem, even though in this
case both the wrap and the GEJ are in a subdiaphragmatic position.

Management

If heartburn is the main complaint and it is well controlled by medications, a second
operation can be avoided. It is different however if severe regurgitation and dyspha-
gia are present and a clear anatomic problem has been identified. In these cases, a
redo operation is indicated but only after a clear discussion with the patient about
the complexity of the procedure, about the risk of damage to the esophagus with
potential esophageal resection or to the stomach and vagus nerves, and about the
outcome. Finally, while some surgeons feel very comfortable with a laparoscopic
approach, others prefer a conventional laparotomy [32, 33]. Regardless of the
approach, a step-by-step description of the technique is impossible because of the
various amounts of adhesions present and the type of anatomic problems encoun-
tered. The first part of the operation involves separating the liver from the stomach,
taking down posterior adhesions, and separating the wrap from the pillars of the
esophageal crus. Once the dissection is completed, it is essential in the majority of
cases to take down the wrap, bringing the fundus of the stomach to its original posi-
tion in the left upper quadrant. At this point, it is possible to assess the hiatal closure
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and the position of the GEJ in respect to the diaphragm. If the GEJ is still too high,
more mediastinal dissection must be performed. If after the dissection not enough
esophagus is located below the diaphragm, a Collis-Nissen lengthening procedure
might be necessary. A 56F-60F bougie should be routinely used before creating a
new wrap. A careful shoeshine maneuver should be performed to avoid any redun-
dancy. The choice of the wrap, total versus partial, depends on the quality of esoph-
ageal peristalsis and on the condition of the fundus after the dissection is completed.
In some patients, however, it might not be advisable to perform another fundoplica-
tion. These are morbid obese patients in whom reflux has persisted or recurred
because of a high body mass index that has been shown to be an independent factor
in the genesis of reflux [34]. This probably occurs because of an increased gradient
between the abdomen and the chest [35]. In these patients, a Roux-en-Y gastric
bypass is an excellent option. It avoids acid reflux as there are very few parietal cells
in the small gastric pouch, and it avoids bile reflux because of the long Roux-en-Y
configuration [36, 37].

Outcome

It is important to discuss with the patient that a redo operation is a complex opera-
tion with higher morbidity and longer hospital stay as compared to the primary
fundoplication [38]. In addition, the success rate is around 65-70 %, clearly lower
than that of the primary operation (around 90-95 %). While many studies have
shown the feasibility of a redo laparoscopic fundoplication, very few have discussed
the long-term results [39, 40]. Dallemagne et al. assessed the outcome of redo lapa-
roscopic fundoplication in 129 consecutive patients by radiology, endoscopy, symp-
tom questionnaire, and quality of life index at a minimum follow-up of 12 months
(mean 76 months) [40]. Objective and subjective evaluation showed a failure rate of
41 %, confirming that a laparoscopic repair of a failed fundoplication has a high
failure rate that increases over time.
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resection, 195
minimally invasive surgery, 185
robotic surgery, 185-186
thoracoscopic enucleation, 192—-194
outcomes and complications, 195-196
preoperative evaluation, 184
Botulinum toxin injection
achalasia, endoscopic management, 144
esophageal achalasia, 156
incomplete myotomy, 229
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Bronchiolitis obliterans syndrome (BOS)
diagnosis and treatment, 121-122
forced expiratory volume, 120

C
Chicago classification. See Esophageal
motility disorders
Chronic allograft rejection. See Bronchiolitis
obliterans syndrome (BOS)
Cough. See Laryngopharyngeal reflux (LPR)
Crural repair, 175, 177
Cysts
acquired esophageal, 191
bronchogenic, 191
clinical features, 191
duplications, 190
esophageal, 190
gastric, 191
inclusion, 191
indications, tumor removal, 192
neuroenteric, 191
treatment, 192

D
Dor fundoplication, 161-162, 229, 230
Duplication cyst, 190-192
Dysphagia
diagnostic evaluation
barium swallow, 232, 233
corroborative studies, 232, 234
high-resolution manometry, 232, 235
24-h pH monitoring, 232, 235
persistent, achalasia
fundoplication, 230
hiatus tight closure, 229-230
incomplete myotomy, 229
muscle edges, lack of separation, 229
short myotomy, 228-229
recurrent, 231
surveillance, endoscopic, 203-204
treatment
alternative treatment modalities,
237-238
esophagectomy, 237
pneumatic balloon dilatation, 234-235
revisional surgery, 235-237

E

EndoCinch, 131, 132

Endoscopic mucosal resection (EMR),
188,216

End-stage lung diseases (ESLD), 61
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Epiphrenic diverticula

dysfunctional contractions, esophagus, 70

laparoscopic approach advantages, 71
laparoscopic repair technique
distal esophagus mobilization, 73
diverticulum neck exposure, 73
esophageal hiatus closure, 75
esophageal musculature closure,
74-75
myotomy, 75
partial fundoplication, 75-76
port placement, 72
preparation, 72
stapling, 74
stenting, 73-74
location, 69
manometry, 7071
outcomes, 79-82
surgical management, 71
thoracic repair technique
diverticulectomy, 78
diverticulum dissection, 78
esophageal mobilization, 77
esophagus stenting, 78
muscle approximation, 78
myotomy, 78-79
port placement, 77
preparation, 76
Esophageal achalasia. See Achalasia
Esophageal adenocarcinoma (EAC), 202
Esophageal cancer, recurrent dysphagia, 231
Esophageal disorders
anesthesia concerns
achalasia, 59
esophageal diverticula, 58-59
esophageal foreign bodies, 61
esophageal perforation and rupture,
59-60
esophagectomy, 62
esophagogastroduodenoscopy, 6061
fluid therapy, 63-64
GERD and end-stage lung
diseases, 61
pleural perforation, 63
scleroderma, 61
tracheoesophageal fistula, 60
postoperative management, pain
management, 64
preoperative evaluation
angioplasty, 51
bare-metal stents, 52
cardiac evaluation, 50-51
cardiac implantable electronic
devices, 52-53
coronary stents, 52
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drug-eluting stents, 52
electrocardiogram, 51
hypertension, 51
pulmonary evaluation
bronchial blockers, 57-58
chest X-ray, 53
double-lumen endobronchial tube, 57
intraoperative monitoring, 56
nasogastric tubes, 56
obstructive sleep apnea syndrome, 54
one-lung ventilation, 5657
pulmonary aspiration, 54-56
pulmonary function tests, 53
smoking, 53-54
torque control blocker, 58
Esophageal diverticula, anesthesia concerns,
58-59
Esophageal lengthening procedure, 174
Esophageal manometry, 245
Esophageal motility disorders
Chicago classification
absent peristalsis, 34
achalasia and EGJ outflow obstruction,
32-34
deglutitive esophageal contraction,
28-30
description, 26-27
esophagogastric junction
evaluation, 28
frequent failed peristalsis, 35
hypertensive peristalsis, 36
jackhammer esophagus, 34
nutcracker esophagus, 36
rapid peristalsis, 36
scoring individual swallows, 30-31
spasm, 34
swallow analysis, 27
weak peristalsis, 35-36
esophageal manometry, 26
high-resolution manometry, 26
postsurgical conditions, 36
Esophagectomy
anesthesia concerns, 62
Barrett’s esophagus (see Barrett’s
esophagus)
dysphagia treatment, 237
Esophagogastric junction evaluation, 28
Esophagogastroduodenoscopy, 60-61
Esophagus
anatomy
blood supply, 3—4
esophageal wall architecture, 2-3
innervation, 4-5
laparoscopic view, 68
left thoracoscopic view, 6
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Esophagus (cont.)
lymphatic drainage, 4
mucosal lining, 2
right thoracoscopic view, 5-6
cyst, 190-192
physiology
esophageal body, 9
lower esophageal sphincter, 9
upper esophageal sphincter, 8
Esophyx, 132, 134

F
Fibrovascular polyp, 189-190
Fluid therapy, anesthesia concerns, 63—-64
Fundoplication. See also Antireflux surgery
complete, recurrent dysphagia, 231
Dor, 161-162, 229, 230
partial
anterior, 108
posterior, 107-108
partial anterior, 160—162
persistent dysphagia, 230
total
Babcock clamp, 105
bougie insertion, 106
crura closure, 106
final inspection, 107
gastric fundus perforation, 105
gastrohepatic ligament division, 104
instrumentation, 103
patient positioning, 102—-103
peritoneum and phrenoesophageal
membrane division, 104—-105
short gastric vessels division, 105
trocar placement, 103, 104
wrapping, 106-107
Toupet, 230, 231, 234

G
Gastroesophageal reflux disease (GERD)

Barrett’s esophagus, 203 (see also Barrett’s

esophagus)
endoscopic treatment
injections and implants, 135
laparoscopic fundoplication, 130
proton pump inhibitors, 130
radiofrequency ablation, 135-137
suturing and plicators, 130-135
failed antireflux surgery (see Antireflux
surgery)

Index

head and neck manifestations
diagnosis, 92-95
epidemiology and clinical
manifestations, 88-92
pathophysiology, 87-88
treatment, 95-96
minimally invasive treatment
asthma, 114-116
end-stage lung diseases before
and after lung transplantation,
118-122
laparoscopic partial fundoplication,
107-108
laparoscopic total fundoplication,
102-107
laryngopharyngeal reflux, 116-118
long-term outcomes, 109—-110
obesity, 122-124
postoperative complications, 109
postoperative course, 108
short-term outcomes, 109
pathophysiology
diaphragmatic sphincter and hiatus
hernia, 17-18
EG]J incompetence, 15-16
esophageal acid clearance, 20-21
esophagogastric junction, functional
constituents, 13—15
gastroesophageal flap valve, 18-19
lower esophageal sphincter
hypotension, 16-17
lower esophageal sphincter
relaxations, 16
mechanisms of reflux, 13
relaxed EGJ, 19-20
preoperative evaluation
ambulatory 24-h pH
monitoring, 43—44
barium esophagram, 41
esophageal manometry, 42
multichannel intraluminal impedance,
44-45
radiolabeled gastric emptying study,
45-46
symptomatic evaluation, 40—41
upper endoscopy, 41-42
recurrent dysphagia, 231
silent GERD, 115

Granular cell tumor

clinical features, 187—188
indications, tumor removal, 188
treatment, 188
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H
Heartburn, 39-40
Hemangioma
clinical features, 188
indications, tumor removal, 188
treatment, 189
Hiatal hernia, 17-18
description, 166
failed antireflux surgery (see Antireflux
surgery)
subclassification, 166—-167
Hoarseness. See Laryngopharyngeal reflux
(LPR)

1
Idiopathic pulmonary fibrosis
(IPF), 118-119

Intraluminal-mucosal tumors
cysts and duplications, 190-192
fibrovascular polyp, 189-190

Intramural-extramucosal tumors
granular cell tumor, 187-188
hemangioma, 188-189
leiomyoma, 186-187
lipoma, 189

L
Laparoscopic fundoplication. See Antireflux
surgery
Laryngopharyngeal reflux (LPR)
description, 86
diagnosis
ambulatory pH and impedance
monitoring, 94-95
endoscopy, 93-94
history, 93
methods, 92-93
epidemiology and clinical manifestations
laryngeal, 88-91
nasal, 91-92
otologic, 92
pathophysiology, 87-88
prevalence and pathophysiology, 116-117
symptoms and diagnosis, 117-118
treatment, 118
medical, 95
surgical, 95-96
Leiomyoma
clinical features, 186
indications, tumor removal, 187
treatment, 187
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Lipoma, 189
Lower esophageal sphincter, 16-17

M
Manometry
achalasia, endoscopic management, 152
epiphrenic diverticula, 70-71
Microaspiration, 119, 120
Myotomy
distal edge scarring, recurrent
dysphagia, 231
esophageal achalasia, surgical treatment,
159-160
Heller, 231
laparoscopic, 238
POEM, 147-150
short, 228-229

N

NDO Plicator, 132, 133

Nissen fundoplication, 44, 116, 122,
132, 174, 176, 231

(0]

Obesity, 122-124, 247

Obstructive sleep apnea syndrome
(OSAS), 54

One-lung ventilation, 56-57

P
Paraesophageal hernias (PEHs)
indications, surgery, 167-168
operative technique
crural closure and options, mesh
reinforcement, 175-176
dissection and reduction, hernia sac,
171-174
esophageal mobilization and
lengthening, 174
fundoplication, 176-177
patient positioning and setup, 169
postoperative care, 177-178
trocar placement, 169-171
preoperative evaluation, 168—-169
symptoms, 167
Partial fundoplication, 107-108, 160—162
Peristalsis, 35-36
Peroral endoscopic myotomy (POEM),
147-150, 156, 237-238
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Persistent dysphagia
fundoplication, 230
hiatus tight closure, 229-230
incomplete myotomy, 229
muscle edges, lack of separation, 229
short myotomy, 228-229

Pneumatic dilation, 145147

Proton pump inhibitors (PPIs), 41, 43, 101,

102, 116, 130

R
Radiofrequency ablation (RFA),

130, 135-137, 207, 216
Recurrent dysphagia, 231
Redo fundoplication. See Antireflux surgery
Roux-en-Y gastric bypass, 247

S
Smoking, 53-54
Stretta, 135-137

Index

T
Total fundoplication, 102—-107
Toupet fundoplication, 230, 231, 234
Tracheoesophageal fistula, 60
Transoral incisionless fundoplication (TIF),
130, 133
Tumors
benign (see Benign esophageal tumors)
intraluminal-mucosal
cysts and duplications, 190-192
fibrovascular polyp, 189—190
intramural-extramucosal
granular cell tumor, 187-188
hemangioma, 188—189
leiomyoma, 186-187
lipoma, 189

U

Upper esophageal sphincter
(UES). See Laryngopharyngeal
reflux (LPR)
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