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Foreword

It is an honor to introduce this very important book on esophageal functional dis-
eases. For some time, both I and the Executive Board of the Italian Society of
Surgery had felt the need to fine-tune this theme, partly because during the over
30 years of the Society’s Monographs this topic had never been addressed, and
partly because this pathological condition has seen a number of conceptual progres-
sions, technical evolutions, and outcome improvements. For these reasons I want to
thank and congratulate the editors, Profs. Vincenzo Landolfi and Salvatore Tolone,
and the authors on the extensive work they have done on this topic.

The volume covers in 21 chapters all the aspects of functional esophageal dis-
eases, from the history and treatment of these disorders to the new insights into the
anatomy, physiology, epidemiology, and pathophysiology. The diagnostic aspects
of radiological, endoscopic, and manometric investigations, pH-metry and monitor-
ing, and neuromuscular tests are all beautifully described.

All the nosological frameworks are comprehensively discussed: GERD, esopha-
gitis and Barret’s esophagus, achalasia, pharyngoesophageal and epiphrenic diver-
ticula, and diffuse esophageal spasm are magisterially described by real experts. An
important in-depth focus is dedicated to GERD. For this very frequent disease, not
only the surgical antireflux procedures, treatment of antireflux surgery complica-
tions, and endoscopic treatment are addressed but medical management, diet, and
rehabilitation are covered in detail in dedicated sections.

I would like to express my gratitude to the editors and authors for realizing this
monograph, which with its high scientific level maintains the high standard of the
Biennial Reports of the Italian Society of Surgery, and will be a reference for the
surgical community worldwide.

Rome, Italy Massimo Carlini
September 2025



Preface

Over the last two decades, the conceptual understanding of functional disorders of
the esophagus has undergone a profound transformation. Advances in diagnostic
technology, refinement of pathophysiological models, and the evolution of thera-
peutic strategies—both medical and surgical—have redefined how we classify,
interpret, and manage these disorders. It is within this dynamic and challenging
context that this book was conceived and strongly desired.

The esophagus is far more than a simple conduit between the mouth and the stom-
ach; it is a highly coordinated, neuromuscular organ whose dysfunction can result
in a wide range of debilitating symptoms—chest pain, dysphagia, regurgitation, and
heartburn among them—that significantly impair patients’ quality of life. Esophageal
pathology, including gastroesophageal reflux disease (GERD), achalasia, esophago-
gastric junction outflow obstruction (EGJ-O0), diffuse esophageal spasm, hyper-
contractile esophagus, remain diagnostically and therapeutically changeling. They
are frequently under-recognized or misdiagnosed for a long time, especially when
endoscopy or imaging show some structural anomaly. In these cases, pathophysiol-
ogy must be inferred from motility studies with high-resolution manometry (HRM),
pH-monitoring (wireless or catheter-based with or without impedance), and emerg-
ing techniques—an interpretive art that is still evolving.

This book offers the most comprehensive and current synthesis of knowledge on
the topic of functional esophageal diseases. It reflects the work and collaboration of a
team of experts in gastroenterology, gastrointestinal physiology, and foregut surgery.
Our contributors have been carefully selected not only for their expertise and scientific
contributions to the field but also for their ability to translate complex concepts into
clinically applicable insights. Their collective experience, drawn from academic and
high-volume centers across the globe, ensures that the content presented in this vol-
ume is both evidence-based and reflective of contemporary best practice.

The book is divided into multiple sections, each focusing on a distinct yet interre-
lated aspect of esophageal functional pathology. We begin with a foundational explora-
tion of esophageal physiology and muotility, outlining the neuroanatomical and
biomechanical principles that underlie normal esophageal function. These chapters lay
the groundwork for a nuanced understanding of functional disorders, as disturbances in
these mechanisms give rise to the various clinical syndromes discussed later.

Subsequent chapters delve into the modern classification of esophageal motility
disorders, particularly as defined by the Chicago Classification—now in its 4.0
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viii Preface

iteration—and discuss its strengths, limitations, and clinical implications. Special
attention is given to the role of HRM, which has revolutionized our approach to
diagnosis, enabling clinicians to visualize and interpret esophageal pressure topog-
raphy with unprecedented clarity.

We include detailed parts on other diagnostic modalities such as pH-impedance
monitoring, functional luminal imaging probe (FLIP), and barium esophagography.
These tools provide complementary information and, when used in concert, can
dramatically enhance diagnostic accuracy and therapeutic planning.

Treatment modalities are covered in depth, reflecting the interdisciplinary nature of
care required for these patients. Pharmacological therapies, including the role of calcium
channel blockers, nitrates, neuromodulators, and emerging targeted therapies, are pre-
sented with critical analysis of their efficacy and side-effect profiles. Non-pharmacological
interventions, such as dietary strategies, are also discussed, recognizing the biopsychoso-
cial model increasingly embraced in functional gastrointestinal disorders.

Surgical and endoscopic innovations have significantly reshaped the therapeutic
landscape. Chapters dedicated to minimally invasive approaches as well as endo-
scopic techniques provide both technical detail and outcome data. These discus-
sions emphasize the importance of careful patient selection, preoperative evaluation,
and long-term follow-up, particularly in complex or recurrent cases.

The publication of this book arrives at a critical juncture in the care of patients
with esophageal functional disorders. As our understanding deepens, so too does the
appreciation for the complexity and individuality of these conditions. The need for
personalized medicine—guided by physiology, symptomatology, patient prefer-
ence, and long-term outcomes—has never been greater. We hope this book will not
only serve as a reference for current best practices but also as a catalyst for further
inquiry, innovation, and collaboration.

We envision this work as a valuable resource for a wide audience: gastroenter-
ologists, surgeons, residents, fellows, nurse specialists, and researchers alike.
Whether used as a textbook for training, a reference for clinical decision-making, or
a platform for academic discussion, we trust it will enrich your understanding and
support your work in delivering high-quality, compassionate care to patients affected
by these challenging disorders.

We deeply want to thank the Societa Italiana di Chirurgia (SIC, Italian Society
of Surgery), the President, and all the Committee Members for giving us the possi-
bility to start this project and to present it in its final form during the 2025 Annual
Meeting as a Biennial Lecture.

Finally, we extend our deepest gratitude to all the authors, reviewers, and produc-
tion staff whose dedication and expertise have made this book possible. Their com-
mitment to advancing the field of esophageal functional disorders—and to improving
the lives of patients—resonates on every page.

Avellino, Italy Vincenzo Landolfi
Naples, Italy Salvatore Tolone
September 2025
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History of Esophageal Functional 1
Diseases and Their Treatment

Natale Di Martino, Luigi Marano, Luigi Monaco,
and Francesco Torelli

1.1 Introduction

Esophageal functional diseases, such as achalasia, gastroesophageal reflux disease
(GERD), and diffuse esophageal spasm, significantly impact health by causing
symptoms like dysphagia, chest pain, and heartburn. Unlike structural abnormali-
ties, these conditions stem from esophageal motility dysfunction, posing unique
challenges in diagnosis and treatment [1]. The historical evolution of treating these
disorders, shaped by anatomical difficulties, technological advances, and clinical
knowledge, offers insights into current practices.

The esophagus’s location, minimal blood supply, and lack of a protective serous
layer made early surgical intervention difficult. Perforation often led to fatal infec-
tions, delaying surgical success [2]. The first recorded esophageal surgery dates to
ancient Egypt, documented in the Edwin Smith Papyrus (1600 BCE), though sig-
nificant progress remained slow for centuries [3].

In the 12th century, Avenzoar suggested using cannulas for patients unable to
swallow, an early recognition of esophageal dysfunction. By the Renaissance,
advancements in anatomical dissection led to some progress. Richard Wiseman
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recommended suturing esophageal tears in 1676, while others, like Johann Dietrich
Purmann, advocated for natural healing [4].

By the 19th century, surgery began advancing more rapidly. In 1805, Vigardonne
deemed esophagotomy safe, and by 1867 David Cheever documented growing suc-
cess in the procedure. By 1880, Samuel Gross reported numerous successful surger-
ies, challenging earlier fears about esophageal operations [5].

The 20th century saw a major leap in esophageal surgery with innovations like
aseptic techniques, intratracheal anesthesia, and antibiotics. Pioneers like Jan
Mikulicz-Radecki and Ferdinand Sauerbruch advanced respiratory control, crucial
for thoracic and esophageal procedures. Radiologic imaging, esophageal manome-
try, and pH monitoring improved diagnostic precision, while advances in anesthesia
and respiratory management made surgery safer and more effective [6]. By the
mid-20th century, surgeons like Chevalier Jackson and anesthesiologists like Ralph
Waters and Sir Ivan Magill enhanced laryngoscopy and intubation techniques [7].
World War II experiences further advanced emergency care, improving surgical out-
comes [8].

In recent decades, esophageal surgery has been transformed by minimally inva-
sive techniques (MIS), including endoscopic, laparoscopic, and robotic approaches
[9]. Robotic systems, in particular, have made complex esophageal surgeries more
feasible. MIS has shown numerous benefits, such as reduced complications, faster
recovery, and shorter hospital stays, making it a preferred choice, especially for
younger patients [10]. These advancements continue to provide better treatment
options, shaping the future of esophageal surgery.

1.2  Esophageal Achalasia Surgery: Historical Perspectives

Esophageal achalasia is one of the oldest documented esophageal disorders, first
described in detail by Thomas Willis in 1674. He observed a patient suffering from
chronic vomiting due to an obstruction at the esophageal entrance (the cardia) and
devised a primitive tool using whale bone and a sponge to push food into the stom-
ach, allowing the patient to survive for 15 years. This was the earliest documented
treatment of esophageal achalasia [11].

In 1821, Purton added further documentation, and by 1878, Zenker and Von
Ziemssen expanded clinical understanding with 17 cases of “cardiospasm.” In 1887,
J.C. Russell introduced a silk-covered inflatable balloon attached to a bougie to
dilate the esophagus, marking an early non-surgical treatment. However, true surgi-
cal breakthroughs came in the early 20th century [12].

1.2.1 Early Surgical Developments
Surgical attempts to treat achalasia began in 1903 with esophagogastrostomy proce-

dures aimed at improving esophageal emptying. Surgeons like Marwedel and Wendel
developed various techniques, including side-to-side esophagogastrostomies and
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U-shaped incisions along the esophagus and stomach. Unfortunately, these often
caused severe reflux, leading to esophagitis and stenosis, and fell out of favor by
the 1940s [3].

On April 14, 1913, Ernst Heller performed the first effective extramucosal car-
diomyotomy, which involved cutting both the anterior and posterior esophageal
muscles to relieve the obstruction at the lower esophageal sphincter [13]. This pro-
cedure marked a major milestone in esophageal surgery, laying the foundation for
modern achalasia treatment. Earlier efforts by surgeons like Mikulicz and Reisinger
focused on dilation, but Heller’s myotomy became the first truly effective solu-
tion [14].

Although Heller’s procedure resolved muscle non-relaxation, it introduced the
risk of postoperative reflux. To address this, surgeons began incorporating anti-
reflux techniques. In 1962, Dor proposed an anterior hemifundoplication to prevent
reflux and protect the mucosa during surgery [15]. Later, Toupet introduced a pos-
terior hemifundoplication, balancing the resolution of dysphagia with the need to
prevent reflux, a persistent challenge in achalasia surgery [16].

1.2.2 Modern Surgical Techniques and the Minimally
Invasive Era

The late 20th century saw significant advancements in surgical techniques, particu-
larly with the advent of minimally invasive procedures. Laparoscopic surgery
emerged as a transformative approach, reducing patient recovery times and mini-
mizing postoperative discomfort. In 1991, A. Cuschieri performed the first laparo-
scopic cardiomyotomy [17], followed by C. Pellegrini in 1992, who adapted the
laparoscopic approach to replicate traditional open surgical outcomes [18]. These
developments revolutionized the treatment of foregut disorders, including achalasia.

In recent years, robotic surgery has further refined these techniques. First
described in a 2001 case report by Melvin et al. [19], it was demonstrated that
robotic-assisted cardiomyotomy may reduce the risk of esophageal perforation
compared to laparoscopic methods. Although the long-term superiority of robotic
approaches is still debated, these technological innovations continue to advance
surgical precision and safety [20].

1.2.3 Pathophysiological Understanding and Technological
Advances: The Contribution of the Neapolitan
Surgical School

The understanding of achalasia’s pathophysiology advanced significantly during
the 20th century. Early pathological studies by Rake in 1925 and Hurst in 1927
identified the degeneration of ganglion cells in Auerbach’s plexus as a key contrib-
uting factor to the condition, although the precise etiology remained elusive [21].
Hurst’s description of the distal esophagus’s failure to relax offered a clearer
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understanding of the disorder, and his introduction of mercury-filled bougies for
dilation became a standardized non-surgical treatment [22]. Later, Maloney refined
these bougies by adding sharper tips for improved efficacy [10].

Manometric studies, which began with Kronecker and Meltzer in 1883, were
instrumental in revealing the physiological underpinnings of achalasia [23]. After
World War 11, further investigations by Kramer, Ingelfinger, and others confirmed
that Heller’s myotomy effectively reduced esophageal pressure, solidifying its place
in achalasia treatment [24].

Achalasia is now recognized as a disorder of the esophagus’s motor function,
likely influenced by immune-mediated dysfunction. It is characterized by impaired
relaxation of the esophagogastric junction (EGJ) and a lack of peristalsis during
swallowing. These pathological changes lead to functional obstruction at the EGJ,
resulting in dysphagia and regurgitation [25]. Therapeutic interventions, including
pneumatic dilation, laparoscopic Heller myotomy, and peroral endoscopic myot-
omy (POEM), aim to reduce the lower esophageal sphincter pressure and improve
esophageal clearance, thus alleviating symptoms and improving patient quality of
life [26].

Among these, surgical intervention has proven the most effective. Our team, in
collaboration with the University of Amsterdam, conducted experimental studies to
explore this further. Using intraoperative computerized manometry, we demon-
strated that a myotomy restricted to the esophageal portion of the lower esophageal
sphincter (LES) did not significantly affect pressure. However, when the gastric
fibers were dissected for 2-3 cm along the anterior gastric wall, LES pressure
dropped substantially, emphasizing the importance of including the gastric fibers in
the procedure to avoid recurrent dysphagia [27].

While laparoscopic surgery has become the preferred approach due to its
favorable outcomes, it has limitations, such as two-dimensional vision and
restricted movement, which can affect surgical precision. Robotic-assisted sur-
gery offers enhanced three-dimensional visualization and greater dexterity,
potentially reducing complications like esophageal perforation [28]. Though
promising, these techniques still face challenges, including a recurrence rate of
symptoms in about 10-25% of patients. The European Achalasia Trial, which
compared laparoscopic Heller myotomy and pneumatic dilation, showed high
success rates, though these declined slightly over time, underscoring the com-
plexity of long-term management [29].

One ongoing debate concerns the optimal length of the myotomy. Some advo-
cate for limiting the myotomy to the lower esophagus to preserve part of the LES
and reduce the risk of postoperative reflux. However, most experts recommend
extending the myotomy 4-6 cm on the esophagus and 1-2 cm onto the stomach,
accompanied by an anti-reflux procedure [30]. Precision surgery, tailored to each
patient's anatomical features, is gaining traction as a future approach to better man-
age achalasia.

Managing a functional disorder like achalasia through mechanical means
requires a deep understanding of esophageal anatomy and its pathophysiology. Our
group was among the first in Italy to use intraoperative esophageal manometry
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(IOM) routinely in 1972, a technique developed concurrently by Hill in the United
States [31]. IOM allows surgeons to adjust intraoperatively based on real-time pres-
sure measurements, ensuring full ablation of the LES high-pressure zone (HPZ).
Several studies, including our own, have demonstrated that a complete myotomy
extending into the gastric sling fibers significantly reduces LES pressure, which is
essential for long-term success.

Despite its widespread adoption, the value of IOM remains debated due to con-
flicting results in the literature. Some researchers question its predictive value, while
others argue that it is critical for guiding surgical decisions [32]. During Heller
myotomy, IOM offers objective feedback on LES pressure reduction, helping ensure
that no residual muscle fibers remain in the HPZ, which could cause symptom
recurrence. Our studies found that, even with visual inspection and intraoperative
endoscopy, incomplete myotomies occurred in about 15% of cases, particularly in
the distal portion [31]. This underscores the importance of using IOM as an addi-
tional tool for ensuring surgical success.

Recent anatomical studies have shed light on the structural components of the
LES, particularly the role of the gastric sling and semicircular clasp fibers in main-
taining the HPZ. These findings suggest that a limited myotomy targeting the clasp
fibers may relieve obstruction while preserving the reflux barrier, whereas a more
extensive myotomy may require an anti-reflux procedure to prevent postoperative
complications [33].

In our study of 150 achalasia patients, computerized manometry confirmed the
effectiveness of a calibrated laparoscopic Heller myotomy. Preoperative LES pres-
sure averaged 37.7 mmHg and, after complete myotomy, it dropped by over 90%.
These findings support the need for a comprehensive myotomy extending approxi-
mately 5-6 cm on the esophagus and 3-3.5 cm onto the stomach for optimal out-
comes [34].

In conclusion, our research underscores the importance of a calibrated, personal-
ized surgical approach to achalasia management. Precision surgery, guided by intra-
operative manometry, represents a key advancement in improving outcomes for
patients, reducing the risk of symptom recurrence, and providing a foundation for
the future of personalized care in achalasia treatment.

1.3 A Historical Overview of Esophageal Diverticula
and Associated Surgical Interventions

Esophageal diverticula, along with achalasia, are classified as motility disorders of
the esophagus. The earliest documentation of a pharyngo-esophageal pulsion diver-
ticulum dates back to 1767, when Abraham Ludlow from Bristol, UK, described it
in his publication titled A Case of Obstructed Deglutition from a Preternatural
Dilatation Formed in the Pharynx [35].

In 1877, Friedrich Albert von Zenker and von Ziemssen were the first to outline
the etiology, pathophysiology, and clinical presentation of what would later be
named ‘“Zenker’s diverticulum”. Notably, they advocated for non-surgical treatment
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options at the time [36]. Subsequently, in 1886, Wheeler performed the first suc-
cessful resection of a Zenker’s diverticulum, though the procedure was initially
plagued by a high rate of early postoperative complications [37]. In 1909, Godmann
suggested a two-stage surgical approach to mitigate these risks [3].

Lahey and Warren, in 1954, shared their extensive experience with this proce-
dure, specifically performing diverticulopexy and mediastinal packing as the initial
step, followed by diverticulum resection at a subsequent stage [38]. Earlier, in the
1940s, Harrington (1945) and Sweet (1947) had proposed a single-stage surgical
solution, but their approach failed to adequately address issues related to cricopha-
ryngeal muscle spasm, particularly in the upper esophageal sphincter [36]. To
address this, Aubin introduced the concept of cricopharyngeal myotomy in combi-
nation with diverticulectomy in 1936. This technique was subsequently described
by Payne and Clagett in 1965, yielding favorable outcomes [3].

In 1966, Ronald Belsey further refined these techniques by successfully combin-
ing diverticulopexy with cricopharyngeal myotomy [39]. Around the same time,
endoscopic resection methods also began to gain traction, though they carried a
notable risk of morbidity.

1.4 A Historical Overview of Gastroesophageal
Reflux Disease

GERD, often recognized by the symptom of heartburn (pyrosis), has been docu-
mented for centuries, though its underlying mechanisms have only recently been
understood. A key breakthrough occurred in 1956 when Fyke and Code, through
manometric studies, identified the LES as a “high-pressure zone” [40]. This discov-
ery shifted the focus of GERD treatment from external anatomical structures to
intrinsic mechanisms, particularly the role of the LES in preventing reflux.

The concept of transdiaphragmatic hernias dates back to the 16th century, with
notable descriptions from Ambroise Paré and Giovanni Battista Morgagni [3].
However, transhiatal hernias, where the stomach protrudes through the esophageal
hiatus, were not fully recognized until the early 20th century, thanks to the develop-
ment of contrast-enhanced radiography. The delay in understanding these hernias
was likely due to limitations in autopsy techniques, which often overlooked the
connection between the esophagus, diaphragm, and stomach [41].

In the 19th century, René Laénnec was the first to detect sounds associated with
organs moving into the thorax through diaphragmatic defects. In 1853, Henry
Ingersoll Bowditch reviewed 88 cases of diaphragmatic hernias reported between
1610 and 1846, identifying what were likely the first documented cases of parae-
sophageal hernias. Additionally, Charles Michel Billard described the first case of
esophagitis in a child in 1828, and in 1855, Karl Rokitanski established the link
between GERD and esophagitis [3].

In 1906, Wilder Tileston proposed that GERD was caused by cardiac insuffi-
ciency, offering a detailed description of esophagitis. Joseph Sheehan’s introduction
of direct esophagoscopy in 1920 allowed for visualization of esophageal lesions,
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facilitating a better understanding of peptic esophageal stenosis. The term “peptic
esophagitis” first appeared in the English language medical literature, introduced by
Asher Winkelstein [5].

1.4.1 The Development of GERD Surgical Treatments

Surgical treatments for GERD progressed in tandem with advancements in diagnos-
tic methods. In 1919, Angelo Soresi described a pioneering abdominal procedure to
repair hernias, involving the reduction of the hernia and repair of the diaphragmatic
defect while preserving major structures like the esophagus and aorta [42]. In 1929,
Stuart Harrington at the Mayo Clinic introduced a less invasive videothoracoscopic
technique for severe hiatal hernias, which significantly reduced perioperative mor-
tality and recurrence rates [43].

In 1926, Ake Akerlund coined the term “hiatal hernia” and classified them into
three types: congenital hernias due to brachyesophagus, paraesophageal hernias,
and axial hernias [44]. This classification helped surgeons choose the most appro-
priate interventions. With the identification of the LES in 1956, further refinements
in GERD surgery followed. Phillip Allison and Norman Barrett made important
contributions by linking GERD to hiatal hernia, ultimately leading to the develop-
ment of modern antireflux surgery. Barrett also studied what became known as
Barrett’s esophagus, initially thought to be a congenital condition but later under-
stood as a result of chronic acid exposure from GERD [45].

A major surgical advancement occurred in 1956 when Rudolf Nissen introduced
the 360° gastric wrap, known as Nissen fundoplication, which became a key proce-
dure in treating GERD [46]. Belsey also developed a notable technique that reduced
the cardia into the abdomen and reshaped the His angle to strengthen the LES. His
final version, the Belsey-Mark IV, achieved a five-year recurrence-free survival rate
of 85% [47]. Surgeons like Lucius Hill and Mark Orringer further advanced hybrid
surgical techniques, combining gastroplasty with Nissen fundoplication to treat
complex GERD cases [48].

1.4.2 Minimally Invasive Advancements

In June 1989, laparoscopic antireflux surgery was pioneered by A. Cuschieri and his
team in Dundee, employing the ligamentum teres cardiopexy technique previously
described by Narbona-Arnau et al. [49]. The first documented laparoscopic Nissen
fundoplication was performed in April 1991 by T. Geagea, a Lebanese surgeon
working in Canada, using the Nissen-Rossetti modification [50]. Later that year,
B. Dallemagne, a Belgian surgeon experienced in traditional antireflux surgery, also
began performing laparoscopic Nissen fundoplications, which involved full mobili-
zation of the gastric fundus by dividing the short gastric vessels [51].

Initial results from these pioneering groups were published in 1991. Geagea, in
his report on ten cases, expressed optimism that the laparoscopic approach would
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lead to earlier referrals and prevent long-term complications associated with GERD
[50]. Cuschieri’s team reported favorable outcomes in eight elderly patients, noting
quicker recovery times. Dallemagne’s group, operating on twelve patients, utilized
four laparoscopic ports for instrument insertion and completed a “floppy” 360°
wrap with a nasogastric tube in place, followed by hiatal repair [51]. Their publica-
tion was influential in promoting the adoption of laparoscopic antireflux surgery,
emphasizing the reduced need for large incisions, decreased postoperative pain, and
faster recovery times.

These pioneering papers, much like Nissen’s original work, are considered foun-
dational in GERD surgery. After these initial reports, the global adoption of laparo-
scopic antireflux procedures surged, much like the trend with laparoscopic
cholecystectomy. While this rapid uptake occurred without rigorous randomized
controlled trials comparing laparoscopic methods to traditional open surgery, the
procedure’s comparable outcomes and minimally invasive nature led to its wide-
spread acceptance among surgeons and patients alike [52]. Robotic surgery is cur-
rently considered a transformative advancement in the field of minimally invasive
surgery. Since receiving clinical approval in 2000, robotic systems have become
increasingly prevalent in general surgery [53]. Numerous studies have sought to
evaluate the differences between conventional laparoscopic procedures and those
assisted by robotic technology. In a study by J. Villamere et al., the use of robotic-
assisted techniques in academic institutions was investigated. Their research, which
compared robotic-assisted methods to traditional laparoscopy in common general
surgical procedures, including antireflux surgery, found that robotics did not offer
any additional benefits but was consistently associated with higher costs [54].
Similarly, M. Altieri et al. conducted a comparative analysis between laparoscopy
and robotics in five major procedures, including esophageal fundoplication. Their
findings showed no evidence of superior outcomes with the robotic approach for
this procedure [55]. T. Gehrig et al. performed a retrospective analysis of 42 patients
undergoing hiatal hernia repairs, comparing perioperative outcomes and hospital
length of stay among 12 robotic, 17 laparoscopic, and 13 open surgeries [56]. Both
minimally invasive techniques—robotic and laparoscopic—were shown to be safe
alternatives to open surgery, with reduced hospital stays and fewer complications.
However, when comparing robotic and laparoscopic approaches directly, no signifi-
cant advantage of robotic surgery was observed regarding perioperative outcomes
or length of stay [53]. Interestingly, the introduction of three-dimensional printing
technology has recently revolutionized robotic surgery for GERD in complex cases.
One notable advancement was introduced for the first time by Marano et al. in 2019,
who conducted the first case of fundoplication using a 3D-printed model in combi-
nation with a robotic platform [57]. A 3D-printed model of the esophagus, thoracic
aorta, and stomach was created based on computed tomography imaging, allowing
precise preoperative planning and intraoperative guidance. Using the da Vinci
Surgical System, surgeons were able to superimpose the 3D images onto the surgi-
cal field, facilitating a safer and more accurate dissection. This combination of 3D
printing and robotics allowed for better orientation of critical structures, reducing
operative risks and improving patient outcomes.
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Esophageal Anatomy and Physiology.
Epidemiology and Pathophysiology
of Functional Disorders

Giovanni Aldinio, Beatrice Marinoni, Marina Coletta,
and Roberto Penagini

2.1 Anatomy and Physiology of the Esophagus [1, 2]

The esophagus is a hollow, muscular tube located in the superior and posterior
mediastinum, approximately 20-30 cm in length, that serves as a conduit between
the pharynx and the stomach. It is bounded cranially by the upper esophageal
sphincter (UES) and caudally by the lower esophageal sphincter (LES). The esoph-
agus features a complex, multi-layered wall structure. The innermost layer is the
mucosa, comprising a nonkeratinized stratified squamous epithelium, loose connec-
tive tissue (lamina propria), and a thin layer of smooth muscle (muscularis muco-
sae). Beneath this lies the submucosa, which consists of dense irregular connective
tissue housing the neurons of the Meissner plexus and glands. The muscularis
externa is organized into an inner circular and outer longitudinal muscle layer, with
the neurons of the Auerbach plexus situated between them. The muscle fibers of the
upper third of the esophagus and the UES are striated, transitioning to smooth mus-
cle fibers from the proximal third up to the LES. Externally, the esophagus is cov-
ered by connective tissue (adventitia) in the cervical and thoracic regions for
structural support, and by the visceral peritoneum (serosa) in the abdominal region.
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The esophagus is innervated by the vagus nerve, which provides both somatic and
visceral motor neurons. In healthy individuals, the innervation of the esophageal
mucosa varies: nerve fibers are located deeper in the distal esophagus and nearer to
the surface in the proximal esophagus.

Caudally, the esophagogastric junction (EGJ) works as a barrier between the
esophagus and the stomach and is composed of the LES, the crural diaphragm, and
a flap valve, formed by the phrenoesophageal ligament and the annular fibers of the
gastric cardia.

2.1.1 Swallowing

Swallowing is a complex, multiphase process consisting of three main phases: the
oral phase, the pharyngeal phase, and the esophageal phase. The oral phase involves
mastication and bolus formation in the oral cavity. During the pharyngeal phase,
coordination of several muscles pushes the bolus through the pharynx avoiding food
being spread into the nose and into the airways. In the esophageal phase, both
esophageal sphincters relax to allow passage of the bolus, while the esophageal
body contracts in a coordinated manner to generate peristaltic waves (primary peri-
stalsis) to propel food downward. Peristalsis can occur without swallowing, when it
is triggered by esophageal distension induced by incomplete bolus clearance (sec-
ondary peristalsis).

Swallowing can be initiated voluntarily during eating and drinking or involun-
tarily when saliva or respiratory secretions accumulate in the pharynx. Swallowing
is regulated by a network of neurons in the brainstem, known as the swallowing
pattern generator (SPG), which coordinates the sequential and rhythmic motor
activity required for swallowing. SPG activity is essential for airway protection,
initiation of peristalsis, efficient bolus propulsion and coordination with other respi-
ratory, cardiovascular, and gastrointestinal reflexes.

2.2  Gastroesophageal Reflux Disease [3-5]

Gastroesophageal reflux disease (GERD) is a condition in which retrograde flow of
gastric contents causes troublesome symptoms, such as heartburn, regurgitation,
and difficulty in swallowing, and/or complications, like erosive esophagitis, stric-
tures, Barrett’s esophagus and esophageal adenocarcinoma. In the U.S., approxi-
mately 110,000 annual hospital admissions occur as a result of GERD-related
complications.

2.2.1 Epidemiology
GERD is a prevalent condition globally, with significant variation in occurrence

across different regions. Accurately estimating GERD prevalence is challenging
even within individual countries due to the variation in GERD definition among
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studies (based on symptoms and/or objective findings) and study methodologies.
For instance, in the United States the estimated prevalence of GERD ranges from
6% to 30%, depending on the questionnaire used to assess the presence and severity
of symptoms. The highest prevalence of GERD is observed in South Asia and
Southeast Europe, where more than 25% of the population reports symptoms. In
contrast, the prevalence is notably lower in Southeast Asia, Canada and France,
where less than 10% of individuals report symptoms on a weekly basis. Notably, in
the last 30 years, the prevalence of GERD symptoms in North America, Europe and
Southeast Asia has risen by about 50%. However, due to the widespread use of pro-
ton pump inhibitors (PPIs), this increase has leveled off in recent years.

2.2.1.1 Risk Factors
Several risk factors for GERD have been identified, with variable degrees of strength
of association.

In Western countries, no significant association between sex and the occurrence
of GERD symptoms has yet been proven. In South America and the Middle East,
however, women are about 40% more likely to experience and report symptoms of
GERD compared to men. Conversely, men are at higher risk for complications of
GERD. In the same way, the relationship between age and GERD symptoms has
been variable, whereas a stronger correlation exists between older age and GERD
complications.

Obesity is one of the most recognized risk factors for GERD: as body mass index
(BMI) increases, the prevalence of GERD symptoms and erosive esophagitis rises.
At the same time, engaging in moderate, consistent aerobic exercise has been proven
as a protective factor against GERD symptoms. The use of tobacco and alcohol are
also important risk factors for GERD and its complications. In particular, even if
tobacco use is only weakly associated with GERD symptoms, it has a stronger asso-
ciation with erosive esophagitis and esophageal adenocarcinoma. Infection with
Helicobacter pylori, especially the cytotoxin-associated gene A (Cag A) positive
strains, has been found to be inversely related to GERD, erosive esophagitis,
Barrett’s esophagus, and esophageal adenocarcinoma. In the last 20 years, the
decrease in incidence of Helicobacter pylori gastritis may also have been contribut-
ing to the increase of GERD.

2.2.2 Pathophysiology of Gastroesophageal Reflux Disease

The pathophysiology of GERD is multifactorial and complex, involving the inter-
play between anatomical structures such as the EGJ, physiological mechanisms like
esophageal motility and clearance, and contributing factors including gastric con-
tents, obesity and esophageal sensitivity.

2.2.2.1 Esophagogastric Junction

In GERD, the LES may be characterized by a lower basal pressure, resulting in a
decrease of the sphincter tone and facilitating reflux. A decrease in LES pressure
can be induced by factors such as increased intra-abdominal pressure, gastric
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distention and certain foods (e.g., carbonated beverages, chocolate) or medications
(e.g., anticholinergic drugs, calcium-channel blockers). Physiological relaxations of
the LES occur upon swallowing to allow food bolus passage, but also independently
from it, a phenomenon known as “transient LES relaxation” (TLESR). These relax-
ations, lasting more than 10 seconds, predominantly occur during daytime post-
meal periods and are triggered by a vagal reflex due to gastric distention. TLESRs
have been shown to be the most common cause of gastroesophageal reflux in the
presence of a normal LES pressure, both in patients with GERD symptoms and in
asymptomatic individuals.

The presence of a hiatal hernia, occurring when part of the stomach passes into
the thorax through an enlarged esophageal hiatus, increases the likelihood of reflux
particularly when greater than 2 cm. Indeed, this anatomical defect impairs the abil-
ity of the EGJ to maintain the gastric contents in the stomach due to both changes
of pressure dynamics around the LES and the LES misalignment with the crural
diaphragm, especially during increased intra-abdominal pressure events such as
deep inspiration or coughing.

2.2.2.2 Motility and Clearance

GERD patients may experience hypomotility affecting both primary and secondary
peristalsis: ineffective esophageal motility is a common finding among GERD
patients during high-resolution manometry. Actually, it is unclear which condition
might cause the other: GERD could potentially cause reduced esophageal motility
due to damage from acid reflux, or ineffective esophageal motility could predispose
a person to GERD by impairing the clearance of refluxate from the esophagus.
Additionally, some medications, such as anticholinergics, antidepressants and opi-
oids, can also impair esophageal motility.

The residual acidity is cleared by saliva, which contains bicarbonate and epider-
mal growth factor, favoring mucosal healing. Thus, reduced salivation, present in
conditions like connective tissue diseases, in the elderly and in individuals taking
medications (e.g., anticholinergics and antidepressants), is associated with extended
acid clearance times.

Lastly, abnormalities in gastric motility, such as an increased and prolonged
post-prandial fundus relaxation (known as “accommodation”), have been docu-
mented to affect reflux volume. Notably, delayed gastric emptying is associated
with a greater extent of reflux episodes reaching the upper esophagus, rather than an
increase in total acid exposure.

2.2.2.3 Refluxate

Reflux episodes can differ depending on the composition of the refluxate and its pH
level. The presence of bile acids in the refluxate and the extent of esophageal expo-
sure to acid correlate with the severity of symptoms and mucosal damage. Symptoms
are more likely when acid exposure is longer and more proximal and esophageal
clearance is delayed. Gas reflux, known as belching, has also been associated with
an increase of reflux.
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Furthermore, a phenomenon known as the “acid pocket” can lead to short-
segment acid reflux episodes. This occurs when, after meals, an area of unbuffered
acidic gastric content located at the EGJ extends into the esophagus. Despite this
being a physiological event, GERD patients show larger pockets than healthy
controls.

2.2.2.4 Obesity
Obesity contributes to GERD by means of several mechanisms. In obese patients,
the increased intra-abdominal pressure caused by visceral adipose tissue favors the
formation of hiatal hernias and the occurrence of reflux episodes. Additionally, obe-
sity alters hormone levels (i.e., leptin and ghrelin), leading to lower LES pressure
and impaired gastrointestinal motility. High-calorie meals further delay gastric
emptying and increase TLESRs, leading to more frequent reflux episodes.
Moreover, in bariatric surgery, sleeve gastrectomy tends to increase GERD
symptoms and the prevalence of esophagitis, while Roux-en-Y gastric bypass usu-
ally reduces reflux events, highlighting the need to consider GERD when planning
obesity treatments.

2.2.2.5 Esophageal Sensitivity

Symptom severity does not always match the acid exposure and extent of mucosal
damage, reflecting the spectrum of different entities that where once included in
GERD. Patients with non-erosive reflux disease (NERD) can experience symptoms
as severe as those with esophagitis, and some may perceive physiological reflux as
symptomatic due to esophageal hypersensitivity. Functional heartburn occurs in
some patients without reflux or increased acid exposure. Differences among pheno-
types may be explained by distinct mucosal nerve distributions. For example,
patients with NERD have more superficial nerves, whereas conditions like Barrett’s
esophagus may lead to hyposensitivity, where severe lesions develop with mild or
no symptoms.

Psychoneuroimmune factors can modulate esophageal sensitivity, with stress
and sleep deprivation increasing sensitivity to acid. Reflux-induced inflammation
sensitizes sensory nerves, and acute stress can cause changes in the esophageal
mucosa that stimulate sensory nerves. Psychosocial factors, particularly esophageal
hypervigilance, amplify GERD symptoms, creating a cycle of heightened aware-
ness and symptom avoidance behaviors. This hypervigilance affects all GERD phe-
notypes and is a predictor of symptom severity, regardless of anxiety levels,
potentially contributing to refractory GERD.

2.3  Esophageal Achalasia [6-12]

Achalasia is a rare neuromuscular disorder of the esophagus characterized by
impaired relaxation of the LES and absent or spastic contractions in the esopha-
geal body.
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2.3.1 Epidemiology of Achalasia

The annual incidence of achalasia is estimated at 1-5 cases per 100,000 individuals
with a prevalence of 7-32 cases per 100,000 individuals. Incidence is comparable
across countries using similar epidemiological methodology and does not differ by
ethnicity and gender. Achalasia can occur at any age, but the incidence and preva-
lence increase with age, and the mean age at diagnosis is >50 years.

2.3.2 Pathophysiology of Achalasia

The central pathophysiological abnormality in achalasia is the loss of inhibitory
nerve function within the smooth muscle of the esophagus. In particular, nitric
oxide-producing inhibitory neurons in the myenteric plexus, which are essential
for the relaxation of esophageal smooth muscle, are primarily affected. In con-
trast, cholinergic neurons, which contribute to LES tone by inducing smooth
muscle contraction, are relatively spared. The progressive neuro-inflammatory
process causes the degeneration and subsequent loss of inhibitory ganglion cells
within the myenteric plexus of the esophageal wall. In terms of neuronal dys-
function, achalasia type 1 and 2 are both characterized by loss of ganglion cells,
with a gradient of more severe loss in type 1 achalasia, whereas in type 3 inhibi-
tory neural function is impaired without clear neuronal loss. The different types
of achalasia may be three distinct entities; however, some prospective data sug-
gest the hypothesis that the different manometric patterns represent stages in the
progression of the same disease, type 3 being the early one, type 2 the interme-
diate, and type 1 probably the end stage.

Autoimmunity is presently considered an important cause of the pathophysiolog-
ical changes, leading to progressive degeneration of esophageal myenteric neurons,
primarily through cell-mediated mechanisms with potential antibody-mediated pro-
cesses in genetically predisposed individuals. Patients with achalasia not unfre-
quently present with autoimmune disorders, including Sjogren syndrome, type I
diabetes mellitus and hypothyroidism, further supporting the hypothesis that acha-
lasia has an autoimmune component.

Furthermore, viral DNA and virus-targeted antibodies have been found in esoph-
ageal tissue and in the serum, respectively, of patients with achalasia. Of particular
interest is HSV-1, a neurotropic virus, suggesting the hypothesis that HSV-1 triggers
immune activation.

The immune cells involved in the inflammatory process include eosinophils.
Their degranulation releases toxic proteins capable of destroying myenteric neu-
rons. A recent retrospective study using high resolution manometry (HRM) in a
large cohort of patients showed that achalasia and obstructive motor disorders are
found in 15% of patients with eosinophilic esophagitis, suggesting the relevance of
esophageal eosinophilia in the development of these disorders.

Genetic predisposition also has a role in the pathogenesis since immunogenetic
studies report an association between HLA-DQwl1, HLA-DQAI and HLA-DQBI,
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and achalasia, with HLA-DQBI being the most commonly reported variant, espe-
cially in Southern Europe. Achalasia can be part of a genetic syndrome, i.e., the
Allgrove syndrome (also termed AAA syndrome, which involves achalasia, alac-
rimia and adrenal insufficiency), from mutations on chromosome 12.

In patients with an HRM diagnosis of achalasia it is important to exclude the use
of opioid drugs, not infrequently prescribed as analgesics. Opioids have been known
for several years to interfere with esophageal inhibitory neural pathways, and
chronic opioid use has been shown to cause the so-called opioid-induced esopha-
geal dysfunction, a recently defined clinical syndrome characterized by esophageal
symptoms and esophageal motility abnormalities, including achalasia type 3, hyper-
contractile esophagus, distal esophageal spasm, and esophagogastric junction out-
flow obstruction (EGJ-OO0).

24  Hypercontractile Esophagus [13-16]

Hypercontractile esophagus (HE) is a primary disorder of peristalsis defined by an
excessive peristaltic vigor (i.e., a distal contractile integral >8,000 mmHg:s-cm),
which may include excessive LES after-contraction, not associated with a mechani-
cal obstruction. HE, initially termed “nutcracker esophagus” in the era of conven-
tional manometry, describes a disorder associated with non-cardiac chest pain or
dysphagia and characterized by high amplitude, normally propagated peristaltic
contractions.

2.4.1 Epidemiology of Hypercontractile Esophagus

HE is a rare disease. According to a meta-analysis including 38 case series of HE,
the pooled prevalence of HE was 1.97% (95% CI: 1.39%-2.78%) among patients
referred for HRM. The mean age at diagnosis was 60.8 years (95% CI: 57.1-64.4)
and 65% (95% CI: 58%—72%) of patients were female.

2.4.2 Pathophysiology of Hypercontractile Esophagus

The primary pathophysiological mechanism underlying HE is thought to involve an
excessive excitatory cholinergic drive within the myenteric plexus of the esophageal
wall. This is associated with a temporal asynchrony between the circular and longi-
tudinal muscle contractions of the esophagus, ultimately leading to exaggerated
peristaltic contractions in the esophageal body. Although the exact etiological
mechanism remains unclear and most cases are idiopathic, abnormal peripheral
neural control and histopathological changes in the esophagus may play a signifi-
cant role. Common histopathological findings in HE include the loss of inhibitory
ganglion cells in the myenteric plexus and lymphocytic infiltration surrounding the
ganglia, which are also characteristic of achalasia and EGJ-OO.
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Although most cases are idiopathic, HE has been reported to occur in the context
of EGJ mechanical obstruction, GERD, and opiate use. There is increasing evidence
suggesting a link between HE and EGJ-OO. Several human and animal studies have
shown that esophageal hypercontractility can be associated with impaired relax-
ation of the EGJ, indicating that HE may be a secondary phenomenon resulting
from a distal obstructive process.

On the other hand, symptoms of GERD have been reported in approximately
40% of patients with HE and there is evidence that esophageal acid perfusion can
induce multipeaked, repetitive, spontaneous, or simultaneous esophageal contrac-
tions. However, although the rate of symptom improvement with time is high in HE,
it is independent of PPI use and/or the presence of GERD.
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Radiological Evaluation of Functional 3
Diseases of the Esophagus

Alfonso Reginelli, Vittorio Patane, and Roberto Grassi

3.1 Normal Esophageal Function and Lower Esophageal
Sphincter: Primary and Secondary Peristalsis

In 95-96% of patients, swallowing a bolus causes a main peristaltic wave of con-
traction that moves at a speed of 2-3.5 cm/s. According to manometric research, the
lower esophageal sphincter maintains a resting basal pressure and relaxes a few
seconds after the swallow is started. Radiologically, as the bolus reaches the gastro-
esophageal junction, it forces open the sphincter. The sphincter contracts once more
as soon as the bolus passes, closing to preserve its barrier function. Any leftover
food in the esophagus or the occurrence of gastroesophageal reflux may cause a
subsequent peristaltic wave.

3.1.1 Non-propulsive Peristalsis

Non-propulsive contractions can be seen in the esophagus during videofluoroscopy
or manometry (Fig. 3.1). Non-peristaltic waves can be assessed on conventional
radiography as small irregularities along the lateral contour of the esophageal
lumen, visible after the oral administration of a barium contrast medium.

3.1.2 Radiological Assessment of Esophageal Motility

The esophageal body, upper esophageal sphincter, and lower esophageal sphincter
are always evaluated in radiological assessments of esophageal function. Studies
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Fig. 3.1 X-ray performed
in left anterior oblique
projection after barium
swallow. The lateral profile
of the esophagus shows
some irregularities, likely
due to non-propulsive
peristalsis

evaluating esophageal motor function should use low-density barium (about 100%
weight by volume), and are carried out with the patient in an upright position. After
a barium swallow, the esophageal lumen is occluded by the peristaltic contraction
wave, giving the bolus tail its distinctive inverted “V” shape. The entire bolus is
successfully propelled past the esophagus and into the stomach by this wave. In the
upright position, bolus transit through the esophagus is usually quick. A persisting
air-fluid level (sometimes referred to as a “support level”) may be indicative of a
stenosis or a motility problem.

3.2 Examination Technique

The patient is instructed to take a single swallow of a low-density barium bolus
while in an upright left posterior oblique (LPO) position. The LPO position enables
a better view of the gastroesophageal junction as it reduces the overlap between the
esophagus and the spine. When assessing for gastroesophageal reflux, this can be
generated by provocative testing or it can occur naturally during the examination. A
solid bolus may be utilized for additional assessment if a patient has dysphagia for
solids and the liquid barium examination is unable to identify the cause. There is
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currently no established reference value for evaluating solid transit time, and some
individuals may have sluggish transit times for solid food. The mucosal lining is
evaluated radiologically with a double-contrast examination of the esophagus.

3.2.1 Timed Barium Esophagogram

With a few adjustments, the timed barium esophagogram (TBE) technique is com-
parable to the standard barium swallow (Fig. 3.2). For example, it involves taking
several consecutive films at predetermined intervals following a single swallow of a
specified volume of a barium suspension with a particular density. It is recom-
mended that patients fast overnight before TBE.The entire study is conducted in an
upright position. Within 15 to 20 seconds, a low density barium sulfate suspension
(45% weight by volume) is taken orally. The amount of suspension administered is
often 100-250 mL, which should be sufficient to fill a dilated achalasic esophagus
and be well tolerated by the patient without regurgitation or aspiration. As a stan-
dard protocol, a predetermined volume is preferable. LPO views are then obtained
one, two, and five minutes after barium administration.

Fig. 3.2 Timed barium
esophagogram obtained

1 min after barium contrast
administration showing
minimal dilatation of the
esophageal lumen and
retention of contrast
medium within the
esophagus, with
appearance of a contrast-
air level at the cranial end
of the barium column
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3.3  Esophageal Motility Disorders

Esophageal motility disorders are categorized using the most recent Chicago
Classification (version 4). A wide variety of motor abnormalities occurring in asso-
ciation with other diseases are known as secondary motility disorders. Detection of
a known extraesophageal condition is also necessary for the identification of a sec-
ondary motility disorder. The best course of treatment depends on detailed knowl-
edge of the specific manometric abnormality, and can vary greatly. Esophageal
motility abnormalities can be consistently detected and characterized with radio-
graphic assessment.

3.4  Primary Motility Disorders
3.4.1 Achalasia

With an annual incidence of 1 case per 100,000 people and a prevalence of 10 cases
per 100,000, achalasia is the most well-known esophageal motility disorder. The
primary radiological sign is insufficient relaxation of the lower esophageal sphinc-
ter’s, which is associated with aperistalsis in the esophageal body and the sphinc-
ter’s inability to open during swallowing. Esophageal dilatation and a beak-like
constriction of the lower esophageal sphincter are commonly seen on videofluoros-
copy (Fig. 3.3). The esophagus may have a normal diameter in the early stages but,
as the condition progresses, it dilates and retains food and saliva, eventually devel-
oping into an advanced form that gives the esophagus a “sock-like” appearance.

The sensitivity of the barium swallow in identifying achalasia varies from 58%
to 95% since esophageal morphological abnormalities only become apparent in
more advanced cases.

3.4.2 Diffuse Esophageal Spasm

Diffuse esophageal spasm occurs less frequently than achalasia. The presence of
intense non-propulsive contractions, which can result in an esophageal curvature
or a “corkscrew” appearance—also known as a “rosary bead” pattern—is one of
the typical radiological signs of diffuse spasm (Fig. 3.4). A definite diagnosis of
diffuse esophageal spasm cannot be made owing to the frequently vague radiologi-
cal findings. Therefore, manometry is recommended for all individuals displaying
radiographic evidence of a non-specific esophageal contractile abnormality and
unexplained chest discomfort.
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Fig. 3.3 X-ray performed
in anteroposterior
projection shows dilatation
of the cervical esophagus
with a progressive
reduction in diameter
towards the cardiac region,
where an initial threadlike
narrowing of the cardia can
be seen. Subsequent
manometric evaluation in
this patient revealed
dynamic-functional
alterations consistent with
achalasia

Fig. 3.4 X-ray performed
in left anterior oblique
projection after enteral
administration of a barium
contrast agent shows
alternating stenotic
segments and segments of
normal caliber. Progression
of the contrast agent is
delayed, as evidenced by
the areas of stasis. The
image is consistent with an
esophageal motility
dysfunction suggestive of
diffuse esophageal spasm
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3.4.3 Nutcracker Esophagus

A nutcracker esophagus maintains primary peristalsis, but prolonged high-amplitude
contractions can result in chest discomfort and dysphagia. Despite being crucial for
the diagnosis, manometric examination is often not the first diagnostic method used
in patients complaining of non-cardiac chest discomfort.

The persistence of peristaltic movements makes the radiographic diagnosis of
nutcracker esophagus difficult. Overall, little is known about the pathophysiology of
nutcracker esophagus. More research is needed to clarify the precise mechanisms at
work, even though some data suggest that the condition may progress to achalasia,
pointing to the existence of a potential spectrum of esophageal motility disorders.

3.4.4 OtherPrimary Esophageal Motility Disorders

Non-specific contractile abnormalities are the most prevalent group of esopha-
geal motility disorders. A number of extraesophageal diseases may have these
conditions as their primary or secondary cause. Multiple-peak contraction
waves, peristaltic waves with diminished amplitude, and isolated simultaneous
or spontaneous contractions can all be seen on manometry. Radiographic stud-
ies have a sensitivity of only 46-73% because contractility irregularities might
be detected infrequently. Investigating the underlying conditions that can cause
esophageal motility dysfunction (secondary motor disorders), such as diabetes,
alcoholism, eosinophilic esophagitis, or progressive systemic sclerosis, is cru-
cial from a clinical point of view.

3.4.5 Presbyesophagus

When Soergel et al. discovered that a significant number of older subjects had
esophageal motility abnormalities, they coined the term “presbyesophagus”. Ten
out of fifteen individuals in their study of nonagenarians had non-propulsive con-
tractions. It has been proposed that the increasing frequency of conditions such as
diabetes and neuromuscular disorders, which can affect esophageal motility, prob-
ably underlies the increased prevalence of esophageal motility abnormalities. It has
recently been shown that as people age, their esophageal transit times for liquid
boluses increase noticeably. However, before establishing a diagnosis of a motility
disorder in older adults with recent onset of dysphagia, it is important to rule out the
presence of a tumor or stenosis.

3.4.6 Secondary Esophageal Motility Disorders

Esophageal dysmotility is a well-known characteristic of progressive systemic scle-
rosis (also known as scleroderma) and other connective tissue disorders. A dilated
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lower esophageal sphincter and the lack of peristalsis are two signs of hypomotility
of the distal esophagus caused by esophageal involvement in progressive systemic
sclerosis, which affects the smooth musculature.

On radiography, the esophagus may appear air-distended for a considerable
amount of time after a swallow, without exhibiting the usual luminal collapse
brought on by a peristaltic contraction. The distal esophagus shows hypomotility
and barium retention on prone oblique views. With disease progression, a dilated
lower esophageal sphincter and esophageal dilatation become evident. Complete
aperistalsis and significant barium retention will be seen in the prone oblique
position.

3.4.7 Diabetes Mellitus

Patients affected by diabetes frequently experience esophageal symptoms, and their
risk of developing dysphagia is more than three times greater than that of non-
diabetic controls. Weak peristalsis and an increased frequency of non-propulsive
contractions are signs of esophageal motility failure. In diabetic patients, esopha-
geal dysmotility is far more common than gastroparesis. Weak peristalsis or non-
propulsive contractions may be seen on radiography.

3.4.8 Chagas Disease

Trypanosoma cruzi infection is the cause of Chagas disease, also known as South
American trypanosomiasis. Cardiomegaly, megaesophagus, and megacolon are the
most common features of the chronic phase of the disease, which primarily affects
the heart, esophagus, and colon.

Chagas disease and achalasia might have the same radiological and clinical pre-
sentation. The correct diagnosis may also be inferred from the patient’s place of
origin, and serological testing is required to confirm a diagnosis of Chagas disease.

3.4.9 Motility Disorder-Related Esophageal Diverticula

Because esophageal diverticula (Fig. 3.5) are typically linked to an esophageal
motility disorder, they have been included in this chapter. Location of the diverticu-
lum will determine its classification: a mid-esophageal diverticulum is located just
below the level of the aortic arch, an epiphrenic diverticulum is located just above
the diaphragm, and a Zenker diverticulum is located above the pharyngoesophageal
sphincter. Mid-esophageal diverticula were once generally regarded as traction
diverticula of no therapeutic importance. Numerous more recent investigations have
cast doubt on this theory, demonstrating that these diverticula more closely resem-
ble pulsion diverticula. The underlying esophageal motility failure typically linked
to epiphrenic diverticula is probably a contributing cause.
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Fig. 3.5 Delayed progression of contrast agent in the esophagus. Dilatation of the esophageal
lumen with a maximum diameter of approximately 45 mm. Evidence of a diverticulum on the right
esophageal wall in the interbronchial region, with a neck of about 28 mm and a diameter of 63 mm,
with contrast agent retention. Post-operative evidence of fundoplication according to Heller-Dor.
Normally located stomach, patent pylorus, and normal morphology of the duodenal bulb and C-loop

3.5 Gastroesophageal Reflux Disease
and Esophageal Motility

The whole range of esophageal histological alterations and clinical symptoms
caused by gastroesophageal reflux are referred to as gastroesophageal reflux dis-
ease, or GERD. In the general population, GERD is by far the most frequent cause
of esophagitis. Anatomical distortions of the gastroesophageal junction, including
but not limited to hiatal hernia, or temporary relaxations of the lower esophageal
sphincter without anatomical abnormalities are the main mechanisms that have
been identified recently.
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Functional Motor Disorders 4
of the Esophagus

Nicola de Bortoli and Irene Solinas

4.1 Introduction

Patients presenting with esophageal symptoms such as dysphagia or chest pain
potentially are affected by esophageal motor disorders. Those symptoms represent
the first complaint and the most common reasons for referral to a gastroenterologist.
The role of esophageal manometry in clinical practice includes accurately assessing
esophageal motor function, identifying motor dysfunction, and guiding treatment
plans based on these abnormalities.

This chapter provides a brief overview of the major esophageal motor disorders.

Esophageal high-resolution manometry (HRM) is considered the gold standard
for diagnosing esophageal motor disorders. It utilizes color pressure topography,
revolutionizing the classification of motor abnormalities through a hierarchical sys-
tem known as the Chicago Classification. The first version of this classification was
introduced in 2009, with the latest revision (version 4.0) released in January 2021
by the International HRM Working Group [1].

Esophageal motor disorders can stem from dysfunction in various areas: the
upper esophageal sphincter (UES) and/or the cervical esophagus, which contain
striated muscle (the proximal 3-5 cm); the mid and distal esophagus, which consist
of smooth muscle; and the lower esophageal sphincter (LES) or esophagogastric
junction (EGJ), where the LES interacts with the crural diaphragm (CD) to regulate
function.

Disorders of the UES typically arise from abnormalities in the striated muscle or
the extrinsic neurological system. These disorders often result in oropharyngeal
dysphagia, which may be caused by improper relaxation of the UES or the tongue
base region. The primary causes of oropharyngeal dysphagia include:
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1. Central nervous system diseases (e.g., Parkinson’s disease, transient ischemic
attack or stroke, amyotrophic lateral sclerosis, Huntington’s disease)

2. Cranial nerve disorders (e.g., recurrent laryngeal nerve paralysis, diphtheria,
lead poisoning)

3. Skeletal muscle disorders (e.g., inflammatory myopathies, polymyositis, myas-
thenia gravis, myotonic dystrophy, muscular dystrophy).

Esophageal motor function and bolus transit can be assessed through various tests,
including barium X-rays, scintigraphy, and more recently, intraluminal impedance.
HRM is now widely regarded as the gold standard for evaluating esophageal motor
activity.

Solid-state esophageal HRM is equipped with numerous pressure sensors (up to
36) that are spaced closely together. Compared to conventional manometry, HRM
offers several advantages: it eliminates the need for a pull-through technique to
detect the sphincters, and positional shifts do not compromise the accuracy or con-
sistency of pressure readings. Additionally, data visualization has been enhanced by
interpolation between sensors, enabling the display of esophageal pressure topogra-
phy as seamless, color-coded isobaric regions representing esophageal motility and
sphincter function. Both the UES and LES are clearly visible as high-pressure zones.

Before the procedure, patients are required to fast for at least 6 hours for solids and
2 hours for liquids. The test involves a brief observation of the resting EGJ, followed by
the recording of motor activity during 10 swallows of 5 mL of water, each spaced 30
seconds apart. This standard protocol was recently updated in Chicago Classification
version 4.0 [1]. The detailed protocol for esophageal HRM, as outlined in Chicago
Classification version 4.0, can be found in Table 4.1. Any medications that may affect
esophageal motility should be discontinued a few days prior to the test, if possible.

Table 4.1 Standard protocol for esophageal high-resolution manometry according to the Chicago
Classification 4.0 [1]

Supine position

Resting pressure A baseline period of at least 30 seconds is captured to enable
identification of anatomic landmarks including the UES and LES.

Esophageal peristalsis ~ Ten 5-mL wet swallows with water or saline (when using impedance)

evaluation spaced 20-30 seconds apart.

Multiple rapid swallows Five 2-mL wet swallows 2 seconds apart (within 10 s).

Secondary (upright) position

Resting pressure A baseline period of at least 30 seconds is captured to enable
identification of anatomic landmarks including the UES and LES.

Upright peristalsis Five 5-mL wet swallows with water or saline (when using

evaluation impedance) spaced 20-30 seconds apart. In an upright position the
IRP value of the LES/EG]J is normal when <12 mmHg.

Rapid drinking 200 mL water, ingested as fast as possible through a straw

challenge (200 mL)

EGJ esophagogastric junction, /RP integrated relaxation pressure, LES lower esophageal sphinc-
ter, UES upper esophageal sphincter
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4.1.1 Esophagogastric Junction Morphology

The EGJ consists of two main structures: the LES and the CD. EGJ morphology is
categorized into three distinct types: Type I, where CD and LES completely overlap
with no separation visible on the Clouse plot; Type II, where LES and CD are par-
tially separated, producing a double-peaked spatial pressure plot, though the pres-
sure between peaks remains above gastric levels; and Type 11, where LES and CD
are clearly separated, forming a double-peaked pressure plot with the nadir pressure
at or below gastric pressure. Different EGJ characteristics—such as type, resting
pressure, and contractile integral—have shown correlations with gastroesophageal
reflux disease (GERD) [2].

During swallowing, EGJ relaxation is assessed through integrated relaxation
pressure (IRP), calculated as the average of the 4 seconds (contiguous or non-
contiguous) of maximal deglutitive relaxation within a 10-second window starting
at UES relaxation. Using a 4-second IRP cutoff of 15 mmHg achieves optimal
detection of achalasia, with 98% sensitivity and 96% specificity.

4.1.2 Esophageal Pressure Topography Metrics
for Evaluating Swallows

The primary HRM metrics used to assess esophageal contractile function during
swallowing are the distal contractile integral (DCI) and distal latency (DL). The
DCI quantifies the strength of the esophageal contraction, measuring amplitude,
duration, and length (in mmHg-s-cm) within the distal esophagus, using a 20 mmHg
isobaric contour from proximal to distal pressure troughs. This metric was intro-
duced as part of the Chicago Classification. Meanwhile, the DL measures the time
between UES relaxation and the deceleration point along the 30 mmHg isobaric
contour, marking where the propagation speed decreases and distinguishing the
tubular esophagus from the phrenic ampulla. This point is known as the contractile
deceleration point (CDP). DL offers an indirect assessment of deglutitive inhibition
and normal peristalsis, with values below 4.5 seconds indicating a premature con-
traction (Fig. 4.1). Details on peristaltic wave characteristics, including contraction
vigor and pattern, are summarized in Table 4.2.

The following sections of this chapter focus on the primary esophageal motor
disorders identified through HRM. The current classification of these disorders is
outlined in the Chicago Classification version 4.0 (2021) (Table 4.3). The classifica-
tion’s initial version was established in 2009 after an international gastroenterology
conference, Digestive Disease Week, held in San Diego in May 2008. The second
version was developed in 2012 following the International High Resolution
Manometry Working Group meeting in Ascona, Switzerland, in April 2011. The
latest version was compiled through virtual meetings held throughout 2020 during
the global COVID-19 lockdown.



36

N. de Bortoli and I. Solinas

Fig. 4.1 Metrics of
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Table 4.2 Metrics of high-resolution manometry

Parameter Definition Values

IRP Mean/median of the 4 seconds of maximal deglutitive <15 mmHg
relaxation in the 10-second window beginning at UES ~ (normal)
relaxation. >15 mmHg

(abnormal)

DCI Represents the vigor of contraction: amplitude x <100 failed
duration x length (mmHg.s.cm) of the distal esophageal 100—450 weak
contraction exceeding 20 mmHg from the transition 450-8000 normal
zone to the proximal margin of the LES. >8000

hypercontractile

DL Interval between UES relaxation and the CDP (normal ~ >4.5 s normal

value 4.5 s). It represents the esophageal relaxation that <4.5 s premature
precedes the contractile wave.
CDP Inflection point along the 30 mmHg isobaric contour at
which propagation velocity slows demarcating the
tubular esophagus from the phrenic ampulla.
Panesophageal Uniform pressurization extending from the UES to the
pressurization EGJ with 30 mmHg isobaric contour.
Fragmented wave A peristaltic wave (DCI >450) with a large break
(>5 cm) along the 20 mmHg isobaric contour.

CDP contractile deceleration point, DCI distal contractile integral, DL distal latency, EGJ esopha-
gogastric junction, IRP integrated relaxation pressure, LES lower esophageal sphincter, UES upper
esophageal sphincter
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Table 4.3 The Chicago Classification of esophageal motor disorders. Version 4.0

IRP > 15 mmHg
Achalasia type 1

Disorders of the EGJ
100% failed contractions

Achalasia type 2 100% failed contractions with panesophageal pressurization occurring
with at least 20% of swallows

Achalasia type 3 ~ No normal peristalsis; there is some residual motor activity in the distal
esophagus with at least 20% premature contractions, defined as a DL <4.5
seconds.

EGJ-O0 A manometric diagnosis of EGJ-OO is always considered clinically

IRP < 15 mmHg

inconclusive. It is defined as an elevated median IRP in the primary (IRP
<15 mmHg) and secondary position (IRP >12 mmHg) and > 20%
swallows with elevated intrabolus pressure in the supine position, with
evidence of peristalsis. Conclusive diagnosis of EGJ-OO requires
clinically relevant symptoms with supportive investigations supporting
obstruction (TBE).

Disorders of peristalsis

Aperistalsis 100% of failed contractions (DCI <100 mmHg.s-cm).
Distal esophageal 100% normal contractions with at least 20% or more premature
spasm contractions defined as a DL <4.5 s.
Hypercontractile ~ Normal peristalsis with occurrence of >20% of swallows with a DCI
esophagus >8000 mmHg-s.cm and normal latency.
Ineffective 50% or more failed peristalsis (DCI <100 mmHg-s.cm).
esophageal More than 70% ineffective swallows. Ineffective swallows may be failed
motility or weak (DCI 100-450 mmHg-s-cm).
More than 70% fragmented waves (DCI >450 mmHg.s.cm) with large
break (>5 cm).
Normal
Normal Not achieving any of the above diagnostic criteria.

DCI distal contractile integral, DL distal latency, EGJ esophagogastric junction, EGJ-OO esopha-
gogastric junction outflow obstruction, /RP integrated relaxation pressure, 7BE timed barium

esophagogram

4.1.3 Esophageal Pressure Topography Metrics for Scoring
Individual Swallows

HRM peristaltic metrics commonly employed to assess esophageal contractile
function include DCI and DL. The DCI measures the contractile strength of
esophageal peristalsis, introduced within the framework of the Chicago
Classification. It quantifies the amplitude, duration, and length (expressed in
mmHg-s-cm) of distal esophageal contraction, calculated along a 20 mmHg iso-
baric contour from proximal to distal troughs. DL measures the interval from
the onset of UES relaxation to the point along the 30 mmHg isobaric contour
where propagation velocity slows, marking the transition from the tubular
esophagus to the phrenic ampulla, also known as the CDP. DL indirectly evalu-
ates deglutitive inhibition and normal peristalsis, with values below 4.5 seconds
indicating premature contraction. Peristaltic wave characteristics, such as con-
tractile vigor and pattern, are detailed in Table 4.1.
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The following sections of this chapter discuss major esophageal motility disor-
ders identified through HRM, based on the latest Chicago Classification version 4.0
(2021) [3].

4.2 Disorders of the Esophagogastric Junction
4.2.1 Esophageal Achalasia

Definition: Achalasia is characterized by an esophageal outflow obstruction result-
ing from abnormal relaxation of the LES due to defective inhibitory control, along-
side impaired esophageal peristalsis.

Epidemiology: Achalasia has an annual incidence of 1 in 100,000 individuals and
a prevalence of 10 in 100,000. It shows no significant racial or gender predilection,
with symptom onset possible at any age but most frequently occurring between 30
and 60 years.

Etiology: Achalasia is generally an idiopathic condition with unknown causes,
although a minority of cases in South America are attributed to Trypanosoma cruzi
infection (Chagas disease). The disorder results from neuronal degeneration in the
esophageal wall, with histology revealing a reduced number of ganglion cells in the
myenteric plexuses. Degeneration primarily affects nitric oxide-producing inhibitory
neurons, which facilitate the relaxation of esophageal smooth muscle, while choliner-
gic neurons that contribute to LES tone via smooth muscle contraction are often rela-
tively preserved. This neuronal degeneration may stem from a T lymphocyte-mediated
immune response, potentially influenced by genetic factors (such as HLA locus predis-
positions), and viral infections have also been suggested as a possible trigger.

The disordered motility characteristic of achalasia is largely due to a loss of
inhibitory neurons in the esophageal wall. In the LES, this loss of inhibitory inner-
vation leads to increased basal sphincter pressure, preventing normal relaxation. In
the esophageal smooth muscle, it results in aperistalsis.

Clinical presentation: The primary symptom is dysphagia, affecting both solids
and liquids in approximately 90% of patients, which may initially be intermittent or
continuous. Patients often adapt by eating more slowly and may describe them-
selves as “slow eaters”. Unlike dysphagia caused by structural obstructions,
achalasia-related dysphagia is commonly accompanied by regurgitation of undi-
gested food or saliva, which can occur even hours after a meal. This regurgitation,
reported in 60-70% of patients, often lacks the acidic taste associated with reflux-
related regurgitation. Some patients may experience aspiration pneumonia (ab-
ingestis pneumonitis) due to regurgitation. Occasionally, patients report chest pain
or heartburn (in fewer than 30% of cases), which should be differentiated from
GERD. Significant weight loss is usually a late symptom.

Diagnosis: HRM is the diagnostic “gold standard” for achalasia and should follow
endoscopy and a timed barium esophagogram (TBE) to evaluate dysphagia and
exclude organic pathology. TBE typically shows a dilated, aperistaltic esophagus with
a “bird-beak” narrowing at the EGJ, indicating a functional obstruction due to LES
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Fig. 4.2 Distinct pattern of achalasia: type I (a) is characterized by an integrated relaxation pres-
sure (IRP) >15 mmHg, no peristalsis or esophageal contraction; type II (b) is characterized by IRP
>15 mmHg and panesophageal pressurization (30 mmHg isobaric contour); type III (¢) is charac-
terized by IRP >15 mmHg, no normal peristalsis and at least 20% or more spastic contractions
(distal latency <4.5 s); esophagogastric junction outflow obstruction (d) is characterized by IRP
>15 mmHg (IRP >12 mmHg in upright position) and normal or weak peristalsis and increased
intrabolus pressure (IBP) in 20% of supine swallows. DL distal latency, EGJ esophagogastric junc-
tion, FLIP functional lumen imaging probe, TBE timed barium esophagogram

non-relaxation. Upper endoscopy is performed to rule out malignancies near the EGJ,
which may mimic achalasia. If no abnormalities or dilation are detected endoscopi-
cally, esophageal biopsies should be taken to exclude eosinophilic esophagitis.

HRM categorizes achalasia into three subtypes, each with distinct therapeutic
implications. The median IRP should exceed 15 mmHg for diagnosis [1] (Fig. 4.2):

* Type I: Absence of esophageal body smooth muscle contractility, often reflecting
advanced achalasia with muscle tone loss and esophageal dilation. In some cases,
the esophagus is too dilated for pressure events to be recorded.

e Type II: Panesophageal compartmentalization of intrabolus pressure in at least
20% of swallows, with the smooth muscle retaining tone and responding to iso-
baric pressure to aid esophageal clearance.

* Type III: Premature contractions in over 20% of swallows, with shortened distal
latency. The timing of peristalsis is abnormal, leading to premature contractions
in the distal esophagus that lacks coordinated peristalsis.

The classification of achalasia into these subtypes is critical for selecting the appro-
priate therapeutic approach.
4.2.2 Esophagogastric Outflow Obstruction

Definition: In the latest version of the Chicago Classification (4.0), the definition of
esophagogastric junction outflow obstruction (EGJ-OO) has been revised and now
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it may be considered a real esophageal motor disorder compared to the Chicago
Classification 3.0 version in which it appeared as a manometric abnormality. The
EGIJ elevated relaxation pressure (IRP >15 mmHg) combined with intact or weak
peristalsis is no longer considered conclusive for an EGJ-OO diagnosis (Fig. 4.2d).

Clinical presentation and diagnostic criteria: Patients with EGJ-OO typically
present with obstructive symptoms, including dysphagia and non-cardiac chest
pain. Elevated relaxation pressure (IRP >15 mmHg) in the supine position should
also be confirmed in the upright position (IRP >12 mmHg), along with at least 20%
of swallows showing increased intrabolus pressure (IBP). A definitive clinical diag-
nosis of EGJ-OO requires both manometric evidence of EGJ-OO and the presence
of relevant clinical symptoms, supported by at least one additional diagnostic test
indicating obstruction, such as TBE or functional lumen imaging probe (FLIP).

Since the classification of EGJ-OO as a motility disorder, nearly 10-15% of patients
undergoing HRM have been identified with an EGJ-OO motility pattern. While some
cases may progress toward achalasia or represent an achalasia variant, over one-third
are clinically insignificant and may be attributed to benign causes, including mechani-
cal factors, opioid use, or measurement artifacts, as detailed in the technical review of
EGIJ-0O0. To prevent unnecessary treatments and improve patient outcomes, it is essen-
tial to distinguish which patients with manometric findings of EGJ-OO truly have
obstructive physiology causing symptoms that warrant intervention.

Etiology and treatment: The exact cause of EGJ-OO remains unknown, and con-
sensus on effective treatment is lacking. Before confirming a diagnosis of EGJ-OO,
upper endoscopy with biopsies should be conducted to rule out eosinophilic esopha-
gitis. Primary EGJ-OO may be managed with calcium channel blockers or nitrates.
Some studies have reported positive outcomes following pneumatic dilation, similar
to the approach used for achalasia. Recently, an Italian study from the Padua
Esophageal Surgical Team presented the first series of patients with EGJ-OO suc-
cessfully treated with Heller-Dor myotomy.

Moreover, the recent Padua Consensus Report (a multi-disciplinary international
working group) developed consensus on the role of HRM pre- and post-antireflux
surgery (ARS), and a postoperative classification to interpret HRM findings. This
consensus stated that the LES obstruction, as defined by the updated manometric
criteria of EGJ-OO in Chicago Classification version 4.0, must be addressed prior
to undertaking ARS.

4.3 Disorders of Peristalsis
4.3.1 Aperistalsis

Definition: Aperistalsis, or absent peristalsis, is characterized by normal EGJ relax-
ation (IRP <15 mmHg) combined with failed esophageal contractions (100% with
DCI <100 mmHg-s-cm) (Fig. 4.3a).

Aperistalsis often occurs as a secondary manifestation of systemic diseases, such
as scleroderma—a connective tissue disorder frequently affecting the smooth



4 Functional Motor Disorders of the Esophagus 41

INEFFECTIVE ESOPHAGEAL MOTILITY
a Failed C Fragmented

) 385mmHg-s-cm
DCI 12mmHg-s-cm
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Fig. 4.3 Disorders of peristalsis with reduced contractile vigor or integrity of peristalsis. These
include absent contractility or ineffective esophageal motility (either related to reduced contractile
vigor or fragmented peristalsis). When the distal contractile integral (DCI) is <100 mmHg.s.cm
(failed contraction; a) in 100% of wet swallows it is diagnostic for absent contractility. Ineffective
esophageal motility (IEM) is characterized by >50% of failed peristalsis or >70% of weak peristal-
sis (b) with a normal integrated relaxation pressure (IRP). In the third example of IEM (c), the DCI
is normal with a fragmentation in peristalsis of >5 cm in the setting of a normal IRP

muscle of the esophagus. Contrast radiography typically reveals a partially dilated,
aperistaltic esophagus with some barium retention and retrograde bolus movement.
Patients commonly present with symptoms like heartburn or regurgitation, which
may lead to an initial diagnosis of GERD. Other systemic diseases, including sys-
temic lupus erythematosus and polymyositis, can also affect esophageal motility by
involving smooth muscle function.

A differential diagnosis between aperistalsis and type I achalasia is essential, as
some cases of type I achalasia exhibit normal IRP values (<15 mmHg). This assess-
ment should include a thorough clinical evaluation, endoscopy, and barium swallow
study. Multiple diagnostic tests are recommended to confirm aperistalsis before
making a final diagnosis.

4.3.2 Ineffective Esophageal Motility

Definition and diagnosis: Prior iterations of the Chicago Classification categorized
ineffective esophageal motility (IEM) and fragmented peristalsis as minor motility
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disorders. In the latest version (4.0), fragmented peristalsis has been incorporated
into the definition of IEM, and the diagnostic criteria for IEM have become more
stringent in response to recent data. Consequently, the Chicago Classification ver-
sion 4.0 no longer differentiates between major and minor motility disorders.

To confirm a diagnosis of IEM, there must be more than 70% ineffective swal-
lows (either weak or failed) or at least 50% failed peristaltic contractions. An inef-
fective swallow includes either failed peristalsis (DCI <100 mmHg-s-cm; Fig. 4.3a),
weak contractions (DCI >100 mmHg-s-cm but <450 mmHg.s.cm; Fig. 4.3b), or
fragmented swallows (Fig. 4.3c). Fragmented peristalsis is characterized by normal
DCI (>450 mmHg-s.cm) with large breaks (>5 cm) along a 20 mmHg isobaric con-
tour [1, 4].

Epidemiology: IEM is the most frequently observed motility abnormality in rou-
tine esophageal manometry, with a prevalence estimated between 20% and 30%.
Among patients presenting with esophageal dysphagia, IEM prevalence is reported
to be as high as 51%. In GERD, IEM is present in approximately 50% of cases and
is associated with increased acid exposure time on 24-hour pH monitoring, espe-
cially in the recumbent position, likely due to impaired esophageal clearance.

IEM is also commonly linked to conditions such as Barrett’s esophagus, diabetic
neuropathy, acute alcohol abuse, eosinophilic esophagitis, and autoimmune dis-
eases affecting the esophagus (e.g., scleroderma) [4]. Currently, there is no effective
treatment to enhance esophageal motility. Although buspirone and itiopride have
shown potential in recent clinical trials, they are not yet available in Italy. Large-
scale clinical trials are necessary to further elucidate the pathophysiology and clini-
cal impact of these minor esophageal peristaltic disorders on patient symptoms.

4.3.3 Distal Esophageal Spasm

Definition: Distal esophageal spasm (DES) is identified using HRM when the IRP
is below 15 mmHg, and 20% or more of swallows exhibit premature contractions,
indicated by a DL of less than 4.5 seconds during 10 wet swallows (Fig. 4.4a).

Epidemiology: DES is a rare esophageal motility disorder. Studies from special-
ized centers indicate a prevalence of approximately 3-9% in large adult patient
populations undergoing esophageal motility evaluations. The average age at diagno-
sis is around 60 years, with a slightly higher incidence in females (55%).

Etiology: The underlying cause of DES remains unclear, and the clinical presen-
tation typically includes dysphagia and chest pain. In some cases, DES presents
with a characteristic “corkscrew” appearance on barium radiography.

Histopathological data on DES are limited, as patients with this disorder rarely
undergo autopsy. Some research suggests that DES is associated with impaired neu-
ral inhibition. Experimental studies in both animals and humans indicate that inhibi-
tion of nitric oxide (NO) activity can induce simultaneous contractions in the distal
esophagus, a pattern characteristic of DES, while administration of NO appears to
reverse this effect. DES has also been occasionally observed in patients with gastro-
esophageal symptoms.
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Fig. 4.4 Disorders of peristalsis with esophageal spasticity or hypercontractility. These include
distal esophageal spasm or hypercontractile esophagus. In this example of distal esophageal spasm
(a), the distal contractile integral (DCI) is normal with a reduced distal latency (DL <4.5 s) and
normal integrated relaxation pressure (IRP). Hypercontractile esophagus includes sub-groups:
single peak hypercontractile swallow (b), hypercontractile with jackhammer esophagus (¢) char-
acterized by chaotic propagation of the wave and repetitive contraction, and hypercontractile with
lower esophageal sphincter (LES) after contraction (d)

4.3.4 Hypercontractile Esophagus

Definition and diagnosis: Hypercontractile esophagus is a unique manometric con-
dition characterized by abnormally vigorous peristaltic contractions, sometimes
accompanied by exaggerated LES after-contractions, in the absence of mechanical
obstruction. A definitive manometric diagnosis requires that at least 20% of supine
swallows exhibit hypercontractility, with a DCI exceeding 8000 mmHg-s.cm
(Fig. 4.4b—d).

Hypercontractile esophagus can be categorized into three main subtypes: (1)
single-peaked hypercontractile swallows (Fig. 4.4b), (2) “jackhammer” swallows
characterized by repeated and prolonged contractions, particularly in the post-peak
phase (Fig. 4.4c), and (3) hypercontractile swallows with strong LES after-
contractions (Fig. 4.4d). These contractions, often located in the distal two-thirds of
the esophageal body and sometimes the LES, may or may not synchronize with
respiration [1, 5].

Pathophysiology: Currently, there is scanty histopathological information avail-
able to aid in the characterization of this motor abnormality. The pathophysiology is
complex and not fully understood, although it is thought that hypercontractility may
result from an imbalance between excitatory and inhibitory neural input.
Additionally, spontaneous contractions may occur, possibly triggered by acetylcho-
line discharge independently of swallowing.

Hypercontractile esophagus is often observed in conjunction with other condi-
tions, including EGJ-OO, GERD, or eosinophilic esophagitis. The primary symp-
tom reported is chest pain, which requires evaluation to rule out cardiac origins.
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Dysphagia is also present in approximately 30-60% of cases, though weight loss is
uncommon.

Management: Currently, there is no consensus on optimal management strategies
for hypercontractile esophagus or related conditions such as DES. First-line treat-
ments in clinical practice include slow-releasing nitrates and endoscopic injection
of botulinum toxin. Low-dose antidepressants may be considered for selected
patients, with dosage adjustments over time to achieve symptom relief. Peroral
endoscopic myotomy (POEM) has been proposed for cases of hypercontractile
esophageal disorders that are unresponsive to medical treatment, particularly when
dysphagia is the primary symptom; early reports show promising outcomes, though
long-term efficacy data are lacking.
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Esophageal pH and pH-Impedance 5
Monitoring

Edoardo Vincenzo Savarino and Luisa Bertin

5.1 Indications and Contraindications

Reflux monitoring, including esophageal pH impedance testing, is crucial for evalu-
ating various clinical scenarios. Ideally, pH monitoring should be conducted off
proton pump inhibitors (PPIs) or potassium-competitive acid blockers to accurately
demonstrate abnormal reflux, particularly when assessing atypical symptoms such
as cough or, together with high-resolution manometry, prior to surgical or endo-
scopic interventions such as surgical or endoscopic fundoplication, non-ablative
radiofrequency treatment, transoral incisionless fundoplication, antireflux muco-
sectomy, and anti-reflux mucosal ablation [1-3]. Reflux monitoring is also valuable
for distinguishing functional gastrointestinal disorders, such as reflux hypersensitiv-
ity (RH) and functional heartburn (FH), which can mimic gastroesophageal reflux
disease (GERD) and to exclude GERD in patients with symptoms compatible with
globus or functional dysphagia [4]. Furthermore, emerging evidence indicates that
reflux monitoring might be advantageous for individuals undergoing bariatric sur-
gery, aiding in the selection of the optimal surgical approach [5-7].

Wireless pH testing should be the first choice in these cases, particularly for
patients who cannot tolerate catheter-based pH studies [1]. For those with persistent
symptoms not fully responsive to PPI therapy, pH impedance studies performed on
optimized anti-secretory therapy can help differentiate between refractory GERD
and disturbances related to gut-brain interactions [1, 4]. This distinction is impor-
tant when considering potentially irreversible anti-reflux interventions. Additionally,
pH impedance monitoring is useful for evaluating suspected rumination syndrome
or frequent belching [1, 4]. It helps differentiate rumination syndrome from GERD-
related regurgitation and distinguishes supragastric belching from gastric belching
in order to tailor cognitive behavior therapy. Contraindications for reflux
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monitoring include significant anatomical abnormalities (e.g., esophageal strictures
or large varices), severe coagulopathy, recent esophageal or upper gastrointestinal
surgery, and patients’ intolerance. Relative contraindications include recent esopha-
geal bleeding, active throat infections, and conditions affecting patient compliance.
For wireless pH monitoring, considerations include pregnancy, known gastrointes-
tinal tract stenosis, and the need for an MRI scan within 30 days.

5.2 Methodology of pHmetry
and pH-Impedance Monitoring

5.2.1 Equipment

The equipment of ambulatory esophageal reflux monitoring consists of a monitor-
ing catheter or capsule, a portable recorder, and a data processing system.

5.2.1.1 Catheters

A pH monitoring catheter is equipped with a pH sensor, which includes a reference
electrode at a constant potential and an indicator electrode sensitive to hydrogen ion
concentration. The number of sensors or electrodes in a probe is referred to as
“channels”, with single-channel, dual-channel, and multichannel probes available
to meet clinical or research needs. Changes in potential difference between the elec-
trodes indicate pH value alterations, with data stored in a portable recorder and
processed into real-time pH variation curves.

A multichannel intraluminal impedance and pH monitoring (MII-pH) catheter
consists of one or two pH electrodes placed in the distal esophagus and at least eight
metal rings forming impedance-measuring channels spaced along the esophagus [8].
MII-pH monitoring detects the physical and chemical characteristics of reflux epi-
sodes, including acidic, weakly acidic, and weakly alkaline reflux. It also provides
detailed reflux profiles, including extent, velocity, clearance time, and bolus direction.
The extent of reflux is classified based on how far it travels up the esophagus, with
proximal reflux reaching 15 cm above the lower esophageal sphincter (LES).

Accurate placement of the pH catheter is crucial for reliable esophageal reflux
monitoring. The procedure begins by assessing both nostrils to select the one with
the clearer passage. After applying a local anesthetic, the catheter is gently inserted
through the chosen nostril and guided towards the posterior pharynx. To facilitate
the catheter’s passage, the patient may be instructed to lower their head and, if
needed, swallow to help move the probe through the oropharynx. The pH sensor
should ideally be positioned 5 cm above the upper border of the LES. This place-
ment, established during the development of the test, ensures that the sensor does
not slip into the proximal stomach during esophageal contractions with swallowing
or fail to detect reflux episodes if positioned too high in the esophagus [9, 10].
While manometry is commonly used to guide catheter placement, alternative meth-
ods such as radiography, endoscopy, or the pH “step-up” technique can be utilized
if manometry is not available [11].
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Once the catheter is in place, it is secured with a tape. The recorder, which should
be worn around the waist or over the shoulder, is then used to track the patient’s
symptoms, meals, body position, and medication use. To ensure the accuracy and
consistency of the data, a minimum of 16 hours of catheter-based monitoring is
required [12-15]. Once the recording is finished and the catheter is removed, the
data is transferred to a computer for subsequent analysis.

5.2.1.2 Wireless pH Monitoring

The core component is a small, biocompatible capsule containing a pH electrode,
battery, and transmitter. The capsule attaches to the esophageal mucosa and trans-
mits pH data to an external receiver, a portable recorder [16]. Two commercially
available systems, Bravo™ and alpHaONE, offer different dimensions, weights,
working durations, and sampling frequencies.

The capsule is usually placed transorally under endoscopic guidance for optimal
comfort and accuracy. However, if necessary, it can also be positioned transnasally
after identifying the LES using manometry. The capsule should be positioned approx-
imately 6 cm above the Z-line or 9 cm above the LES, adjusted for the route taken [16,
17]. Figure 5.1 illustrates the variations in placement among the available devices.

Once the desired location is confirmed, the capsule is positioned using a delivery
device. The capsule is attached to the esophageal wall by applying suction to draw tissue
into the capsule’s chamber. After placement, the delivery device is carefully removed.

Patients are generally provided with either a paper diary or an electronic device
to log activities such as mealtime, position changes and their symptoms, with each

[ Single channel " Dual channel pH- n‘:::f:;?:;‘ Wireless pH- |
pH-monitoring monitoring B ‘
catheter catheter lmpﬁdat'\ce (es‘l‘ pH monllo'(lng capsﬂe

Fig. 5.1 Placement of catheter-based and wireless esophageal reflux monitoring equipment. The
figure depicts the positioning of various reflux monitoring devices relative to the lower esophageal
sphincter (LES). Yellow highlights indicate the location of the pH electrode, while green denotes
the impedance electrode. (Created with Biorender.com [Last accessed 15/07/2024])
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symptom noted along with its precise time of occurrence. The capsule will detach
naturally, and it is disposable. X-ray confirmation of capsule passage may be con-
sidered in specific situations, such as patient concern or prolonged retention.

5.2.2 Analysis and Interpretation of pH Measurement
and Impedance Analysis

5.2.2.1 Pre-analysis and Visual Inspection

Before analyzing pH- and pH-impedance recordings, it is important to conduct a
visual inspection to rule out technical issues that might affect accuracy, such as
recording gaps during mealtimes or prolonged periods of low pH values, gradual
changes in pH values that may indicate failed calibration or damaged sensors, or
misplacement of the pH electrode affecting measurements.

Automated analysis might overestimate non-acid reflux or inaccurately calculate
reflux-symptom associations, necessitating manual review [18, 19]. Therefore, it is
recommended to perform manual validation afterwards using a 5-minute or 2-minute
time window to confirm or exclude reflux episodes and swallowing events and man-
ual editing of data before final analysis. Challenges include the tedious nature of
visual data inspection and limitations of current software, particularly in cases of
severe esophagitis or Barrett’s esophagus causing very low baseline levels [20].

A recent update to the original GERD Consensus diagnostic criteria has been
published in the Lyon Consensus 2.0, which outlines criteria for both diagnosing
and excluding GERD [1]. The main parameters assessed through pH-monitoring
and pH-impedance monitoring are detailed below and summarized in Table 5.1,
together with their commonly accepted cutoffs.

5.2.2.2 Acid Exposure Time

Acid exposure time (AET) is a key metric for diagnosing acid reflux, with a cutoff
of pH <4.0 being widely accepted when using both catheter-based and catheter-free
devices. This threshold is chosen because pepsin’s proteolytic activity decreases in
solutions with a pH above 4.0, and reflux symptoms commonly occur when intrae-
sophageal pH drops below 4.0 [21, 24, 25]. AET is accurately calculated automati-
cally through analysis software [26].

5.2.2.3 Number of Reflux Episodes

The total number of reflux episodes includes all types of reflux events [1, 4, 27].
Accurate interpretation of pH-impedance data often necessitates manual verifica-
tion, as automated systems may overestimate the number of episodes. According to
the Lyon Consensus 2.0, fewer than 40 reflux episodes per day suggest a lower
likelihood of pathological GERD, while more than 80 episodes per day may indi-
cate objective GERD [1]. However, these thresholds are not definitive for predicting
therapy response or determining the need for surgery. In patients with confirmed
GERD, a combination of an AET greater than 4% and more than 80 reflux episodes
per day may signify refractory GERD [1].
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Table 5.1 Main parameters evaluated with pH-monitoring and pH-impedance monitoring

Catheter-based Wireless
pHmetry Impedance-pH monitoring pHmetry

Duration of the 24 24 48-96

procedure (hours)

AET (%) [1] AET >6.0 AET >6.0 in patients with unproven =~ AET >6.0%
GERD; AET >4% (combined with for >2 days
>80 reflux episodes/day) in patients
with proven GERD [1]

Total reflux episodes N/A >80 in patients with unproven N/A

(acidic, weakly acidic, GERD:; >80 (combined with AET

and weakly alkaline >4%) in patients with proven GERD

reflux) (n) [1]

Symptom index (%) [1]  >50 >50 >50

Symptom association >95 >95 >95

probability (%) [1]

DeMeester score [21, 22] >14.72 >14.72 >14.72

Post-reflux swallow- N/A >61 N/A

induced peristaltic wave

index (%) [23]

Mean nocturnal N/A <1500 N/A
baseline impedance ()

AET acid exposure time, GERD gastroesophageal reflux disease

5.2.2.4 Symptom Association

To link symptoms with reflux episodes, clinical practice commonly employs tools
such as the Symptom index (SI) and Symptom association probability (SAP)
[28-30]. The SI measures the percentage of symptoms that occur within 5 minutes
of a reflux event, divided by the total number of symptoms [21]. However, the SI
does not account for the total number of reflux episodes, meaning a patient with
numerous reflux episodes but only one symptomatic event could still have an SI of
100%. In contrast, the SAP uses statistical analysis to determine whether the asso-
ciation between reflux events and symptoms is likely due to chance. A SAP value
greater than 95% indicates a less than 5% probability that the observed association
is random, and is thus considered positive. The Lyon Consensus 2.0 on ambulatory
reflux monitoring highlights that combining SI and SAP provides the most clini-
cally relevant insights. These metrics are particularly important for distinguishing
between reflux hypersensitivity and functional heartburn in patients with normal
AET, where the former is characterized by a positive symptom-reflux association
and the latter by a negative association [1, 4].

5.2.2.5 DeMeester Score

The DeMeester score is a comprehensive metric for assessing acid exposure that
combines total AET, upright and supine AET, reflux episodes, and the longest acidic
reflux episode. Most commercial pH monitoring software automatically calculates
and reports this score, along with individual exposure times. While the DeMeester
score helps address some of the variability related to sex and age seen with simple
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AET, scores exceeding 14.72 generally indicate pathological acid exposure but do
not account for symptom-reflux associations [21, 22]. Notably, this score has not
been included in the original Lyon Consensus or the Lyon Consensus 2.0 guidelines
for GERD diagnosis [1, 31].

5.2.2.6 Post-reflux Swallow-Induced Peristaltic Wave and Its Index
Esophageal clearance occurs in two distinct phases. The first phase is characterized
by a secondary peristaltic wave, which is initiated by stretch receptors to clear vol-
ume from the esophagus. The second phase involves a primary peristaltic wave,
triggered by an esophago-salivary vagal reflex, which delivers salivary bicarbonate
and epidermal growth factor to the distal esophageal mucosa, thereby providing
chemical clearance and restoring a neutral pH [32]. The post-reflux swallow-
induced peristaltic waves (PSPWs) reflect this second phase of chemical clearance.
In MII-pH monitoring, PSPWs are identified by an antegrade 50% drop in imped-
ance from the pre-swallow baseline, starting at the most proximal impedance site
and reaching all distal sites, followed by at least a 50% return to baseline at all distal
sites [32, 33]. The PSPW index (PSPWI), calculated as the number of PSPWs
divided by the total number of reflux episodes, is manually computed, with a value
below 61% considered abnormal and indicative of potential pathological reflux
[23]. While the Lyon Consensus 2.0 guidelines do not incorporate PSPW analysis
in the diagnosis of GERD, it is recognized as a valuable research tool. PSPW analy-
sis can be particularly useful for phenotyping GERD, as it has been found to be
elevated in PPI-refractory GERD patients with esophagitis [1].

5.2.2.7 Mean Nocturnal Baseline Impedance

Exposure of the esophageal mucosa to harmful agents and the resulting mucosal
damage may lead to a decrease in transepithelial electrical resistance [34]. Mean
nocturnal baseline impedance (MNBI), measured during sleep, reflects esophageal
mucosal integrity. There are two methods for calculating baseline impedance: it can
be derived from the average of three 10-minute intervals between 1:00 and 3:00 a.m.,
or from the average of the entire nocturnal recumbent period [35, 36]. The calcula-
tion currently needs to be done manually [37, 38]. An MNBI of less than 1500 Q
suggests impaired mucosal integrity and supports the diagnosis of GERD, whereas
an MNBI greater than 2500 Q suggests normal mucosa and argues against patho-
logical GERD, as was recently stated by the Lyon Consensus 2.0, and is particularly
valuable when AET results are inconclusive [1].
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Pier Alberto Testoni and Sabrina Testoni

6.1 Introduction

Gastroesophageal reflux disease (GERD) is a very common disorder that can be
treated by medical, surgical, or endoluminal therapy. Proton pump inhibitors (PPIs)
are the therapy of choice; however, several issues have been raised in the last years
about PPI-based treatment of GERD and approximately up to 40% of patients with
GERD are unsatisfied with PPI therapy [1-7]. For patients who have contraindica-
tions to long-term use of PPIs or medically refractory GERD, laparoscopic fundo-
plication or endoluminal interventions may be required. Surgical procedures for
GERD create a flap valve by wrapping the gastric fundus around the gastroesopha-
geal junction (so-called fundoplication). However, outcomes are suboptimal and
there is a risk of long-lasting adverse events such as dysphagia, gas-bloat syndrome,
and inability to vomit or belch [8]. In fact, considering all these drawbacks, patients
suffering from a mild form of GERD are in general reluctant to undergo surgical
repair of the valve. Concerns related to medical and surgical therapy of GERD have
led to search for therapeutic endoluminal alternatives less invasive than surgery and
free from drug-related side effects. Several techniques have been proposed in the
past, but all were abandoned and are no longer available due to poor efficacy and
safety issues. However, since the year 2001 novel endoluminal techniques have
been introduced in clinical practice and proven effective in the treatment of GERD
in selected patients, with an optimal safety profile.
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These techniques can be categorized into three categories:

1. Transoral incisionless fundoplication (TIF), aiming to reconstruct the lower
esophageal sphincter (LES): EsophyX™ 2.0/Z (EndoGastric Solutions,
Redmond, WA, USA), Medigus Ultrasonic Surgical Endostapler™ (MUSE™)
(Medigus, Omer, Israel), and GERD-X™ (G-SURG GmbH, Seeon-Seebruck;
Germany).

2. Mucosal resection/ablation for gastric cardia constriction: antireflux mucosec-
tomy (ARMS) and antireflux mucosal ablation (ARMA).

3. Delivery of radiofrequency energy near the LES to increase its pressure
(STRETTA®; Mederi Therapeutics, Norwalk, CT, USA).

6.2 Transoral Incisionless Fundoplication

TIF reconfigures the tissue to obtain a full-thickness gastroesophageal valve from
inside the stomach, by means of serosa-to-serosa plications which include the mus-
cle layers, mimicking a mean 180° up to 270° surgical fundoplication, depending on
the technique adopted. The neo-valve is capable of boosting the barrier function of
the LES with less discomfort and fewer side effects for the patient compared to
surgery.

6.2.1 EsophyX™2.0/Z

EsophyX™ is the endoluminal platform with the greatest experience, with more
than 25,000 TIF procedures performed so far worldwide, as reported by market
data. This technique reduces the angle of His and a small hiatal hernia by con-
structing a 250°-300° (mean 270°) neo-valve. Four generations of EsophyX™
models have been produced over the years [9], but good clinical results have
been obtained only with the 2.0 and Z models. The neo-valve is created by plac-
ing at least 20 polypropylene H-shaped fasteners transmurally across the esoph-
agogastric tissue, 1 cm and 3 cm below the Z-line. Before deploying the
fasteners, a torque is applied by rotation allowing part of the fundus to rotate
around the esophageal wall and more tissue to be engaged by the stylet. Rolling
the fundus over and around the distal esophagus increased by 30% the success
rate of the procedure [10, 11]. The technique is able to reduce hiatal hernias
<2.5 cm. Details of TIF by EsophyX Z™ are illustrated in Fig. 6.1. EsophyX™
2.0/Z is currently the only endoluminal technique that fulfils four of the five
principles reported for an effective antireflux surgery: it reduces hiatal hernia
<2.5 cm; it elongates the intra-abdominal esophagus; it creates a fundoplication
without strictures by approximating and tightening the fundus around the esoph-
agus and recreating the dynamics of the angle of His; and it restores the gastro-
esophageal high-pressure zone.
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Fig. 6.1 Transoral fundoplication by EsophyX™ 2 .0. With the gastroscope placed in a retro-
flexed position, tissue is drawn into the device with a helical tissue screw to create a valve. The
fastener deployment process initiates on the far posterior and anterior sides of the esophagogastric
valve adjacent to the lesser curvature and is then extended to the greater curvature, resulting in a
new valve with a circumference of >240° and a length of 3 cm. Additional fasteners can be
deployed to further reinforce the neo-valve. Before deploying fasteners a torque is applied by rota-
tion allowing part of the fundus to rotate around the esophageal wall and more tissue to be engaged
by the stylet

6.2.2 Medigus Ultrasonic Surgical Endostapler™ (MUSE™)

MUSE™ is no longer available in Europe and USA but currently used in China and
Far East countries. It staples the fundus of the stomach to the esophagus below the
diaphragm using three sets of five metal sutures, placed under an ultrasound-guided
technique and a software program, mimicking a 3 cm-long, 180° anterior fundopli-
cation [12, 13]. Details of the MUSE™ procedures are illustrated in Fig. 6.2.
MUSE™ is unable to reduce hiatal hernia, differently from EsophyX™; hiatal her-
nia can be reduced only by applying a positive end-expiratory pressure (PEEP) of at
least 5 mmHg (7.5 cm H,0) with the patient intubated.
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Fig. 6.2 Transoral fundoplication by MUSE™. The scope is retroflexed and pulled back to keep
the cartridge approximately 3 cm above the gastroesophageal junction to clamp the tissue and
place staples using the ultrasonic range finder. Stapling starts in the leftmost location; this is the
anchoring point for the fundus and should be placed as far to the left of the esophagus as possible.
The additional stapling locations should be within 60°-180°

6.2.3 GERD-X™

This is a modification of the original plicator device. The procedure is like that
of EsophyX™ but creates an anterior fundoplication. Once the device is retro-
flexed into the gastric fundus, the plicator arms are opened and cardia tissue is
gathered between the arms, with deployment of a pre-tied transmural pledgeted
suture. The procedure can be repeated to deploy additional sutures for a tighter
closure [14]. The device is presented in Fig. 6.3. The device is unable to reduce
hiatal hernia.
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Fig. 6.3 Transoral fundoplicaton by GERD-X™. Once the device is retroflexed into the gastric
fundus, the plicator arms are opened and the tissue retractor is advanced into the gastric cardia and
pulled back to gather tissue between the arms of the plicator. The arms are then closed to deploy a
pre-tied transmural pledgeted suture. The procedure can be repeated to deploy additional sutures
for a tighter closure (G-SURG GmbH, GmbH, Seeon-Seebruck; Germany)

6.3  Antireflux Mucosectomy/Ablation

ARMS is a relatively novel endoscopic technique developed by Inoue et al. The idea
came from the circumferential mucosal resection of Barrett’s mucosa with high-
grade dysplasia up to 2 cm of gastric cardia, resulting in reduced reflux symptoms.
The procedure involves increasing the mucosal resection along the lesser curvature
(1 cm in the esophagus and 2 cm in the stomach) using endoscopic mucosal resec-
tion techniques. The antireflux effect of ARMS is due to scar formation along the
gastric side, resulting in a narrowed cardia opening. The first patients undergoing
ARMS were treated by circumferential mucosal resection that allowed effective
reduction of reflux episodes but was associated with a high incidence of strictures
requiring dilation. A mucosal resection involving half to two-thirds of the circum-
ference appeared to be a good compromise between effective treatment of reflux
symptoms and risk of stricture. A pilot study of 10 patients showed a significant
improvement of acid exposure time and DeMeester score, with all patients being
able to discontinue PPI therapy [15].

ARMA was first used by Inoue et al. as additional treatment in a patient with
post-ARMS insufficient shrinkage of the cardia opening resulting in unresolved
symptoms. Ablation is carried out by argon beam using soft power, after creating a
submucosal cushion to reduce the risk of perforation by thermal injury. It starts
0.5-1.0 cm above the Z-line and is extended up to 2.0 cm below in the stomach,
along the lesser curvature. In general, ablation involves approximately 50% of
mucosa, but its extension can be increased to two-thirds in cases with reduced LES
basal pressure and severe esophagitis. Inoue et al. performed a pilot study of 12
patients: both the GERD health-related quality of life (GERD-HRQL) and
DeMeester scores improved significantly [16]. Post-procedure dysphagia was
reported only in one patient.
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Both ARMS and ARMA cannot reduce hiatal hernia but have the advantage of
being less costly than other endoscopic device-assisted antireflux procedures.
However, long-term studies on larger series of patients are needed to validate this
therapy.

6.4 Delivery of Radiofrequency (STRETTA®)

The STRETTA® system involves delivery of radiofrequency energy to muscles
of the LES and gastric cardia using a catheter with a four-channel radiofre-
quency generator and a balloon-basket assembly with four nitinol needle elec-
trodes at the tip. The energy is delivered to an area spanning 2 cm above and
below the gastroesophageal junction. Radiofrequency energy is delivered at low
frequency and power output with a temperature range of 65 °C-85 °C in the
muscularis propria (Fig. 6.4). STRETTA® is assumed to work by causing col-
lagen deposition with consequent submucosal fibrosis and hypertrophy of the
LES muscle, which reduce wall distensibility of the gastroesophageal junction
and the frequency and amplitude of post-prandial transient LES relaxations.
STRETTA® also reduces esophageal sensitivity to refluxed acid, with a positive
effect on pyrosis. Best candidates for STRETTA® treatment are patients suffer-
ing from GERD with predominant retrosternal pyrosis and hypersensitive
esophagus [17]. The procedure should not be indicated in presence of hiatal
hernia >2.0 cm, hypertonic motility disorders of the esophagus and severe
esophagitis.

Fig. 6.4 Delivery of radiofrequency by STRETTA®. The balloon-basket assembly is advanced to
the esophagogastric junction and then inflated to introduce the four needles into the muscularis
propria layer. The energy is delivered to an area spanning 2 cm above and below the gastroesopha-
geal junction. The procedure is repeated rotating the catheter by 45° to deliver energy to four
additional sites, to treat the entire cardia circumference
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6.5 Clinical Efficacy of Endoluminal Antireflux Therapies

To date, sufficient data to draw conclusions about the efficacy and safety of endolu-
minal antireflux procedures are available only for STRETTA® and EsophyX™ 2.0.

The efficacy of STRETTA® has been proven in two large meta-analyses of 1441
and 2468 patients, respectively, showing improvements in the GERD-HRQL score,
reduction of acid exposure time, increased basal LES pressure, and safety [18, 19].
The long-term efficacy in terms of patient satisfaction and reduced PPI use has been
reported over a 10-year follow-up [20]. However, a recent systematic meta-analysis
including four randomized controlled trials and focusing on normalization of acid
exposure time and ability to stop PPI as endpoints failed to find any significant dif-
ference between STRETTA® and sham therapy [21].

The efficacy and safety of TIF by EsophyX™ 2.0 have been documented in four
meta-analyses [22-25] reporting significant improvement in symptomatic out-
comes, patient satisfaction and PPI cessation. Functional findings, when reported,
were assessed in three meta-analyses and showed that TIF with rotational technique
was effective in reducing the mean esophageal acid exposure time, number of reflux
episodes, and DeMeester score. One meta-analysis (9 studies, 868 patients) com-
pared TIF with magnetic sphincter augmentation, reporting comparable outcomes
[24]. Another meta-analysis including only long-term studies (>3 years), with TIF
performed with both EsophyX™ 2.0 and MUSE™, showed that the symptomatic
improvement achieved in the first three years was maintained over time up to ten
years [25]. TIF with EsophyX™ 2.0/Z is a safe procedure. Severe adverse events
(SAESs) have been reported in 2-2.5% of cases. More frequent SAEs were perfora-
tions, bleeding, pneumothorax and mediastinitis. Since 2008, the Manufacturer and
User Facility Device Experience (MAUDE) FDA database reported a SAE rate of
approximately 0.36%, with no mortalities, in over 25,000 TIF 2.0 procedures per-
formed [26].

Data supporting the efficacy and safety of TIF performed by MUSE™ are lim-
ited. Long-term outcomes up to 3 and 5 years have been reported in four studies [12,
27-29]. A significant improvement of GERD-HRQL was reported in all the studies
6 months after the intervention and was maintained up to 5 years. PPI use was
stopped in 69-84% of patients; satisfaction rate was reported in two studies and
varied from 77% to 84%. The complication rate was similar to that reported for
EsophyX™ 2.0, but the severity was higher, requiring surgical repair in several
cases. Despite the good clinical results, few centers have adopted this technique
because of the severity of SAEs. A recent study at our center comparing Esophy X™
2.0 and MUSE™ reported similar technical success rates (98% and 97.8%, respec-
tively) and moderate-severe adverse event rates (4.1% and 4.4%, respectively).
However, the MUSE™-related adverse events were life-threatening. Outcomes in
terms of GERD recurrence, PPI consumption and patient satisfaction were also
similar [30]. Although TIF is nowadays proposed as an effective therapy in selected
patients, the long-term outcomes need to be compared to those of laparoscopic
Nissen and partial fundoplication, which still represent the gold standard treatment
for refractory GERD, to draw definite conclusions about the real clinical efficacy of
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Table 6.1 Long-term (5-10 years) clinical outcomes of transoral incisionless fundoplication
(TIF), laparoscopic Nissen fundoplication (LNF) and laparoscopic partial fundoplication (LPF)

TIF LNF LPF
(9 studies; 308 (8 studies; 497 (8 studies; 442
patients) patients) patients)
GERD recurrence 22.6% 22.7% 20.5%
(14.3%—-32.3%) (9.6%-37.8%) (13.3%-29.7%)
Cessation of PPI 69.8% 59.3% 70.1%
therapy (41.7%—84.6%) (7.7%-91.9%) (29.3%-96.7%)
Patients satisfied 76.8% 81.3% 75.5%
(70.4%—-86.7%) (69.49%—-89.4%) (68.7%-91.8%)

GERD gastroesophageal reflux disease, LNF laparoscopic Nissen fundoplication, LPF laparoscopic
partial fundoplication, PPI proton-pump inhibitor, 7/F transoral incisionless fundoplication

TIF. To do this, we carried out a systematic literature review assessing GERD recur-
rence, cessation of PPI therapy and patient satisfaction, 5 to 10 years after the pro-
cedure, in patients who underwent TIF, laparoscopic Nissen and partial
fundoplication. In fact, the outcomes proved to be substantially similar for the three
fundoplication techniques, as reported in Table 6.1. A recent meta-analysis includ-
ing 33 studies (4382 patients) and comparing the long-term outcomes of the differ-
ent laparoscopic antireflux fundoplications, magnetic sphincter, STRETTA®, TIF,
PPI and placebo in the treatment of GERD, showed a substantially similar efficacy
on typical reflux symptoms and PPI use, and the lack of significant differences in
the pre- and post-procedural LES basal pressure and pH variations [31].

Few data are available for the GERD-X™ procedure. Clinical efficacy has been
assessed in three prospective studies including few patients, with a follow-up lim-
ited to only 3 and 12 months. All studies reported a significant improvement of the
GERD-HRQL score and limited response in objective parameters (DeMeester
score, esophageal acid exposure and LES basal pressure). The largest study (70
patients randomized to either GERD-X™ or a sham procedure) reported an improve-
ment in total acid and non-acid reflux episodes in the GERD-X™ arm at 3 months
but not at 12 months, compared to the sham procedure [32]. No major SAEs were
noted in the three studies. The clinical efficacy of GERD-X™ needs to be confirmed
in larger studies with longer follow-up periods; however, the impossibility to reduce
hiatal hernia represents a limitation of this technique.

Outcomes of ARMS and ARMA are limited to 3 years and have been assessed in
a recent meta-analysis including 15 nonrandomized studies (12 ARMS, n = 331; 3
ARMA, n = 130) [33]. ARMS and ARMA yielded similar clinical success rates,
with significant improvements in GERD-HRQL score, recurrence of esophagitis,
and acid exposure time. The pooled 6-month, 1- and 3-year mean clinical success
rates were 78%, 72% and 73%, respectively, while the overall proportion of patients
off PPIs at 1 year was 64%. The most common adverse event was dysphagia (11%),
requiring dilation (7%). Four cases of perforation were recorded in patients under-
going ARMS. This poses the question of whether ARMA should replace ARMS,
given that ablation achieved similar GERD control. However, the body of evidence
is less for ARMA, and no head-to-head studies have been carried out. Again, studies
on long-term outcomes are needed.
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6.6  Which Patients Should Consider Endoluminal Therapy
for GERD?

Patient selection for endoluminal therapy is critical. The patient must have a
clear indication for an antireflux procedure, such as esophagitis or non-erosive
esophagitis documented at functional investigation (NERD); hypersensitive
esophagus is an indication as well, but the outcomes are more uncertain. Patients
with functional heartburn should not be considered for invasive procedures.
Patients should also respond at least partially to PPI therapy. Among patients
with esophagitis, endoluminal techniques should be suggested in the presence of
mild disease (grade A or B according to the Los Angeles classification), because
no data are currently available on the efficacy of these procedures in more severe
esophagitis, which has been considered an exclusion criterion in all protocol
studies so far. As regards Barrett’s esophagus endoluminal therapy may be sug-
gested only in the presence of a short segment (<3 cm), because data on long-
segment disease are currently unavailable. To identify which patients are good
candidates for the different antireflux treatments, several parameters should be
considered: A) whether there is a hiatal hernia, what is its vertical and axial size,
and whether it can reduce spontaneously or not. The axial and vertical length of
the hiatal hernia can be assessed by an esophagogram or upper endoscopy; B)
Hill’s grade of the gastroesophageal junction. Hill’s classification is the most
effective way to quantify the crural opening and is best assessed during a retro-
flex view of the endoscope with active insufflation of 60 seconds at least; C)
whether the LES needs to have a valve reconstruction; D) whether the right crus,
which acts as a sling or noose around the gastroesophageal junction, needs to be
tightened; E) whether there is impairment of esophageal motility (ineffective
esophageal motility [IEM] according to the Chicago classification) and what is
its severity. A Hill’s grade 1 or 2 of the valve and a hiatal hernia up to 2.5 cm in
length and 2.5 cm in axial diameter are acceptable for endoluminal therapy; more
severe Hill’s grades and sizes of hiatal hernia will most likely need a crural
repair, which cannot be accomplished with endoluminal procedures alone.
However, studies on TIF in presence of Hill’s grades 3 and 4 are ongoing. In the
presence of IEM, the Nissen fundoplication is in general not indicated to avoid
post-interventional dysphagia, and partial laparoscopic fundoplication is pre-
ferred. In these patients TIF by EsophyX™ 2.0/Z creates a circumferential fun-
doplication (270°) like that obtained by the Nissen technique but without risks of
dysphagia. However, the grade of IEM severity that would significantly affect
post-TIF outcomes is still an unsettled issue. Among the available endoluminal
therapies, current guidelines include only STRETTA® and TIF by EsophyX™
2.0/Z, because for the other techniques evidence-based recommendations are
lacking. Indications for endoluminal therapy are GERD persisting for at least
6 months, responsive or partially responsive to PPI therapy, with hiatal hernia
<2.5 cm in length and Hill’s grade 1-2 of the valve, in patients who are intolerant
or have contraindication to PPI therapy, or require high dose maintenance ther-
apy, or refuse it, as first choice instead of laparoscopic fundoplication.
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6.7  Future Perspectives for Transoral
Incisionless Fundoplication

With TIF by EsophyX™ 2.0/Z now established as an effective endoscopic antireflux
procedure for selected patients with GERD, there are many clinical “settings” where
TIF is being explored.

TIF has been performed along with concomitant laparoscopic hernia repair
(cTIF), within a trend moving away from Nissen fundoplication due to high rates of
postoperative gas-bloat syndrome and dysphagia. From a surgical technical point of
view, performing laparoscopic repair of the hiatal defect alone avoids the more
extensive dissection required to create the retroesophageal window where to reposi-
tion the bulk of the fundus, which may increase the risk of complications. The Food
and Drug Administration (FDA) approved in 2017 cTIF in patients with hiatal her-
nia larger than 2 cm. Results of the first studies showed that after cTIF 74% to 90%
of subjects were not using PPI and there were no adverse events related to laparo-
scopic surgery. Although this is an interesting trend, randomized clinical trials are
required to establish cTIF efficacy and side effects compared with the standard
Nissen or partial fundoplication.

TIF is being used after esophageal peroral endoscopic myotomy (E-POEM).
Recent meta-analyses show that POEM achieves better improvement of dyspha-
gia than Heller myotomy, with a 50% risk of developing GERD, which is simi-
lar for two procedures. The risk is reduced to 10% if a partial laparoscopic
fundoplication is associated with Heller myotomy. In fact, a laparoscopic fun-
doplication is routinely performed along with Heller myotomy to prevent a
GERD, which will occur in only about 50% of cases. A cost-effective strategy
could be to reserve TIF only for those patients who develop post-POEM
GERD. A strategy of pre-emptive TIF has been also suggested before E-POEM
for type 1 achalasia patients with dilated and tortuous esophagus to “straighten”
the esophagus by retracting more of the esophagus below the diaphragm in cre-
ation of the neo-valve.

TIF can be considered in obese patients before laparoscopic sleeve gastrectomy
or endoscopic gastroplasty, given the higher rate of GERD with these procedures
compared with Roux-en-Y gastric bypass (RYGB). Because TIF does not incorpo-
rate much of the gastric fundus, a gastrectomy or gastroplasty is still feasible after a
TIF. This strategy may decrease the number of patients undergoing RYGB due to
preoperative GERD. TIF post-gastrectomy is also possible, although it requires a
sufficient gastric luminal diameter for the device to close.

Another potential field of application for TIF is Barrett’s esophagus. To date only
patients with short segment have undergone TIF but the numbers are too low to
draw conclusions and no data are available for long-segment disease. In particular,
TIF could be offered to patients with a previous history of Barrett’s dysplasia who
have reached complete remission of intestinal metaplasia by endoscopic resection
and/or ablation but need lifelong use of PPIs.
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Hypotonic Lower Esophageal Sphincter
and Hiatal Hernia: Clinical Symptoms
and Diagnosis

Stefano Siboni and Marco Sozzi

7.1 Introduction

Hypotonic lower esophageal sphincter (LES) and hiatal hernia are two interrelated
conditions that significantly contribute to gastroesophageal reflux disease (GERD).
A comprehensive assessment of the clinical presentation and objective tests is
essential for a confident GERD diagnosis and for an effective treatment. This chap-
ter will explore the anatomical bases, pathophysiology, symptoms and diagnostic
approaches of hypotonic LES and hiatal hernia.

7.2  Anatomy and Physiology

The LES, also called “intrinsic sphincter” constitutes a specialized region of the
esophagogastric junction (EGJ) where smooth muscle maintains tonic contraction.
This high-pressure zone typically extends 3—4 centimeters in length and generates a
resting pressure between 10 and 30 mmHg. The pressure within the LES is influ-
enced by several factors, including intra-abdominal pressure and neural control. A
hypotonic LES is characterized by reduced pressure, which can lead to increased
susceptibility to reflux. When the LES and the crural diaphragm (CD) (extrinsic
sphincter) are superimposed, they work in synergy and create an effective barrier
against backward reflux of gastric contents [1].

Hiatal hernia (HH) involves an anatomical disruption of the EGJ [2]. The condi-
tion is usually characterized by the displacement of the LES above the diaphragm,
accompanied by a weakening of the phrenoesophageal ligament and a loss of the
CD’s contribution to the sphincter function. Four distinct types of HH exist, with
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type I (sliding) representing approximately 95% of cases. The remaining types
include pure paraesophageal (type II), mixed (type III), and complex (type IV) her-
nias, each with distinct anatomical features and clinical implications.

7.3 Clinical Presentation

Patients with hypotonic LES and HH typically present with a broad spectrum of
symptoms. Heartburn and regurgitation are considered “typical symptoms” as they
are often associated with a conclusive diagnosis of GERD. Chest or epigastric pain
may also be present, even though they are not as specific as the typical symptoms.
Finally, a higher rate of patients may experience extra-esophageal symptoms, such
as cough or other respiratory symptoms (i.e., hoarseness, throat clearing), but the
likelihood of correlation with pathologic reflux is low [3].

The clinical presentation and the burden of symptoms vary among the patients,
ranging from asymptomatic to those who experience severe manifestations. The
severity of symptoms can vary based on factors such as hernia size and LES function.

7.3.1 Alarming Symptoms

Certain clinical features warrant immediate attention and expedited evaluation.
These warning signs include progressive dysphagia, painful swallowing (odynopha-
gia), unintentional weight loss, gastrointestinal bleeding, and iron deficiency ane-
mia. The presence of these features may indicate complications or alternative
diagnoses requiring prompt investigation.

7.4 Diagnosis
7.4.1 Initial Assessment

One of the most crucial aspects of HH management is the first clinical assess-
ment. Physicians should characterize the symptoms in detail, including their
onset, progression, frequency, and severity. Given the important overlap of the
symptoms with other conditions (i.e., functional heartburn, reflux hypersensitiv-
ity other gastrointestinal [GI] tract brain-gut interaction disorders), before esca-
lation of medical treatment and, more importantly, before surgery, it is critical
to obtain a definitive diagnosis. Even though internationally validated question-
naires exist, their accuracy in predicting pathologic GERD is low, having a sen-
sitivity of 67% and a specificity of 65% [4].
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7.4.2 Physical Examination

Physical examination, while often normal in uncomplicated cases, should include
the calculation of the body mass index (BMI), waist circumference and general
abdominal examination. Central obesity, in fact, is associated with an increased
thoraco-abdominal gradient, HH and hypotonic LES [5, 6].

7.4.3 Upper Gastrointestinal Endoscopy

Upper-GI endoscopy plays a crucial role in the diagnostic process of patients with
suspected GERD, since it provides a comprehensive visual examination of the
esophagus, LES and stomach. There are several endoscopic definitive criteria for
GERD according to the Lyon Consensus 2.0, in particular Los Angeles B, C or D
esophagitis, peptic stricture and Barrett’s esophagus [7].

Another important role of upper-GI endoscopy is the assessment of the EGJ in
retroflexed view (Fig. 7.1).

The evaluation of EGJ integrity has evolved significantly since the initial Hill
classification was introduced in 1996 [8]. This earlier method, based entirely upon
the presence of the flap valve, suffered from significant drawbacks, including incon-
sistent standardization and terminology and difficulties in the distinction of grades.

Recognizing these limitations, the American Foregut Society (AFS) developed
an innovative classification system [9]. This novel approach provides a more precise
method to assess the EGJ integrity, by focusing on three critical elements: the axial
length of the HH, the width of the hiatal opening, and the presence of the flap valve.
By breaking down the assessment into these specific components, the AFS classifi-
cation offers a more comprehensive and reproducible approach to understand EGJ
structural integrity.

Fig. 7.1 Retroflexed
endoscopic view of hiatal
hernia
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Table 7.1 Correlation between American Foregut Society grades and parameters of esophago-
gastric junction disruption at high-resolution manometry

Grade I Grade II Grade III Grade IV p-value

EGIJ contractile integral 60.0+£29.2 41.1+23.6 40.1+18.8 21.5+139 0.015
Hiatal hernia - 0.3+£0.6 1.0£0.8 25+£29 0.032
LES total length 2.1+0.2 19+04 2005 1.8+04 0.495
LES intra-abdominal length 1.2 + 0.9 0.5+0.6 0.6+0.8 0.1+0.3 0.016
LES basal pressure 39.5+12.5 28.1+133 21.1+7.8 126 +8.5 0.003

Straight leg raise >11 mmHg 2/5 (40.0)  2/16 (12.5) 11/24 (45.8) 6/7 (85.7)  0.010
EGJ esophagogastric junction, LES lower esophageal sphincter

The new AFS classification addresses several key limitations of the previous Hill
classification. Firstly, it introduces a more standardized protocol that ensures con-
sistent patient categorization. Secondly, the new system eliminates the vagueness of
the previous classification method by introducing objective measurements, specifi-
cally the axial length of the HH and hiatal diameter, providing a more comprehen-
sive understanding of the anti-reflux barrier’s components. A prospective study
using high-resolution manometry (HRM) and multichannel intraluminal impedance
pH study (MII-pH) demonstrated a stepwise increase of esophageal acid exposure
time (AET) and worse HRM competency parameters at higher AFS grades [10]
(Table 7.1).

The major limitation of the endoscopic assessment is the invasiveness of the test
and overrating of the HH size, due to inflation of the stomach during the examination.

7.4.4 Swallow Study

The barium swallow study is an important test in the evaluation of HH as it provides
a clear anatomical picture. Particularly in cases of large HH, this examination is
particularly useful to assess the esophageal and gastric contour and to evaluate
esophageal and gastric emptying, which may be affected in these patients. Specific
diagnostic features include a “wide-open” gastroesophageal junction, retrograde
barium flow, and potential retrocardiac air-fluid levels in cases of HH (Fig. 7.2).

While barium swallow is non-invasive and provides real-time swallowing
dynamics, it has limitations. It cannot measure LES pressure directly and might
miss small or subtle hernias. Therefore, it is typically used complementarily with
other diagnostic tools like endoscopy, HRM, and pH monitoring to provide a com-
prehensive evaluation.

7.4.5 High-Resolution Manometry

HRM is a sophisticated diagnostic tool for evaluating LES function and anatomy,
and is considered the gold standard for the diagnosis of HH [11]. Moreover, it
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Fig.7.2 Hiatal hernia at
barium swallow study

provides data on esophageal motility, and several provocative maneuvers can high-
light a deficiency in contractile reserve (multiple rapid swallows) [12] or EGJ com-
petency (straight leg raise maneuver) [13].

Key diagnostic parameters in defective LES include basal LES pressure and
length (total and intra-abdominal). In 2014, Nicodeme et al. introduced the EGJ
contractile integral, a high-resolution parameter that integrates EGJ length and pres-
sure and is able to predict a pathologic AET better than LES basal pressure [14].

The Chicago Classification version 4.0 provides a precise classification of HH,
segregating patients into type I (LES and CD superimposed), type II (LES-CD sepa-
ration <3 cm) and type III (LES-CD separation >3 cm) [15].

Recently, the Milan score, a novel tool proposed to make GERD diagnosis more
efficient, has been introduced and validated [16]. It integrates four HRM parameters
(EGJ type, ineffective esophageal motility, EGJ contractile integral, and response to
the straight leg raise maneuver), and it provides a comprehensive risk assessment of
pathologic GERD (Fig. 7.3).

While HRM cannot independently diagnose GERD, it offers crucial information
for surgical planning, helping to determine appropriate fundoplication techniques
and predicting postoperative dysphagia risk.
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Fig. 7.3 Parameters IEM SLR response
related to gastroesophageal { =
reflux disease included in
the Milan score

CD, crural diaphragm, £GJ,

esophagogastric junction;

EGJ-Cl, esophagogastric

junction contractile integral;
1EM, ineffective esophageal
motility; LES, lower

esophageal sphincter; SLR,

straight leg raise.

7.4.6 Reflux Monitoring Test

Twenty-four-hour pH monitoring quantifies acid exposure and correlates symptoms
with reflux events. This test generates several important parameters, including total
AET, frequency of reflux episodes, and symptom correlation indices. The DeMeester
score provides a composite measure of acid reflux severity [17].

Reflux monitoring tests are essential diagnostic tools for patients with HH, in
order to provide a definitive GERD diagnosis defined as AET >6% according to the
Lyon Consensus 2.0 [7].

The MII-pH represents an advanced diagnostic approach. Unlike traditional pH
monitoring, this technique can detect both acid and non-acid reflux events. This
capability is crucial for identifying non-acid reflux and to better correlate symptoms
with reflux episodes.

A reliable alternative to MII-pH is the wireless 48- or 96-hour pH test, which is
considered the gold standard for GERD diagnosis as it overcomes the day-to-day
variability of the MII-pH and it allows a more real-life assessment of patients’ daily
activities.

7.4.7 Diagnostic Algorithm

For patients presenting with typical symptoms and no warning signs, an initial trial
of empiric proton pump inhibitor (PPI) therapy is often appropriate, with response
assessment after 4-8 weeks. However, the presence of warning signs mandates
immediate endoscopic evaluation followed by additional testing based on initial
findings. For patients presenting with atypical symptoms, the Lyon Consensus 2.0
warrants upfront pathophysiological tests in order to avoid PPI over-prescription
[7]. In any case, in order to achieve a definitive diagnosis and correct assessment of
a potential disruption of the EGJ, HRM and reflux monitoring tests are mandatory,
after the execution of an index endoscopy.
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7.5 Conclusion

Hypotonic LES and HH are conditions that contribute significantly to GERD symp-
toms and diagnosis. A thorough understanding of their clinical manifestations and
available diagnostic techniques is crucial for effective management. Continued
research is necessary to enhance treatment strategies and improve patient outcomes
in those suffering from these gastrointestinal disorders.
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Neuromuscular Diagnosis by Esophageal 8
Tests

Pierfrancesco Visaggi

8.1 Introduction

Swallowing is a complex, coordinated process divided into four phases: oral prepa-
ratory, oral propulsive, pharyngeal, and esophageal. The oral preparatory phase,
which is voluntary, includes actions such as biting, lip closure, and chewing. In the
oral propulsive phase, the tongue pushes the bolus against the palate, moving it from
the mouth to the pharynx. The pharyngeal phase, which occurs automatically and
involuntarily, transfers the bolus from the pharynx to the esophagus. Lastly, the
esophageal phase moves the bolus down the esophagus to the stomach. Oropharyngeal
dysphagia refers to any dysfunction in the oral preparatory, propulsive, or pharyn-
geal phases, leading to challenges in moving food or liquid from the mouth to the
esophagus [1]. A variety of systemic diseases can cause oropharyngeal dysphagia
by means of neuromuscular loss of function. Neuromuscular, rheumatologic, immu-
nologic, and endocrinologic disorders can impair the oropharyngeal phase of swal-
lowing. These conditions affect the swallowing process in distinct ways, leading to
considerable clinical challenges and necessitating individualized diagnostic and
management approaches.

The prevalence of oropharyngeal dysphagia varies according to the target
population. Elderly patients and patients with neurological or neurodegenera-
tive diseases have the highest prevalence [2]. Regardless of the etiology, indi-
viduals with oropharyngeal dysphagia may report a range of digestive and
respiratory symptoms. Common symptoms include coughing or choking while
eating or drinking, fear related to eating, changes in voice quality (often
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sounding wet or gurgly) during meals, sensations of food being lodged in the
throat, feeling of residual food in the pharynx, prolonged meal times, meal-
related fatigue, dietary limitations to specific textures, and decreased enjoyment
of eating [3, 4]. Accordingly, indicators of oropharyngeal dysphagia can be cat-
egorized into those that signify compromised swallowing safety and those that
reflect decreased swallowing efficiency. Signs of safety impairment are associ-
ated with airway penetration and aspiration, while efficiency-related signs
include prolonged oral or pharyngeal phases, anterior bolus leakage due to weak
labial seal, premature bolus entry into the pharynx, piecemeal swallowing, nasal
regurgitation, and oral or pharyngeal residue [5].

8.2  Etiology of Neuromuscolar Dysphagia
8.2.1 Neurologic and Neuromuscular Disorders

Oropharyngeal dysphagia can derive from neuromuscular diseases. The most com-
mon causes include multiple sclerosis, Parkinson’s disease, and amyotrophic lateral
sclerosis. Additionally, disorders such as myasthenia gravis and polymyositis/der-
matomyositis particularly impact the oropharyngeal area by weakening muscles
and disrupting coordination. Finally, post-stroke dysphagia represents a major cause
of oropharyngeal dysphagia, especially in the elderly [2].

8.2.2 Rheumatologic and Immunologic Disorders

Systemic sclerosis, Sjogren’s syndrome, systemic lupus erythematosus, and con-
nective tissue diseases can cause oropharyngeal dysphagia due to impaired neuro-
muscular function and subsequent esophageal dysmotility. Similarly, immunologic
disorders like pemphigus and sarcoidosis can impact both esophageal and oropha-
ryngeal areas, through mucosal involvement and granulomatous inflammation,
respectively [6]. Immune-mediated esophageal inflammation, such as eosinophilic
esophagitis and lymphocytic esophagitis, can also lead to dysphagia by means of
neuromuscular involvement with loss of function [7, 8].

8.2.3 Endocrine Disorders

Diabetes mellitus and hypothyroidism can also lead to dysphagia. In the case of
diabetes, autonomic neuropathy may hinder esophageal motility, whereas hypothy-
roidism can result in muscle weakness and reduced gastrointestinal motility, impact-
ing both the esophageal and oropharyngeal phases of swallowing [9].
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8.3  Diagnosis of Neuromuscolar Dysphagia

Careful clinical history taking can help suspecting oropharyngeal dysphagia,
although symptoms alone are insufficient to reach a conclusive diagnosis [10]. In
particular, difficulty in initiating swallowing, post-deglutitive cough, nasal regurgi-
tation, aspiration, choking, and repetitive swallowing are suggestive of oropharyn-
geal dysphagia. Of note, the presence of “high dysphagia”, that is, the feeling of
food bolus getting stuck up in the throat, is not specific for oropharyngeal dyspha-
gia. In this regard, patients with lower esophageal strictures frequently report per-
ceiving the bolus sticking in the neck even in the absence of proximal esophageal
abnormalities [11, 12]. Accordingly, when patients localize dysphagia to the sternal
notch or the throat, this is unreliable [13].

Instrumental assessment of oropharyngeal dysphagia can help identify the under-
lying cause of symptoms. Available diagnostic strategies include the volume-
viscosity swallow test (V-VST), the fiberoptic endoscopic evaluation of swallowing
(FEES), videofluoroscopic swallowing study (VFSS), and high-resolution pharyn-
geal manometry (HRPM).

The V-VST is a clinical tool that aids in the preliminary diagnosis of swallowing
disorders. It helps to pinpoint patients who may need more detailed assessments and
guides treatment options for individuals who are not candidates for VFS or FEES.

FEES is a key procedure for assessing swallowing function, focusing on the
pharynx, tongue base, and larynx’s anatomy and movement. FEES is recognized as
a gold standard technique for evaluating the physiology and functionality of swal-
lowing, especially in patients with oropharyngeal dysphagia. It is a low-risk proce-
dure with minimal complications and can be effectively administered in various
settings, including patients with limited positioning abilities. Indications for FEES
include typical signs and symptoms of oropharyngeal dysphagia, such as prolonged
meal times, difficulty handling saliva, or medication-related dysphagia. The proce-
dure also aids in selecting appropriate dietary modifications, creating tailored treat-
ment approaches, and monitoring the effectiveness of interventions and disease
progression. Of note, FEES is contraindicated in patients with complete bilateral
nasal obstruction, respiratory rates over 35 breaths per minute, diminished con-
sciousness, or those who decline oral intake [14]. Similar to FEES, VFS represents
another key examination for the assessment of oropharyngeal dysphagia. The study
consists in a dynamic evaluation of the swallow function by means of a contrast-
enriched bolus administered during radiological recording [15].

HRPM is a catheter-based assessment method that allows the evaluation of pha-
ryngeal and upper esophageal sphincter motor function. The first consensus on the
protocol and relevant metrics of HRPM was developed only recently. The authors
categorized 22 HRPM-impedance metrics into three classes: pharyngeal lumen
occlusive pressures, hypopharyngeal intrabolus pressures, and upper esophageal
sphincter function. However, only eight HRPM-impedance metrics achieved con-
sensus agreement: pharyngeal contractile integral (CI), velopharyngeal CI, hypo-
pharyngeal CI, hypopharyngeal pressure at nadir impedance, upper esophageal
sphincter integrated relaxation pressure, relaxation time, and maximum admittance
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[16]. HRPM offers unique advantages over other instrumental methods, such as
FEES and VFSS, by providing detailed measurements of motor functions associ-
ated with swallowing inefficiency (e.g., residue) or safety concerns (e.g., aspiration
or penetration) identified in FEES and/or VFSS. HRM enables precise assessment
of pharyngeal contractility, upper esophageal sphincter relaxation, and bolus pres-
surization. Accordingly, especially patients whose pharyngeal contractility and
upper esophageal sphincter functions are unclear may benefit most from HRPM [16].
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Esophagitis and Barrett’s Esophagus 9

Giuseppe Galloro, Rosa Maione, and Alessia Chini

9.1 Esophagitis
9.1.1 Introduction

Esophagitis refers to inflammation or damage to the esophageal mucosa due to a
variety of physical, chemical and infectious agents. The most common cause of
esophagitis is gastroesophageal reflux disease, in which the frequent reflux of gas-
tric content into the esophagus leads to mucosal injury; other causes include radia-
tion, infections, medications, and eosinophilic and lymphocytic esophagitis [1].
Some of these conditions present with nonspecific lesions and a clinic-pathological
correlation is required for diagnosis, while others show typical histological charac-
teristics which enable the pathologist to reach the diagnosis.

Although there are many etiologies of esophagitis, the clinical presentation is
essentially similar and includes retrosternal chest pain, dysphagia, odynophagia,
and heartburn [2].

9.1.2 Reflux Esophagitis

Gastroesophageal reflux disease (GERD) is a very common disorder, with a widely
variable global prevalence of 8-33%; it can affect patients of all ages and can pres-
ent with a wide variety of symptoms, such as regurgitation, heartburn, dysphagia
and extra-esophageal manifestations (asthma, hoarseness, chronic cough) [1, 3].
Several factors may predispose patients to GERD: hiatal hernia, reduced lower
esophageal sphincter tone, gastric hypersecretory states, delayed gastric emptying
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and loss of esophageal peristaltic function. In some cases, gastroesophageal reflux
is physiological, for example the brief reflux episodes that occur post-prandially but
do not cause mucosal damage; pathological gastroesophageal reflux occurs when
gastric and duodenal acid contents overwhelm the normal protective antireflux bar-
riers and cause injuries to the esophageal mucosa [4]. The severity of esophagitis is
closely correlated with the frequency and duration of acid exposure; at endoscopy,
about 40% of patients have erosive esophagitis, characterized by erosions and ulcers
in the distal esophagus, while the remaining patients have nonspecific endoscopic
findings, such as erythema, edema and friability of the distal esophagus [5, 6].
Endoscopic biopsies may be helpful to confirm the presence of esophagitis and pos-
sible Barrett’s esophagus, which occurs in 7-10% of patients [7]. The aim of treat-
ment is improvement of symptoms, healing of erosive disease and prevention of
long-term complications such as anemia, strictures, Barrett’s esophagus, dysplasia
and adenocarcinoma [2].

9.1.3 Eosinophilic Esophagitis

Eosinophilic esophagitis (EoE) is a primary, local immune-mediated disorder of the
esophagus where esophageal symptoms are associated with an increased number of
intraepithelial eosinophils at histopathological examination [8]. The pathogenesis
of EoE is incompletely defined, but its incidence and prevalence are increasing
worldwide. Probably, this is due to increased awareness and recognition among
clinicians and pathologists of this disorder, which may have previously been under-
recognized and misdiagnosed as GERD [2]. EoE is generally accepted to be induced
by antigen sensitization especially through food, but also through environmental
allergens. The inflammation is fairly organ specific because the antigens in eosino-
philic esophagitis do not cause eosinophilic inflammation elsewhere in the gastroin-
testinal tract but only in the esophagus. EoE is not caused by acid reflux, even
though the two can occur together, because of the high frequency of GERD. EoE is
not manifested through the typical allergic pathway of IgE but is a local IgG4-
mediated mucosal inflammation in the esophagus that leads to pathological changes
in the entire esophageal wall, with submucosal fibrosis, remodelling and narrowing
[9]. Clinical presentation varies with age and EoE is most common in male patients
between 20 and 40 years. The typical symptom of EoE is dysphagia for solids, and
it may be reported as a feeling of food moving slowly or as a feeling of food sticking
in the chest for a long time after swallowing; in most cases, patients present to the
emergency department when the food bolus has been stuck for hours. Other symp-
toms are regurgitation, vomiting, abdominal pain and failure to thrive, and many
patients have a personal history of allergic asthma, food and environmental allergies.

A challenge for clinicians is to distinguish EoE from other upper gastrointestinal
conditions: endoscopy can be helpful for the diagnosis, but the gold standard
remains the histopathological examination of biopsy specimens, which requires six
biopsies from multiple areas, either taken from sites of clear endoscopic abnormal-
ity, or two in the upper, two in the middle and two in the lower end of the esophagus
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[9, 10]. The finding of >15 intraepithelial eosinophils/high power field (HPF) in one
or more esophageal mucosal biopsy specimens is diagnostic of EoE [8]. Typical
endoscopic features include concentric mucosal rings, which appear quite fixed and
can lead to a trachealization of the esophagus, linear furrows extending through
much of the lumen, white plaques, focal strictures, generalized edema and narrow
esophagus. Therapeutic options include a dietary approach excluding dairy prod-
ucts, eggs, wheat, soy, peanut/tree nuts, fish/shellfish, legumes [11], medications,
such as topical steroid therapy using orodispersible budesonide [12] or proton-pump
inhibitors, or therapeutic endoscopic dilatation [13].

9.1.4 Lymphocytic Esophagitis

Lymphocytic esophagitis (LE) has only recently been described and is a rare esoph-
ageal condition characterized by an increased number of lymphocytes only in the
epithelium of esophagus. This condition still represents an enigma, because the
diagnostic criteria and clinical characteristics remain uncertain, and it is unclear
whether it represents a manifestation of another disorder or a distinct clinical condi-
tion [14]. Data reported in the literature suggested that LE may be an allergic disor-
der due to an allergic or hypersensitivity reaction [15] or related to EoE or reflux
esophagitis spectrum [16]. As in EoE, endoscopy with biopsy is mandatory and the
gold standard for diagnosis is the histological examination showing an increased
number of intraepithelial lymphocytes especially in the distal esophageal epithe-
lium, but the exact number of lymphocytes required for the diagnosis has not been
well defined (most commonly >50 lymphocytes per HPF) [14]. Patients with LE
frequently report dysphagia, GERD-like symptoms and esophageal motility abnor-
malities; treatment options for LE are limited and are similar to those for EoE,
including use of proton-pump inhibitors, swallowed topical steroids and endoscopic
dilatation [17].

9.1.5 Infective Esophagitis

Infective esophagitis can be caused by bacteria, viruses, fungal and parasitic micro-
organisms, especially in immunocompromised patients. Candida albicans is the
most common cause of infective esophagitis; it is a normal component of the nor-
mal flora of the gastrointestinal tract, but it can lead to inflammation in particular
cases, especially in patients treated with antibiotics, corticosteroids or acid-
suppressive therapy and in those affected by immunodeficiency syndromes or
malignant neoplasms, while it is rarely described in immunocompetent patients [18,
19]. Oropharyngeal and esophageal candidiasis may be the first presentation of a
disseminated disease. Endoscopy with brushing and biopsies is the most sensitive
and specific method for diagnosis, showing focal or confluent patchy and whitish
plaques overlying friable and erythematous mucosa, associated with ulcerations in
severe cases. Although these findings are highly suggestive of candidiasis, they are



86 G. Galloro et al.

not specific and not always present; the diagnosis is defined by histopathology,
showing active esophagitis with budding spores, ulcer slough and fibrinopurulent
exudate, with a frequent invasion of mucosal and submucosal blood vessels [2].
Herpes simplex virus (HSV) is the most common cause of viral esophagitis, occur-
ring in patients who underwent solid organ or bone marrow transplantation or with
immunodeficiency syndromes, and only occasionally in patients with normal
immune function.

Endoscopic findings include nonspecific erosive esophagitis and focal or conflu-
ent superficial ulcerations with exudate, confirmed by histopathological examina-
tion. If HSV is suspected, tissue can be sent for viral culture to confirm the diagnosis
and identify HSV resistant to acyclovir [20]. Cytomegalovirus, Epstein-Barr virus
and varicella-zoster virus are other viral causes of infective esophagitis [2].

9.1.6 Pill Esophagitis

Pill esophagitis (PE) can be caused by some medications, whose caustic compo-
nents can lead to mucosal injury if they have prolonged contact with the esophageal
mucosa and dissolve in the esophagus; the most commonly implicated medications
are antibiotics (tetracyclines and doxycycline), nonsteroidal anti-inflammatory
drugs, bisphosphonates, ascorbic acid and iron supplements [21]. PE is more com-
mon in elderly patients, in those who have a lumen reduction which makes swallow-
ing difficult, and those who take pills when lying down. The diagnosis is performed
with endoscopy, showing single or multiple ulcers with different degrees of penetra-
tion, surrounded by regular mucosa [2].

9.1.7 Radiation Esophagitis

Radiation esophagitis (RE) derives from treatment with radiotherapy, especially for
lung, esophageal, mediastinal and thoracic tumors, and the risk increases if patient
is undergoing chemotherapy at the same time. RE usually occurs 2-3 weeks after
the start of the radiotherapy and endoscopy shows mucositis and ulceration [22].

9.2  Barrett’s Esophagus
9.2.1 Introduction

Barrett’s esophagus (BE) is defined as a metaplastic conversion of the distal normal
esophageal squamous mucosa (for at least 1 cm above the gastroesophageal junction) to
intestinal columnar epithelium. This condition, developing in 5-15% of patients with
chronic reflux symptoms undergoing upper endoscopy, is a complication of untreated
long-term GERD, because chronic acid exposure damages the esophageal squamous
cells, causing their replacement with mucus-secreting cells [23].
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Factors associated with an increased risk of BE are male sex, age >50 years old,
weight gain with abdominal adiposity, hiatal hernia. It is essential to recognize BE
as it is a precancerous condition, representing the main risk factor for the onset of
esophageal adenocarcinoma [24].

The transition from intestinal metaplasia to carcinoma is a multi-step process,
during which cell modifications occur, resulting in the development of low-grade
and high-grade dysplasia [25].

Endoscopic eradication of dysplasia is recommended by all international guide-
lines for patients with high-grade dysplasia (HGD) due to the high risk of progres-
sion to adenocarcinoma. On the other hand, the management of low-grade dysplasia
(LGD) in BE remains controversial due to its overdiagnosis and variable risk of
progression.

9.2.2 Diagnosis

The gold standard for BE diagnosis is endoscopy. On esophagogastroduodenoscopy
it appears as a salmon-colored mucosa extending more than 1 cm proximal to the
gastroesophageal junction. Many optical methods can help to detect the metaplastic
mucosa, although a firm diagnosis is achieved by the histological examination of
mucosal biopsies. During endoscopy, BE is defined using the Prague classification,
based on circumferential (C) and maximum (M) extent from the gastroesophageal
junction of metaplastic mucosa [26].

The histological diagnosis must be confirmed by a standardized bioptic sampling
according to the Seattle Protocol, which involves 4-quadrant biopsy sampling every
2 cm throughout the entire length of the metaplastic esophageal mucosa.
Furthermore, every mucosal irregularity should be sampled because in these areas it
is more probable to find dysplastic tissue [27].

A high-quality endoscopic examination is a critical step for the diagnosis of
BE; advanced endoscopic imaging provides enhancement of suspicious areas of
metaplasia, guiding the biopsy sampling. Among the most innovative tech-
niques, chromoendoscopy, virtual chromoendoscopy, confocal endomicroscopy
and artificial intelligence are used. To enhance the atypical features of dysplas-
tic mucosa, conventional chromoendoscopy involves applying dyes topically
through a spray catheter, similar to what happens in white-light endoscopy.
Methylene blue is the dye commonly used to detect BE because it is selectively
absorbed by intestinal cells, whereas indigo carmine is not absorbed by cells,
but its use highlights the mucosal irregularities, allowing BE identification.
Acetic acid, a weak acid used as a nonabsorbed contrast agent, causes an ace-
towhitening reaction on the esophageal mucosa, which is followed by a focal
redness in dysplastic BE; this event is defined by Longcroft-Wheaton et al. as a
predictor of pre-neoplastic lesion [28].

The advancement of digital endoscopy has resulted in the development of virtual
chromoendoscopy, an advanced imaging technique that allows the endoscopist to
improve the visualization of the BE by using specific wavelengths of light (Fig. 9.1).
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Fig.9.1 Endoscopic evaluation of circumferential Barrett’s esophagus (a) with white-light endos-
copy and (b) narrow-band imaging

Narrow-band imaging (NBI) utilizes green and blue light to enhance superficial
mucosal features like vascular patterns and mucosal irregularities without the need
for contrast agents.

9.2.3 Management

It is difficult to predict the natural progression from the histological diagnosis of
intestinal metaplasia to LGD and HGD and their neoplastic and clinical outcomes.
The first step for the best management of dysplastic BE is histological confirmation
of dysplasia; several studies showed that among patients with a histological diagno-
sis of LGD at the first endoscopic examination, dysplasia was not confirmed in 75%
of cases on subsequent histological evaluations [29].

Failure to confirm LGD during surveillance can be explained by the similar cyto-
logic features between inflammation-mediated injury and dysplasia, which makes it
difficult to differentiate these two conditions and leads to an overdiagnosis of LGD;
therefore, it was concluded that confirmation by two or more expert pathologists is
necessary to increase the reliability of the histological diagnosis of LGD. A con-
firmed diagnosis of LGD involves a significant risk of neoplastic incidence, with a
progression rate to HGD and esophageal adenocarcinoma from 0.5% to 13% per
year [30].

Whereas for HGD there is consensus on the indication for eradication therapy,
currently there is no widely approved management for LGD. For instance, the
European Society of Gastrointestinal Endoscopy (ESGE) guidelines suggest that
endoscopic eradication of LGD should be offered to patients with a confirmed his-
tological diagnosis after a surveillance interval of six months [31]. Similarly, the
latest guidelines from the American Society for Gastrointestinal Endoscopy (ASGE)
and American Gastroenterological Association (AGA) recommend endoscopic
eradication of LGD as a viable option for patients who have been diagnosed with
LGD during a second examination within 3 to 6 months, even if both eradication
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therapy and surveillance are required [32, 33]. The histopathologic assessment of
LGD in Japan differs from Western countries because it is defined as well-
differentiated adenocarcinoma with low-grade atypia and noninvasive. In the cur-
rent state, the Japan Gastroenterological Endoscopy Society (JGES) guidelines
suggest endoscopic resection for HGD, while it is preferred to have 6-monthly
endoscopic surveillance for LGD conditions [34].

9.2.4 Treatment

The first-line treatment of dysplastic BE should be endoscopic eradication therapy.
Endoscopic eradication of dysplastic BE can be achieved by using different endo-
scopic techniques, including resective treatments such as endoscopic mucosal
resection (EMR) and endoscopic submucosal dissection (ESD), and ablative treat-
ments such as radiofrequency ablation (RFA), cryotherapy ablation and argon
plasma coagulation (APC), or a combination of these techniques. The choice of
therapeutic approach is based on the appearance of the esophageal mucosa affected
by dysplasia. Ablative treatments, and mainly RFA, are preferred to treat flat BE
dysplasia, while nodular BE should be treated with EMR or ESD [35].

EMR and ESD are endoscopic techniques performed for the treatment of nodular
lesions of the esophageal mucosa. EMR is performed making an endoscopic snare
resection of the flat mucosal lesion preceded by injection of a saline solution into
the submucosal layer to lift the lesion area away from the deeper muscular layer.
Konda et al. [36] demonstrated a rate of 95.9% for complete remission of dysplasia,
with a recurrence of 8.1% after 33 months of follow-up. The most common compli-
cations of endoscopic resection performed for BE treatment is stricture, followed by
bleeding and perforation. ESD is an advanced resective technique, more selective
and requiring a higher level of expertise compared to EMR; furthermore, ESD has
a higher complication rate.

Endoscopic resection has the advantage of allowing a histological examination
of the resected specimen, which can determine the grade of dysplasia and the appro-
priate treatment; however, these procedures are characterized by a longer operative
time and a higher complication rate compared to ablative endoscopic treatment.

The most frequently used ablative treatment is RFA, which is an endoscopic
technique utilizing thermal energy to cause necrosis of dysplastic mucosa in the
esophageal dysplastic mucosa and regeneration. This system consists of an energy
generator, which is a bipolar electrode array with 60 tightly spaced electrodes encir-
cling the balloon catheters. RFA can be performed with two different ablation
devices, for focal or circumferential ablation. The circumferential balloon (HALO
360) is indicated for long-segment and circumferential BE, while the focal balloon
(HALO 90) works better for focal lesions with a difficult anatomical localization, as
with a hiatal hernia. The efficacy and safety of RFA are proven, even though recur-
rence after this ablative endoscopic treatment is possible: the annual rate of recur-
rence of BE after RFA is 5-8%, so patients treated with RFA should be closely
followed up [37].
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An emerging, alternative technique to radiofrequency is cryotherapy ablation,
which uses a cryogen (liquid nitrogen or carbon dioxide) to rapidly cool the esopha-
geal dysplastic mucosa, causing tissue necrosis, unlike RFA which uses heat energy.

This technique is noncontact and more focused than RFA, which may be why it
has a lower risk of stricture incidence than RFA. In addition, cryotherapy can ablate
deeper into the submucosa [38].

APC is a technique that uses a probe-based catheter with jet ionized argon
gas to induce dysplastic tissue necrosis. Despite its effectiveness in the gastro-
intestinal tract and for BE treatment, this technique is susceptible to perforation
of the esophageal mucosa. This has led to the creation of Hybrid-APC, an
advanced form of this ablative technique that incorporates APC with a preven-
tive submucosal injection [39].
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10.1 Introduction

Gastroesophageal reflux disease (GERD) is defined as a condition which develops when
the reflux of stomach contents causes troublesome symptoms and/or complications [1].
The typical reflux syndrome consists of heartburn with or without regurgitation, heart-
burn representing the most sensitive and specific GERD symptom. Atypical symptoms,
including non-cardiac chest pain and extra-esophageal symptoms (cough, wheezing,
hoarseness, throat clearing) are less common and specific, and often unrelated to reflux
when thoroughly investigated. The prevalence of GERD is high, up to 20% in the Western
world (20%) [2], so that it represents the most common disease encountered by gastroen-
terologists. Many factors contribute to GERD development, including weakness of the
lower esophageal sphincter (LES), excess transient LES relaxations, displacement of the
gastroesophageal junction above the diaphragm (sliding hiatal hernia), an enlarged unbuf-
fered proximal gastric acid pocket, ineffective esophageal motility, impairment of esoph-
ageal volume and chemical clearance, and delayed gastric emptying [2]. Medical
management includes lifestyle modifications and pharmacologic interventions [3].

10.2 Lifestyle Modifications

Weight loss for overweight and obese patients is strongly recommended [3], and
even small amounts of weight loss can reduce GERD symptoms.
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Other common recommendations include elevating the head of the bed, sleeping
on the left side, tobacco and alcohol cessation, avoidance of late-night meals, snacks
and alcoholic beverages, upright position during and after meals, avoidance of cof-
fee, chocolate, carbonated drinks, and fatty, spicy and acidic foods [3]. Except for
sleep with the head of the bed elevated and on the left side, evidence of efficacy for
these recommendations is, however, limited [3].

10.3 Pharmacologic Intervention: Proton-Pump Inhibitors

Proton-pump inhibitors (PPIs) represent the mainstay of medical management for
GERD [3]. Since plenty of data have demonstrated their outstanding efficacy in
relieving heartburn, the cardinal GERD symptom, as well as in healing reflux
esophagitis, they have become the most commonly prescribed medication for reflux
symptoms.

PPIs owe their clinical efficacy to their ability to inhibit H*K*-adenosine triphos-
phatase in gastric parietal cells, resulting in suppression of gastric acid secretion:
during PPI therapy, the majority of acid refluxes are transformed into weakly acidic
refluxes, which are less harmful to the esophageal mucosa owing to the reduction of
the proteolytic activity of pepsins when the environment becomes weakly acidic.
Five PPIs are commercially available, and there are significant differences among
them in terms of acid-suppressing activity and clinical efficacy, esomeprazole and
pantoprazole being the most and the least efficient, respectively [4-9].

Of note, owing to their high efficacy in suppressing reflux symptoms PPIs have
assumed an important role in the diagnostic work-up of GERD in clinical practice.
Indeed, the diagnostic yield of upper GI endoscopy in GERD is low since erosive
esophagitis and/or Barrett’s esophagus can be detected in no more than 30% of
cases; on the other hand, the diagnostic accuracy of pH-impedance monitoring is
very high, particularly when novel pH-impedance metrics are assessed [10], but
costs and complexity limit its use in daily clinical practice. Therefore, in the absence
of alarm signs/symptoms (anemia, involuntary weight loss, GI bleeding, dysphagia,
chest pain), a 4-8 week PPI trial resulting in symptomatic relief allows a presump-
tive GERD diagnosis in uninvestigated patients [3].

Over time, many PPI-responsive patients become PPI-dependent, requiring
maintenance treatment with PPIs. In the SOPRAN study, at 12-year follow-up
omeprazole with dose adjustments and open fundoplication were both effective and
well tolerated, although the latter was associated with better control of overall
GERD manifestations but persisting side effects [11]. In the LOTUS trial, the long-
term efficacy of esomeprazole and laparoscopic fundoplication was compared in
patients with erosive and non-erosive GERD [12]: in most cases, heartburn remis-
sion was maintained at 5-year follow-up either after surgery or with ongoing esome-
prazole use, in a dose-escalating manner when required. Both these studies show
persistent efficacy of maintenance PPI therapy over time, with dose adjustments
when required. The safety of maintenance PPI therapy has been questioned, how-
ever, by several studies raising the suspicion of adverse effects related to prolonged



10 Medical Management 95

PPI use, including enteric infections, microscopic colitis, kidney disease, nutritional
deficiencies, hypomagnesemia, gastric cancer, bone fractures, cardiovascular dis-
ease, dementia, and community-acquired pneumonia: however, the vast majority of
such studies are flawed by major biases, and no cause-and-effect relationship has
been definitely established [13]. Currently, long-term PPI therapy is strongly rec-
ommended for patients with GERD complications, including grade C/D reflux
esophagitis (confluent/circumferential mucosal breaks), esophageal peptic stric-
tures and Barrett’s esophagus [3], and it is conditionally indicated in PPI-dependent
mild (grade B) reflux esophagitis and non-erosive GERD as documented by pH/
pH-impedance monitoring [14].

10.4 When Proton-Pump Inhibitors Fail

Despite the high efficacy of PPIs in suppressing reflux symptoms and healing
esophageal mucosal breaks, heartburn and atypical reflux symptoms may persist in
up to 20% and 50% of uninvestigated patients, respectively. In these cases, compli-
ance must be checked since several patients do not take PPIs 30—60 min before the
first meal of the day [15]. If compliance is adequate, twice-daily administration of
the label dose may prove effective in significantly reducing acid reflux [15]. When
symptoms persist despite twice-daily PPI therapy in uninvestigated patients, a diag-
nostic work-up preceded by two-week PPI withdrawal and consisting of off-therapy
upper GI endoscopy and pH-impedance monitoring is warranted in order to distin-
guish reflux-related from reflux-unrelated (i.e., functional) symptoms, and diagnose
or exclude GERD [16-18]. In PPI-refractory patients with documented GERD, on-
PPI pH-impedance monitoring is required to distinguish reflux-related from func-
tional symptoms [3, 15], amenable to either incremental antireflux management or
neuromodulator treatment, respectively. The mechanism of PPI refractoriness can
only be clarified by on-PPI pH-impedance monitoring: indeed, persistence of an
excess weakly acidic reflux burden and severe impairment of esophageal chemical
clearance unaffected by therapy represent the major causes of PPI refractoriness in
patients with documented GERD [18-21], neither of the two detectable by on-PPI
pH-only monitoring [22] even when combined with bile reflux monitoring [23].

In GERD patients with symptoms refractory to high-dose PPI therapy and due to
ongoing reflux, laparoscopic fundoplication is a valuable management option,
allowing persistent off-therapy heartburn suppression in up to 67-88% of cases at
1-3-year follow-up [18, 24, 25]. However, there are patients who are unfit for sur-
gery or who fear the side effects and complications of laparoscopic fundoplication:
for them, add-on and alternative medications to PPIs, as detailed below, are worthy
of consideration.

H2-receptor antagonists (ranitidine, famotidine) may be added at bedtime for
persisting nocturnal symptoms: efficacy is limited, however, since tachyphylaxis
can arise after one month only [3, 15].

Prokinetics (metoclopramide, domperidone) must be avoided because of poor
efficacy and dangerous side effects [3, 15].
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Baclofen is a gamma-amino-butyric acid (GABA) receptor type B agonist which
inhibits reflux events: when added to PPIs, it can improve reflux symptoms in cases
with positive symptom association probability (SAP) as shown by on-PPI pH-
impedance monitoring [26]. Unfortunately, side effects including dizziness, somno-
lence, and constipation limit its clinical use [3, 15].

A new formulation of a bile acid sequestrant (colesevelam) with a gastric reten-
tive technology was investigated in a recent study as add-on therapy in patients with
heartburn persistent on label-dose PPIs [27]: symptom relief was only modest, how-
ever, and the drug was not tested in patients with heartburn persisting on high-
dose PPIs.

Alginate rapidly forms a physical barrier on top of the stomach contents in the
form of a floating gel which localizes to the postprandial acid pocket and displaces
it below the diaphragm to reduce postprandial acid reflux. When added to PPIs,
alginate can improve heartburn control [28]. A formulation of hyaluronic acid and
chondroitin-sulfate has recently been developed: it can be added to PPIs with
improvement of persistent symptoms [29].

Recently, a new class of antisecretory agents named potassium-competitive acid
blockers (P-CABs) has been developed [30], representing an alternative to PPIs.
They reversibly bind to H+K+-ATPase to compete with potassium binding.
Vonoprazan is the most widely investigated P-CAB [31]: it is acid-stable, thus elim-
inating the necessity for enteric coating and allowing for rapid onset of action.
Vonoprazan rapidly achieves high and sustained (half-life 9 hours) concentrations in
the parietal cell secretory canaliculi, so that maximal acid inhibition is achieved
quickly after the first dose. Additionally, since it is not metabolized through the
hepatic CYP2C19 or CYP3A4 enzymes, vonoprazan is much less prone to drug-
drug interactions and to variability among individuals in the duration of action due
to polymorphisms of these enzymes, as seen with PPIs. Vonoprazan was non-
inferior to PPIs for GERD management in several studies. Of note, vonoprazan was
more effective than lansoprazole in healing and maintenance of healing of severe
(grade C/D) reflux esophagitis [32], while heartburn was relieved more promptly
and more completely during the night-time with vonoprazan as compared with lan-
soprazole in patients with reflux esophagitis [33]. However, the remarkable acid
suppression induced by vonoprazan needs careful monitoring for possible adverse
events due to profound gastric acid suppression when long-term use is considered.
Further, available data do not suggest any substantial advantage in heartburn relief
of vonoprazan over the most potent PPI esomeprazole [34, 35]: thus, whenever
vonoprazan is not available, shifting to esomeprazole 40 mg twice daily in patients
unresponsive to the other PPIs may represent a valuable option.

In the current era of precision medicine, medical therapies should be tailored on
the basis of individual rather than group analyses. On-PPI pH-impedance monitor-
ing, besides establishing a direct link between reflux and on-therapy persistent
symptoms, can also guide medical therapy [36], suggesting incremental acid sup-
pression in cases of excess acid reflux or add-on antireflux medications in cases of
excess weakly acidic reflux.
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11.1 Introduction

Esophageal disorders, including gastroesophageal reflux disease (GERD), are influ-
enced by multiple factors, with dietary habits being among the major contributors to
the onset and exacerbation of symptoms. In fact, dietary habits can significantly
affect esophageal function and motility through several mechanisms, which include
altering the lower esophageal sphincter (LES) pressure, modifying gastric acid
secretion, and affecting esophageal peristalsis.

11.2 The Effect of Dietary Components on Lower Esophageal
Sphincter Pressure

LES is a tonically contracted band of muscle that relaxes transiently to allow the
passage of food and liquids into the stomach and contracts to prevent reflux of
gastric contents. Both intrinsic and extrinsic factors, including neural, hormonal,
and dietary components influence LES pressure. LES basal tone is maintained by
the myogenic properties of the smooth muscle and modulated by neural inputs,
primarily via the vagus nerve. Hormones such as gastrin, motilin, and ghrelin can
increase LES pressure, whereas hormones like cholecystokinin and secretin tend to
decrease it [1]. Dietary components and eating habits play a significant role in
modulating LES pressure, with some foods playing a major role in the onset of
some symptoms [2].
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» High-fat foods. High-fat food intake reduces LES pressure and increases esoph-
ageal exposure to gastric fluids. A systematic review investigating the relation-
ship between GERD occurrence and different foods and dietary patterns found a
significant relationship between adherence to high-fat diets and increased risk of
GERD [3]. Consumption of large, high-fat meals was associated with increased
acid exposure time in patients compared to low-fat meals and accelerated the
development of GERD by reducing LES pressure. In fact, high-fat meals delay
gastric emptying and may cause prolonged gastric distension, which can reduce
LES tone, as demonstrated in a study by Penagini et al. [4]. This is also due to
the increased production of bile acids and pepsin in response to fatty foods.
These substances are particularly damaging to the esophageal mucosa and can
lead to inflammation and esophagitis, as shown by Sifrim et al. [5]. Dietary fats
can influence the release of hormones that regulate LES pressure and gastric
motility. For example, cholecystokinin (CCK) is released in response to fatty
meals and is known to decrease LES pressure. This hormonal modulation adds
another layer of complexity to how high-fat diets promote reflux [6].

* Fibers. Dietary fiber, particularly soluble fiber, forms a gelatinous substance
when it dissolves in water, increasing gastric content viscosity and slowing down
the gastric emptying process. Moreover, the bulk formation leads to greater gas-
tric distension, which can activate gastric stretch receptors, signaling the need to
slow gastric emptying to manage the increased volume effectively [7]. Fibers
also influence the contractions of the stomach muscles, increasing the frequency
and strength of contractions that help in mixing the food but slow down its pro-
gression to the pylorus. This modulation ensures a more gradual and consistent
emptying process, preventing large volumes of food from entering the small
intestine too quickly, which can engulf the digestive processes. High-fiber foods
seem to impact the acidity of the stomach contents, as fibers tend to buffer stom-
ach acids, contributing to maintaining an optimal pH for the activity of digestive
enzymes like pepsin. This buffering effect, coupled with slower gastric empty-
ing, ensures that the chyme is adequately mixed with digestive enzymes and is
thoroughly digested before it moves to the small intestine, and is crucial for
preventing undigested food particles from irritating the esophagus and LES [8].
Lastly, fibers stimulate the release of gastrin, CCK, and peptide YY (PYY),
which play crucial roles in regulating gastric emptying. For example, CCK slows
gastric emptying by relaxing the proximal stomach and contracting the pyloric
sphincter, thereby prolonging the retention time of food in the stomach, which
helps in maintaining a slower and more controlled release of stomach contents
into the small intestine. The extended digestion time also promotes a feeling of
satiety, which can help in weight management. Since obesity is a risk factor for
GERD, the satiety-inducing properties of fiber can indirectly contribute to
improved esophageal health by aiding in weight control.

* Chocolate and peppermint. Both chocolate and peppermint have been shown
to reduce LES pressure, possibly due to their methylxanthine content.
Methylaxanthine, which inhibits the activity of phosphodiesterases and acts as
non-selective antagonist of adenosine receptors seems effective at promoting
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smooth muscle relaxation, including LES [9]. Shay et al. found that chocolate
consumption significantly decreased LES pressure and increased acid exposure
in the esophagus [10].

Caffeine. Caffeinated beverages such as coffee and tea can increase gastric acid
secretion and decrease LES pressure. Caffeine, which is a major methylxanthine
in coffee and tea, inhibits phosphodiesterases and acts as a non-selective antago-
nist of adenosine receptors, therefore decreasing intracellular calcium concentra-
tions. Caffeine may also exert direct effects on smooth muscle cells by interfering
with calcium release from the sarcoplasmic reticulum and inhibiting calcium
influx through calcium channels, contributing to the relaxation of LES smooth
muscle and the overall reduction in LES pressure [11]. Moreover, Wendl et al.
reported that decaffeinated coffee had less of an impact on LES pressure com-
pared to regular coffee, suggesting caffeine as a key factor [12].

Alcohol. Alcohol consumption is well known to influence the function of LES,
often leading to its relaxation and an increased risk of gastroesophageal reflux.
Ethanol increases the production and release of nitric oxide from the enteric
nervous system which activates guanylate cyclase in smooth muscle cells, lead-
ing to an increase in cyclic guanosine monophosphate (cGMP) [9]. Elevated
cGMP levels activate protein kinase G (PKG), which subsequently reduces intra-
cellular calcium levels and promotes smooth muscle relaxation [9]. Ethanol has
been shown to interfere directly with calcium in the LES smooth muscle cells,
reducing calcium influx through voltage-dependent calcium channels and inhib-
iting calcium release from the sarcoplasmic reticulum [13]. This reduction in
intracellular calcium levels diminishes the contractile force of the smooth mus-
cle, leading to LES relaxation [13]. Moreover, ethanol consumption can enhance
the release of inhibitory neurotransmitters, such as vasoactive intestinal peptide
(VIP), which can increase the release of CCK, which binds to receptors on LES
smooth muscle cells and reduces LES pressure. Alcohol may also exacerbate
inflammation and oxidative stress within the gastrointestinal tract, promoting the
production of inflammatory cytokines and reactive oxygen species (ROS), which
can impair the function of the smooth muscle cells and the enteric nervous sys-
tem, further promoting LES dysfunction [11]. These combined effects result in a
significant reduction in LES pressure and explain why alcohol consumption is a
common risk factor for GERD and related symptoms.

11.3 The Role of Dietary Interventions in Esophageal Health

According to international guidelines, one of the most crucial treatments for patients

suffering from GERD is dietary modification. Several intervention studies utilizing

low-carb, high-fat, and low-FODMAP diets have been conducted to assess the effi-
cacy of various nutritional interventions in GERD patients. However, to date, there
is insufficient data to support the effectiveness of these dietary approaches, since
most of the recommendations are based on uncontrolled studies [14]. Figure 11.1

shows the possible effect of the different dietary interventions on esophageal health.
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Fig. 11.1 Possible effect
of the different dietary
interventions on
esophageal health
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11.3.1 Low-Carbohydrate Diet

A few studies showed improved GERD symptoms after low-carbohydrate diets
[15-17]. A 2006 study on eight GERD patients with obesity (BMI >30 kg/m?) con-
ducted by Austin et al. [15] showed that a low-carbohydrate diet (less than 20 g/day)
for 3-6 days significantly reduced GERD symptoms, as evaluated by the GERD
Symptom Assessment Scale-Distress Subscale (GSAS-ds). The authors also dem-
onstrated that after a low-carbohydrate diet, there was an improvement in the pH
monitoring parameters, with a significant reduction in the acid exposure time (AET)
(5.1 £ 1.3% before diet vs. 2.5 £ 0.6% after diet; p = 0.022). The randomized con-
trolled trial cross-over study by Wu et al. [16] confirmed these results; the authors,
in fact, reported a worsening in reflux symptoms after a high-carbohydrate diet in
GERD patients. Moreover, pH monitoring parameters such as DeMeester score,
total reflux time, and number of reflux periods were significantly higher after the
high-carbohydrate diet (p < 0.05). Further evidence of a reduction in GERD symp-
toms after a low-carbohydrate diet comes from the randomized controlled dietary
intervention trial by Gu et al. [17], showing that a change in dietary carbohydrate
intake aimed at significantly reducing the intake of simple sugars improved pH
monitoring results and symptoms of GERD. A recent meta-analysis [14] confirmed
the significant decrease in esophageal acid exposure after low-carbohydrate diets
compared to high-carbohydrate diets. However, the underlying mechanisms have
not been completely clarified yet. Among the proposed mechanisms, there is the
effect on gastric distension. In fact, a high-carbohydrate meal could occupy a larger
gastric volume; moreover, some carbohydrates, such as lactose and FODMAP could
increase the number of transient lower esophageal relaxations (TLESRs) [18]
favouring reflux. The effect of low-carbohydrate diets on GERD does not seem to
be linked to weight loss, as the beneficial effects of this diet are revealed in the short
term, in patients without significant weight loss.
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11.3.2 High-Fat Diet

In clinical practice, physicians often suggest to GERD patients to avoid high-fat
foods, since they could delay gastric emptying and increase reflux symptoms.
However, the effects of a high-fat diet on GERD are still conflicting [14]. In a 1998
study, Penagini et al. [19] demonstrated no significant difference in esophageal acid
exposure and the number of reflux episodes in GERD patients after a high-fat meal
(44 g fat) compared to a balanced meal (20 g fat). Their results were also confirmed
by another Italian study on 13 healthy subjects who underwent 6-h esophageal pH
monitoring after three meals of the same volume and osmolarity but different fat
content and caloric load: a) high fat (58% fat) 2.8 MJ; b) balanced (23% fat) 2.8 M1J;
and c) balanced low calorie (25% fat) 1.6 MJ. The authors demonstrated that the
effect on GERD was related to the caloric load of meals rather than their fat content
[20]. In contrast, Fan et al. [21], in their study on 27 patients with GERD, found a
significantly higher percentage of esophageal acid exposure at 4 hours (median 5,
2% vs. 4%) when comparing a high-fat meal to a standard meal.

11.3.3 Low-FODMAP Diet

A diet low in fermentable oligosaccharides, disaccharides, monosaccharides, and
polyols (FODMAPs) reduces the ingestion of poorly absorbed short-chain carbohy-
drates, such as lactose or fructooligosaccharides. Patients with irritable bowel syn-
drome (IBS) usually improve their gastrointestinal symptoms during this type of
diet, probably thanks to the reduction of colonic microbial fermentation [22]. A
multicenter, randomized, open-label study by Riviere et al. [23] compared the effect
on reflux of a 4-week low-FODMAP diet vs. usual dietary advice such as low-fat
diet and postural measures in 31 patients with symptomatic proton-pump inhibitor
(PPI) refractory GERD. The authors concluded that the low-FODMAP diet did not
seem more effective than usual dietary advice in patients with PPI-refractory GERD
symptoms and suggested recommending a low-FODMAP diet only in patients with
concomitant IBS. Another recent, small study on eight patients evaluated the effect
of the low-FODMAP diet in patients with overlapping GERD-IBS, showing that
postprandial regurgitation (2.9+1.2 vs. 0.4+0.2), bloating (7.0£0.4 vs. 3.1+0.9),
satiety (7.7+0.4 vs. 3.5£0.9), and belching (3.8+1.2 vs. 1.1£0.6) symptom scores
were significantly greater after a high-FODMAP diet (p < 0.05). Furthermore, a
high-FODMAP diet was associated with a higher frequency of TLESRs [24].

11.3.4 Other Dietary Interventions

11.3.4.1 Eating Speed

Physicians often suggest to GERD patients to chew food thoroughly and eat slowly.
Eating speed was evaluated in several studies. Riviere et al. [23] compared fast
(within 5 min) and slow (within 30 min) eating in 46 patients with GERD; they did
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not find any statistically significant differences in total reflux events within 3 h of
ingestion. Another study by Bor et al. [25] confirmed that the total reflux events, the
total reflux time, and reflux symptoms within 3 h were similar in fast or slow-eating
GERD patients.

11.3.4.2 Dietary Supplements

Bor et al. compared dietary supplements (melatonin, vitamins, and amino acids)
with a daily regimen of 20 mg omeprazole; the results showed a significant
improvement in GERD symptoms in the dietary supplement group (100% vs.
65.7% in the omeprazole group, p = 0.001). However, the efficacy of the treat-
ment was evaluated considering the time to achieve the first 24 hours without
GERD symptoms; moreover, 90% of patients reported somnolence in the dietary
supplement group [26].

Another study demonstrated that a 10-day diet with soluble fibers had a benefi-
cial effect on non-erosive reflux disease (NERD), achieving a 7-day heartburn-free
period in 60% of patients and an improvement in their GERD-Q scores. However,
no changes in the pH monitoring parameters were found [27].

11.4 Conclusion

Although clinicians generally suggest dietary interventions as a first step of therapy
for GERD patients, current evidence about this topic is still scanty. A meta-analysis
confirmed the positive effect of low-carbohydrate diets on GERD but did not show
any improvement with other dietary regimens. However, most intervention studies
contained small numbers of patients with a high heterogeneity. Furthermore, the
follow-up period is short, and GERD diagnosis often relies only on patients’
reported symptoms. Therefore, a tailored approach is needed to achieve the goals of
these dietary interventions for each patient. Unnecessary dietary restrictions should
be avoided, as the effect of most dietary interventions could not be confirmed by
current evidence and may result in a reduced quality of life and inadequate nutri-
tional intake, especially in malnourished patients.
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12.1 Introduction

Esophageal disorders have a significant impact on the patient’s quality of life.
Pharmacological therapies and surgery resolve the symptoms in most cases, but for
some years, physiotherapy has been considered an adjunct in managing these condi-
tions, with exciting results especially in the long term. Physiotherapy acts on gastro-
esophageal disorders reflexively, working with diaphragmatic breathing training
and postural re-education. The diaphragm is a skeletal muscle that divides the tho-
racic cavity from the abdominal cavity. It is dome-shaped and has contacts with the
esophagus, stomach, ribs (from the 7th to the 12th), pericardium, and lumbar area
through its diaphragmatic pillars. Given its size, it is divided into:

e Crural diaphragm (CD), which has a minor respiratory role because it does not
significantly change the dimensions of the rib cage but is heavily involved in
gastroesophageal functions;

* Costal diaphragm, which has the role of expanding the lower rib cage [1, 2].

Some scientific studies have shown that 85% of the contractility of the esophago-
gastric junction is attributable to the diaphragm [3]. Since the diaphragm is a skel-
etal muscle, and therefore partially voluntary, its dysfunctions can be improved with
various respiratory rehabilitation techniques. Objective evaluations such as high-
resolution manometry (HRM) have been performed before and after respiratory
rehabilitation in patients with hypotensive lower esophageal sphincter (LES).
Manometric evaluation showed an increase in the tone of the LES after diaphrag-
matic respiratory rehabilitation both at rest and during swallowing. This evaluation
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was also performed in patients with ineffective esophageal motility (IEM), showing
surprising results after rehabilitation [4].

HRM helps evaluate the integrity of the antireflux barrier by considering param-
eters such as basal LES tone, presence of LES-CD separation, and esophageal con-
tractile vigor. Considering that 85% of the esophagogastric junction contractility is
attributable to the diaphragm, the question to ask is how this occurs. Among the
numerous scientific studies, some have focused on the effect of increased intra-
abdominal pressure (IAP) on the esophagogastric junction. The increase in AP was
simulated in three different ways:

1. Using a pneumatic pressure cuff inflated to 50 and 100 mmHg;

2. Using the Valsalva maneuver sustained for at least 20 seconds;

3. Using the Lasegue test (also known as straight leg raise test), which involves
raising the straight leg from a supine position. This position was maintained for
at least 20 seconds.

The diaphragm muscle tone was evaluated using electromyography during abdomi-
nal compression, adding important information about diaphragm function. The
result was that the tonic activity of the diaphragm increased during abdominal pres-
sure loading, and was proportional to the amount of the load. Therefore, the authors
hypothesized a “stretch reflex” from the diaphragmatic muscle spindles contribut-
ing to diaphragmatic tone, even if they could not exclude other mechanisms such as
a vagal reflex. A common result in all studies was an increased LES pressure in
response to increased IAP in asymptomatic volunteers and patients with normal
LES pressure and length. However, in patients with symptomatic gastroesophageal
reflux disease (GERD), the increase in LES pressure during rises in IAP was lower
and not directly proportional to the amount of the load [5].

Posture is also important because a spinal problem, such as dorsal hyperkyphosis
or lumbar hyperlordosis, can alter the diaphragm functionality, which consequently
affects the integrity of the antireflux barrier.

The rehabilitation program consists of a multidisciplinary approach that includes:

¢ Postural examination;

» Specific diaphragmatic breathing exercises;
¢ Dietary re-education;

e Psychological support.

12.2 Postural Examination

Postural examination consists of an analysis of body movements aimed at evaluat-
ing the patient’s posture. It is carried out with or without the use of specific instru-
ments to identify any musculoskeletal alterations. The evaluation is performed in
three spatial planes:
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 In the frontal plane, anteriorly, the inclination and rotation of the head, the posi-
tion of the shoulders and clavicles, the position of the knees (possible varus or
valgus), and the foot support are evaluated; in the frontal plane, posteriorly, the
scapulae, the axis of the humeri, the width of the waist triangles, the rotation of
the pelvis, the axis of the femurs, and the foot support are evaluated;

* In the sagittal plane, any alterations in the physiological curves of the spine are
evaluated;

e In the horizontal plane, the rotations of the shoulder and pelvic girdles are
evaluated.

Based on the detected postural dysfunctions, a tailored rehabilitation program is
created for each patient, which will allow the body to be realigned and rebalanced
in bilateral harmony. This program includes stretching exercises for the muscle
chains and strengthening exercises for the dorsal, abdominal, and antigravity mus-
cles. Additionally, the physiotherapist’s task is to correct the patients’ posture by
making them aware of their alterations so they can use correct posture during daily
activities.

12.3 Specific Breathing Exercises

Because the diaphragm plays an extremely important role in the antireflux barrier,
it is essential to improve its functionality. As is known, there are three types of
breathing: thoracic, diaphragmatic, and mixed.

The type of breathing to be used to improve the functionality and elasticity of the
diaphragm is diaphragmatic breathing, where during inhalation the diaphragm con-
tracts and lowers to allow the lungs to fill with air while the belly swells; conversely,
during exhalation, it relaxes and rises, allowing partial emptying of the lungs.

For optimal activation of the diaphragm, it is important that the ideal line of the
chest is parallel to that of the pelvis, assuming a caudal position of the chest
(Fig. 12.1). To achieve this position, the guidance of a physiotherapist during the
execution of various exercises is required. To achieve long-term results, it is also
important to perform at least 30 minutes of exercises per day.

In a systematic review, Lucie Zdrhova and colleagues reported on 11 clinical tri-
als investigating the effects of respiratory rehabilitation in patients with non-erosive
gastroesophageal reflux disease (NERD) [4]. One of these studies, a randomized
controlled trial by Eherer et al., assessed quality of life, pHmetry, and on-demand
use of proton-pump inhibitors (PPIs) before and after the end of a 4-week rehabilita-
tion program consisting of diaphragmatic breathing exercises performed for 30 min-
utes a day; moreover, participants were instructed to continue the breathing exercises
after the end of the study period, and their quality of life and PPI use were reas-
sessed at 9 months. In all patients who underwent rehabilitation, there was a signifi-
cant reduction in esophageal acid exposure time compared to the control group.
Additionally, the patients who continued to do 30 minutes of exercises a day for
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Fig. 12.1 Above: wrong
position; below: caudal
position of the chest

9 months showed a one-third reduction in the use of PPIs compared to baseline, as
well as an improvement in quality of life [4].

Below are some exercises to be adopted within a respiratory rehabilitation
program:

Exercise 1—Proprioception

Starting from a supine position with bent legs, the patient should perform five tho-
racic breaths and five diaphragmatic breaths to better understand the type of breath-
ing to be performed. Thoracic breathing involves inhaling through the nose, which
causes the chest to expand and the shoulders to lift, and ends with exhaling through
the mouth, returning to the initial position. Diaphragmatic breathing involves
inhaling through the nose, during which the belly inflates, and slowly exhaling,
deflating it. To better perceive the correct movement, the patient can be instructed to
place their hands on their belly (Fig. 12.2).

Exercise 2—Deep Exhalation

Starting from a supine position with bent legs, the patient should inhale through the
nose, inflating the belly, and exhale through the mouth, blowing out for at least
20 seconds without forcing. It is difficult for the patient to perform the exercise cor-
rectly immediately, so the exhalation times should be gradually extended by per-
forming the exercise regularly [6].

Exercise 3—Reverse Diaphragmatic Exhalation

Starting from a supine position with bent legs, the patient should inhale through the
nose, inflating the belly, and exhale through the mouth, blowing out for 15-20 sec-
onds while keeping the belly inflated. During the exercise, the chest should slowly
lower. This exercise promotes stretching of the intercostal muscles.
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Fig. 12.2 Proprioception
exercise

Exercise 4—Massage Therapy

Massage therapy performed by the physiotherapist at the abdominal and subcostal
level helps reduce abdominal tensions and contractions that prevent the correct exe-
cution of the exercises. It is therefore extremely important to use decontracting mas-
sage techniques to promote the greatest possible stretching of the muscles, allowing
for deeper and more correct breathing. Subsequently, the patient will be taught self-
massage to continue the exercise at home.

12.4 Dietary Re-education

Nutrition is one of the first points of focus in the case of esophageal diseases. As
mentioned in the previous chapter, it is essential that the patient follows the dietary
guidelines and balanced diet indicated by the specialist based on the esophageal
pathology and the reported symptoms.

12.5 Psychological Support

Some esophageal diseases are closely related to the patient’s emotional state.
Numerous scientific studies show that most patients suffering from gastroesopha-
geal reflux also suffer from anxiety or depression. It is therefore recommended to
consider these factors in the choice of treatment plan. The psychological treatment
plan consists of cognitive-behavioral therapy, which is extremely effective in man-
aging anxiety.
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12.6 Conclusions

In conclusion, the management of patients with esophageal diseases requires a mul-
tidisciplinary approach involving the collaboration of a doctor, a surgeon, a physio-
therapist, a nutritionist, and a psychotherapist, to successfully improve the patient’s
quality of life, especially in the long term.

References

1. De Troyer A, Sampson M, Sigrist S, Macklem PT. The diaphragm: two muscles. Science.
1981;213(4504):237-8.

2. Mittal RK. The crural diaphragm, an external lower esophageal sphincter: a definitive study.
Gastroenterology. 1993;105:1565-7.

3. Kahrilas PJ, Mittal RK, Bor S, et al. Chicago Classification update (v4.0): technical review
of high-resolution manometry metrics for EGJ barrier function. Neurogastroenterol Motil.
2021;33(10):e14113.

4. Zdrhova L, Bitnar P, Balihar K, et al. Breathing exercise in gastroesophageal reflux disease: a
systematic review. Dysphagia. 2023;38(2):609-21.

5. Siboni S, Bonavina L, Rogers BD, et al. Effect of increased intra-abdominal pressure on the
esophagogastric junction: a systematic review. J Clin Gastroenterol. 2022;56(10):821-30.

6. Trabucco I. Stop al reflusso con il metodo Trabucco. Independently published; 2018.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

®

Check for
updates

Surgical Antireflux Procedures 1 3

Vincenzo Landolfi and Salvatore Tolone

13.1 Introduction

Gastroesophageal reflux disease (GERD) is a prevalent health condition. As of
2020, the global prevalence of GERD was recorded at 13.98% [1]. When symptoms
and/or complications of GERD are present, the mainstay treatment is represented
by the administration of proton-pump inhibitors (PPIs) with or without the addition
of prokinetics, antacids, or newly developed potassium-competitive acid blockers
(PCABS) or topical mucosal defensive agents. On the other hand, GERD can also be
treated using antireflux surgery (ARS), which may be indicated in the presence of
“proven” GERD and usually when the patient is considered truly refractory to medi-
cal therapy [2]. However, ARS may also be indicated when a patient with “proven”
GERD is not willing to continue life-long therapy. The term “proven GERD” refers
to a clinical condition in which the presence of pathological reflux is objectively
demonstrated (e.g., mucosal damage observed through endoscopic examination
and/or abnormal acid exposure in the esophagus during pH monitoring).
Furthermore, the Lyon Consensus 2.0 introduced the new relevant concept of
“actionable GERD” [3]. This means that in the presence of troublesome proven
GERD, therapeutic options including surgery should be initiated. According to the
2021 guidelines from the American College of Gastroenterology (ACG) [4], an
8-week, once-daily empirical PPI therapy is recommended for patients with typical
GERD symptoms who do not exhibit alarming signs such as weight loss or gastro-
intestinal bleeding. However, nearly 40% of patients on PPI therapy continue to
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experience symptoms like heartburn and regurgitation [5]. Refractory GERD is gen-
erally defined by persistent heartburn or regurgitation even after 8 to 12 weeks of
double-dose PPI therapy. Observational studies have linked long-term PPI use to
various adverse effects, including dementia, osteoporosis, pneumonia, and
Clostridium difficile infection. ARS has shown comparable or even greater effec-
tiveness to medications, including PPIs, as shown by a meta-analysis of randomized
controlled trials (RCTs) [6]. Consequently, the ACG guidelines recommend ARS as
a long-term treatment for individuals with severe reflux esophagitis (Los Angeles
grade C or D), large hiatal hernias, or ongoing troublesome GERD symptoms that
are confirmed through objective testing.

GERD is frequently linked to hiatal hernia, a condition in which the esophago-
gastric junction (EGJ) and a portion of the stomach herniate through the esophageal
hiatus. In these cases, the lower esophageal sphincter (LES) is displaced upward,
disturbing the balance between the intrinsic LES pressure and the external compres-
sion exerted by the diaphragmatic crura, and thus reducing LES pressure. Current
guidelines advocate for the surgical repair of symptomatic hiatal hernias, a process
that usually includes primary crural closure, with or without reinforcement with a
mesh, and ARS [7].

Moreover, the 2021 guidelines from the Society of American Gastrointestinal
and Endoscopic Surgeons indicate that ARS might be more effective than medical
management for patients with chronic or treatment-resistant GERD. This recom-
mendation is supported by evidence of four favorable outcomes: a reduction in the
time the pH remains below 4, a decreased dependency on PPIs after the procedure,
improvements in short-term quality of life, and more effective long-term symptom
control. Although potential adverse effects such as short-term complications, gas,
bloating, and occasional treatment failures may occur, these risks are generally con-
sidered minor when weighed against the benefits.

13.2 Mechanisms of Efficacy of Antireflux Surgery

ARS started more than half a century ago, when Nissen wrapped the gastric fundus
to protect an esophagogastric anastomosis after a cardia resection for cancer and
subsequently noted the absence of pathological reflux exposure in the patient. The
Nissen fundoplication was subsequently perfected and used with optimal results.
Then Mario Rossetti described his variant of total fundoplication (Nissen-Rossetti
fundoplication, Fig. 13.1), whereas Toupet (Fig. 13.2) and Dor described their tech-
nique of partial posterior and partial anterior fundoplication, respectively. Finally,
DeMeester and Donahue described their concept of a “floppy Nissen”
fundoplication.

All these techniques have in common the same principle: to create a new mechan-
ical barrier by wrapping the fundus around the EGJ. However, it is fundamental to
keep in mind that ARS is not only “fashioning a wrap”, but it is an anatomical res-
toration of the EGJ. In fact, all ARS procedures need careful preparation of the
diaphragmatic pillars, a long mediastinal esophageal preparation to obtain an
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Fig. 13.1 Laparoscopic
Nissen-Rossetti
fundoplication. (Courtesy
of Prof S. Tolone)

Fig. 13.2 Laparoscopic
Toupet fundoplication.
(Courtesy of Prof

S. Tolone)

adequate intrabdominal segment (without traction, or floppy), preservation of the
anterior and posterior vagal nerves, and adequate closure of the hiatal defect (with
or without meshes). Finally, the fundoplication should be fashioned exactly around
the EGJ, because a wrap that is too proximal can expose the distal esophageal
mucosa to reflux, and one that is too distal can similarly expose to reflux and can
also increase postoperative dysphagia. Achieving all these key aspects during ARS
ensures that the EGJ pressure is increased and transient lower esophageal sphincter
relaxations are reduced (because of the wrap and the crural functions), and the hiatal
hernia is resolved. Thus, this mechanical barrier has been proved effective in con-
trolling all kinds of reflux (acid, weakly acid and weakly alkaline), as well as reliev-
ing all the symptoms directly related to the reflux and stopping the damaging action
of the gastric contents on the esophageal mucosa [8].

Given these features, ARS has been shown to result in a drastic relief of
symptoms and complications in individuals diagnosed with “proven” GERD
who respond poorly to PPIs, as demonstrated by a recent RCT by Spechler et al.
[9]. The procedure notably decreases both the duration of acid exposure in the
esophagus and the number of reflux events, leading to complete or partial



118 V. Landolfi and S. Tolone

symptom remission within 3 months after surgery. On the other hand, when
GERD is not demonstrated, as in patients with functional esophageal disorders
or in those considered to have reflux hypersensitivity, the use of ARS is debated
because, although it has shown positive effects in symptom reduction, the sup-
porting evidence remains limited [10], and individuals who do not respond well
to PPI treatment may also achieve less-than-optimal symptom relief following
ARS [11]. For example, Wilkerson et al. [12] observed considerable symptom
improvement after surgery in both PPI responders and non-responders, although
the responders experienced slightly better outcomes (94% vs. 87%; p = 0.08).
Similarly, another prospective study demonstrated that while the anatomical
outcomes after ARS were similar for both groups, symptom remission was sig-
nificantly higher among responders (heartburn: 93% vs. 73%, p = 0.01; regurgi-
tation: 96% vs. 84%, p = 0.04; atypical symptoms, such as asthma, chest pain,
or cough: 96.6% vs. 83.9%, p = 0.002) [11]. These differences could be attrib-
uted to the presence of undiagnosed functional esophageal disorders in some
patients, highlighting the need to distinguish these conditions from GERD using
diagnostic tools such as endoscopy, esophageal pH monitoring, assessment of
acid exposure time, and calculation of the DeMeester score.

ARS is a valuable treatment option for managing refractory GERD, offering
promising results and cost-effectiveness. However, meticulous patient selection is
essential, particularly because ARS tends to be less effective in PPI non-responders,
is irreversible, and carries the risk of postoperative complications. Spechler et al.’s
landmark study demonstrated that, when GERD is accurately diagnosed using
upper endoscopy, high-resolution manometry, and pH-monitoring or pH-impedance
monitoring, ARS is markedly superior to PPI therapy in patients with refractory
GERD [9].

Historically, the guidelines have supported ARS as an alternative for patients
who require continuous PPI therapy, especially those with abnormal esophageal
acid exposure as evidenced by 24-hour monitoring studies. This recommenda-
tion applies to both erosive reflux disease and non-erosive reflux disease, pro-
vided that esophageal motility disorders have been ruled out by manometry.
More recent research indicates that ARS might also be advantageous for patients
with reflux hypersensitivity—defined by a high symptom index (>50%) or a
symptom-associated probability exceeding 95%—which reflects a strong cor-
relation between symptoms and reflux events, even in the absence of a formal
GERD diagnosis [8].

Meta-analyses of RCTs comparing ARS with PPI therapy in confirmed GERD
patients generally indicate that ARS provides equal or superior symptom manage-
ment, although the incidence of posttreatment complications is similar or, in some
instances, slightly higher with surgery. For example, Tristdo et al. found that fundo-
plication resulted in a significantly greater remission of heartburn (risk difference
[RD]: —0.19, p = 0.0003) while achieving comparable outcomes for the remission
of regurgitation (RD: —0.07, p = 0.18), abnormal esophageal acid exposure (pH <4)
(mean difference [MD]: —2.40, p = 0.64), and the frequency of dysphagia and other
complications when compared to PPI treatment [6]. Similarly, research by Garg
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et al. demonstrated that both short- and long-term postoperative heartburn and other
reflux symptoms were less common among ARS patients than those on PPIs, and
that ARS patients enjoyed improved health-related quality of life scores (short-term
standardized mean difference [SMD] 0.14, 95% CI —0.02 to 0.03). Howeyver, this
benefit was counterbalanced by a higher occurrence of short-term dysphagia (RR
3.58,95% CI 1.91 to 6.71) and serious adverse events (RR 1.46, 95% CI 1.01 to
2.11) following surgery [13].

Limited studies suggest that patients with reflux hypersensitivity or other func-
tional esophageal disorders, may also benefit from ARS. For example, one RCT
reported that 1 year after ARS, 71% of patients with reflux hypersensitivity experi-
enced symptom improvement, compared to 62% of patients with standard GERD
and only 12% in the placebo group [14].

13.3 Which Kind of Fundoplication Should Be Chosen?

Nissen fundoplication is the most widely performed procedure in ARS, although
partial fundoplication (Dor and Toupet) methods are also used to lessen the risk of
postoperative dysphagia, bloating, and other complications.

Meta-analyses of RCTs comparing Nissen and Dor fundoplication reveal that the
Nissen procedure is associated with a higher incidence of postoperative dysphagia
(RR 0.56, p = 0.002), flatulence (RR 0.57, p = 0.02), inability to belch (RR 0.63,
p = 0.05), and gas bloating (RR 0.59, p < 0.001) than the Dor approach. However,
there were no significant differences between the two procedures regarding postop-
erative heartburn (RR 1.39, p = 0.58) or the continued use of PPIs. Additionally,
measures such as postoperative DeMeester scores (weighted mean difference
[WMD] 0.85, p = 0.06), LES pressure (SMD —0.74 mmHg, p = 0.23), and reopera-
tion rates (RR 1.50, p = 0.24) were similar between the groups [15].

Similarly, comparisons between Nissen and Toupet fundoplication indicate that
patients undergoing the Nissen procedure may experience higher rates of postopera-
tive dysphagia (RR 2.61, p < 0.01) and gas-related symptoms (RR 1.31, p = 0.02),
including difficulties with belching, gas bloating, and flatulence. Although patient
satisfaction (RR 1.05, p = 0.22) and reoperation rates (4.74% vs. 6.54%, p = 0.77)
were comparable, the Nissen technique resulted in higher postoperative LES pres-
sure (SMD 0.66, p < 0.05) and a lower, though not statistically significant, postop-
erative DeMeester score (SMD —0.72, p = 0.06) relative to Toupet fundoplication
[16]. However, more recent studies showed no systematic discrepancy between the
Nissen and Toupet fundoplication for intraoperative complications (Nissen 2.10%
vs. Toupet 1.48%), general complications (2.27% vs. 2.88%), postoperative compli-
cations (1.44% vs. 1.18%), complication-related reoperation (1.00% vs. 0.91%),
recurrence at 1-year follow-up (6.55% vs. 5.33%), pain on exertion at 1-year fol-
low-up (12.49% vs. 9.52%), pain at rest at 1-year follow-up (10.44 vs. 9.52%) and
pain requiring treatment at 1-year follow-up (9.61% vs. 8.17%). Also the postopera-
tive dysphagia rate was 5.34% after Nissen and 4.64% after Toupet, with no signifi-
cant difference [17].
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In summary, while Nissen fundoplication may provide superior control of reflux
symptoms, it is also associated with a higher risk of postoperative issues such as
dysphagia and gas bloating. Recent guidelines suggest that the choice of surgical
approach should be tailored to the patient’s priorities —whether they favor maximal
symptom relief or wish to minimize potential postoperative side effects like dyspha-
gia. However, we would highlight that it is fundamental for a surgeon dedicated to
ARS to be confident with all kinds of fundoplication, in order to offer the best
option for the single patient.

13.4 Laparoscopic or Robot-Assisted ARS?

With the advent of robotic surgery, many authors claimed that robotic antireflux
surgery (RARS) can present better outcomes, fewer complications and shorter hos-
pital stays, paying the price for a more expensive technology and a longer operative
time. According to a recent systematic review and meta-analysis, the results of lapa-
roscopic ARS vs. RARS showed no statistically significant difference in operative
time, intraoperative complications, length of stay, readmission rates, overall compli-
cations, and mortality. However, laparoscopic ARS was associated with lower costs
compared to RARS [18]. These results seem to be intuitive, because the cost of a
new technology is always more expensive at the start, with an obvious decrease in
time, as the history of laparoscopy has just taught us. The key issue is to continue
providing a standardized ARS with its principles, whether via laparoscopy or robot-
assisted laparoscopy.

13.5 New Technologies

The history of ARS is constellated with many attempts to use alternative devices to
fundoplication, such as the old Angelchik prosthesis, implantable agents, electrical
pacemakers and endoscopic techniques. However, only magnetic sphincter aug-
mentation by means of a ring device constituted by several magnetic beads (LINX™,
J&J) is currently used in clinical practice. Current indications are the same as for
ARS, with the only limitation of placing the device in patients with a still adequate
esophageal motility (mean distal esophageal amplitude >30 mmHg). The ring diam-
eter is chosen intraoperatively, with a dedicated calibrating device; the magnetic
sphincter is placed around the LES passing between the posterior vagus and the
esophageal wall. Its unique feature is that it expands by separating the beads when
a pressure greater than 30 mmHg is applied. Thus, food is allowed to pass reducing
the probability of postoperative dysphagia, gas-bloat syndrome and inability to
belch and vomiting, but effectively controlling the reflux that is known to occur
through a low pressure system. Outcome data after at least 5 years of follow-up
showed optimal reflux control, low PPI resumption rate and a 4% rate of device
removal [19, 20].
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13.6 Conclusion

ARS is an effective and safe treatment for GERD. The most important requisite is
to provide objective evidence of GERD and to accurately select the patient using
objective testing. Each type of fundoplication has its place in the surgical manage-
ment of GERD, offering unique benefits based on patient-specific factors such as
esophageal motility, symptom severity, and anatomical considerations. The choice
of procedure should be guided by a thorough preoperative evaluation to optimize
patient outcomes, with careful consideration given to long-term outcomes and
potential complications. As laparoscopic fundoplication techniques evolve, the
trend toward patient-specific approaches and minimally invasive technology is
anticipated to further refine the effectiveness and durability of surgical interventions
for GERD.
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of Gastroesophageal Reflux Disease

Guido Costamagna and Cristina Ciuffini

14.1 Introduction

Gastroesophageal reflux disease (GERD) is one of the most common chronic condi-
tions affecting the upper digestive system [1]. GERD occurs when the backward
flow of stomach contents into the esophagus causes symptoms and/or mucosal inju-
ries [2]. The primary pathophysiological mechanisms of GERD are lower esopha-
geal sphincter (LES) dysfunction and impaired esophageal motility that are
responsible for the upflow and persistence of gastric contents in the esophagus,
respectively [2]. Typical symptoms include heartburn and regurgitation, but GERD
can also present through atypical or extra-esophageal symptoms such as laryngitis,
asthma and cough [2]. The presence of symptoms without mucosal damage is
defined as “non-erosive reflux disease” (NERD) [2]. Conversely, patients with evi-
dence of esophageal mucosal breaks at endoscopy are diagnosed with erosive
esophagitis and have an increased risk of developing complications like esophageal
ulcers and strictures, Barrett’s esophagus, and esophageal adenocarcinoma [2].
Traditional treatments include lifestyle modifications, pharmacologic therapy, and
surgical interventions [3]. Proton-pump inhibitors (PPIs) are the most commonly
used medication and have proven to be effective in providing symptom relief and
promoting mucosal healing [3]. However, many patients experience a symptomatic
relapse and the recurrence of erosive esophagitis upon discontinuation of therapy
[3]. On the other hand, long-term PPI therapy has raised growing concern about the
side effects, especially the increased risk of infections and malabsorption [4].
Additionally, some patients exhibit PPI-refractory GERD, which is defined as the
persistence of typical symptoms after 8 weeks of double-dose PPI therapy [3].
Surgical intervention is a valid option for PPI-refractory or PPI-dependent patients
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[3]. Nevertheless, antireflux surgery, primarily fundoplication, carries a risk of acute
complications [5]. Since the early 2000s, the development of endoscopic treatments
offers minimally invasive alternatives with promising efficacy and safety profiles
for patients with GERD who are refractory to medical therapy, those who are not
candidates for surgery, or those preferring a less invasive approach [6]. General
contraindications to endoscopic therapy for GERD include the presence of a hiatal
hernia larger than 2 cm, severe erosive esophagitis, esophageal strictures, and
Barrett’s esophagus [6]. This chapter will discuss the main endoscopic techniques,
their mechanisms of action, and their clinical outcomes.

14.2 Types of Endoscopic Treatments

Injection of bulking agents. Early efforts in endoscopic treatment of GERD
involved injecting bulking agents at the esophagogastric junction (EGJ) to
improve its antireflux barrier function [7, 8]. Despite early promise, these prod-
ucts have been withdrawn or sidelined, and none are currently approved for
clinical practice. Enteryx is a biocompatible non-resorbable copolymer that is
injected in the muscle layer where it solidifies into a spongy mass [7]. An inter-
national multicenter prospective trial demonstrated that PPI cessation persisted
in 67% of patients after 24 months of Enteryx implantation [9]. Despite this,
Enteryx was withdrawn from the market in 2005 due to safety concerns after
reports of mediastinal complications [7, 9, 10]. A similar fate befell the
Gatekeeper reflux repair system, consisting of expandable hydrogel prostheses
implanted into the submucosa of the LES area, that was able to significantly
improve GERD health-related quality of life (GERD-HRQL) and normalize
esophageal pH [8]. However, the Gatekeeper reflux repair system is no longer
marketed due to the lack of long-term results. Later on, other bulking agents,
such as Durasphere and Plexiglas, showed initial success in small studies but
were not pursued in further trials [11, 12].

Radiofrequency energy treatment (STRETTA® procedure). The STRETTA®
procedure was first approved by the FDA for the treatment of GERD in 2000 and is
the endoscopic technique with the most extensive clinical experience to date [13,
14]. It involves the delivery of low-power radiofrequency energy using four needle
electrodes that extend from a balloon catheter into the muscle layer at different lev-
els across the LES and the gastric cardia [15]. Although the exact mechanism of
action remains unclear, it is hypothesized that radiofrequency stimulation thickens
the LES wall through fibrosis and muscle hypertrophy [16, 17]. A 2017 meta-
analysis of the STRETTA® procedure demonstrated significant improvements in
HRQL scores and a marked decrease in heartburn symptoms [14]. Of all patients,
51% discontinued PPIs, while 36% exhibited significant healing of erosive esopha-
gitis at follow-up endoscopy [14]. The safety profile of the procedure was excellent,
with an adverse event rate of less than 1% [14]. Erosion and mucosal lacerations
were the most common complication [14]. Several longer-term follow-up studies
have shown that the STRETTA® procedure yields sustained improvements in
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heartburn scores, patient satisfaction, and reduced PPI use, with positive outcomes
reported up to 4, 8, and even 10 years after the procedure [18-20].

Transoral incisionless fundoplication. Transoral incisionless fundoplication
(TIF) using the EsophyX™, approved by the FDA in 2007, allows the gastric fun-
dus to be wrapped around the lower esophagus without the need for external inci-
sions [6]. The procedure involves two endoscopists: one handles the gastroscope,
which is positioned retroflexed to view the cardia, while the other operates the
EsophyX™ device, which is loaded onto a gastroscope and introduced transorally
under direct vision [6]. A helical retractor is inserted into the EGJ tissue with a
corkscrew-like motion to pull the tissue down and create a fold that is secured in
place with two small fasteners [6]. The process is repeated around the EGJ until a
valve 2 to 4 cm in length and 270 to 300 degrees in circumference is achieved [6]
(Fig. 14.1). The flap valve’s luminal diameter is controlled by the device, preventing
over-tightening and allowing intragastric air to vent [21]. This minimizes the onset
of dysphagia and gas-related symptoms, common sequelae of conventional antire-
flux surgery [21]. TIF is the most extensively researched plication device for GERD,
supported by several well-conducted meta-analyses demonstrating its effectiveness.
Overall, TIF proved to be able to improve HRQL and typical symptoms as well as
atypical ones with discontinuation of PPI in almost 90% of patients [22—24]. These
results are durable, with over 90% of patients having reduced their PPI use by more
than 50% in a 10-year follow-up study [25]. The procedure also showed a good
safety profile with a 1-2% rate of adverse events [22, 24].

Another system developed to create a partial endoscopic fundoplication is the
Medigus Ultrasonic Surgical Endostapler (MUSE™) that was cleared by FDA in

Fig. 14.1 Transoral incisionless fundoplication (TIF) with EsophyX™. (a) A helical retractor is
inserted into the EGJ tissue with a corkscrew-like motion. (b) The tissue is pulled down between
the arms of the device. (c) The fold is secured in place with fasteners. (d) Appearance of the cardia
in retroflexed position at the end of the procedure. (e) Appearance of the cardia in anterovision at
the end of the procedure. (f) Appearance of the cardia in retrovision at the 6-month follow-up



126 G. Costamagna and C. Ciuffini

2015 [6]. The endostapler, which resembles an endoscope, is introduced into the
stomach through an overtube [6]. The endoscope tip is then retroflexed and maneu-
vered to align the anvil with the rigid section of the endoscope shaft, which contains
the staple cartridge [6]. This positioning, approximately 3 cm proximal to the EGJ,
allows the tissue of the fundus to be clamped against the distal esophagus where it
is secured by firing staples [6]. An ultrasound device is located at the tip of the endo-
stapler [6]. It uses an ultrasonic range finder to measure the tissue gap and alignment
between the staple cartridge and the anvil, displaying this information on a video
monitor [6]. The MUSE™ device is rotated, and the procedure is repeated to achieve
a 180-degree anterior fundoplication [6]. In a multicentre, prospective trial 83.8%
of patients remained off daily PPI at 6 months after procedure, with 69.4% still off
at 4 years [26]. Additionally, GERD-HRQL showed a significant increase from
baseline to both 6 months and 4 years after the procedure [26]. Initially, safety con-
cerns emerged following serious adverse events including severe upper GI bleeding
and esophageal leakage [27, 28]. However, after the introduction of protocol mea-
sures such as antiemetic prophylaxis and postoperative X-rays, no further severe
adverse events were reported [26]. Unfortunately, the MUSE™ system is not being
merchandized at the moment following company-specific issues.

Endoscopic full-thickness plication. The NDO full-thickness plicator was devel-
oped in the early 2000s to create full-thickness plications at the EGJ [29]. In this
procedure, the endoscope/plicator assembly is introduced in the stomach and placed
in retroflex position [30]. A helical tissue retractor is inserted deep into the gastric
wall, within 1 cm below the EGJ [30]. The gastric wall is then drawn between the
arms of the plicator, which are subsequently closed to deploy a suture, securing the
full-thickness plication [30]. The NDO plicator procedure proved to be safe and
effective in reducing GERD symptoms and the need for medication, with its effects
demonstrating long-term durability for up to 5 years [31]. However, it was with-
drawn from the market in 2008 due to the company’s financial difficulties [29].
Subsequently, an improved and redesigned version of the plicator, the GERDx™,
was introduced. In a 2018 study by Weitzendorfer et al., endoscopic full-thickness
plication with the GERDx™ device effectively reduced esophageal acid exposure
and medication use, relieved reflux-related symptoms, and improved patients’
HRQL [32]. However, four serious adverse events were reported, including a EGJ
hematoma, pneumonia, a Mallory-Weiss lesion, and severe post-procedural pain
requiring surgical removal of a suture that had passed through the diaphragm and
the left hepatic lobe [32]. These complications were ascribed to temporary changes
in the material and length of the sutures, and no adverse events were observed when
the original sutures were used [32, 33]. In a subsequent randomized, sham-controlled
study involving PPI-dependent patients, endoscopic full-thickness plication with
the GERDx™ device proved to be both safe and effective, showing a gradual
improvement in typical symptoms and GERD-HRQL scores at 3, 6, and 12 months
[34]. After 12 months, 62.8% of patients in the GERDx™ group were off PPIs, with
no major adverse events reported [34].

Antireflux _mucosectomy and mucosal ablation. Antireflux mucosectomy
(ARMS)), first described by Inoue et al. in 2014, involves a hemicircumferential
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endoscopic mucosal resection of the gastric cardia [35]. The concept of ARMS
arose from the observation that patients who underwent circumferential mucosal
resection for Barrett’s esophagus with high-grade dysplasia showed an improve-
ment in GERD symptoms [35]. It was hypothesized that scar formation after the
mucosal defect healed would cause a narrowing of the cardia [35]. A 2022 meta-
analysis of 10 studies involving 307 patients showed that ARMS significantly
improved GERD-HRQL scores and resulted in a 65.3% rate of discontinuation and
a 21.5% reduction in PPI use [36]. However, the procedure was associated with a
17.2% adverse event rate, with dysphagia from esophageal stricture being the most
common complication [36]. In 2020, Inoue et al. introduced a newer technique
called antireflux mucosal ablation (ARMA), which offers the advantage of being
repeatable regardless of the presence of fibrosis [37]. The procedure involves ablat-
ing the mucosa around the cardia using an endoscopic knife connected to an elec-
trocautery generator set to coagulation mode, or, more recently, an argon plasma
coagulation probe [37, 38]). The ablation is performed with the endoscope in a ret-
roflexed position on the gastric side, while preserving two contralateral mucosal
areas to prevent stenosis [37, 38]. In a 2024 bi-center study involving 68 patients,
ARMA demonstrated to be a straightforward, safe, and effective procedure able to
improve GERD-HRQL and reduce esophageal acid exposure and erosive esophagi-
tis [38]). The most frequently reported adverse events were dysphagia requiring
endoscopic balloon dilation in 13.2% of cases, and mild to moderate delayed bleed-
ing in 8.8% of cases [38].

14.3 Conclusion

Endoscopic techniques have emerged as a promising and innovative approach for
the treatment of selected patients with GERD, demonstrating both efficacy and
safety. However, these procedures are highly specialized and require significant
technical expertise to perform correctly. Consequently, at this time, they should be
reserved for application in specialized tertiary care centers. Further research and
continued refinement of the devices will be pivotal to expand their availability and
accessibility, potentially offering new therapeutic options for a broader patient pop-
ulation in the future.
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15.1 Introduction

Laparoscopic fundoplication is the most commonly performed surgical procedure
for the treatment of gastroesophageal reflux disease (GERD). It is highly effective
in controlling GERD symptoms, with reported satisfaction rates of 85-90%, even at
long-term follow-up.

Nevertheless, despite its success, the literature reports variable failure rates after
antireflux surgery, ranging from 3-30%, and surgical revision is required in 3-6%
of cases [1]. Despite the lack of consensus, failure is generally defined as the persis-
tence, recurrence, or new onset of adverse gastrointestinal symptoms after antire-
flux surgery requiring medical attention.

The aim of laparoscopic fundoplication is to restore an efficient antireflux valve
in order to prevent the retrograde reflux of gastric content towards the esophagus,
without hindering the regular progression of food transit through the esophagogas-
tric junction; obtaining the right balance is not trivial. Furthermore, the esophago-
gastric junction is an anatomically complex dynamic area subjected to considerable
mechanical stress, which can cause herniation or slippage of the fundoplication.
The management of failure after fundoplication remains challenging; although pub-
lished series on redo surgery report satisfactory results in terms of anatomical reso-
lution of the defect, the clinical outcomes are less favorable than with primary
surgery. Furthermore, revisional surgery is associated with an increased risk of post-
operative morbidity and mortality [2].

Complications after laparoscopic fundoplication can occur both in acute and
chronic settings. This chapter focuses on the most commonly reported complica-
tions after antireflux surgery, and provides an overview of the diagnostic approach
and treatment.
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15.2 Acute Complications

Acute complications can occur during the procedure or in the immediate postopera-
tive period, and should be rapidly recognized and addressed to avoid unfortunate
sequelae.

Bleeding is the most common complication that can be encountered during lapa-
roscopic fundoplication and, fortunately, is generally minor and easily controlled.
Nevertheless, severe bleeding may occur due to an injury of the short gastric vessels
or the splenic capsule during gastric fundus mobilization. To prevent this complica-
tion, it is essential to avoid excessive traction on the stomach during dissection and
perform careful hemostasis in case of division of the short gastric vessels.
Furthermore, it is prudent to keep the dissection plane close to the stomach since
potential bleeding is easier to control on the gastric side. The better surgical visual-
ization offered by the laparoscopic approach has led to a dramatic reduction in the
need for urgent splenectomy, dropping from 4% of the laparotomic series to
0.2-0.5% [3]. In cases of severe uncontrolled bleeding, prompt conversion is
strongly recommended.

The reported incidence of visceral perforation during fundoplication is 0—4%
and generally involves the esophagus or the stomach [2]. Serosal tearing may result
from extensive adhesiolysis or excessive traction on the stomach during gastric
mobilization, especially in cases of large hiatal hernias or revisional surgery, where
the previous fundoplication may be surrounded by dense adhesions and scar tissue,
making the reduction into the abdominal cavity laborious. Perforation is also a par-
ticular concern during the passage of the esophageal bougie, which must be per-
formed by experienced operators, and during the construction of a stapled Collis
gastroplasty. If in doubt of a perforation, an air-leak test should be performed to
assess the integrity of the esophageal and gastric walls. While a gastric perforation
can be safely managed by laparoscopic suturing, esophageal lesions are challenging
to repair both by laparoscopy or laparotomy.

Pleural injury can occur when dissection is performed in the mediastinum, espe-
cially in complex situations such as the presence of a large hiatal hernia, short
esophagus, or during revisional surgery, where it is reported in up to 10% of cases
[4]. Opening the pleura allows carbon dioxide to flow into the pleural space causing
pneumothorax, leading to increased air pressures, hypotension, and loss of vision in
the surgical field. When recognized, it should be promptly addressed by draining the
pleural cavity: a small cannula inserted during the procedure allows resolution of
the pneumothorax, while repair by suturing is not always needed.

15.3 Chronic Complications

The long-term persistence of symptoms, or the appearance of severe symptoms,
requires the performance of diagnostic tests. Chronic complications can be divided
into functional and structural complications, if anatomical abnormalities are docu-
mented at instrumental examinations.
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15.4 Functional Complications
15.4.1 Dysphagia

Mild dysphagia is commonly observed in the immediate postoperative period after
antireflux surgery, occurring in approximately 70% of patients. This condition,
caused by the inflammation and post-surgical edema of the wrap, is generally mild
and transient, resolving spontaneously within 2-3 months. However, 3-24% of
patients experience persistent dysphagia, requiring further instrumental investiga-
tions [5]. Upper gastrointestinal endoscopy and radiological contrast studies are
recommended to exclude the presence of structural complications. Furthermore,
endoscopic biopsy samples at the proximal and distal esophagus are helpful to rule
out a preoperatively undiagnosed eosinophilic esophagitis.

In the absence of structural complications, some degree of dysphagia, particu-
larly for solid foods, is considered a plausible regular sequela of laparoscopic fun-
doplication. This artificial wrap, in fact, does not possess some of the intrinsic
functional characteristics of the native lower esophageal sphincter, such as the abil-
ity to open in a coordinated manner with the arrival of the peristalsis wave at the
level of the distal esophagus and the ability to guarantee transient relaxations of the
lower esophageal sphincter.

These symptoms can be exacerbated in the presence of esophageal motor disor-
ders, such as ineffective esophageal motility. In order to reduce the incidence of
postoperative dysphagia, some authors have proposed a “tailored” approach to fun-
doplication depending on the peristaltic characteristics of the patient. The hypoth-
esis underlying this concept is that partial fundoplication, causing a reduced
obstructive effect at the level of the esophagogastric junction, leads to a lower
degree of dysphagia in patients with insufficient peristaltic reserve. This approach
has long been debated, and several clinical studies have demonstrated that esopha-
geal motility does not influence surgical outcomes.

Several studies have been conducted but have failed to identify predictors of
postoperative dysphagia; recently, provocative high-resolution esophageal manom-
etry maneuvers appear to be reliable in assessing peristaltic reserve and may have a
role in identifying patients at higher risk for postoperative dysphagia.

15.4.2 Gastroesophageal Reflux Disease Recurrence

Persistent or recurrent GERD-like symptoms are occasionally reported after laparo-
scopic fundoplication and can be ascribed to several clinical situations requiring a
stepwise analysis. First of all, the presence of structural complications, eventually
requiring revisional surgery, should be excluded. Persistent GERD symptoms
immediately after surgery can be due to a structural laxity of the fundoplication
caused by technical errors in the construction of the wrap. Recurrence of GERD
after initial satisfactory outcomes can be subsequent to wrap destruction, resulting
in the failure of the procedure.
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If no structural complications are identified by means of endoscopy and X-ray
barium meal, recurrent reflux may be due to the declining effectiveness of fundopli-
cation over time. Although published studies report excellent functional results that
are maintained even at 20 years of follow-up, the precise durability of the effects of
fundoplication is not known.

However, symptoms alone are not enough to diagnose GERD recurrence, and
objective evidence of pathologic reflux is mandatory. In fact, according to data from
long-term randomized controlled trials comparing antireflux surgery and medical
therapy, abnormal pH monitoring occurred in approximately 20% of patients who
reported recurrent GERD symptoms after fundoplication [5, 6].

Over time, resumption of antiacid medications occurs in approximately one-
third of patients; however, proton-pump inhibitors are often given empirically
without prior objective documentation of reflux, and other causes may justify
their prescription, such as peptic ulcer disease or concomitant use of gastro-
toxic drugs.

When persistent or recurrent GERD is suspected, pHmetric monitoring is helpful
in objectively documenting the presence and severity of reflux, and establishing the
relationship between reflux episodes and symptoms, since recurrent symptoms may
not depend on reflux, in order to optimize the medical management.

15.4.3 Gas-Bloat Syndrome

Gas-bloat syndrome is a clinical condition characterized by abdominal disten-
sion, early satiety, nausea, flatulence, and abdominal pain. The etiopathogenesis
is not clearly defined, but it is presumed to depend on the inability, after fundo-
plication, to vent air from the stomach in response to gastric distension, an event
that commonly occurs with belching. Due to the lack of a precise definition of
this clinical condition, the incidence of gas-bloat syndrome after fundoplication
is highly variable, ranging between 1% and 85%. These symptoms appear to be
more severe after total than after partial fundoplication, and are exacerbated in
the case of delayed gastric emptying [7]. Treatment of gas-bloat syndrome is
conservative and consists of avoiding fermented foods and carbonated drinks,
reducing aerophagia during meals, smoking cessation, gas-reducing drugs, and
prokinetics.

In cases of severe and persistent symptoms, instrumental examinations are indi-
cated to exclude other etiologies, such as intestinal subocclusion and gastroparesis
due to vagal lesions. Surgical reintervention may be considered only in the case of
debilitating symptoms. Possible strategies include take-down of the fundoplication,
conversion of total to partial fundoplication, and partial gastrectomy; however, there
is no evidence in the literature reporting the effectiveness of these procedures in
resolving symptoms.
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15.5 Structural Complications

Structural complications after antireflux surgery are reported in up to 30% of cases,
and manifest clinically with persistent dysphagia or recurrent reflux.

15.5.1 Technical Operative Principles

It is necessary to pay attention to compliance with some technical principles to
ensure a correctly constructed fundoplication. The esophagus must be adequately
mobilized, possibly proceeding with an extended mediastinal dissection, in order to
obtain at least 3 cm of intra-abdominal esophageal length without tension. Similarly,
adequate gastric fundus mobilization should be verified by performing the “shoe-
shine” maneuver: the surgeon grasps the medial and lateral edges of the wrap and
pulls them back and forth behind the esophagus to assess the absence of tension and
to check that the correct portion of the stomach is used for the construction of the
fundoplication, without twisting. The fundoplication must be positioned precisely
over the esophagogastric junction, rather than the stomach. Finally, a properly built
total fundoplication should follow the criteria described by DeMeester; therefore, it
should be short (approximately 2 cm long) and floppy [8]. An esophageal bougie
could be used to prevent excessively tight wraps. In cases of large hiatal hernia the
closure of the diaphragm could be challenging: a posterior interrupted suture using
non-resorbable material and loosely calibrated on the esophagus constitutes the
technique of choice. In the case of weakened diaphragmatic pillars or a large dia-
phragmatic opening, reinforcement of the hiatus with prosthetic materials can be
performed. The cruroplasty must always be performed posteriorly to the esophagus,
to avoid excessive angulation.

15.5.2 Diagnosis of Structural Complications

Upper gastrointestinal endoscopy and contrast-medium radiological series are the
primary diagnostic modalities for evaluating structural complications after
fundoplication.

Endoscopy allows the evaluation of the integrity of the esophageal mucosa and
the detection of esophagitis, a possible expression of recurrent GERD. The presence
of stenosis at the esophagogastric junction can be evaluated by findings of food
stagnation in the esophagus and by the difficulty in the passage of the scope at the
cardia level. Furthermore, it is possible to assess the location, orientation, and integ-
rity of the antireflux valve, and its relationship with the diaphragm; the fundoplica-
tion should be located just below the diaphragmatic impression. The presence of the
wrap above the diaphragmatic impression indicates the herniation of the fundopli-
cation into the chest.
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A contrast-medium radiological series provides additional information on the
extraluminal anatomy of the esophagogastric junction, the exact location of the fun-
doplication, the length of the esophagus, and the presence of a possible paraesopha-
geal component.

15.5.3 Classification

Horgan et al. published an excellent anatomic classification of structural complica-
tions, based on the preoperative work-up and operative findings after revisional sur-
gery [9] (Fig. 15.1).

Type I: herniation of the wrap through the esophagogastric junction

— Type Ia: herniation involving fundoplication
— Type Ib: herniation not involving fundoplication.

Type II: herniation of a paraesophageal component resulting in a redundant
fundoplication.

Type III: malformation (localization or construction defect) of the fundoplica-
tion. These anomalies include defects in the creation of the fundoplication (too wide
or too narrow), excessive closure of the hiatal defect, excessive angulation.

Type Ia is the most common structural complication, reported in 30-80% of
cases [4]. This type of failure results from a disrupted cruroplasty or failure to obtain
adequate esophageal mobilization during the dissection phase of the procedure.
Several technical elements are fundamental to reducing the risk of developing this
complication. The esophagus should be dissected to obtain at least 3 cm of intra-
abdominal esophageal length. Lengthening procedures, such as Collis gastroplasty,
should be considered if a short esophagus is detected intraoperatively and a suffi-
cient esophageal length cannot be achieved despite extensive mediastinal dissec-
tion. Furthermore, cruroplasty must be free of tension; in the case of weakened
diaphragmatic pillars or a large diaphragmatic opening that does not allow complete
closure of the defect, cruroplasty with mesh can be performed. Intraoperative endos-
copy could be useful to evaluate the extent of the esophageal mobilization [10].
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Fig.15.1 Classification of structural complications. (Adapted from Horgan et al. [9]). (a) Type la:
herniation through the esophagogastric junction involving the fundoplication. (b) Type Ib: hernia-
tion through the esophagogastric junction not involving the fundoplication. (¢) Type II: herniation
of a paraesophageal component. (d) Type III: malformation of the fundoplication (excessively long
fundoplication). (e) Type III: malformation of the fundoplication (bicompartmental stomach)
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Type Ib is the so-called slipped fundoplication, reported in 15-30% of cases. It
occurs when a portion of the stomach below the fundoplication migrates through it,
and herniates above the diaphragm, leaving the fundoplication in the correct posi-
tion. The leading cause of slipping is a structural laxity of the fundoplication or an
incorrect wrap construction at the time of the first operation. To avoid this complica-
tion, attention must be paid to choosing the correct part of the stomach that will be
used to perform the fundoplication, assessed with the “shoe-shine” maneuver. The
insertion of an esophageal bougie could be helpful for the calibration of the wrap at
the correct tension.

Type 1I failure consists of a paraesophageal hernia. The mechanism underlying
the onset of this complication is associated with a poorly constructed fundoplication
with excessive redundant gastric tissue and associated ineffective hiatal closure. The
herniated gastric portion causes external compression at the esophagogastric junc-
tion, resulting in persistent dysphagia. As for type II failure, this complication is
prevented by the performance of the “shoe-shine” maneuver.

Type III failures constitute 10% of structural complications. They result from
other errors in the construction of the fundoplication, such as a fundoplication that
is too tight or too long or a bicompartmental stomach that causes a stenosis at the
level of the cardia. A tight fundoplication is a fundoplication that does not meet the
DeMeester “short and floppy” criteria to avoid postoperative dysphagia. The con-
struction of the fundoplication with the help of an esophageal bougie could reduce
these complications. Furthermore, dysphagia secondary to tight fundoplication can
improve with postoperative endoscopic dilations in the majority of cases [7].

15.5.4 Revisional Surgery

Surgical revision should be considered in patients with evidence of structural abnor-
malities and severely debilitating symptoms that are not controlled by medical or
endoscopic therapy. Overall, approximately 3—5% of patients will require redo sur-
gery [2].

Revisional surgery is technically demanding and is associated with higher mor-
bidity and mortality. Functional outcomes are often worse than the primary proce-
dure and may not meet patient expectations [11].

Several technical steps must be accomplished when approaching revisional sur-
gery after fundoplication; regardless of the cause of failure and the indication for
surgery, the first step of the procedure must be the restoration of normal anatomy,
achieved through the complete take-down of the previous fundoplication and resto-
ration of the gastric fundus to its normal position.

Once normal gastric anatomy is achieved, the hiatus and the esophagus must be
carefully examined to better identify the cause of the failure. The esophagus should
be fully mobilized and checked for the presence of a short esophagus [10].
Lengthening procedures, such as Collis gastroplasty, should be performed if suffi-
cient esophageal intra-abdominal length without tension is not achieved. During
these maneuvers, care must be taken to preserve the vagal nerves.
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If a hiatal hernia recurrence occurs, it must be gently reduced in the abdomen and
the crural defect closed. If the sutures are not likely to hold due to excessive tension
or weak pillars, crural repair can be reinforced with mesh.

There is currently no consensus on the best reoperative strategy for patients
requiring revisional surgery after laparoscopic fundoplication. Possible surgical
strategies include, depending on the specific cause of failure, construction of a loose
Nissen fundoplication over an esophageal bougie or conversion to partial posterior
fundoplication; another reasonable alternative is the conversion to a Roux-en-Y
gastric bypass, especially for patients with higher body mass index values, patients
with severe esophageal dysmotility and with suspected vagal nerve injury [12].
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16.1 Introduction, Context, and Diagnosis of GERD
in Obese Patients

Obesity today is one of the most prevalent chronic diseases worldwide, representing
a genuine global health crisis, aptly referred to as “globesity”. Beyond its impact on
quality of life, obesity significantly raises the risk of numerous comorbidities,
including type II diabetes, cardiovascular disease, and certain cancers. The gastro-
intestinal system is particularly affected, with obesity linked to gallstones, the pro-
gression of fatty liver diseases like non-alcoholic steatohepatitis and non-alcoholic
fatty liver disease to cirrhosis, and increased risk of colorectal conditions such as
diverticulitis, polyps, and colorectal cancer [1].

Notably, obesity doubles the risk of gastroesophageal reflux disease (GERD),
erosive esophagitis, and quadruples the likelihood of Barrett’s esophagus, alongside
heightened risks for esophageal and gastric adenocarcinomas (Table 16.1). Thus,
obesity is an independent risk factor for developing GERD, esophagitis, and hiatal
hernia. A study on 1659 patients revealed that as body mass index (BMI) increases,
lower esophageal sphincter (LES) pressure decreases, raising the incidence of ero-
sive esophagitis. Central obesity is associated with increased exposure to acid reflux
in the distal esophagus, a shorter LES, and extended cardial mucosa, which pro-
duces additional acid just below the LES. Even asymptomatic obese patients show
elevated intra-esophageal acid exposure and more frequent reflux episodes in pH
testing compared to normal-weight individuals.

This phenomenon is partly due to increased waist circumference, central fat, and
intra-abdominal pressure, which heighten the risk of disrupting the normal anatomi-
cal barrier at the gastroesophageal junction, often leading to hiatal hernia.
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Table 16.1 Proposed mechanisms for gastroesophageal reflux disease (GERD) development in
obese patients

Higher frequency
Increased intra- of hiatal hernia More frequent LES  Increased number
abdominal pressure (sliding type) hypotonia of TLESRs
Larger meal portions Greater intake of foods  Reduced Increased minor

and beverages affecting esophageal mucosal motility disorders,
acidity and LES tone sensitivity to acid  especially IEM
Impact of central
adiposity on
gastrointestinal
hormones

IEM ineffective esophageal motility, LES lower esophageal sphincter, TLESRs transient lower
esophageal sphincter relaxations

Additionally, factors like adiponectin, leptin, and high-fat, high-calorie foods fur-
ther exacerbate LES hypotension or cause temporary involuntary relaxations.

The correlation between obesity and increased GERD symptoms and esophagitis
is clear, as effective weight loss reduces GERD symptoms, proton-pump inhibitor
(PPI) use, and mucosal injury. The gastroesophageal junction, a complex anatomi-
cal zone, must maintain integrity to prevent reflux; obesity undermines this, compli-
cating GERD management in obese patients.

Obese patients may exhibit silent GERD, lacking typical symptoms despite high
acid exposure, suggesting that diagnosing GERD purely based on symptoms may
be inadequate in this population. Research suggests the Montreal Consensus defini-
tion of GERD is reliable for only a third of obese patients. “Silent reflux” may
contribute to higher rates of symptomatic GERD after bariatric surgery. Therefore,
the diagnostic algorithm from the Lyon Consensus 2.0 is crucial for accurate GERD
diagnosis in obese patients. Instrumental tests are essential to document and con-
firm GERD presence and verify symptom-reflux correlations [2—4].

While the Lyon Consensus 2.0 provides a structured diagnostic approach, it is
based on data from non-obese populations. However, high-resolution esophageal
manometry (HRM) and pH monitoring remain gold standards for GERD assess-
ment in obese patients. HRM is especially valuable before bariatric surgery, assess-
ing the esophagogastric junction (EGJ) morphology and separating the LES from
the diaphragmatic crura, essential for identifying and confirming hiatal hernias and
evaluating EGJ function. HRM demonstrated 90% sensitivity and at least 65% spec-
ificity for hiatal hernia detection, surpassing endoscopy and radiology, even in obese
candidates for bariatric surgery.

HRM’s high accuracy in confirming type III EGJ hernias (over 3 cm) is clinically
relevant, with abnormal pH monitoring in over 95% of these cases. Therefore, hiatal
hernia assessment in obese patients, especially those undergoing bariatric surgery,
is critical. Furthermore, pH impedance testing, which evaluates weakly acidic and
weakly alkaline reflux, is vital for obese “volume eaters” or “nibblers”, who may
experience post-meal reflux that is partially buffered by food.
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Current GERD diagnostic protocols in obese patients align with the Lyon
Consensus 2.0 guidelines, but normative values for HRM, pH monitoring, and
endoscopy are primarily based on non-obese populations. Only one existing study
provides normative HRM data in asymptomatic obese individuals, and broader
research is needed for a global consensus [5].

16.2 Effects of Bariatric Surgery on GERD
16.2.1 Why Is Reflux Assessment Crucial for Obese Patients?

Numerous case series have documented esophageal functional studies conducted
prior to bariatric surgery, which reveal that at least 30% of asymptomatic obese
patients may have esophageal dysmotility (commonly ineffective peristalsis, fol-
lowed by distal esophageal spasm [DES], or esophagogastric junction outflow
obstruction [EGJ-OO]) or positive reflux monitoring. Given these findings, research-
ers have questioned whether the presence of pathological or borderline gastroesoph-
ageal reflux, symptomatic or not, could lead to long-term consequences following
different bariatric procedures.

The most widely performed bariatric procedure globally, sleeve gastrectomy,
involves a vertical or “sleeved” resection of the stomach. Sleeve gastrectomy has
generated significant debate in recent years due to evidence suggesting that it may
contribute to chronic, medication-resistant GERD. Observational trials have shown
that over 30% of patients develop reflux esophagitis following this procedure, with
Barrett’s esophagus appearing in up to 17% of cases. However, studies involving
strict patient selection—excluding those with hiatal hernias, esophageal dysmotil-
ity, or pathological acid exposure—demonstrated no de novo GERD after sleeve
gastrectomy, indicating that this procedure is safe for well-assessed obese
patients [6].

The mechanisms behind the reflux-promoting potential of sleeve gastrectomy
are documented in various studies. Risk factors for developing or worsening GERD
after the procedure include undiagnosed GERD, uncorrected hiatal hernia, stomach
resection close to the angle of His (compromising LES muscle fibers), excessive
resection of the antrum (leading to bile reflux from the loss of the antral pump), and
mid-gastric stenosis. The resection of the gastric fundus in sleeve gastrectomy
reduces the stomach’s ability to maintain isobaric conditions, causing increased
intragastric pressure even after small meals and resulting in postprandial reflux
(Table 16.2).

16.2.2 Adjustable Gastric Banding and GERD

Another restrictive bariatric technique, adjustable gastric banding, also has a poten-
tial for inducing reflux and esophageal dysmotility, including pseudoachalasia. This
procedure restricts food passage through a narrowing created just below the
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Table 16.2 Proposed pathophysiological mechanisms for the development or worsening of gas-
troesophageal reflux disease (GERD) or dysmotility following common bariatric surgery
procedures

Bariatric surgery

procedure Proposed mechanisms
Sleeve Intragastric hyperpressure, cutting of LES fibers leading to hypotonia,
gastrectomy mid-gastric stenosis, excessive antral resection, untreated hiatal hernia,

silent preoperative GERD, intrathoracic migration of the sleeve, excessive
fundus resection, induction of ineffective peristalsis.

Gastric banding  Hourglass-like transit effect, induced LES hypotonia, overtightened band,
band mispositioned over LES, creation of EGJ-OO, induction of
pseudo-achalasia.

Single Short gastric pouch, excessively wide gastric pouch, short biliary limb,
anastomosis difficult transit through gastrojejunal anastomosis, untreated hiatal hernia,
gastric bypass LES hypotonia.

Roux-en-Y LES hypotonia, challenging transit through gastrojejunal anastomosis, short
gastric bypass biliary limb, candy cane syndrome, untreated hiatal hernia.

EGJ-00 esophagogastric junction outflow obstruction, LES lower esophageal sphincter

gastroesophageal junction, which can inadvertently recreate the reflux mechanism
seen with hiatal hernias. If the band shifts upwards or tightens, it can obstruct the
gastroesophageal junction, causing dysphagia and esophageal dilation, identified on
HRM as hypercontractile motility patterns or EGJ-OO. Severe cases resemble pseu-
doachalasia, stemming from external obstruction rather than a primary motility
disorder.

16.2.3 Roux-en-Y Gastric Bypass

Data on other popular procedures, such as Roux-en-Y gastric bypass (RYGB),
are mixed. Traditionally, RYGB has been viewed as an effective antireflux pro-
cedure in obese patients with GERD, often recommended as the first-line treat-
ment for obese individuals with GERD and a BMI over 30 or 35. Although many
studies support RYGB’s ability to control GERD through weight loss, reduced
gastric pouch capacity, and creation of a low-pressure “common cavity” at the
gastrojejunostomy, recent research indicates that long-term control may be
symptomatic rather than physiological. Nearly 50% of RYGB patients report
ongoing GERD symptoms or exhibit abnormal pH monitoring results over time,
particularly if hiatal hernia repair was omitted, the gastrojejunostomy is slow to
empty, or the LES is hypotonic.

Given these findings, the effectiveness of RYGB in GERD control may depend
on addressing key antireflux surgery principles, such as hiatal hernia repair and
restoring LES pressure, although LES reconstruction is challenging without a fun-
doplication (which, if added to RYGB, lacks functionality due to the inactive rem-
nant stomach). Furthermore, RYGB bypasses the duodenum, impairing the
absorption of PPIs; therefore, open-capsule or dispersible PPIs may be preferable
for these patients.
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16.2.4 Single Anastomosis Gastric Bypass

Single anastomosis gastric bypass (SAGB) also shows potential as a GERD man-
agement strategy, although some studies associate it with a physiology similar to the
Billroth II procedure. Research on patients without preoperative hiatal hernia or
GERD shows that SAGB can even reduce reflux as measured by pH-impedance,
with negligible weakly alkaline reflux. Some researchers attribute this effect to the
weight loss and elevated intragastric pressure generated by the gastric pouch, which,
similar to sleeve gastrectomy, allows bile to flow into the alimentary loop without
refluxing. However, if the pouch is too short or wide, or the biliary limb too short,
bile stasis and bile reflux may occur. Converting SAGB to RYGB is recommended
in such cases [7-9].

16.2.5 Emerging Variants and Future Directions

New sleeve gastrectomy variants that incorporate fundoplication aim to control
reflux without altering the gastrointestinal anatomy. Fundoplication types like Dor,
Toupet, Nissen, and Nissen-Rossetti paired with sleeve gastrectomy have shown
promising results in small, single-center studies, reducing de novo or worsening
reflux. However, further research is needed to confirm these findings.

Ultimately, obesity presents a significant risk to the functional integrity of the
gastroesophageal junction, with many obese patients experiencing asymptomatic
reflux. Since some bariatric procedures may exacerbate or induce GERD, compre-
hensive preoperative evaluation following established GERD diagnostic protocols
is essential. Knowledge of the mechanisms behind reflux after these surgeries and
modifications to traditional techniques, such as adding fundoplication to sleeve gas-
trectomy, could minimize reflux-related risks as these approaches are further
researched and potentially integrated into clinical practice.
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17.1 Definition and Epidemiology

Although rare, achalasia is the most frequent primary esophageal motility disorder,
with a reported incidence of about 0.5—-1 new case in 100,000 adult individuals a
year, and only 0.18/100,000/year in the pediatric population [1]. It is usually diag-
nosed between 20 and 50 years of age, but it can occur at any age, including age
extremes, with no difference between male and female subjects [1]. It was first
described (and treated) by Sir Thomas Willis in 1674, who referred to it as “cardio-
spasm”. This concept held the field until 1915, when Hertz [2] suggested that the
disease was a syndrome caused by the failure of the cardia to relax on swallowing.
He named the condition achalasia, from the Greek verb meaning “failure to relax”
(a- privative = not; yaldw = I relax).

Left untreated, achalasia frequently progresses towards a dilation of the esopha-
gus, which gradually becomes increasingly enlarged until it acquires an end-stage
sigmoid shape, with retention of liquids, saliva and undigested food. The most com-
mon form of achalasia is idiopathic achalasia, mostly occurring as sporadic cases.
However, a similar clinical presentation can be seen in patients with Chagas disease,
caused by infection with Trypanosoma cruzi, or even with the so-called “pseudo-
achalasia”, characterized by degeneration of the myenteric plexus due to neoplastic
infiltration by different tumors [1]. Rarely, achalasia can also be part of other
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complex syndromes such as the Allgrove syndrome (triple A syndrome: i.e., alac-
rimia, achalasia and adrenal insufficiency), autism or Down’s syndrome [1]. Some
familial cases of achalasia have also been described [3]. In this chapter we will limit
our discussion to the most common, idiopathic form of the disease.

17.2 Etiology and Pathophysiology

The etiology of achalasia is still unknown, so that any current therapy—by means
of endoscopic balloon dilations or surgical or endoscopic myotomy—is palliative
and aimed at disrupting the unrelaxing sphincter. What is known so far is that the
end result of any causative mechanism is inflammation (ganglionitis) and the subse-
quent disappearance of the myenteric neurons that coordinate esophageal peristalsis
and lower esophageal sphincter (LES) relaxation [1]. Esophageal peristaltic propa-
gation and LES relaxation depend on a well-balanced equilibrium between excit-
atory (cholinergic) and inhibitory neurons. The latter, mainly using vasoactive
intestinal peptide and nitric oxide as transmitters, were found to be reduced or
absent in LES specimens from patients with achalasia [4]. Other studies showed
infiltration of cytotoxic lymphocytes within the myenteric ganglia; antibodies
against myenteric neurons have been shown in serum samples of patients with acha-
lasia [1]. These findings suggest the involvement of an aberrant immune response to
antigens which are still unknown. Some viruses, such as herpes simplex virus 1
(HSV-1) [5], measles, and papillomavirus have been proposed as potential antigens
[1]. Recently, SARS-CoV2 and its receptor were found in the LES muscle of acha-
lasia patients with COVID-19, but not in controls, suggesting that also coronavi-
ruses may affect the myenteric plexus [6]. HSV-1 DNA has been identified in the
esophageal tissue as well, and isolated esophageal T cells from achalasia patients
specifically proliferate and release cytokines on exposure to HSV-1 antigens [5].
However, HSV-1 DNA was also identified in the esophagus of control individuals,
suggesting that HSV-1 may only trigger an immune activation (and subsequent loss
of enteric neurons) in genetically predisposed patients. In fact, an association has
been reported between achalasia and gene polymorphisms in HLA class II mole-
cules [1]. Moreover, the rarely described cases of familial achalasia further support
arole for genetic factors in the etiopathogenesis of achalasia. In summary, in geneti-
cally predisposed subjects, external insults (viruses, toxins) may trigger an aberrant
auto-immune response, leading to ganglionitis and progressive loss of myenteric
neurons, causing achalasia.

17.3 Clinical Evaluation

The most frequently occurring symptoms of achalasia are dysphagia for solids and
liquids (>90%), regurgitation of undigested food (76-91%), chest pain (25-64%),
and weight loss (35-91%) [1]. The severity of these symptoms is usually graded
with several scoring scales, the Eckardt score being the most widely used [7] despite
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major criticisms by some authors. This score combines the severity and frequency
of dysphagia, regurgitation and pain (0 = never, 1 = occasionally, 2 = daily, 3 = with
each meal) with a symptom score of 0-3 for the degree of weight loss, resulting in
a maximum overall score of 12. A value of 3 or below is considered normal and
reflects the efficacy of the treatment. Dysphagia is capricious and slowly progres-
sive; it may be more severe for liquids than for solids, and it is often aggravated by
stressful situations. Chest pain may be reported in all subtypes of achalasia, but
particularly in type 3 (see below), and it responds less well to treatment than do
dysphagia and regurgitation, which probably explains the less favorable therapeutic
results obtained in patients with type 3 achalasia [8]. The exact mechanism underly-
ing chest pain remains unclear but could include the stimulation of chemoreceptors
for the acid fermentation of food retained in the esophagus, mucosal inflammation
related to stasis, spastic or uncoordinated smooth muscle contractions, esophageal
ischemia and/or a lowered esophageal sensitivity threshold [4]. Respiratory compli-
cations (nocturnal cough and aspiration) can also be present, especially in patients
with substantial stasis of large amounts of food and secretions. Heartburn can be
reported in up to 75% of achalasia patients [9]. In these patients, heartburn might
result from mechanisms other than classical gastroesophageal reflux disease
(GERD): again, both the disordered esophageal motor activity causing spasm and
distention of the esophageal wall and the intraluminal acidification resulting from
retained food fermentation might produce sensations indistinguishable from heart-
burn of acid reflux. All this can lead to an erroneous diagnosis of GERD, which
might culminate in erroneous antireflux surgery [10]. It must be said, however, that
the symptoms of achalasia are not specific, which explains the long delay between
the onset of symptoms and the final diagnosis (up to 5 years in some studies) [11].
Patients are often misdiagnosed as cases of heart disease or GERD. They are also
often referred to a psychiatrist for suspected eating disorders, especially if they are
young women [12].

17.4 Diagnosis

Dysphagia, the principal symptom in achalasia, is the signature symptom of the
esophagus, being present virtually in any esophageal disease. It is also an ominous
symptom, becoming evident only when a possible neoplastic disease is well
advanced. Any patient complaining of difficulty in swallowing must therefore
undergo specific tests to obtain a correct diagnosis.

17.5 Upper Endoscopy

Upper endoscopy (with esophageal biopsies) is mandatory to exclude other causes
of dysphagia, such as eosinophilic esophagitis, strictures, webs or rings, and above
all malignancy, causing “pseudoachalasia”, present in 2 to 4% of suspected achala-
sia cases [1]. Although mandatory, endoscopy is not very sensitive in confirming a
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diagnosis of achalasia, since more than 40% of patients may have normal endo-
scopic findings [4]. Indicative for achalasia is the presence of a dilated or tortuous
esophagus with saliva and/or food retention, and a tight esophagogastric junction
(EGJ) that allows sudden passage of the scope gently pushed by the operator [4].
The presence of esophageal candidiasis refractory to treatment is also common, and
related to esophageal stasis: the finding of esophageal candidiasis in patients with
an intact immune function should prompt to suspect achalasia or other esophageal
motor disorders as the cause of symptoms [4]. Long-standing esophageal stasis may
lead to the finding of some form of esophagitis, hence the name “stasis esophagitis”,
often mistaken for the more common reflux esophagitis and leading to inappropriate
treatment with proton-pump inhibitors or, worse, antireflux surgery. If endoscopy is
normal, however, a patient complaining of dysphagia must not be dismissed as
“functional”, and further investigations must be planned to avoid a diagnostic delay
or misdiagnosis.

17.6 Barium Swallow

The barium swallow (BS) is an easy-to-perform, inexpensive, and readily repeat-
able test. However, today it may be difficult to obtain it in a general radiological
service not really devoted to esophagus studies. The test specifically aims at assess-
ing the emptying capability and morphology of the esophagus. Its diagnostic sensi-
tivity for diagnosing achalasia is, however, only 60% [13] and there are currently no
data about its specificity. BS may show a tapered cardias with the classic “bird’s
beak” appearance, and a slow passage of the bolus through it. Some dilation of the
esophageal body with a barium column in the esophagus with an air-fluid level is
pathognomonic for the disease [1]. The absence of an air bubble in the stomach is
also a common finding and this should strongly suggest a diagnosis of achalasia
[14]. BS also allows disease severity to be graded by classifying patients based on
esophageal diameter and shape [15, 16]. In stage I, a slight dilation of the esophagus
is observed (<4 cm); in stage II the dilatation is moderate (4—6 cm); and in stage I1I
it is diffuse (>6 cm). In all three stages, the esophagus maintains its straight profile,
whereas in stage IV, in addition to a marked dilation (>6 cm), there is an elongation
and angulation of the esophagus, which becomes tortuous and assumes a sigmoid
shape (Fig. 17.1). This usually represents the end stage of the disease. The impor-
tance of staging lies in the choice of therapy. Stage I'V patients treated with a normal
laparoscopic Heller myotomy and Dor fundoplication (LHD) showed a less satis-
factory outcome than stage I-III patients (76% vs. 88%, respectively) [17]. However,
if the lower esophagus is straightened before the LHD by isolating the lower part of
the esophagus and verticalizing the organ’s axis, the outcome is much better and
similar to that of lower stage disease [18] not requiring esophagectomy as the
first option.

A modification of the above technique is the timed barium swallow (TBS), in
which patients swallow 200 mL of a 45% barium suspension and images are
obtained after 1, 2 and 5 min. This enables measurement of the height of the barium
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Fig. 17.1 Diagnosis and staging of achalasia with barium swallows. From stage I to stage IV, the
esophagus progressively increases in diameter. In stage IV, end-stage disease, it also assumes a
sigmoid-like shape

column and of its widest diameter perpendicular to the long axis of the esophagus
[19]. The barium empties completely from the esophagus in 1 min in most healthy
subjects, and within 5 min in all. Esophageal emptying taking >5 min suggests
achalasia [20]. In addition, TBS is most useful and reliable in the objective evalua-
tion of the efficacy of any given treatments of achalasia [21]. The cooperation of an
expert radiologist is essential, however, and this may have prevented the wide diffu-
sion of this technique, except in a small number of highly specialized centers.

17.7 Esophageal Manometry

Esophageal manometry has long been the gold standard method for the diagnosis of
achalasia. Spechler & Castell [22] defined achalasia by: (1) incomplete or absent
relaxation of the LES (with nadir pressure > 8 mmHg) and (2) aperistalsis in the
body of the esophagus characterized either by no apparent esophageal contractions
or by simultaneous esophageal contractions with amplitudes <40 mmHg, showing a
“common cavity phenomenon”. A separate rare form of achalasia with some con-
tractions >50-70 mmHg was also reported and called “vigorous achalasia” [23].
This classification lasted unmodified for 30 years.

Then, at the beginning of the new millennium esophageal high-resolution
manometry (HRM) was introduced (described in detail in Chap. 4) which, within
just a few years revolutionized the field of esophageal motility, making the tradi-
tional perfused systems obsolete and possibly inaccurate. This revolution prompted
the development of a new classification of esophageal motility disorders, the
Chicago Classification (CC), first introduced in 2009 [24]. Updated versions soon
followed every few years (CC v2.0 in 2012 [25], and CC v3.0 in 2015 [26]). The
aim of this new classification was to standardize the interpretation of HRM, but a
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esophageal sphincter.

Fig. 17.2 High-resolution manometry (HRM) appearance of achalasia. Within the Chicago
Classification, HRM allows the differentiation of the disease in three subtypes. In all of them,
impairment of lower esophageal sphincter relaxation on swallowing and absence of peristaltic
progression in the esophageal body are pathognomonic. In subtype 1, there is complete absence of
pressurization (absent peristalsis) and in subtype 2 substantial pressurization (called pan-
pressurization) within the esophagus. In the much less common pattern of vigorous achalasia (sub-
type 3) there is a spastic contraction within the distal esophageal segment. It is possible that these
three subtypes represent different stages in the evolution of the disease rather than different
phenotypes

widely accepted consensus was only obtained with CC v3.0, when significant sim-
plification was adopted. Finally, a further, more recent, update that appeared in
January 2021 (CC v4.0) [27] recommended the use of both manometric and non-
manometric testing to confirm the diagnosis of esophageal motility disorder and the
need for a correlation with symptoms before treatment. Since the beginning, acha-
lasia was described with three different body motility patterns: negligible pressur-
ization within the esophagus (absent peristalsis), substantial pressurization (called
pan-pressurization) within the esophagus, and a much less common pattern of vig-
orous achalasia, in which there is a spastic contraction within the distal esophageal
segment [24]. Only with CC v2.0, however, were these three different phenotypes
“officially” divided into three subtypes [25], based on the recognition that each
subtype carried implications for treatment efficacy, subtype 3 being the least respon-
sive to traditional treatments [28]. This classification of achalasia into subtypes was
maintained in all the following iterations of the CC (Fig. 17.2).

Moreover, further studies showed that this classification was also possible by
carefully reviewing the tracings obtained with traditional manometry [8, 29]. These
studies, among others, confirmed the importance of identifying the achalasia sub-
type in a given patient because there is clear evidence that the subtype is an indepen-
dent predictor of the success of the various available treatments for achalasia, with
subtype 3 having the worst outcome after therapy [1]. In fact, the data from the
European Achalasia Trial showed that pneumatic dilation was much less effective in
subtype 3 achalasia than in the other subtypes [29]. The same was true in our experi-
ence with LHD: when the outcome was stratified by manometric subtypes, patients
with subtype 2 had the lowest incidence of failure (4.3%), whereas subtype 1 had a
9.4% failure rate, and subtype 3 a 25% failure rate, p < 0.001 [17]. It is possible that
in these patients characterized by well-defined, lumen-obliterating spastic
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contractions in the distal esophagus, reducing the LES pressure (with dilations or
surgical myotomy) may not suffice to control the symptoms, especially as the seg-
ment affected by the spastic motility extends well above the LES. In this context,
peroral endoscopic myotomy (POEM) probably represents a better option [30].
However, since one of our previous studies showed that patients with subtype 3 had
a longer LES [8], we modified our classical LHD technique by extending myotomy
for 1-2 cm both upwards and downwards, obtaining in these difficult patients an
outcome similar to the patients belonging to the other subtypes [31].

It is still not clear whether the three types of achalasia described by the CC are
different phenotypes of achalasia or represent different stages in its evolution.
Evidence has recently emerged that strongly supports the latter hypothesis, where
subtype 3 would be an early stage, subtype 2 an intermediate stage, and subtype 1
the end stage of achalasia [32]. Some cases of transition from one type to another,
or from a different motor disorder (distal esophageal spasm, EGJ outflow obstruc-
tion) to achalasia have also been described, further supporting the hypothesis labeled
as the “Padova theory” (from the group that first suggested it) [33].
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18.1 Introduction

At the beginning of the 1990s, minimally invasive techniques were introduced in the
clinical treatment of foregut diseases. Because of their advantages in minimizing pain
and shortening length of hospital stay, these approaches gained widespread popular-
ity. Laparoscopic Heller myotomy (LHM) for achalasia was first described by Shimi
in 1991 [1] and, in 1992, Pellegrini first described the thoracoscopic approach to
myotomy [2]. The latter, however, produced abnormal postoperative reflux in as many
as 60% of the patients [3] and was thus abandoned. Our group was the first to propose
LHM with the addition of a partial anterior fundoplication (Dor), the so-called laparo-
scopic Heller-Dor operation (LHD) [4]. LHM (and LHD) completely changed the
algorithm for the treatment of achalasia, rapidly becoming the procedure of choice,
only recently challenged by peroral endoscopic myotomy (POEM) [5].

In this chapter, we describe the technique of LHM, with and without antireflux
fundoplication, and discuss the advantages and disadvantages of the different
approaches.

R. Salvador (<) - A. Costantini - M. Santangelo

Department of Surgery, Oncology and Gastroenterology, University of Padua,
School of Medicine, Padua, Italy

e-mail: renato.salvador @unipd.it

S. Tolone

UOC General, Mininvasive, Oncological and Bariatric Surgery, University of Campania
“Luigi Vanvitelli”, Naples, Italy

e-mail: salvatore.tolone @unicampania.it

© The Author(s) 2026 157
V. Landolfi, S. Tolone (eds.), Functional Diseases of the Esophagus, Updates in
Surgery, https://doi.org/10.1007/978-3-031-90570-4_18


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-90570-4_18&domain=pdf
https://doi.org/10.1007/978-3-031-90570-4_18#DOI
mailto:renato.salvador@unipd.it
mailto:salvatore.tolone@unicampania.it

158 R. Salvador et al.

18.2 Laparoscopic Heller Myotomy
(Without Fundoplication)—LHM

The operation is performed under general anesthesia and orotracheal intubation.
The patient is placed supine in a reverse Trendelenburg position, with the legs
abducted. Moreover, because the poor esophageal emptying due to achalasia causes
the esophagus to retain saliva and ingested food, with a high risk of regurgitation
and aspiration during anesthesia induction, patients should be kept on a liquid diet
for 48 hours before the operation, and the dilated esophagus should be mechanically
washed and emptied via a nasoesophageal tube the night before the procedure.

Five trocars are usually used, as in Fig. 18.1.

One assistant on the patient’s right side lifts the left liver lobe using an atraumatic
retractor, thus exposing the cardia region, whereas one assistant on the patient’s left
side grasps the gastric fundus, maintaining a caudal traction on the esophagogastric
junction. The operation begins with a minimal dissection of the anterior part of the
esophagus, thus exposing the anterior esophageal wall. The myotomy is started with
the cautery hook 2 cm above the esophagogastric junction to expose the esophageal
submucosal layer with the least risk of perforation. The cautery power of the hook
is reduced to 15 W to avoid transmitting its coagulating effect to the underlying
mucosa. First, the longitudinal muscle fibers are hooked, lifted and coagulated, until
the circular fibers are exposed; then the latter are hooked, lifted and divided in the
same way. Minor bleeding from the edges of the myotomy can be simply controlled
with the aid of mechanical compression using a small sponge. A 6-8 cm long myot-
omy is performed, extending it on the gastric side to about 2-3 cm, thus exposing
the gastric submucosa, which is usually more vascularized than the esophageal one.

Fig. 18.1 Trocar
positioning during
Heller-Dor or Heller-
Toupet techniques is as
follows: (1) supraumbilical
(10 mm—for the optic),
(2) right hypochondrium
(5 mm—for the liver
retractor), (3) epigastric

(5 mm for the left hand of
the first operator), (4) left
hypochondrium (10 mm—
for the right hand of the
first operator, (5) left flank
(5 mm—for the third
operator). Illustration by
Carla Brighenti
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Fig.18.2 A 7-8 cm long
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Scissors can be used in the proximal part, whereas hook cautery is used downwards
on the gastric side to lift and divide the circular muscle fibers (Fig. 18.2).

Care must be taken during the myotomy to avoid injuring the anterior vagus
nerve and to prevent any esophageal perforation of the mucosa. A feature of our
personal technique involves the intraoperative use of a 30 mm Rigiflex™ balloon,
placed inside the esophagus at cardia level using a guidewire positioned endoscopi-
cally before starting the operation. During the myotomy, the balloon is gently
inflated and deflated with 30-50 cc of air using a syringe: this exposes the circular
fibers so that they can be stretched and easily cut or torn apart.

An esophagogram with a water-soluble contrast (Gastrografin™) is obtained on
the first postoperative day to rule out any mucosal perforation. A liquid diet is
started, and patients are discharged after another 24—48 hours, once a soft diet has
been introduced: this is recommended for 8—10 days, after which a normal diet is
allowed. The patients usually return to the outpatients’ clinic 2 months later with a
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barium swallow. As part of our protocol, pH and manometric tests are performed
after 6 months, and endoscopy lone year after the operation [6].

Although some authors only perform the myotomy as described above, a fundo-
plication is normally added to prevent postoperative gastroesophageal reflux disease
(GERD), which may be a severe complication in patients with a poor esophageal
clearance due to aperistalsis. Given the lack of peristaltic activity, a partial fundopli-
cation is usually performed, either anteriorly or posteriorly.

In the following paragraphs we briefly describe the most commonly used
technique.

18.3 Laparoscopic Heller Myotomy with Dor
Fundoplication (LHD)

Laparoscopic Heller-Dor fundoplication (LHD) is the most used technique in ter-
tiary esophageal surgery centers, and involves completing the myotomy with an
anterior partial fundoplication according to Dor [6]. With this technique, no poste-
rior dissection is necessary and there is generally no need to mobilize the gastric
fundus by dividing the short gastric vessels. An anterior, 180° fundoplication is
then made over the esophagus. The fundus is anchored by two rows of stitches on
each side of the esophagus, lateral to the exposed mucosa. The proximal left stitch
includes the stomach, the edge of the myotomy and the diaphragm (Fig. 18.3). Two

Fig. 18.3 Anterior partial
fundoplication following
Dor’s technique. The
fundus is anchored by two
rows of stitches on each
side of the esophagus,
lateral to the exposed
mucosa. The proximal left
stitch includes the
stomach, the edge of the
myotomy and the
diaphragm. Two or three
more stitches are then used
to secure the fundus to the
left edge of the myotomy.
The gastric fundus is then
folded over the myotomy,
and the greater curvature is
anchored to the right pillar
and the right edge of the
myotomy with three
stitches. llustration by
Carla Brighenti
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or three more stitches are then used to secure the fundus to the left edge of the
myotomy. The gastric fundus is then folded over the myotomy, and the greater
curvature is anchored to the right pillar and the right edge of the myotomy with
three stitches.

18.4 Laparoscopic Heller Myotomy with Toupet
Fundoplication (LHT)

An alternative to the Dor fundoplication is a partial posterior one following Toupet’s
technique (LHT) [7]. In this case, the operation begins with the opening of the lesser
omentum and division of the phrenoesophageal membrane, taking care to preserve
the anterior vagus nerve. The greater curvature of the stomach is mobilized, and the
esophagus and both vagus nerves are encircled with a Penrose-type drain. With
countertraction on the gastroesophageal junction, the dissection is continued liber-
ally into the mediastinum until the gastroesophageal junction remains in the abdo-
men without tension. After completing the myotomy as described above, a
hiatoplasty is usually performed posterior to the esophagus with permanent sutures,
to close the esophageal hiatus but avoiding angulation of the esophagus. Then, the
gastric fundus is passed through the retroesophageal window, and a 240-270° par-
tial posterior fundoplication is created, anchoring the fundus to the edges of the
myotomy to keep them apart. The proximal stitches on both sides usually comprise
the corresponding diaphragmatic pillars in addition to the gastric fundus and the
edges of the myotomy (Fig. 18.4).

Fig. 18.4 Posterior partial .
fundoplication following
Toupet’s technique. After
completing the myotomy,
the gastric fundus is passed
behind the esophagus,
completely isolated,
through a newly created
retroesophageal window,
and a 240-270° partial
posterior fundoplication is
performed, anchoring the
fundus to the edges of the
myotomy to keep them
apart. [llustration by Carla
Brighenti
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18.5 Laparoscopic Heller Myotomy with Nissen-(Rossetti)
Fundoplication (LHN-R)

A total wrap has also been proposed in patients undergoing LHM for achalasia [8].
Also in this case, a wide dissection of the diaphragmatic crura is carried out and the
esophagus is widely mobilized on its lower mediastinal and abdominal portion.
Taking care to avoid injury to the posterior vagal nerve, a wide retroesophageal
space is created behind the lower esophagus, at least 5 cm in length, and the esopha-
gus is gently retracted. Then, after completing the myotomy, a total fundoplication
is performed by using the anterior wall of the gastric fundus to perform a 360°
Nissen or Nissen-Rossetti fundoplication. The two gastric hemivalves are sutured
with two nonabsorbable stitches placed 2 cm apart. The suture does not include the
esophageal wall, diaphragmatic pillars or lesser gastric curve. The division of the
short gastric vessels is not routinely necessary. More than with the partial fundopli-
cations, this technique needs careful calibration, usually through intraoperative
endoscopy and manometry.

18.6 Controversies
18.6.1 To Wrap or Not to Wrap?

The surgical treatment of achalasia carries the risk of triggering the opposite condi-
tion, that is, GERD. At present, there are no robust data to demonstrate whether a
prophylactic antireflux procedure should be added to the myotomy and, if so, which
type of fundoplication is most suitable. Early studies reported conflicting results but
were highly flawed for their retrospective nature and the small numbers of patients
studied.

A large-scale meta-analysis that reviewed studies reporting on more than 3000
patients gave some definitive insights into this old controversy [9]. In fact, it showed
that the incidence of postoperative GERD symptoms was clearly lower if a fundo-
plication was added to the myotomy (9%) compared to when this was omitted
(32%), and the same was especially true when evaluating only the studies which
used pH-monitoring to evaluate postoperative reflux (14.5% vs. 41.5%, with or
without fundoplication, respectively). Of interest, the rate of GERD after a myot-
omy without fundoplication were very similar to those now observed after
POEM [10].

To date, there are only two randomized controlled trials (RCTs) analyzing out-
comes in patients with or without fundoplication after LHM. Falkenback et al. [11]
ran a prospective RCT in open Heller myotomy comparing 10 patients with and 10
without associated total fundoplication (floppy Nissen). At >3 years of follow-up,
the authors found pathologic GERD by pH testing in 13.1% of the no
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fundoplication group and in 0.15% of the fundoplication group. No differences in
terms of postoperative dysphagia were observed. The RCT by Richards et al. on 43
patients (21 undergoing LHM and 22 LHD) proved the superiority of LHD versus
LHM alone regarding postoperative pH-proven GERD (48% vs. 9.5%) [12]. Again,
these studies are flawed by the small number of enrolled patients. This may be par-
ticularly true for the latter group since, when reporting the late results of their trial
[13], the authors were able to contact only 27 of the 41 living patients 12 years after
the operation. They showed median dysphagia scores and GERD-health-related
quality of life (GERD-HRQL) scores slightly worse for LHM than LHD, without
reaching statistical difference, however. Moreover, no pH-studies were performed
on this occasion.

More recently, attention was paid to the so-called “limited hiatal dissection”, that
is, exposure of the anterior wall of the esophagus only. At least three studies [14—16]
evaluated the outcome of patients with limited hiatal dissection compared with total
dissection, with or without fundoplication. These studies showed that LHM with
limited hiatal dissection, as opposed to complete dissection, does not expose the
patients to a higher risk of postoperative reflux, irrespective of the addition of a Dor
fundoplication.

Finally, it is generally believed today that a laparoscopic short myotomy, usually
associated with an inadequate extension onto the gastric wall, is often associated
with persistent or recurrent dysphagia [17, 18]. Therefore, most surgeons perform a
long myotomy which extends for 2 to 3 cm onto the gastric wall, as originally
described by Heller. In this situation, a fundoplication becomes mandatory to pre-
vent postoperative reflux.

In conclusion, the current best practice for the surgical treatment of achalasia is
LHM with the addition of a fundoplication, and it is considered in most centers
worldwide as the gold standard modality for the approach to achalasia.

18.6.2 Which Fundoplication?

18.6.2.1 Total or Partial?

A total wrap has been proposed in patients undergoing LHM for achalasia. This
procedure was particularly favored by an Italian group: Di Martino et al. [19]
performed a retrospective comparative study between patients who had anterior
partial versus posterior total fundoplication after LHM. After a 2-year follow-
up, they reported similar GERD and dysphagia symptom scores. However,
Rebecchi et al. ran an RCT analyzing the difference between anterior partial
fundoplication to total fundoplication after LHM on 144 patients (72 Dor and 72
Nissen) [20]. At a 5-year follow-up, the incidence of GERD was low and similar
in the two groups, but 15% of patients after Nissen fundoplication had dyspha-
gia, as compared with only 2.8% after Dor fundoplication. Because of the lack
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of peristalsis in achalasia patients, most authors discourage a 360° fundoplica-
tion after LHM, since it would increase the outflow resistance, impeding esoph-
ageal emptying and causing persistent or recurrent dysphagia. As stated by all
the current international guidelines on achalasia [21-23], an LHM with partial
wrap (either anterior or posterior) should be the chosen technique for patients
with achalasia.

18.6.2.2 Partial Anterior or Posterior?

There is no consensus on what type of partial fundoplication is most effective
after LHM. Some surgeons prefer the partial posterior fundoplication (Toupet)
because it keeps the edges of the myotomy separated, thus reducing the proba-
bility of fibrosis and recurrent dysphagia, and may provide better reflux control.
Other experts suggest that the use of a partial anterior fundoplication (Dor)
allows limited esophageal dissection thus avoiding disruption of the natural ana-
tomic structures that help control reflux and also allowing a good protection of
the exposed mucosa. To date, several RCTs and one meta-analysis have
addressed this question. Rawlings et al. [24] published in 2012 a multicenter
prospective trial comparing patients undergoing either an anterior or posterior
partial wrap after LHM. At 1-year follow-up they found a minimal difference in
symptom control between the two groups, whereas 24-hour pH-monitoring
showed abnormal reflux more frequently in the Dor group, albeit without reach-
ing statistical significance. Similarly, Kumagai et al. [25] found no significant
difference in the Eckardt score or postoperative GERD at 1-year follow-up
between patients who had a Dor (n = 20) or a Toupet (n = 22) fundoplication
after LHM. Torres et al. compared 38 patients undergoing Dor to 35 undergoing
Toupet to complete LHM and showed at 6 months a much lower reflux rate after
a Dor (6.9%) than after a Toupet procedure (34%). This difference was con-
firmed at a longer follow-up (24 months), albeit without reaching statistical
significance (10.5% vs. 31.5%, respectively) [26]. Finally, in addition to the
already cited meta-analysis by Campos et al. [9], some other meta-analyses
recently appeared in literature [27-29], all confirming the substantial equiva-
lence of Dor and Toupet fundoplications as far as reflux control after LHM was
concerned.

In conclusion, current evidence fails to demonstrate any significant difference
between partial anterior and posterior fundoplication. For the time being, the choice
to perform a Dor or a Toupet fundoplication is left to the surgeon’s experience and
preference. Table 18.1 summarized the advantages and disadvantages of the differ-
ent types of fundoplications (total and partial, anterior or posterior) usually associ-
ated to esophageal myotomy.
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Table 18.1 Advantages and disadvantages of different types of fundoplications usually associ-
ated with esophageal myotomy

1. Partial fundoplications
Dor (180°, anterior)

Pros Cons Notes
Isolation of the anterior Dedicated surgical skills. Recommended
esophageal wall only. (used by most surgeons).

Usually, no need for division
of some short gastric vessels.
Good protection of the
myotomy in case of mucosal
lesions, leakage or reoperation.
Toupet (270°, posterior)

Pros Cons Notes

Probably better reflux control. Complete isolation of the Recommended

Keeps the edges of myotomy  esophagus, with disruption of all ~ (depending on the
well separated. the natural antireflux mechanisms. surgeon’s experience).
Not indicated in case of Possible need for division of some

mucosal lesions. short gastric vessels.

No protection of the myotomy.
2. Complete fundoplication
Nissen (360°, posterior)
Pros Cons Notes
Excellent reflux control. Postoperative dysphagia. Not recommended.
Complete isolation of the
esophagus, with disruption of all
the natural antireflux mechanisms.
Need for division of some short
gastric vessels.

18.7 Peroral Endoscopic Myotomy (POEM) for Achalasia

Achalasia is a rare esophageal motility disorder characterized by impaired relax-
ation of the lower esophageal sphincter (LES) and absent peristalsis, leading to
progressive dysphagia, regurgitation, chest pain, and weight loss. Traditional treat-
ment modalities include pneumatic dilation and Heller myotomy, with the intent of
relieving the dysphagia and the outflow obstruction to foods and liquids by lowering
the barrier function of the esophagogastric junction. Recently the advent of POEM
has revolutionized the management of achalasia by providing a new effective alter-
native. The mainstay of POEM is the third-space approach; thanks to the ability to
create via endoscopy a submucosal tunnel, myotomy can be performed. First intro-
duced in 2010, POEM has since gained widespread acceptance as a primary treat-
ment for achalasia, demonstrating excellent efficacy and safety outcomes [30].
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18.7.1 POEM Procedure

POEM is performed under general anesthesia with carbon dioxide insufflation to
reduce the risk of complications such as pneumomediastinum or subcutaneous
emphysema. The procedure typically lasts 60 to 120 minutes, and most patients can
resume oral intake within 24 hours. The procedure consists of four main steps:

1. Mucosal entry—After an initial endoscopic check to assess the esophageal and
gastric lumen and verify its axial length, the site of the tunnel entry is decided.
Usually, the entry site is located in the posterior wall of the esophagus, so as to
avoid accidental pneumoperitoneum. This approach is also useful in the case of
re-intervention, in which a previous myotomy is often located anteriorly. Then a
saline and methylene blue solution is injected with a water jet injector, in order
to create a lifting of the submucosal space. A small incision is then made in the
esophageal mucosa using an endoscopic knife.

2. Submucosal tunneling—A cap is usually placed on the tip of the endoscope,
which can be useful to lift the submucosal space obtaining a distance between
the operative field and the endoscope lens. By alternating water jet infusion and
endoscopic knife, a tunnel is created within the submucosal space, extending
usually 10 cm above the LES into the proximal stomach. Submucosal vessels are
coagulated to avoid bleeding that can hinder correct endoscopic vision.

3. Myotomy—A long myotomy is performed. Depending on the endoscopist’s
preference, a selective (only circular) or full-thickness myotomy of the muscle
layer is performed to relieve the esophageal outflow obstruction. The correct
extent and length are debated, although the advantage of offering a longer myot-
omy than used in the surgical approach in spastic motor disorders is evident.

4. Closure—Finally, the mucosal incision is closed using endoscopic clips or sutur-
ing devices to prevent leakage [31]. The patient is allowed to drink and eat few
hours after the procedure. Some authors advocate the need for a routine postop-
erative swallow study in order to assess for leakages.

18.7.2 Efficacy and Safety of POEM

Several studies have demonstrated the effectiveness of POEM in treating achala-
sia. According to a meta-analysis by Repici et al. [32], POEM achieved clinical
success (defined as an Eckardt score < 3) in 92-98% of patients, with sustained
symptom relief over long-term follow-up. POEM is effective across all achalasia
subtypes (types I, II, and III), including spastic variants that respond poorly to
Heller myotomy [33].

While POEM is highly effective, potential adverse effects include GERD, subcu-
taneous emphysema, and mucosal injuries. GERD is the most common post-
procedure complication, affecting up to 40% of patients and necessitating long-term
proton-pump inhibitor therapy [34]. This complication is intuitive; achieving a good
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myotomy, as POEM allows, means that the esophagogastric junction barrier no lon-
ger opposes the outflow of what a patient has swallowed, but it should not anymore
be effective against reflux. Thus, how best to select patients for POEM or Heller
myotomy is still debated.

18.7.3 Comparison with Heller Myotomy and Pneumatic Dilation

Compared to LHM, POEM offers similar symptom relief and similar hospital stays
and recovery [35]. Unlike LHM, POEM allows for individualized myotomy lengths,
making it preferable for type III achalasia. Compared to pneumatic dilation, POEM
has a significantly lower risk of symptom recurrence, making it the superior long-
term treatment choice [36].

18.8 Conclusions

Current evidence and all the recent guidelines on the treatment of achalasia confirm
that laparoscopic myotomy is a safe and effective long-term treatment, and that the
addition of a partial fundoplication leads to a lower rate of postoperative reflux
without compromising esophageal emptying. It should therefore be regarded at the
surgical treatment of choice for this condition.

POEM has emerged as a highly effective minimally invasive treatment for acha-
lasia, with excellent outcomes and a favorable safety profile. Despite the risk of
GERD, its advantages over traditional treatments make it an effective option for
many patients. Ongoing advancements in endoscopic techniques will continue to
refine POEM, ensuring improved patient outcomes in the future.
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19.1 Introduction

Zenker diverticulum (ZD) is an acquired mucosal pouch protruding from the poste-
rior aspect of the pharyngoesophageal junction (Killian’s triangle). Pathogenetic
factors include altered upper esophageal sphincter coordination, increased intrabolus
pressure, and reduced hypopharyngeal wall compliance [1, 2]. ZD is considered a
rare disease, with a prevalence of 0.11% or 2/100,000 persons/year, but the inci-
dence is likely to increase in the future due to progressive population aging [3]. It is
currently estimated that the annual case-load in referral centers is 8.7 patients per
year [4]. Common presenting symptoms are dysphagia and regurgitation, and the
most frequent complication is recurrent aspiration pneumonia [5].

Historically, surgical treatment consisted of surgical resection of the pouch.
During the last five decades, the crucial role of the cricopharyngeal muscle has
been recognized and cricopharyngeal myotomy, performed either surgically or
endoscopically, has become the main target of treatment. This attitude reflects a
better understanding of the pathophysiology of the disease and the need to mini-
mize recurrence rates and improve quality of life in these patients [6—8]. Nowadays,
the development of minimally invasive technologies has driven profound changes
in management culminating in the introduction of Zenker peroral endoscopic
myotomy (Z-POEM).
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19.2 Shift from Open Access to Transoral Surgery

Initially, ZD was treated by open surgery or rigid endoscopy with the aim, respec-
tively, of resecting the pouch or dividing the septum between the esophagus and the
diverticulum. The importance of adding a cricopharyngeal myotomy to surgical
resection of the pouch was increasingly recognized as a critical component of the
procedure to minimize leaks and symptomatic recurrences. This has encouraged the
development of minimally invasive transoral techniques to divide the common sep-
tum using electrocautery or CO, laser [9]. In 1993, at the beginning of the laparo-
scopic era, endostaplers were introduced to standardize and make safer the procedure
of septal division [10-12]. The technique showed excellent clinical outcomes espe-
cially in patients with medium- or large-sized (3—6 cm) diverticula. Manometric and
scintigraphic studies confirmed restoration of pharyngoesophageal physiology with
decrease of hypopharyngeal intrabolus pressure and improved pharyngeal clearance
[13]. However, placement of the rigid Weerda diverticuloscope and actioning of the
endostapler might be difficult in patients with neck stiffness or limited mouth open-
ing [14, 15]. In addition, the procedure is not suitable for individuals with small
diverticula (<3 cm) because of the inability to engage enough cricopharyngeal mus-
cle tissue for stapling across the entire septum length [16, 17]. A multicenter study
on 585 patients operated on by otolaryngologists showed a conversion rate of 7.7%,
an overall complication rate of 9.6%, and a recurrence rate of 12.8% [18]. Over the
years, a modified endostapling technique using a traction suture on the apex of the
septum has been proposed to add an average 1 cm of septum length into the stapler
jaws, thus enabling extended septal division [19, 20]. In addition, a variety of cut-
ting and coagulation devices, including Harmonic scalpel and LigaSure, have been
introduced to provide complete distal septum division over the uncut suture line.
Soft overtubes have also been proposed to obviate the difficulties in positioning the
rigid diverticuloscope [21].

19.3 Shift from Standard Flexible Endoscopy
to Third-Space Endoscopy

Although transoral stapling was the preferred initial approach for ZD, lack of
expertise with the rigid diverticuloscope, anatomic limitations of septum expo-
sure such as reduced neck extension or inadequate mouth opening, and the
requirement for narcosis encouraged the development of flexible endoscopic
septotomy (FES) in 1995 [22]. Since then, this procedure has commonly been
performed under deep sedation and in the outpatient setting, thus allowing the
treatment of elderly patients with small (<3 cm) pouches who may be unfit for
general anesthesia. Different devices such as needle-knife, hook-knife, har-
monic scalpel, laser, etc. have been used to perform FES with satisfactory out-
comes. Use of CO, insufflation and routine mucosal closure have been
consistently recommended to minimize the risk of perforation. Regardless of
the device used, FES has proven feasible and effective during short-term
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follow-up, with an average recurrence rate of 29% [23-25]. The FES procedure
is repeatable, and multiple treatments can be done to complete septum division.
Despite early enthusiasm with the flexible endoscopic techniques, a systematic
review and network meta-analysis including 903 patients and comparing endo-
scopic laser-assisted diverticulotomy, endoscopic stapler-assisted diverticulot-
omy, and transcervical diverticulectomy, concluded that the open surgical
approach has a decreased likelihood of persistent or recurrent symptoms com-
pared with the endoscopic techniques [26].

Experience with the use of POEM for esophageal achalasia has helped to
translate the principles of third-space endoscopy to the pharyngoesophageal
area, thereby pushing the boundaries of both transoral stapling and FES [27]. The
technique of Z-POEM allows cricopharyngeal myotomy through submucosal
tunneling. The majority of reports now differentiate between two different tun-
neling techniques based on the site of mucosal incision. In the conventional tech-
nique, the hypopharyngeal mucosa is opened 1.5-2 cm proximal to the septum
and the submucosal tunneling is created to reach and divide the cricopharyngeal
muscle. The mucosal entry site is then closed with endoclips. Performing the
incision proximal to the septum makes the procedure safer given its distance
from the mediastinum, but care must be taken to avoid tearing the hypopharyn-
geal mucosa. Other limitations of Z-POEM are that the proximal esophageal
muscle is not divided and that the defunctionalized remnant pouch may be
responsible for residual symptoms. A recent meta-analysis of 11 studies [28]
with 357 patients showed a pooled technical success of 96.3% (95% CI:
93.6-97.9), a pooled incidence of adverse events of 12.4% (95% CI: 9.1-16.7),
and a clinical success rate of 93% (95% CI: 89.4-95.4). The pooled clinical
recurrence rate was 11.2% (95% CI: 7.6-16.2).

An alternative third-space approach, called Zenker peroral endoscopic septot-
omy (Z-POES), was developed to overcome the technical challenges of the Z-POEM
technique and to improve outcomes. The modified tunneling technique consists of
opening the mucosa on top of the long axis of the septum to gain direct access to the
muscle. Then, the submucosal tunnel ahead and behind the cricopharyngeal muscle
is created and the proximal esophageal muscle fibers are divided [29]. At the end of
the myotomy, a remodeling septoplasty can be performed to prevent a large residual
pouch [30].

A recent pilot study on 20 patients advocated the use of Z-POES for ZD >20 mm
in size [31]. The average procedural time was 13.8 min, and the technique was suc-
cessful in 100% of patients. No symptomatic adverse events occurred, and the
1-year clinical success rate was 95%. In a recent systematic review [32], which
included nine studies and a total of 196 patients undergoing Z-POEM or Z-POES,
the pooled rate of clinical success and adverse events was 93.4% and 4.9%, respec-
tively, with no significant differences in terms of efficacy and safety between the
two tunneling techniques.

At our esophageal center, a total of 271 patients have been treated for ZD over
the past two decades. Of these individuals, 198 (73%) underwent transoral stapling
through rigid endoscopy, 53 (19.6%) patients underwent a flexible endoscopic
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procedure (36 FES and 17 Z-POES), and only 20 (7.4%) patients underwent open
surgery. The technical and clinical success rate of Z-POES were 100% and 94.2%,
respectively. One patient developed a subclinical leak which was treated conserva-
tively with antibiotics and naso-enteral nutrition [33].

19.4 Management of Recurrent Zenker Diverticulum

Symptoms of ZD may recur regardless of the primary treatment modality, with
recurrence rates ranging from 4.2% after open surgery to 18.4% after endoscopic
therapy [25]. The management of recurrent ZD varies widely, but reported data are
limited. The choice of the revisional technique depends on patient age, comorbidi-
ties, pouch size, and surgeon preference and expertise. In a retrospective multicenter
study with 56 patients, the index procedure was open surgery in 30% and endo-
scopic in 70%. Revisional procedures were performed open in 37.5% of cases and
endoscopically in 62.5% after an average time of 4.6 years after the primary treat-
ment. Both procedures were reported to be safe and effective [34].

19.5 Comment

A complete cricopharyngeal myotomy represents the cornerstone of therapy for
ZD. The development of transoral techniques has allowed a minimally invasive and
precision approach. Indeed, patient’s anatomical characteristics, small pouches, and
lack of physician’s expertise with rigid endoscopy represent significant limitations
of the classical transoral stapling technique. Conversely, submucosal endoscopic
procedures appear safe and effective, providing excellent exposure of the cricopha-
ryngeal septum and muscle, and allowing for a precise single-stage myotomy with
possible pouch remodeling. This may translate into reduction of anatomical and
symptomatic recurrences and lower reintervention rates.

Management of ZD requires an interdisciplinary and cooperative approach of
multiple specialists (foregut surgeons, gastroenterologists, and otolaryngolo-
gists) to deliver the best care to the patient. Nowadays, indications for an open
surgical approach have become rare. In our opinion, large ZD (>3 cm) can be
safely treated with endostapling, and smaller or recurrent ZD should be treated
with Z-POES.

In conclusion, a tailored approach is feasible and safe in tertiary-care hospitals.
POEM techniques have indeed opened a new era in the management of ZD and may
soon become the first-line approach. Appropriate training in advanced operative
endoscopy remains a critical issue. High-quality studies with standardized patient-
reported outcomes and long-term follow-up are necessary to validate these very
promising clinical findings.
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20.1 Introduction

Esophageal diverticula are a relatively rare condition, potentially developing along
the entire length of the esophagus and varying in incidence and etiology for each
location.

Epiphrenic diverticula (ED) are located in the lower part of the esophagus, within
10 cm above the cardias and they account for 20% of all esophageal diverticula, and
are the second most common after pharyngoesophageal ones.

The real incidence is unknown, given that some of them are discovered inciden-
tally; only 52 cases were reported up to 1952. Radiological studies have shown that
ED have a prevalence of 0.015% in the United States and up to 0.77% in Japan and
2.0% in Europe [1].

20.2 Pathophysiology

Also called false or pseudo-diverticula, ED enclose only the mucosal and submuco-
sal lining, herniating through a weakness in the muscularis layer of the esophagus.
This anatomical weakness in the muscularis layer is located where the nerves and
blood vessels enter to supply the distal esophagus, or at the antimesenteric border of
the embryonic foregut esophageal wall [1, 2].

The presence of a motility disorder has been widely reported to affect from 35% to
90% of patients with ED [3]; the most frequently diagnosed disturbance has always
been achalasia, mainly detected through the use of conventional manometry to assess
esophageal motility. However, other esophageal motility diagnoses, defined by varying
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conventional manometry-based criteria and including distal esophageal spasm and nut-
cracker esophagus have been reported in varying frequencies in patients with esopha-
geal diverticula. Some series, on the other hand, have reported lower rates of a defined
esophageal dysmotility; a comprehensive study by the Chicago group observed, by
means of high-resolution manometry (HRM) and esophageal pressure topography,
abnormal pressurization in the compartmentalization phase often with hypercontractil-
ity in patients with mid-thoracic and epiphrenic esophageal diverticula, even in patients
with no esophageal motility disturbances [4]. Failure to include treatment of the motil-
ity disorder into the management of ED sets the stage for the onset of postoperative
complications such as leaks at the suture line or recurrent diverticulum.

Another issue in the diagnostic work-up is the lower technical success of per-
forming HRM in patients suffering from diverticula: in a recent study, HRM was
completely successful in 70% of ED patients as compared with 91% of the control
group. The reason is mainly the inability to traverse the esophagogastric junction
due to the size of the diverticulum [5]. However, this problem might be solved by
placing the manometry catheter through endoscopy.

A very special category of ED occurs as a result of iatrogenic damage due to an
excessively tight wrap or myotomy for achalasia or, even more frequently, as a com-
plication of peroral endoscopic myotomy (POEM), also known as a “blown-out”
myotomy. In these cases, the treatment ranges from pneumatic dilation to a redo
fundoplication or redo myotomy depending on the iatrogenic cause [6].

20.3 Clinical Presentation

A large number of diverticula are discovered incidentally and the symptoms can be
mild or totally absent. The clinical presentation of ED can be divided into two cat-
egories: symptoms related to the underlying motility disorder, such as dysphagia
and regurgitation of undigested food or saliva and chest pain, and respiratory com-
plaints due to aspiration such as recurrent pneumonia and dyspnea or pulmonary
fibrosis. No correlation between the size of the diverticulum and the severity of
these symptoms has been demonstrated [7]. In addition, when the diverticulum
becomes large enough, it may also cause dysphagia by extrinsic compression of the
distal esophagus. Rarely, the presentation is acute for a complication such as bolus
impaction, bleeding or spontaneous rupture [8, 9].

The evolution into carcinoma is extremely rare, with a reported incidence of
0.6% [10]; symptoms of hematemesis or melena are suspicious.

20.4 Preoperative Work-Up

A barium esophagogram is typically the first diagnostic test performed (Fig. 20.1).
It is mandatory for careful planning of surgery: it is necessary to look for any addi-
tional diverticula to the larger one, and assess the esophageal side of the pouch that
will drive the stapler application, the distance from cardias, and the dimension of
the diverticular pouch and neck.
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Fig. 20.1 Barium swallow showing a large epiphrenic diverticulum with contrast retention

A timed barium swallow is preferable for the study of the motility disorder. The
barium emptying rate, as well as any barium retention with a tortuous esophagus, a
“bird-beak” appearance, or an outpouching sac protruding from the esophageal
wall, should be recorded (Fig. 20.2).

Upper digestive endoscopy is mandatory in all cases of suspected diverticulum
in order to diagnose the diverticulum and rule out malignancy and associated dis-
eases. The examination should be completed after a fast of at least 8 hours (Fig. 20.3).
After the food debris or fluid accumulation has been removed, the ED mucosa must
be carefully evaluated, and measurements taken of the diverticular neck and its dis-
tance from the Z line, in order to properly plan the surgery.

The esophagogastric junction should also be evaluated for any mucosal break
suggesting erosive esophagitis, Barrett’s esophagus, or hiatal hernia and to evaluate
contraction of the lower esophageal sphincter.

Esophageal manometry is performed to identify or confirm the presence of an
underlying motility disorder and therefore guide the extension of myotomy during
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Fig. 20.2 Development over time of a double epiphrenic diverticulum, as shown in sequential
barium swallows. Not only is the pouch increasing in size, but there is also evidence of motility
dysfunction

Fig.20.3 Endoscopic
view of epiphrenic
diverticulum with retention
of food debris

surgery. In cases of symptomatic diverticula, the absence of a clear diagnosis does
not exempt from the treatment of the lower esophageal sphincter.

20.5 Indication for Surgery

As the majority of diverticula are discovered incidentally, most of the time endo-
scopic and clinical observation alone is advisable. When symptoms such as dyspha-
gia and regurgitation are mild or rare, and there are no respiratory complications,
surgical treatment is generally not indicated. Careful patient selection is essential as
the surgery is complex and can lead to major morbidity mainly due to leakage from
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the staple line after the diverticulectomy, and the mortality rates are not negligible
even in high-volume centers. The size of the diverticulum is not an indication for
surgery per se, as symptoms are not related to the dimension of diverticula.

20.6 Surgical Approaches

Surgical approaches for ED have evolved from the initial open transthoracic method
to the currently preferred abdominal approach, particularly with the advent of lapa-
roscopy. Traditionally, the operation was performed through a left thoracotomy
approach and the diverticulectomy was completed with esophago-cardial myotomy
and a Belsey Mark IV fundoplication, which is still adopted [11]. Critical aspects of
the transthoracic approach regard the postoperative pain and the reduced extension
of the myotomy on the gastric side of the cardia. Complication rates following the
open transthoracic approach vary from 8.7% to 35.5%, with a leakage rate up to
18.2% [12].

In the early ‘90 s a minimally invasive approach was proposed, firstly thoraco-
scopic and then by means of laparoscopy [13—15]. With video-assisted thoracos-
copy, myotomy was not performed with an antireflux procedure. Moreover, this
procedure still needs single-lung ventilation with placement of a double-lumen
orotracheal tube; besides, there was an unfavorable angle between the stapler and
the esophageal axis, which caused an imperfect suture line. By contrast, the advan-
tages of a transhiatal laparoscopic approach are to treat the three foundations of ED
surgery: treat the diverticular pouch (with perfect placement of the stapler that runs
parallel to the esophageal axis), treat the intrinsic motility disorder with a myotomy,
and prevent reflux at the same time with a fundoplication. Additionally, laparoscopy
allows the myotomy to be extended from the lower esophagus through the stomach
and the antireflux surgery to be adapted to the patient’s anatomical characteristics.
The abdominal approach is also more comfortable for the patients and, as there is
no need for transthoracic drains, it is better tolerated in terms of postoperative pain.

In all cases, before surgery it is mandatory for the patient to have a clear liquid
diet for at least 24 hours and to fast for at least 12 hours. Depending on the size of
the diverticulum, insertion of a double-lumen nasogastric tube 12 hours before sur-
gery to wash and clean the esophageal lumen from food debris is advisable. A rapid
sequence intubation is recommended to avoid any inhalation at the time of anesthe-
sia induction.

As in other foregut operations, the patient is placed in the lithotomy position with
the surgeon standing between the patient’s legs. The cardia and the abdominal
esophagus must be completely mobilized, and the esophagus encircled to obtain
good traction, taking care not to damage the anterior and posterior vagus nerves. A
good exposure of the mediastinal esophagus must be achieved by means of com-
bined blunt and sharp dissection, avoiding pleural tears, which are dangerous for the
patient and prevent the surgeon from having adequate vision. This part can be chal-
lenging as the diverticulum may be up to 10 cm from the cardia. Intraoperative
endoscopy can guide the exposure of the diverticulum, avoiding mucosal injuries
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Fig. 20.4 Intraoperative laparoscopic view. (a) The diverticulum is dissected from the mediasti-
num and traction is exerted with neck exposure. (b) A linear staple is applied on the diverticular
neck, parallel to the esophageal axis. (¢) The staple line is visible on the lateral part of the esopha-
gus after the diverticulum is transected. (d) The second part of surgery comprises the extra-mucosal
myotomy. (e) After the myotomy has been completed, an endoscopic check is mandatory to assess
for any mucosal tear or any bleeding and the residual lumen. (f) The last step of surgery involves a
fundoplication; in this case an anterior 180° Dor fundoplication has been performed

and helping to safely reach the diverticular neck. Complete dissection of the diver-
ticular neck is mandatory; at its upper angle this might be particularly challenging.
After having cleared the diverticular neck, and checked for an adequate lumen of the
esophagus, a linear stapler is introduced from a trocar parallel to the esophageal axis
and the diverticulum sectioned. A single cartridge is advisable, but not mandatory in
the case of long necks.

Then, two or three non-absorbable stitches or a non-absorbable barbed running
suture can help close the muscular layer, thus buttressing the mucosal mechani-
cal suture.

The second part of the surgery adds the myotomy of the esophagus, starting from
the cardia up to at least the inferior margin of the diverticular neck to aid the bolus
transit and avoid overpressure at the level of the staple line, thus reducing staple line
leakage. As most diverticula are on the right side of the esophagus, the myotomy
should be performed anteriorly or slightly on the left side. After the myotomy is
completed, the hiatus is closed with a few braided non-absorbable stitches. Attention
must be paid not to narrow the hiatus, resulting in iatrogenic outflow obstruction.
The last step of the operation involves the prevention of gastroesophageal reflux,
usually with an anterior Dor fundoplication or a posterior Toupet (if a hiatus hernia
is present) (Fig. 20.4).

Resolution or decrease in symptoms after laparoscopic surgery are reported
in 85-100% [16] of patients, with a leakage rate of 8.8% [7]. Length of stay
and postoperative pain is significantly less as compared with the transthoracic
approach.

This kind of surgery is not easy and may steps can be tricky, but despite the
reported complication and mortality rates, it currently represents the treatment of
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choice for ED [3, 5, 7]. However, owing to the complexity of the diagnosis and
treatment and the possible complications, this surgery should only be performed in
high volume centers.

20.7 Endoscopic Treatment

With the growing enthusiasm for endoscopic surgery, more recently peroral endo-
scopic myotomy with septotomy (D-POEM) has emerged as a therapeutic option.
The procedure involves the endoscopic cutting of the muscular fibers of the septum
and beyond to the gastroesophageal junction, reached by a submucosal tunnel, to
create a common cavity. Very few cases have been reported, but the results have
been good in terms of resolution of the symptoms, especially dysphagia [17]. The
reported findings of postprocedural radiological examinations, however, seem to
show the same anatomical condition, characterized by plenty of contrast medium in
the lower esophagus. Furthermore, as for POEM in patients with achalasia, the
absence of a fundoplication is associated with a significantly higher reflux. The
addition of potential reflux and stasis of food and saliva carries a high risk of dam-
aging the esophageal mucosa.

20.8 Conclusions

Because ED are almost always due an esophageal motility disorder, treatment in
most cases must aim to address the motility disorder in addition to resecting the
diverticulum. As many of these ED are discovered incidentally, surgery is indicated
only for symptomatic patients.

The surgery carries a high rate of complications and the consequences can be
fearful with long sequelae and high mortality rates. Different approaches have been
illustrated including thoracic, abdominal and even endoscopic approaches but,
owing to the small number of reported cases there are no large studies comparing
the different techniques.

Laparoscopic transhiatal dissection offers excellent exposure and can be safely
performed even in large esophageal diverticula, in tertiary centers with high levels
of experience in upper gastrointestinal surgery.
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Alberto Aiolfi and Davide Bona

21.1 Introduction

Diffuse esophageal spasm (DES) is a motility disorder of the esophagus with no
known cause, which can lead to significant discomfort and negatively impact the
quality of life for those affected. This condition is marked by irregular smooth mus-
cle contractions in the distal esophagus, resulting in symptoms such as dysphagia,
chest pain, and regurgitation. DES is uncommon and challenging to treat, in part
due to the limited understanding of its underlying mechanisms. Traditionally, diag-
nosing DES has depended on subjective symptom assessments and radiographic
imaging [1, 2]. However, the introduction of high-resolution manometry (HRM)
and the functional lumen imaging probe (FLIP) has allowed for a more precise and
objective assessment of esophageal motility disorders, including DES. HRM has
become the gold standard for diagnosis, interpreted according to the Chicago
Classification (CC). This chapter provides an overview of the current understanding
of DES, its clinical presentation, pathophysiology, diagnostic procedures, and man-
agement strategies.

21.2 Etiology

The exact cause remains unknown, although several theories have been proposed.
One theory suggests that there is a disruption in the coordination of peristalsis,
likely due to an imbalance between inhibitory and excitatory postganglionic path-
ways. Additionally, muscular hypertrophy or hyperplasia can be found in the distal
esophagus, affecting nearly two-thirds of it in cases of DES. While the initiating
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event is unclear, an increased release of acetylcholine may play a role. Other pos-
sible explanations for the peristaltic abnormalities in DES include nitric oxide
(NO)-mediated dysfunction of inhibitory ganglion neuronal activity, gastric reflux,
or a primary nerve or motor disorder. Furthermore, exposure to acid can lead to
esophageal spasms, while heartburn may trigger esophageal contractions. There are
also indications that total cholesterol levels and body mass index (BMI) may signifi-
cantly predict esophageal contractility, and lower esophageal sphincter (LES) func-
tion [2—4].

21.3 Epidemiology

The exact prevalence of DES is not well established, as it is a rare condition.
Reported prevalence rates vary based on the population studied and the diagnostic
criteria applied. Previously known as diffuse esophageal spasm, the condition was
reclassified as a distinct diagnosis with the introduction of the CC in 2008. Research
suggests that the prevalence of DES among symptomatic patients undergoing
esophageal motility testing is approximately 2% to 9%. It tends to occur more fre-
quently in women, with a median age of 60 at the time of diagnosis [3, 4].

21.4 Pathophysiology

DES involves irregular coordination among the smooth muscles of the esophagus,
likely resulting from an imbalance between the nitrergic inhibitory and cholinergic
excitatory pathways. Typically, there exists a gradual gradient of inhibitory signals
from the proximal to distal esophagus, which intensifies as the neuronal signals
progress downward. Consequently, the duration of deglutitive inhibition lengthens
as the peristaltic wave moves toward the distal esophagus. This period of deglutitive
inhibition, known as contractile latency, is considered a defining interval, and a
reduction in this interval may lead to premature and rapidly propagating contrac-
tions seen in DES. A major focus has been on NO due to its role in the inhibitory
pathway of the myenteric plexus. When NO deficiency is induced by scavenger
administration, simultaneous esophageal contractions occur, while restoring NO
levels can reverse this effect. Opioids, which have been linked to DES, promote NO
secretion and inhibit neuronal excitation [1, 2]. In a retrospective study, esophageal
dysfunction, such as DES, was found to be more prevalent in individuals using opi-
oids for three months or longer, but these dysfunctions tend to resolve upon discon-
tinuation of the medication [5]. Additionally, almost half of DES patients are
reported to take psychotropic medications, suggesting these could also contribute to
the disorder. Psychiatric conditions are often associated with chronic pain, poten-
tially leading to excessive opioid use. Gastroesophageal reflux disease (GERD) may
also be connected to DES. Abnormal 24-hour pH monitoring is observed in most
patients exhibiting GERD symptoms alongside DES, with some reporting symptom
relief from antireflux treatments. It is hypothesized that stomach acidity may alter
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the afferent nerves within the peristaltic peripheral pathways, potentially contribut-
ing to DES, though this connection remains debated. Notably, abnormal pH moni-
toring is primarily associated with typical GERD symptoms rather than chest pain
or dysphagia [6]. Spastic achalasia is another condition believed to be pathophysi-
ologically linked to DES. Achalasia is also categorized as a disorder of deglutitive
inhibition, with a complete dysfunction of the nitrergic inhibitory pathway in esoph-
ageal smooth muscle. Some cases have shown a progression from DES to type 3
achalasia [1].

21.5 Clinical Presentation and Diagnosis

The clinical presentation of DES varies, with symptoms occurring episodically. The
most common manifestation is esophageal dysphagia, characterized by difficulty
swallowing and/or the sensation of food feeling stuck in the throat or chest.
Uncoordinated contractions of the esophagus can also cause retrosternal non-
cardiac chest pain, necessitating a preliminary evaluation to rule out acute coronary
syndrome. Other associated symptoms include typical and atypical GERD symp-
toms (such as asthma, coughing, and hoarseness), weight loss, and vomiting. Due to
the heterogeneous and non-specific nature of its presentation, diagnosing DES
requires specialized testing [7].

Endoscopy is typically the first step to exclude secondary motility disorders
(e.g., hiatal hernia, Schatzki’s ring, or neoplasms). It also assesses the patency of the
LES, aiding in the identification of related conditions, such as achalasia type 3 and
GERD. While endoscopy is not used to confirm a DES diagnosis, it may reveal
signs of a motility disorder, such as spastic, vigorous, or uncoordinated distal esoph-
ageal contractions along with retained saliva or liquid in the esophageal lumen.
However, these signs can be easily overlooked due to the sporadic nature of DES [7,
8]. Barium esophagram serves as another complementary diagnostic tool for dys-
phagia, although its sensitivity for detecting motility disorders is less than 70%. A
classic finding in this test is the “corkscrew” or “rosary bead” appearance [8].

The gold standard for diagnosis is HRM, interpreted using the standardized CC
system. In the latest version (v 4.0), DES is defined as the presence of premature
contractions in at least 20% of swallows, occurring alongside normal LES relax-
ation in individuals experiencing dysphagia or non-cardiac chest pain. This distinc-
tion is noteworthy compared to the previous CC version, which did not require
relevant esophageal symptoms. CC v4.0 also acknowledges that intrabolus pressure
on HRM can lead to the overdiagnosis of DES. This pressure can be distinguished
from true contractile activity by its more homogeneous appearance on Clouse plots
and through adjustments to the isobaric contour [9—14]. Premature contractions are
characterized by a distal latency (DL) of less than 4.5 seconds. DL is measured from
the onset of upper esophageal sphincter relaxation to the contractile deceleration
point (CDP) of the peristaltic wave, which is normally located 2-3 cm above the
LES. The CDP indicates the transition from esophageal peristaltic clearance to
esophageal emptying, identifiable where the pressure curve slope shifts from
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positive to negative. Normal LES relaxation is defined by an integrated relaxation
pressure (IRP) of 15 mmHg or less. It is important to note that DL can be inaccu-
rately low in cases of large hernias due to overall shortening of the esophagus. In
order to increase both sensitivity and specificity in inconclusive cases, provocative
maneuvers in the supine (multiple rapid swallows [MRS]) and upright (rapid drink
challenge [RDC]) have been included in CC v4.0. The goal of MRS is to evaluate
the peristaltic reserve of the esophagus by stimulating a rapid series of repetitive
contractions, based on the hypothesis of progressively falling esophageal inhibition.
RDC can detect esophagogastric junction (EGJ) obstruction and esophageal short-
ening that can be found in achalasia and other motility disorders [7, 8].

While HRM remains the gold standard, a newer modality called FLIP is being
increasingly utilized as a complementary tool in evaluating esophageal motility.
FLIP assesses esophageal luminal diameter and distensibility using impedance pla-
nimetry. Its catheter includes a distal pressure calculator and multiple impedance
sensors surrounded by a distensible balloon. The catheter is inserted either nasally
or orally down to the EGJ where it is inflated, generating a radial force against the
esophageal wall. Data is analyzed in real time and displayed as distensibility index
(DI) and EGJ diameter. DI is the ratio of the EGJ cross-sectional area to intra-
balloon pressure and is normally >2.0 mm*mmHg, while the EGJ diameter is
>13 mm. DI is often low in DES, indicating low compliance of the esophagus, while
EG]J diameter tends to be normal or slightly reduced [11-13]. FLIP can also topo-
graphically display secondary peristalsis from balloon distension as anterograde or
retrograde contractions in the esophageal body. Repetitive retrograde contractions
or sustained occluding contractions secondary to balloon distension can be encoun-
tered in DES [10]. FLIP might better detect secondary peristalsis when compared to
HRM, as its catheter is less contact-dependent and can detect non-lumen-occluding
contractions [13]. The data by FLIP can be objectively interpreted in real time, is
less operator dependent, and allows for a more complete picture of esophageal
physiology as compared to HRM. It can also predict the clinical outcomes of myot-
omy, whether done surgically or endoscopically [14]. The data on the LES makes
FLIP particularly useful in the evaluation of achalasia and esophagogastric junction
outflow obstruction (EGJ-O0), as these may be associated with DES [1].

21.6 Treatment
Due to the unclear pathophysiology of DES, treatment can be challenging. Both

pharmacologic and invasive approaches have been developed, primarily aimed at
relieving symptoms rather than normalizing manometric findings.

21.6.1 Proton-Pump Inhibitors (PPIs)

Many patients with DES experience reflux-like symptoms, and GERD may coexist
with DES. Abnormal 24-hour pH monitoring is often observed in patients with
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esophageal hypomotility. Therefore, a trial of PPIs is recommended if GERD is
likely, while pH testing off PPIs may be warranted if GERD is unlikely [7].

21.6.2 Smooth Muscle Relaxants

Smooth muscle relaxants can help alleviate symptoms. Nitrates and phosphodies-
terase-5 inhibitors (PDESi) work by increasing NO availability, promoting smooth
muscle relaxation. Long-acting nitrates, such as isosorbide dinitrate, are effective
for non-cardiac chest pain and dysphagia when taken about 30 minutes before
meals. Calcium-channel blockers (CCBs) also induce relaxation by inhibiting
L-type calcium channels. Sublingual nifedipine is effective but has a shorter dura-
tion compared to nitrates. In a clinical trial, sildenafil (50 mg) showed manometric
improvement in most patients, although symptomatic relief was limited [15].

21.6.3 Peppermint OQil

Peppermint oil has been shown to relax gastrointestinal smooth muscle by reducing
extracellular calcium influx. Studies indicate that it can eliminate simultaneous
esophageal contractions in DES patients. In one study, most patients with DES
reported symptomatic improvement after using peppermint oil [16].

Overall, pharmacologic therapies have limited utility due to their variable effi-
cacy, the need for frequent dosing, side effects, and inadequate clinical trial support.
If pharmacologic management fails, more invasive options may be considered.

21.6.4 Botulinum Toxin Injection

Botulinum toxin is a powerful neurotoxin that induces reversible chemical denerva-
tion and partial paralysis by inhibiting the presynaptic release of acetylcholine in
muscle fibers. It has been established as an effective short-term treatment for acha-
lasia, particularly in medically high-risk patients. However, the evidence for using
botulinum toxin injections to treat non-achalasia esophageal motility disorders,
such as DES, is inconsistent. When used for these disorders, the primary target
symptom is likely dysphagia, and there is data supporting the use of injections into
both the distal esophagus and the LES [17].

21.6.5 Peroral Endoscopic Myotomy (POEM)

POEM is a novel intervention primarily designed for treating achalasia and other
esophageal motility disorders. While it has predominantly been studied in the con-
text of achalasia, recent investigations have explored its use for non-achalasia spas-
tic esophageal motility disorders, including DES. A meta-analysis of five studies
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focusing on outcomes of POEM in non-achalasia esophageal disorders, including
DES, showed promising clinical success lasting beyond 60 months. However, some
case reports and series on POEM’s efficacy for non-achalasia conditions have either
unclear follow-up periods or short-term data, raising concerns about publication
bias. Given the generally benign nature of primary esophageal motility disorders
like DES and the lack of robust studies on the safety and efficacy of invasive meth-
ods like POEM, the European Society of Gastrointestinal Endoscopy recommends
caution regarding its use [1, 18, 19]. POEM should be considered when medical and
less invasive treatments fail, especially in patients experiencing severe dysphagia
that leads to weight loss.

21.6.6 Surgery

Surgery is generally reserved for cases of refractory and severe DES, as the progno-
sis for DES is typically favorable even without intervention [8, 20, 21]. Extended
myotomy combined with anterior fundoplication for DES have been shown to result
in significant chest pain and dysphagia score improvements in the long-term
follow-up.

21.7 Take Home Message

DES is a rare motility disorder characterized by premature contractions of the distal
esophageal smooth muscle. The pathophysiology likely involves an imbalance between
the inhibitory and excitatory pathways of the smooth muscles. Diagnosing DES is
challenging due to its variable and episodic symptoms. HRM is currently the gold
standard for diagnosis and is interpreted using the CC. Recent updates to the CC have
improved the accuracy of the diagnosis, including the incorporation of provocative
maneuvers and the differentiation of DES from achalasia type 3. FLIP is a newer
modality that provides complementary information to HRM, allowing for a more com-
prehensive evaluation of esophageal motility. Managing DES is difficult due to the
limited understanding of its pathophysiology. Treatment options include PPIs for con-
current GERD symptoms, smooth muscle relaxants such as nitrates and CCBs, and
peppermint oil. However, pharmacological therapy has limited efficacy and frequent
dosing requirements. Endoscopic approaches such as botulinum toxin injection and
POEM or surgical myotomy may be considered in patients with recalcitrant symptoms.
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