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Introduction

Some special features of the surgical anatomy of the esophagus should be summa-
rized: (1) the major organs surround the esophagus, (2) the esophagus passes
through the neck, chest and abdomen, (3) the esophagus is limited by sphincters, (4)
the lymphatic distribution is abundant, and (5) the organs and structures of the
mediastinum may often show anatomical variations [1]. Unfortunately, the classical
anatomical description of some organs and structures differs from the clinical pre-
sentation. Anatomists frequently portrait the esophagus in didactic books in a styl-
ized fashion commonly not useful for surgeons (Fig. 1). In addition, minimally
invasive surgery also brought a restricted but magnified view of the esophagus, and
available imaging technology forces the understanding of sectional and regional
anatomy [3]. Sir William Halsted, father of the surgical residence training among
other remarkable achievements, may be quoted regarding the view provided by dis-
secting a patient during surgery: there is a gap between the surgeon and the patholo-
gist that only the surgeon can bridge. The pathologist rarely has the opportunity to
see pathological conditions as the surgeon sees them. Furthermore, there is no stan-
dardization of classification and nomenclature of some structures in and around the
esophagus [1].
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Fig. 1 The esophagus as represented in anatomy textbooks. (From Gray and Lewis [2].
Public domain)

Esophageal anatomy cannot be understood apart from esophageal physiology.
Esophageal benign diseases, the scope of this book, are basically physiological dis-
eases and mostly confined to the distal esophagus and esophagogastric junction.
This chapter will focus on this area.

Esophageal Anatomy

The esophagus is a hollow tubular organ with similar layers of other digestive
organs (mucosa, submucosa, muscularis propria) except for the serosa that is
replaced by an adventitia [4]. Also different from other digestive organs, skeletal
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muscle forms the upper third of the esophageal musculature and smooth muscle the
lower two thirds. The esophagus has 3 parts: cervical, thoracic, and abdominal. The
thoracic portion may also be subdivided in: (a) Upper thoracic esophagus—from
the sternal notch to the tracheal bifurcation; (b) Middle thoracic esophagus—the
proximal half of the two equal portions between the tracheal bifurcation and the
esophagogastric junction; and (c) Lower thoracic esophagus—the thoracic part of
the distal half of the two equal portions between the tracheal bifurcation and the
esophagogastric junction [5].

Esophageal blood supply comes from branches of the inferior thyroid arteries,
thoracic aorta, bronchial arteries, inferior phrenic arteries, and left gastric artery.
Blood drains into the inferior thyroid, hemiazygos, azygos, and left gastric veins.
There is not a dedicated vessel to the esophagus [6]. Abundant lymphatics form a
dense submucosal plexus [5].

Textbook Anatomy

Figure 2 depicts diagrammatically the esophagus and surrounding anatomy. The
cervical portion may be the center for esophagopharyngeal diverticula (Zenker and
Killian). Surgical anatomy of the thoracic esophagus is of major interest for onco-
logic diseases of the esophagus. The abdominal esophagus and distal part of the
thoracic are the center for most benign diseases of the esophagus within interest of
surgeons.

Cadaveric Anatomy

Esophageal anatomy learned in anatomy laboratories is the clear definition of the
gap between the surgeon and the pathologist. Not different form schematic draw-
ings, it does not reflect the complexity of surgical access to this posterior organ
surrounded by important structures. It also does not reflect the distortion in anatomy
caused by a large hiatal hernia, e.g. (Fig. 3)

Surgical anatomy in fresh cadavers (Fig. 4) may have a good resemblance to real
situation and are a good model for experimentation [7] and teaching [8].

Radiologic Anatomy

Barium esophagram (Fig. 5) is able to provide a panoramic view of the esophagus.
Despite the resemblance of an anatomic model in which the relation between the
esophagus and other structures is not really clear, the test has the advantage of a
physiological interpretation of the anatomy [9].

Computed tomography (Fig. 6)/magnetic resonance are important to show spaces
not understood by the naked eye during an operation and relations with other organs.
This has advantages for the study of complications after esophageal operations.
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Fig.2 Esophageal anatomy: the three portions of the esophagus and surrounding structures in the
posterior mediastinum. (Reproduced from: Menezes et al. [3])

They are; however, not functional tests, although some attempts to evaluate physiol-
ogy have been tried but never gained popularity [10]. Three-dimension images
(Fig. 7) are opening a new understanding of the anatomy that may help surgeons in
surgical planning [11].

Intraoperative Anatomy

Mostly of the operations for benign esophageal diseases are currently performed
through the laparoscopic route [12]. This route provides a magnified but restricted
view of the anatomy. This view may be quite different from the naked eye open
approach (Fig. 8).

In order to reach the esophagogastric junction, that is the center for most
esophageal benign disease operations, the gastrohepatic ligamentum of the lesser
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Fig.3 The anatomy of the
esophagus (arrows) as seen
in dissected embalmed
cadavers

Fig. 4 Dissection of the
abdominal part of the
esophagus (arrow) in fresh
cadavers simulating a real
open operation

omentum must be divided. It contains the hepatic branch of the vagus nerve and
occasionally an accessory hepatic branch from the left gastric artery. Both struc-
tures may be divided with impunity. The opened ligament will show the caudate
lobe of the liver, the right pillar of the right crus of the esophageal hiatus and the
phrenoesophageal membrane encircling the esophagus. Dissection of the mem-
brane will show the distal esophagus (distal portion of the thoracic esophagus
and the abdominal portion) [14]. The anterior vagus nerve is usually branched,
close to the esophagus and more to the left side. The posterior vagus nerve is,
oppositely, a unique trunk, detached from the esophagus and more to the
right side.



6 R. C. Katayama et al.

Fig. 5 Barium swallow
esophagram showing the
contrasted esophagus
(arrow)

Fig. 6 Computed tomography imaging of the esophagus and esophagogastric junction (*)
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Fig. 7 Three-dimensional
computed tomography
imaging of the distal
esophagus (arrow)

Fig. 8 Laparoscopic view
of the esophagogastric
junction area. (Adapted
from Patti et al. [13])
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The Boundaries of the Esophagus

The definitions of the boundaries of the esophagus are of key importance to define
hiatal hernia and to guide surgeons during operations that need to perfectly identify
the esophagogastric junction.

The upper esophageal sphincter marks the upper border of the esophagus. It is
formed by the cricopharyngeus muscle along with the inferior constrictors of the
pharynx and fibers of the esophageal wall. It corresponds to the pharyngoesopha-
geal transition just posterior to the cricoid cartilage, that has a clear superficial anat-
omy view, and it is easily palpated. This parameter may guide incisions aimed at
this area.

The lower border of the esophagus is variable considering how it is defined.
Moreover, a hiatal hernia is defined by the presence of the esophagogastric junction
(or part of the stomach in case of paraesophageal hernias) above the diaphragm, but
the diaphragm, is seen by different parameters in distinct situations. Provocative
tests forcing the stomach upwards are also variable according to the situation. This
may explain discrepancy in different tests showing hiatal hernia or not or different
measurements.

Physiologically, as measured by esophageal manometry e.g., the lower border
corresponds to the lower esophageal sphincter (LES) that is not a separate anatomic
structure but a physiological valvular mechanism. The diaphragm is noticed as pha-
sic contractions [15]. Provocative maneuvers may be applied such as leg rais-
ing [16].

During an operation, the transition from the tubular to a sacular organ, the angle
of His, and the transition from exposed muscular fibers denoting the absence of a
serosa to the bright serosa of the stomach mark the esophagogastric junction. The
diaphragm is seen as the crus surrounding the esophagus. Anesthesia with muscular
blockade may relax the diaphragm and abdominal wall forcing viscera down to the
abdomen. On the other hand, pneumoperitoneum may push viscera up.

Endoscopically, the lower border of the esophagus is seen as the epithelial transi-
tion (Z line) and the diaphragm as an extrinsic constriction at or distal do the transi-
tion (Fig. 9). Gastric insufflation with air and superficial sedation may contribute to
upwards displacement of the stomach [17].

Radiologically, the esophagogastric junction is defined by the transition from the
tubular esophagus to the sacular stomach, as previously shown at the esophagram
and computerized tomography. Provocative maneuvers such as Trendelenburg posi-
tion and abdominal compression may be used to displace viscera upwards.
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Fig. 9 Endoscopic parameters for the esophagogastric junction—epithelial transition (a—lines)
and the diaphragm—extrinsic constriction (b—Tlines)

Functional Anatomy

The negative thoracic pressure and the positive abdominal pressure leads to a trans-
diaphragmatic pressure gradient between the esophagus and the stomach. This gra-
dient would lead inexorably to the reflux of gastric contents into the esophagus if
not by the presence of a valvular mechanism at the level of the esophagogastric
junction (EGJ). Despite the existence of this barrier, gastroesophageal reflux disease
(GERD) is very common [18].

The Antireflux Barrier Components

The anatomical arrangement of the LES, hiatus, angle of His and phrenoesophageal
ligaments forms the anti-reflux barrier (Fig. 10).

The Lower Esophageal Sphincter

The LES is a circular smooth muscle that is tonically contracted at rest, creating a
high-pressure zone in the distal esophagus. It extends 2-3 cm above the squamous
columnar mucosal junction, and its distal margin is about 2 cm below this junction.
The upper part lies at the level of the diaphragmatic crura, while the lower part is
intra-abdominal under abdominal pressure. The LES measures approximately
2.5-4.5 cm in length and consists of different muscle fibers (circular, oblique, and
sling) with varying physiological traits, resulting in an asymmetrical pressure pat-
tern. The LES is the main component of the anti-reflux barrier, it is able to maintain
its function even when all other components are absent, as in patients with hiatal
hernia without GERD [19].
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Fig. 10 Components of i R A1
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Phrenoesophageal
ligaments

Lower esophageal
Sphincter

Stomach

Crural Diaphragm

The LES lies in a hiatus created by the right crus of the diaphragm and is supported
by phrenoesophageal ligaments. This, along with the basal pressure of the sphincter,
creates a high-pressure zone seen in manometry. The diaphragmatic crus pinches
the LES, contributing to resting pressure and keeping it in position. Crural dia-
phragm contraction increases esophagogastric pressure during abdominal straining
and compression [20].

Phrenoesophageal Membrane

The visceral peritoneum and the phrenoesophageal membrane keep the esophago-
gastric in the abdominal cavity. Phrenoesophageal ligaments are a fibrous connec-
tive tissue extending from the muscle fibers of the diaphragm to the distal portion of
the esophagus. The membrane extends 2—-3 cm above the hiatus, transmitting the
positive abdominal pressure to the distal esophagus [20, 21].

Angle of His

The acute angle formed between the esophagus and the gastric fundus (angle of His)
creates a longer distance between where the food is stored (the gastric fundus) and
the esophagus where it can reflux. Also, the apex of this angle creates the Gubaroff
valves or plica cardiaca, a cushion fold of the mucosa at the level of the esophago-
gastric junction acting as a stopper [22].
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Introduction

Gastroesophageal reflux disease (GERD) is a highly prevalent disease, especially in
Western countries. Its pathophysiology is complex and multifactorial. It occurs
when the intricate valve mechanism at the level of the esophagogastric junction
(EGJ) is not capable of balancing the transdiaphragmatic pressure gradient (positive
intra-abdominal pressure and negative intra-thoracic pressure) leading to the return
of food and gastric content to the esophagus [1, 2].

Although the intricate valvular mechanism is quite efficient, a small amount of
reflux is considered normal and balanced by the salivary production and esophageal
clearance promoted by esophageal peristalsis [3, 4]. In the other hand, the lower
esophageal sphincter (LES), the diaphragm, the angle of His, the Gubaroff valve
and the phrenoesophageal membrane act together to compose the valvular mecha-
nism, responsible for the barrier at the level of EGJ [3]. When this barrier is not
capable of balance the transdiaphragmatic pressure, food, acid and bile rises into the
esophagus. The chemical damage to esophageal mucosa is responsible for esopha-
geal injury associated with GERD symptoms [2]. Chemical aggression leads to
mucosal inflammation, breaking up the tight junction proteins of the esophageal
epithelium, resulting in increased para-cellular permeability and dilated
intercellular space. Consequently, gastric acid, bile, and pepsin penetrate deep basal
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layers of the esophageal mucosa stimulating inflammatory mediators [5, 6]. This
inflammation is responsible for esophageal dysmotility and GERD symptoms [7, 8].

Natural Anti-reflux Mechanism
1. Peristalsis

When chemical elements rises to the esophagus, the longer they remain in contact
with the mucosa, the greater the damage will be done. Esophagus clearance secondary
to peristalsis is an important mechanism to prevent mucosal damage. Defective peri-
stalsis is associated with GERD symptoms and mucosal damage, related to the time
of exposure of esophageal mucosa to chemical agents (acid, bile and pepsine) [3].

It is common that patients with GERD have abnormal peristalsis because of the
inflammation of the esophagus. The severity of this dysmotility is related to abnor-
mal propagation of peristaltic waves (ineffective esophageal motility) and/or an
extremely low amplitude of peristalsis. If esophageal clearance is compromised, the
contact time of the refluxate increases, resulting in greater severity of the
GERD. Possibly this fact may facilitate reflux to the upper esophagus and pharynx.
Therefore, these patients are at greater risk for severe mucosal lesions and frequent
extraesophageal symptoms [9-12].

2. Lower esophageal sphincter

One of the main components of the valve intricate mechanism is LES. The LES
is a muscle, 3—4 cm in length, located at the distal end of the esophagus. Its function
is to allow the passage of food into the gastric chamber by relaxing its fibers coor-
dinated with esophagus peristalsis. Also, allowing gas venting after meals and pre-
venting reflux of gastric contents by returning to its initial tonus, pressuring the
transition of the esophagus to the stomach [13]. An effective LES must have an
adequate total and intra-abdominal length, and resting pressure. A defective LES is
found in most patients with GERD; however, it is not an essential condition. It is
known that normal LES pressure can be found in 40% of patients with
GERD. Although this apparent inconsistency, it can be understood because tran-
sient LES relaxations (TLSER) may influence GERD. TSLER are defined as LES
relaxations, lasting at least 10 s that occur in the absence of swallowing and can be
the genesis of pathological reflux [14, 15]. Furthermore, an increase transdiaphrag-
matic pressure gradient should overcome the LES mechanism promoting pathologi-
cal reflux, mainly in patients with increasing abdominal pressure (obesity) or more
negative thoracic pressure (pulmonary disease) [16].

3. Angle of His

The angle of His is an acute angle formed by the esophagus and the gastric fun-
dus. This acute angle provides a barrier to the refluxate enlarging the distance
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between the gastric fundus, where food is stored, and the EGJ. The more acute the
angle, the longer is the distance between the gastric fundus and more effective
should be this barrier [3].

4. Diaphragm and intra-abdominal esophagus length

The diaphragmatic crus act reenforcing LES mechanism. It pinches the abdomi-
nal part of the esophagus at the level of the EGJ adding pressure to the LES, being
part of an extrinsic component of the gastroesophageal barrier [3, 10].

The intra-abdominal portion of the esophagus receives influence of abdominal
pressure that may help in the valve mechanism while collapsing the distal esopha-
gus wall. A hiatus hernia breaks this mechanism due to the rise of EGJ to the thorax,
placing it in a negative pressure regime [17-19].

5. Gubaroff Valve

Gubaroff valves consist of a cushion action of the distal esophageal mucosa at
the level of the EGJ [20, 21].

Transdiaphragmatic Pressure

The transdiaphragmatic pressure consists in the gradient between forces acting in
the abdomen and thorax. The abdominal pressure tends to be positive pushing gas-
tric content toward thorax. In the other hand, the thoracic pressure tends to be nega-
tive, generating suction of the gastric content. However, this gradient is normally
balanced by natural valvular mechanisms [22, 23], except in situations when an
increase in the abdominal pressure or a decrease in the thoracic pressure overcomes
the valvular mechanism [24].

Special Clinical Conditions and GERD

A. Thoracic pressure and GERD

An increased respiratory effort may lead to more negative thoracic pressure. This
condition can be seen in singers, professional wind instrument players or patients
with obstructive pulmonary diseases. The decrease in thoracic pressure should
influence transdiaphragmatic pressure, consequently rising the incidence of GERD
[25, 26].

B. Abdominal pressure and GERD

Elevated abdominal pressure is one of the most important independent risk factors
for GERD development. The most prevalent clinical condition associated with the
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rise in intraabdominal pressure is obesity. Abdominal fat deposition and abdominal
circumference are directly related to the rise of abdominal pressure [16, 24, 27].

Although an increased basal LES pressure can be observed in patients with obe-
sity, probably secondary to a compensatory mechanism to overcome the elevated
intraabdominal pressure, TSLER seems to be more frequent in this clinical condi-
tion. Therefore, the higher incidence of TSLER will lead to an increase in GERD
prevalence [24, 28].

Another important concern is that patients with obesity have a decrease in saliva-
tion and esophageal motility may be impaired in 25% of patients with this condi-
tion. Moreover, the fat deposition in the EGJ can make this angle obtuse, worsening
the valvular mechanism [24].

Patients with obesity may also have decreased intrathoracic pressure related to
the higher incidence of obstructive apnea. Besides that, patients with this condition
could have an elevation in the diaphragm, consequently decreasing the pulmonary
expansion, reflecting in the thoracic pressure. This association is responsible for the
disruption of the valvular mechanism, therefore, increasing the risk of GERD
[29, 30].

C. Hiatal Hernia and GERD

Hiatal Hernia (HH) can disrupt most of antireflux barrier mechanisms. However,
GERD and HH are not synonyms. Actually, it is well known that those conditions
can exist independently [31]. But this association is justified because HH enlarges
the hiatus, losing the pinchcock action of the diaphragm, leading to a more incom-
petent LES, defective peristalsis, more severe mucosal damage, and increased acid
exposure. Moreover, when the esophagus rises toward the thorax the angle of His is
disrupted and the abdominal pressure is no more effective in the distal esophagus,
impairing the valvular mechanism. Finally, TLESR is more frequent in patients with
hiatal hernia [32, 33].

D. Dysmotility and GERD

Ineffective esophageal motility may be present in a quarter of patients with
GERD. Esophageal peristalsis is a central mechanism for esophagus clearance.
Primary esophageal dysmotility should decrease clearance and be responsible
for mucosa damage. On the other hand, GERD is responsible for esophageal
inflammation, consequently affecting esophageal peristalsis. Between this and
that, it is not clear who comes first. However, studies could demonstrate an
improvement in esophageal motility after reflux control with a surgical fundo-
plication [34, 35].

E. Barret’s Esophagus

Gastric acid is recognized as very harmful to esophageal mucosa. However, gas-
troesophageal refluxate may contain other noxious agents as bile and pancreatic
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enzymes coming from duodenum. It is known that this component of the refluxate
should damage esophageal mucosa and are also responsible for Barret’s develop-
ment and ultimately esophageal adenocarcinoma [36, 37].

F. Sleeve Gastrectomy

Sleeve Gastrectomy (SG) is one of the most performed bariatric procedures
worldwide.

However, anatomical changes inherent to the procedure may favor GERD devel-
opment. Stapling near the EGJ disrupts the Angle of His and may harm the muscle
fibers of LES increasing TRLES. The phrenoesophageal membrane is damaged,
impairing the extrinsic component of the gastroesophageal barrier. Finally, the
Gastric Pouch after SG is a narrow-pressurized tube which may influence the trans-
diaphragmatic pressure [38].

Conclusions

GERD pathophysiology is complex and multifactorial. GERD will be present when
a disbalance between the intrinsic valvular mechanism (Table 1) and the transdia-
phragmatic pressure gradient occurs. Specific clinical conditions (Table 2) such as
obesity, hiatal hernia, Sleeve Gastrectomy, esophageal dysmotility and obstructive
pulmonary diseases may affect this balance. Accordingly, it is crucial to understand
GERD pathophysiology and special clinical conditions in order to provide the best
treatment.

Table 1 Natural anti-reflux barrier

1. Peristalsis Esophagus clearance secondary to peristalsis is an important mechanism
to prevent mucosal damage.

2. Lower A muscle, 3—4 cm in length, located at the distal end of the esophagus.

esophageal Its function is to allow the passage of food into the gastric chamber by

sphincter relaxing its fibers coordinated with esophagus peristalsis, avoiding
reflux.

3. Angle of His An acute angle formed by the esophagus and the gastric fundus. This

acute angle provides a barrier to the refluxate enlarging the distance
between the gastric fundus, where food is stored, and the esophagus

gastric junction.
4. Diaphragm It pinches the abdominal part of the esophagus at the level of esophagus
gastric junction adding pressure to the lower esophageal sphincter.
5. Intra- The intra-abdominal portion of the esophagus receives the influence of
abdominal abdominal pressure that may help in the valve mechanism while

esophagus length | collapsing the distal esophagus wall.

6. Gubaroff valve | Consists of a cushion action of the distal esophageal mucosa at the level
of the esophagus gastric junction.
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Table 2 Special conditions that may influence GERD

Increased abdominal

pressure Decreased thoracic pressure Failed valve mechanism
Obesity (abdominal fat) | Obstructive apnea Hiatal hernia

Singers Chronic pulmonary obstruction Hypotonic lower esophageal
Wind instrument disease sphincter

players Asthma Sleeve gastrectomy
Pregnancy
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Lifestyle Modification

Lifestyle modifications remain first line treatment for gastroesophageal reflux dis-
ease (GERD). These modifications limit the pathologic reflux of acidic gastric con-
tents into the esophagus [1, 2]. Recommendations can be grouped into three
categories: avoidance of foods that precipitate reflux (caffeine, chocolate, pepper-
mint, alcohol, fatty foods), avoidance of spicy/acidic foods that promote heartburn
(citrus, grapefruit, orange, tomatoes), and behaviors that improve lower esophageal
sphincter (LES) functioning (smoking cessation, avoidance of recumbent position
for 2-3 hours after meals, raising head of bed, sleeping in left lateral decubitus posi-
tion, and weight loss) [3].

Prior studies found that alcohol, carbonation, tobacco, high-fat foods, pepper-
mint, citrus, and chocolate reduces LES tone and contractility which exacerbates
GERD [4]. Therefore, it is physiologically feasible that decreasing exposure to
these agents could improve reflux symptoms. The evidence base for many lifestyle
modifications is equivocal as controlled studies are difficult to perform. Several
randomized controlled trials found head of bed elevation, left-side down sleeping,
and weight loss improved GERD symptoms [5—7]. LES tone can also be decreased
by hormones such as estrogen and progesterone during pregnancy [8]. Lifestyle
modifications, including avoiding triggers, are the foundation for all GERD treat-
ment because it is safe and low risk.
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Postprandial recumbency and raising the head of the bed 6-8 inches uses the
protective effect of gravity to improve esophageal acid exposure and promote
esophageal healing [5, 9, 10]. Data around the timing of meals prior to bedtime has
been conflicting. A small prospective trial showed that participants eating 6 hours
prior to supine position (sleeping) had less reflux episodes compared to participants
that ate 2 hours prior to bedtime [11]. Thus, it is recommended to avoid eating less
than 2 hours before sleeping.

Studies show a dose-dependent relationship between BMI and GERD symptoms
[7, 12, 13]. Therefore, weight loss continues to be a recommendation for overweight
patients with GERD. Overweight individuals tend to eat more processed fats and
consume known dietary triggers of GERD. They also have increased intra-abdominal
pressure leading to higher gastroesophageal pressure gradients and increased inci-
dence of hiatal hernias [14]. A Norwegian prospective population-based study of
women found lowering BMI by >3.5 kg/m? led to less GERD symptoms and aug-
ments anti-reflux therapy [7]. Similarly, the 2000 Nurses’ Health Study question-
naire found losing >3.5 kg/m? was associated with a 40% risk reduction of GERD
symptoms [12]. Weight loss can also improve LES functioning and decrease esoph-
ageal acid exposure [15]. Even with lifestyle interventions, these modifications
alone are not sufficient for the majority of patients with severe or refractory
symptoms.

Non-proton Pump Inhibitor-Based Medical Therapy
Non-absorbable Agents

Antacids

Antacids are inorganic salts varying in formulation (chewing gum, chewable, lig-
uids) and potency (greatest to least): calcium carbonate, sodium bicarbonate, mag-
nesium, aluminum salts [16]. Chewing gums offer repetitive esophageal exposure
leading to sustained symptom relief and pH control [17]. Unfortunately, antacids do
not affect the volume of acid secretion and calcium carbonate formulations are asso-
ciated with gastric acid-rebound. Along with neutralizing gastric acid, antacids
exert a potent effect on increasing esophageal pH [18]. Antacids are likely as effec-
tive as H2Rs in healing esophagitis [19].

Limited head-to-head studies exist showing significant symptomatic improve-
ment with antacids compared to placebo or other anti-reflux medications. In gen-
eral, antacids are well tolerated but can cause adverse effects at higher doses and/or
prolonged use. Magnesium compounds can worsen diarrhea, aluminum-based ant-
acids can cause constipation and calcium-based antacids can cause worsened bloat-
ing/flatulence. They are short-acting, lasting around 60 minutes per dose [20]. Given
the lack of systemic absorption, antacids (aside from magnesium trisilicate and
sodium bicarbonate due to side effects) are first line for pregnant patients [21]. For
patients with mild GERD symptoms, antacids remain a safe, cheap, on-demand, and
fast acting over-the-counter option for temporary heartburn relief.
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Alginate

Alginates are natural polysaccharide polymers of variable composition that create a
mechanical barrier to reflux. Gastric acid plus alginate precipitates a viscous gel of
near-neutral pH. This mechanical barrier acts as a gel raft that pushes the postpran-
dial acid pocket further from the gastro-esophageal junction [22]. These effects
reduce reflux for up to 4 hours after dose [23]. In patients with non-erosive GERD,
alginates (along with alginate-antacid combination) effectively reduce symptoms
compared to placebo [24]. A 2017 meta-analysis showed a trend towards alginates
being less effective at symptom reduction compared to H2Ras and PPIs, but this
finding was not statistically significant [23]. Additionally, one study found the com-
bination antacid-alginate formulation more effective than antacid alone in control-
ling postprandial esophageal acid exposure [25]. The main adverse effect is
constipation from the aluminum hydroxide. Alginates are likely most effective in
patients with postprandial predominant pyrosis and can be used as adjunctive ther-
apy for patients on PPIs [26].

Sucralfate

Sucralfate is an aluminum non-absorbable salt that coats gastric and esophageal
mucosa. Use is reserved for pregnant patients as it was found more effective than
placebo in controlling GERD symptoms [27]. Sucralfate (along with antacids) are
minimally secreted in breast milk and considered safe during lactation [21]. A ran-
domized, double-blind, placebo controlled study at 6 centers in Germany showed
superiority of sucralfate compared to placebo for symptomatic management of non-
erosive GERD [28]. Current recommendations do not support sucralfate in non-
pregnant patients.

Inhibitors of Transient Lower Esophageal Sphincter
Relaxations (TLESRs)

For patients on PPI maintenance therapy, GERD symptoms may persist because of
continued reflux of gastric contents despite adequate gastric acid suppression. To
combat this, agents that inhibit transient lower esophageal sphincter relaxations
(TLESRSs) have been developed. TLESRs can be inhibited through various path-
ways, predominately via gamma-aminobutyric acid (GABA) and metabotropic glu-
tamate receptor 5 (mGluRS). TLESRs can also be reduced through lifestyle
measures such as sleeping in the left lateral decubitus position [29]. Baclofen (a
GABA-B agonist) is one of the few agents that reduce TLESRs and reflux symp-
toms. A mGIuRS5 antagonist, Mavoglurant, has been shown to reduce meal-time
reflux in a small randomized clinical trial though more research is needed [30].
One RCT of patients with GERD showed that baclofen decreased the number
of upright reflex episodes and improved belching/overall symptom score com-
pared to placebo [31]. Additionally, a meta-analysis of 9 randomized controlled
trials found that baclofen reduced the average length of reflux episodes, amount
of episodes, and the incidence of TLESRs compared to placebo [32]. As Baclofen
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crosses the blood-brain barrier, dose-related adverse effects such as drowsiness,
confusion, and confusion are possible along with nausea/vomiting. Baclofen
before meals can be an adjunctive therapy for patients on maintenance PPI with
ongoing symptoms.

Anti-secretory Agents

Histamine-2 Receptor Blockers (H2RAs)

H2RAs bind competitively and reversibly to H2 receptors on parietal cells to reduce
histamine binding and subsequent gastric acid production. They are offered over-
the-counter (Famotidine and Cimetidine) or by prescription (Famotidine,
Cimetidine, and Nizatidine) (Table 1). These agents are another common anti-reflux
option, often used for patients on PPIs with persistent nocturnal symptoms.
Nocturnal acid breakthrough (NAB) occurs in over 70% of patients on PPI therapy
[33, 34]. H2RAs last longer compared to antacids but are not as rapid acting (con-
centrations peak on average 2 hours after dosing).

A meta-analysis of 8 randomized controlled trials found adding H2RA at bed-
time decreased the amount of nocturnal reflux episodes [35]. However, studies
have found repeated nightly use causes tolerance (tachyphylaxis) to occur in as
short as days to weeks [36]. Meta-analysis has shown H2RAs are inferior to PPI
alone for symptom relief and treating erosive esophagitis [37]. Another meta-
analysis of 13 randomized controlled trials found 80 mg of Famotidine the most
effective H2RA for short-term relief [38]. H2RAs are pregnancy category B and
are considered safer than PPIs. The main side effects of H2RAs are headache,
drowsiness, and fatigue from central antihistamine effects. Prolonged high-dose
Cimetidine has been linked to gynecomastia, impotence, and galactorrhea [39]
(Table 1).
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Potassium Competitive Acid Blockers (P-CABs)

P-CABs compete with potassium and bind selectively to the proton pump ATPase
(alpha subunit). This causes a rapid, dose-dependent, and reversible inhibition of
gastric parietal cell acid production [40]. Various P-CABs have been developed
since 1980 with the prototype SCH28080 from Schering-Plough Corporation. This
compound failed to make it to practice because of hepatotoxicity concerns and non-
superiority to PPIs [41]. The first P-CAB, Revaprazan, made it to clinical practice
in South Korea and India in 2007 [40]. A recent 2019 phase 3 multi-center random-
ized controlled clinical trial in South Korea found a novel P-CAB, Tegoprazan (50
or 100 mg daily) non-inferior to esomeprazole 40 mg daily in treating erosive
esophagitis [42]. The main benefits of P-CABs compared to PPIs are that P-CABS
are more stable in an acidic gastric environment, more concentrated in the parietal
cell secretory canaliculi, acts directly on H+/K + -ATPase (compared to PPIs that
require transformation to active form), and achieve full effect after the first dose
[43]. Vonoprazan effect also appears to be independent of CYP2C19 polymorphism
offering a more consistent effect across ethnicities [44].

Due to their potency and long duration of action, P-CABs have an evolving role
in refractory GERD. At the time of publication, TAK-438 (Vonoprazan—10 mg or
20 mg daily) is the only P-CAB currently FDA approved for use in GERD and
NERD (Table 2). Three others (tegoprazan, fexuprazan and keverprazan) are avail-
able in other parts of the world along with ongoing pre-clinical development for
linaprazan and zestaprazan [43]. It has already been approved for GERD treatment
in Japan (2015) and Helicobacter Pylori treatment in the USA (2022). Guidelines
from the ACG still recommend bismuth quadruple therapy (PPI, bismuth, metroni-
dazole, and tetracycline) as first-line for eradication of H. pylori in treatment-naive
individuals [45]. The AGA subsequently recommended P-CAB-amoxicillin dual
therapy over PPIs in eradication regimens for most patients with Helicobacter
pylori infection given tolerability and lower pill burden [46]. A recent 2022 meta-
analysis of 19 studies found Vonoprazan superior to PPI in treating erosive esopha-
gitis, but non-inferior to PPIs in non-erosive esophagitis [47]. Unlike PPIs, P-CABs
are not prodrugs, do not require acid activation, and reach maximum plasma con-
centration in around 2 hours with longer half-life of ~9 hours compared to ~2 hours
for most PPIs [48]. Moreover, P-CABs slowly dissociate from the proton pump and
maintain mucosal activity for up to 24 hours after administration [49]. The main
adverse effects of Vonoprazan is diarrhea and, unlike early P-CABs, no hepatotoxic-
ity was noted [48]. The safety profile at 52 weeks is like lansoprazole [50]. In adults
with erosive esophagitis, a non-inferiority randomized trial between PPIs and
P-CABs showed higher healing rates at 8 weeks with Vonoprazan 20 mg compared
to lansoprazole 30 mg [51]. At 24 weeks, similar rates of healing were seen between
Vonoprazan 10 mg and 20 mg with both superior to lansoprazole 15 mg [51]. This
effect was more pronounced in patients with more severe LA grade esophagitis C/D
[51]. A 2024 systematic review and meta-analysis that included 11 studies and 4108
patients with GERD found P-CABs more effective than PPIs at treating erosive
esophagitis (OR: 1.67, 95% CI: 1.24-2.24, p < 0.01) [52]. No difference in adverse
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Table 3 PPI versus P-CAB

Mechanism Concentration
of proton Prodrug; acid in parietal cell
pump required for compared to Timing to full
inhibition activation plasma effect Potency Onset
P-CAB | Reversible No; does not 100,000-fold After first dose Rapid
require acid for
activation
PPI Irreversible Yes; requires 1000-fold Full effects in Slower
acidic days
environment (requlres
for activation repeat dosing)

Comparison between PPI and P-CABs

events was identified between P-CABs and PPIs. More robust head-to-head com-
parisons of PPI versus P-CAB therapy is needed to assess maintenance therapy for
GERD (Table 3 compares P-CAB to PPI). P-CABs have the potential to augment
future anti-reflux care, particularly for patients with erosive disease or PPI-refractory
symptoms.

Currently, the practical use of P-CABs is limited largely by cost, insurance cov-
erage, and medication accessibility. For example, Medicare part D does not include
coverage of Vonoprazan. More pharmacies are starting to include P-CABs as for-
mulary and the manufacturer offers a co-pay assistance program for commercial
insurance.

Proton Pump Inhibitors (PPls)
Brief Background of PPIs

Proton pump inhibitors (PPIs) potently and irreversibly block the final step of gas-
tric parietal cell acid production. PPIs were developed in the late 1970s, put into
practice in the late 1980s, and remain ubiquitous in acid suppression therapy.
Omeprazole was taken to human trials in 1982 then launched as Losec in Europe
(1988) and as Prilosec in the United States (1990) [53]. Since induction, a 1995
meta-analysis of 30 double-blind prospective trials showed 20 mg of omeprazole
daily had greater therapeutic benefit compared to H2RA in symptom resolution,
healing erosive esophagitis, duodenal ulcer, gastric ulcers, relapse reduction, main-
tenance therapy [54, 55].

A 1996 meta-analysis demonstrated PPIs superior to H2RAs, sucralfate,
and placebo for heartburn relief and healing of erosive esophagitis [56]. In a
2013 Cochrane review of 34 trials with empiric PPI use, PPIs were deemed
more effective than H2RAs in relieving heartburn [57]. As of 2022, there are
6 PPIs (Omeprazole (OTC), Esomeprazole (OTC), Lansoprazole,
Dexlansoprazole, Pantoprazole, and Rabeprazole) approved by the FDA for
reflux treatment with various formulations: intravenous, enteric-coated, gela-
tin capsules, coated granules, immediate release, delayed release, multiple-
unit pellet system (MUPS), among others [58] (Table 4). Since 2013, PPI use
continues to increase as an empiric PPI trial (4 to 8 weeks) remains the
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recommended initial approach to typical GERD symptoms in patients without
alarm symptoms [2].

Pharmacology of PPIs

PPIs covalently bind to the H*/K* ATPase thus inhibiting the 1:1 exchange of intra-
cellular hydrogen for extracellular potassium [59]. PPIs are weak bases that selec-
tively accumulate in stimulated parietal cell canaliculi. This stimulation occurs in
response to meals via various secretagogues that induce acid secretion from gastric
parietal cells. This acidic environment allows accumulation (1000-fold greater than
the concentration of PPI in blood), conversion, and subsequent protonation of the
prodrug to the activated cation [59, 60]. As a result, acid secretion can be delayed
and is inhibited until replacement pumps are synthesized in a process that can take
up to 48 hours [59]. Proton pump recovery is independent of the PPI dose. It is rec-
ommended to take PPIs at least 30 minutes prior to meals to exert their antacid
effect on activated proton pumps. If PPIs are combined with other anti-secretory or
antacid agents then the PPI effect will be dampened as gastric acid secretion relies
on negative feedback [61].

In a prolonged fasted state, many proton pumps are inactive, with greater poten-
tial for activation and acid release upon stimulus exposure. Therefore, PPIs are more
effective in this setting when a larger number of proton pumps are activated [62].
Not all parietal cells or proton pumps are simultaneously activated due to this
dynamic process. As a result of this and the PPI plasma half-life of ~90 minutes,
orally dosed PPIs inhibit around 70% of proton pumps [59] (Table 4). Yet, because
of the irreversible binding, PPIs exert an inhibitory effect on acid secretion for up to
48 hours [59]. On once daily PPI dosing, acid inhibition takes about 2-3 days to
achieve steady state [59]. Oral bioavailability is high, on average about 85%, for all
PPIs [58].

PPIs are protein-bound and mainly metabolized via hepatic CYP2C19 and 3A4
enzymes with CYP activity varying between individual phenotypes. Some
Europeans and North Americans are genetically rapid metabolizers, which can
explain a lack of response [58]. Others are poor metabolizers that lack CYP2C19
(3% of Caucasians and 15%-20% of Asians) leading to prolonged half-life and
systemic drug exposure [59].

Omeprazole

Omeprazole was developed in the 1970s and approved by the FDA in 1989.
Omeprazole is offered over-the-counter (20 mg) and as intravenous, capsules, tab-
lets, immediate release (IR), delayed-release, multiple-unit pellet system (MUPS),
and oral suspension. It has lower bioavailability at ~35%, the fastest onset
(0.5-3.5 hours), and the shortest half-life (0.5-1 hour) compared to other PPIs [58].
Omeprazole-IR/sodium bicarbonate suspension is non-enteric coated, rapid acting,
and superior to pantoprazole delayed-release, esomeprazole, and lansoprazole in
reducing nocturnal acid breakthrough symptoms [63, 64]. This is likely due to
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sodium bicarbonate acting as a buffer to rapidly neutralize gastric acid, thus activat-
ing more proton pumps and protecting the uncoated tablet [65]. However, clinical
significance remains at question after a 2015 phase 3 clinical trial did not find
immediate-release omeprazole superior to delayed-release in self-reported symp-
tom improvement [66]. Further studies are needed to evaluate immediate-release
and the correlation between intragastric pH, heartburn relief, and quality of life.
Omeprazole is the only PPI that is safety class C during pregnancy because of
increased fetal mortality in animal models [21].

Esomeprazole

Esomeprazole is an isomer of omeprazole, approved by the FDA in 2001 for the
treatment of GERD and erosive esophagitis. It is available in 20 mg or 40 mg, intra-
venous, liquid, immediate-release, delayed-release, and multiple-unit pellet system
(MUPS) formulations. The oral bioavailability after 40 mg daily increased with
repeated doses up to 90% after day 5 with a half-life of ~1.5 hours [67]. A 2006
meta-analysis of 10 studies reported a 5% relative increase in erosive esophagitis
healing probability at 8 weeks with esomeprazole compared to pantoprazole, lanso-
prazole, and omeprazole (number-needed-to-treat of 25) [68]. Other studies have
found esomeprazole 40 mg more effective at controlling intragastric pH (mean per-
centage of time with pH >4 over 24 hours) compared to omeprazole 40 mg, panto-
prazole 40 mg, rabeprazole 20 mg, or lansoprazole 30 mg once daily [69—71]. When
divided into two doses per day, even better intragastric pH control was achieved
with esomeprazole 40 mg twice daily compared to other PPIs [72]. Despite numer-
ous meta-analyses reporting greater efficacy of esomeprazole, the clinical signifi-
cance of these differences is to be seen [73].

Pantoprazole

Pantoprazole was first approved in Germany in 1994 and then in 2000 by the FDA
for treatment of erosive esophagitis [74]. At the time, it was the first PPI available in
intravenous and oral formulations (delayed-release, oral suspension). In 2001, the
FDA approved IV Pantoprazole 40 mg once daily for 7-10 days in patients with
GERD and a history of erosive esophagitis unable to tolerate oral medication [74].
Unlike other PPIs, serum concentration is not dose-dependent [75]. Pantoprazole
binds to cysteine 822 residues which make it more stoichiometrically challenging
for reducing agents (such as glutathione) to reverse pantoprazole activity. Thus,
pantoprazole reversal relies more heavily on de novo pump synthesis [76].

In a study of 603 patients with erosive esophagitis, results showed pantoprazole
40 mg/day offered early esophagitis healing and had the highest healing rates at 4
and 8 weeks compared to other pantoprazole doses [77]. However, pantoprazole
offered no difference in endoscopic healing rates at 4 or 8 weeks compared to
omeprazole 20 mg/day or lansoprazole 30 mg/day [78]. Other studies comparing
pantoprazole 40 mg/day to esomeprazole 40 mg/day found patients taking panto-
prazole had less symptomatic episodes at one week [79] and faster first time noctur-
nal symptom relief [80]. With robust data in over 100 clinical trials, pantoprazole is
an established safe, well-tolerated, and effective PPI.
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Lansoprazole

Lansoprazole (LAN) comes in delayed release oral disintegrating tablet and a novel
fast disintegrated tablet (LFDT) that is easily swallowed with or without water [60,
81]. The fast-disintegrating tablet is easily mixed into drinks/food; this improves
patient convenience and tolerability for older individuals, children, patients with
dysphagia, nothing-per-oral (NPO) status, and those with nasogastric tubes. Several
studies suggest that compared to omeprazole, lansoprazole offers more effective
acid control with a quicker onset of action (~1.5 hours) [82]. Along with above for-
mulations, lansoprazole comes in intravenous, liquid suspension, and 15 mg or
30 mg capsules [58]. Compared to other PPIs, lansoprazole has the highest oral
bioavailability around 80% and a longer half-life of ~1.6 hours [58].

Dexlansoprazole

Dexlansoprazole is available in 30 mg and 60 mg delayed release capsules and
oral disintegrating tablet. The delayed release formulation offers longer half-life
than other PPI agents [83]. The granule composition has different pH dissolution
properties that allows for around 25% of drug release into the proximal duodenum
and the remaining portion in small bowel. This prolongs plasma concentration,
reaching peak ~2 hours and then again at 5 hours after administration [83]. Unlike
other PPIs, dexlansoprazole reaches higher plasma concentration when adminis-
tered 30 minutes after a meal. For those unable to adhere to meal-time restrictions,
dexlansoprazole takes the onus off patients [84]. A meta-analysis of 11 random-
ized trials found 4 weeks of dexlansoprazole 30 mg is more efficacious compared
to esomeprazole (40 mg; RR: 2.17, 95% CI: 1.39-3.38) in controlling GERD
symptoms [85].

Rabeprazole

Rabeprazole, approved in 2002, is available in 10 mg, 20 mg, delayed and
extended-release 50 mg tablets. It has a slower onset than other PPI at 2—5 hours
with a half-life of 1-2 hours [58]. The extended release formulation is gradually
absorbed throughout the small intestine and colon to improve serum half-life [58].
One Canadian study of 248 healthy volunteers found rabeprazole-DR 20 mg had
superior nocturnal acid suppression compared to esomeprazole 40 mg [86]. A dif-
ferent study, in patients with erosive esophagitis, found Rabeprazole-ER was not
superior to esomeprazole in improving heartburn symptoms or esophageal heal-
ing [87]. Compared to other PPIs, Rabeprazole 20 mg is the most potent PPI avail-
able and can be used second line in patients with persistent symptoms after an
initial PPI trial.

Drug Interactions
PPIs are highly protein-bound and metabolized largely via the CYP2C19 pathway

(though pantoprazole and dexlansoprazole also have CYP3A4 metabolism) [58].
Individuals metabolize PPIs at different rates due to genetic variations in the CYP
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pathway [60]. Omeprazole and esomeprazole have the highest percentage of
CYP2C19 metabolism conferring the greatest drug-drug interaction risk [58]. Less
drug-drug interactions are seen with lansoprazole, pantoprazole, dexlansoprazole,
and rabeprazole due to the affinity for CYP3A4 degradation [58]. Along with effects
on cytochrome degradation, PPIs can affect the solubility/bioavailability of medica-
tions that rely on a more acidic gastric environment [88].

Observational research over the past 15 years has focused on the potential inter-
action between clopidogrel and PPIs given clopidogrel requires CYP2C19 activa-
tion [89]. This concern is greatest with CYP2C19-dependent PPIs. Despite the
proposed risk of decreased clopidogrel activation, multiple randomized trials have
not shown an increased risk of adverse cardiovascular events with clopidogrel and
PPI co-ingestion [90]. Moreover, separating administration by 12-20 hours (~3
clopidogrel half-lives) may prevent competitive CYP inhibition and limit a clini-
cally significant interaction [91, 92]. Along with clopidogrel, concomitant adminis-
tration of PPI with various medications (such as mycophenolate, levothyroxine,
digoxin, etc.) can increase the risk for adverse effect [89].

Long-Term PPl Therapy

Safety concerns of prolonged PPI therapy have been well documented. Especially
in an era of technology, information accessibility, and over-the-counter medica-
tions, it is important that patients have an accurate understanding of PPI risks and
benefits. Many adverse events linked to PPIs are associations made from epide-
miologic studies. These putative adverse effects include pneumonia, acute kidney
injury, gastrointestinal infections, nutritional deficiencies, osteoporosis, demen-
tia, and others. Many reported effects lack evidence of causality plus limitations
from inherent biases and confounding variables. A 2019 randomized placebo-
controlled prospective clinical trial with 17,598 patients and about 3 years of
follow-up did not find any statistically significant adverse effects associated with
pantoprazole use [93]. This is the largest prospective trial assessing adverse
effects of PPl use. As a drug class, PPIs are overall well-tolerated with a few non-
specific side effects. These include but are not limited to headaches, dizziness,
rash, nausea, vomiting, abdominal pain, constipation, diarrhea [94]. When medi-
cation is halted, these side effects dissipate.

PPI use has been linked to community (CAP) and hospital acquired pneumonia
(HAP), hypothesized due to micro-aspiration of gastric contents. Concern for this
link grew in 2004 after JAMA published a study reporting a positive dose-response
and an adjusted relative risk of 1.89 for patients on PPI versus those that stopped
[95]. This association was further assessed in a systematic review of 26 studies that
found outpatient PPI use conferred a 1.5-fold increased risk of CAP [96]. Another
large pharmacoepidemiologic cohort study found PPIs linked to a 30% increased
odds of HAP [97]. Some studies suggest this risk is greatest within 30 days of start-
ing PPI therapy [96, 98], decreasing the likelihood that PPIs could directly cause
pneumonia in such a time frame. Other studies suggest this association is limited by
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comorbid conditions, temporal feasibility, and protopathic bias where early symp-
toms of pneumonia were falsely attributed to GERD and treated with PPIs [99-101].

Along with pneumonia, PPIs and its associated hypochlorhydria (gastric acid
deficiency) has been linked to gastrointestinal infections like small intestinal bacte-
rial overgrowth (SIBO) and Clostridium difficile infection (CDI). Prior studies eval-
uating SIBO risk from PPI use have been conflicting with a 2018 meta-analysis
conferring moderate risk (pooled OR 1.71) [102]. This relative risk increases eight-
fold when SIBO is diagnosed with duodenal aspirates [103]. However, objective
findings of SIBO do not always correlate with symptomatic and clinically relevant
infection.

For CDI, C. difficile spores are not sensitive to gastric acid. Therefore, it is
hypothesized that the lack of gastric acid allows for the survival of the toxin-forming
vegetative state [101]. Another explanation is the loss of microbial diversity in the
colon after PPI use leading to diminished endogenous barriers to C. difficile infec-
tion [104-107]. A meta-analysis of 56 studies found PPI use significantly associated
with increased risk of CDI (including when stratifying for study type), though these
studies are limited again by bias from observational/retrospective design [108].
Other studies have found that concurrent PPI and C. difficile treatment does not
increase risk of CDI recurrence [107].

In 2019, results were released from the COMPASS randomized controlled trial
that added more real-word context. This study assessed cardiovascular outcomes
over 3 years for patients on various doses of rivaroxaban with or without aspirin. In
addition, the study had PPI-related arms containing 17,598 patients at 580 centers.
Over the 3-year study, adverse effects were reported with a very slight increased risk
of enteric infections (1.33; 95% confidence interval, 1.01-1.75) [93]. More prospec-
tive studies or randomized clinical trials are needed to further contextualize the
severity and clinical significance of the many reported adverse effects of PPIs.

There is also consideration regarding micronutrient malabsorption due to altered
gastric microbiome and the less acidic environment. Of particular concern is the
absorption of calcium, B12, magnesium, and iron. Gastric acid facilitates ionized
calcium release from calcium salts [106], though PPIs have less effect on calcium
contained in dairy and water-soluble calcium salts [109]. Studies have yet to show
strong evidence that chronic PPI exposure causes B12 deficiency, though a case-
control study from 2013 found an increased odds risk for B12 deficiency in patients
that had been prescribed a PPI [110]. Like B12, gastric acid is needed for optimal
iron reduction and absorption. A case-control study found PPI use >2 years and
higher dose were associated with increased risk of iron deficiency anemia [111].
Another case-control study found a positive dose-response and time-response rela-
tionship to chronic PPI use >1 year and risk of iron deficiency [112]. Gastric acid is
also important for the absorption of non-heme iron, which requires an acidic envi-
ronment to facilitate reduction of ferric iron to ferrous state [113]. More prospective
research is needed to determine if PPIs cause clinically significant iron defi-
ciency [111].

Alterations in serum magnesium is another adverse effect of active research
despite magnesium absorption occurring passively throughout the small intestine
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independent of gastric acid. The mechanism is not fully elucidated and current
meta-analyses literature is not conclusive as prior study populations were heterog-
enous [114]. Yet, some studies found serum magnesium levels recovered quickly
after PPI discontinuation (an effect not seen with H2-blockers) [115]. Patients on
PPIs are also resistant to magnesium supplementation [115]. These findings led to a
2011 FDA safety announcement about the potential link between PPI exposure
>1 year and hypomagnesemia. Still, the 2022 ACG Clinical Guidelines do not rec-
ommend routine monitoring or supplementation of magnesium, calcium, B12, or
iron for patients on PPI therapy [4].

PPI use can feasibly impact bone health from altered calcium absorption, direct
inhibition of osteoclast activity, and gastrin-mediated parathyroid hyperplasia [116].
Some observational studies including two large meta-analysis have found a modest
association between PPI use and hip or vertebral fracture risk [117-119]. However,
like other PPI side effects, the clinical relevance and causal relationship of PPI use
and bone health remains controversial, especially given that fracture risk is a com-
plex and confounded composite outcome [120, 121]. In 2010 the FDA announced a
safety warning for the possible link between long-term PPI use and hip, wrist, and
spine fracture risk. This caution statement was revised in 2011 to exclude fracture
risk associated with short term OTC PPI use due to lower doses and less exposure
time. More recent meta-analysis in 2018, 2020 and 2022 report conflicting findings
between PPI and bone mineral density. While fracture incidence trended higher in
PPI users, there has not been convincing evidence linking PPI to decreased bone
mineral density [119, 122, 123]. The 2022 ACG Clinical Guidelines do not recom-
mend additional bone mineral density screening for patients on PPIs [4].

Multiple meta-analyses and retrospective population-based studies have linked
PPIs to acute kidney injury (AKI), acute interstitial nephritis (AIN), risk of chronic
kidney disease (CKD), CKD progression, and end-stage renal disease (ESRD)
[124-126]. A nested population based, case-control study in New Zealand found
AIN occurred at a higher rate in current PPI users compared to past PPI users
(patients not on PPI >90 days prior to AIN diagnosis) [125]. Another large retro-
spective cohort study found an association between PPI exposure and AKI inci-
dence (adjusted odds ratio 4.35, 3.14-6.04, p < 0.0001) [126]. Similar studies have
found an increased incidence of CKD in patients exposed to PPI therapy [126].
CKD risk also increases with prolonged exposure [124, 127] and higher PPI doses
[128]. A retrospective cohort analysis of ~125,000 PPI user and found over 50% of
patients had PPI-associated chronic renal injury irrespective of predisposing AKI
[129]. This, along with other studies, points toward more variable and indolent kid-
ney injury than typical immune-mediated drug nephrotoxicity [125, 130]. Thus,
preceding AKI cannot be reliable used as an indicator of PPI toxicity and routine
monitoring of kidney function is not standard of care [4]. However, patients with
other risk factors and comorbidities may warrant closer creatinine monitoring and
necessity of PPI therapy addressed.

Lastly, data suggests that PPI use may exacerbate development of dementia in
elderly patients [131]. Mouse models have shown PPIs can inhibit V-type ATPases
in microglial cells leading to less f-amyloid degradation and subsequent amyloid-f§
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(Ap) protein deposition [132]. However, studies have been conflicting [133, 134]
and a recent 2020 meta-analysis did not show a significant relative risk of PPI use
and dementia [123]. Especially in older patients who are subject to polypharmacy,
confounding comorbidities, and dementia development, it is challenging to draw
conclusions from PPI exposure and dementia progression/risk [109].

Approach to Pharmacologic Therapy

For patients with typical mild reflux symptoms >2 episodes per week without
erosive esophagitis or red flag alarm features (dysphagia, odynophagia, weight
loss, recurrent vomiting), a step-up approach can be utilized. In this approach,
treatment may start with antacids and H2RAs with subsequent dose adjustments
in 4 weeks until symptoms are controlled. If symptoms persist, patients should
trial daily PPI therapy for 4-8 weeks. If symptoms resolve, it is reasonable to
consider PPI on-demand therapy with as needed antacids/H2RA. On the other
hand, if symptoms persist then it is important to ensure patients are taking their
PPI 30 minutes prior to meals. If medication adherence is confirmed, then patients
may switch to a more potent PPI and/or escalate to twice daily dosing (dis-
cussed below).

For patients with erosive disease or frequent severe reflux symptoms, a step-
down strategy can be employed. These patients may benefit from daily PPI for
8 weeks instead of 4 weeks [135]. If symptoms resolve, then stepping down to
H2RAs for maintenance is a feasible approach. If symptoms persist after
8 weeks of PPI therapy, dosing frequency is increased to twice daily [136].
Those that do not respond to twice daily PPI after 12 weeks are deemed to have
refractory disease, which can occur in up to 30% of patients with GERD [137].
One clinical trial of patients with mild esophagitis on esomeprazole 40 mg
found prolonging therapy from 4 to 8 weeks reduced symptom relapse [135].
Current recommendations are to continue maintenance PPI therapy while
exploring other diagnostics and procedural options [4]. This includes an endos-
copy off PPI for at least 2 weeks to evaluate for erosive disease and exclude
Eosinophilic Esophagitis with biopsies. These patients are also appropriate for
pH testing, esophageal manometry, and consideration for pH-impedance to fur-
ther understand their GERD phenotype.

Many studies and clinical trials have sought to discover how to select the optimal
PPI and dosing. PPI potency and efficacy is often assessed using time with gastric
pH > 4 as an objective marker. PPI and gastric pH have a linear dose-response with
a ceiling effect seen at 70 mg of omeprazole and with three-times daily dosing
[138]. In addition, esomeprazole 20 mg and omeprazole 20 mg had similar time of
gastric pH >4 [139]. As a class, PPIs maintained gastric pH > 4 for 15-21 hours per
day as compared to 8 hours daily with H2RAs [56]. The World Health Organization
proposed that omeprazole 20 mg is equivalent to rabeprazole 20 mg, esomeprazole
30 mg, lansoprazole 30 mg, dexlansoprazole 30 mg, and pantoprazole 40 mg [138].
Vonoprazan 10 mg daily is more potent and equivalent to 60 mg of omeprazole
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[138]. Despite omeprazole doses greater than 20 mg per day offering superior acid
control and esophagitis healing, it remains uncertain whether this translates to any
symptomatic/clinical benefit [140].

For some patients with incomplete responses, switching to another PPI is a fea-
sible approach given the variation of intragastric pH control [58]. A double-blind,
randomized study found that for patients with persistent heartburn on lansoprazole
30 mg, increasing to twice daily lansoprazole was as effective as switching to
esomeprazole 40 mg [141]. Yet, almost 10% of patients remain symptomatic on
twice daily PPI [142]. Those with persistent symptoms unresponsive to initial PPI
trial could be genetically rapid drug metabolizers. These patients may benefit from
switching to PPIs with limited CYP2C19 metabolism, such as rabeprazole or pan-
toprazole (lowest cytochrome induction or inhibition amongst benzimidoles) [58].
A randomized control trial of patients on daily PPI showed 20% had symptomatic
improvement when increasing to twice-daily PPI or switching PPI [143].

For those patients with ongoing refractory reflux, severe erosive esophagitis LA
grade C or D, or recurrent nocturnal symptoms, it is reasonable to consider a mecha-
nistic switch to a P-CAB such as Vonoprazan. P-CABs do not require pre-meal
dosing and offers acid control via a different mechanism than PPIs.

Since reflux symptoms are so prevalent, PPIs continue to be amongst the most
prescribed medications in many countries [144]. With more attention and research
into PPI side effects, many primary care providers and gastroenterologists are reas-
sessing PPI prescribing patterns. As with many medications, timing for dose adjust-
ment or therapy discontinuation is patient specific. Studies have demonstrated lower
healthcare costs, improved symptom relief, and unchanged quality of life with full-
dose PPI step-down approach compared to H2RA and low-dose PPI step-up strate-
gies [145]. For patients with mild symptoms, one study found omeprazole 10 mg
had similar symptomatic remission at 1 year compared to omeprazole 20 mg (77%
vs. 83% respectively) [146]. Another multi-center study reported 80% success rate
of step-down from omeprazole 20 mg to omeprazole 10 mg [147].

More studies need to be done to assess the clinical significance of PPI discon-
tinuation and subsequent rebound acid hypersecretion. Current evidence points
towards tapering patients who have been on PPI therapy for greater than 6 months.
For patients with mild to moderate GERD, decreasing maintenance PPI dose
offered less symptom relapse compared to “on-demand” PPI or class switch to
H2RA [144].
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Introduction

Gastroesophageal reflux disease (GERD) represents one of the most frequent gas-
trointestinal disorders. It is estimated that approximately 20% of adults in Western
populations are affected. Although the majority of patients achieve adequate symp-
tom control through lifestyle changes and pharmacological therapy, a subset will
ultimately require surgical intervention. Surgery should be considered in patients
who present with persistent symptoms despite medication (such as recurrent regur-
gitation), large hiatal hernias, poor adherence to medical treatment, reluctance to
maintain long-term pharmacotherapy, or adverse effects from medications.

Relying solely on clinical symptoms for the diagnosis of GERD can often lead to
misdiagnosis, given its variable presentation and overlap with other gastrointestinal
disorders. Therefore, prior to any surgical intervention, we recommend confirming
the diagnosis through upper endoscopy, barium swallow study, high-resolution
manometry, and pH monitoring.

Successful anti-reflux surgery relies heavily on appropriate patient selection,
comprehensive preoperative assessment, and meticulous surgical technique [1-5].
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Fig. 1 Ports placement for laparoscopic antireflux surgery

Surgical Technique
Patient Positioning and Trocar Placement

The patient is positioned in a low lithotomy setup, with legs extended in stirrups and
knees flexed approximately 20°-30°. Pneumatic compression devices are strongly
advised to minimize the risk of deep vein thrombosis. Throughout the procedure,
the surgeon operates standing between the patient’s legs. Typically, five laparo-
scopic ports are utilized (two 10-mm and three 5-mm) (Fig. 1).

Division of the Short Gastric Vessels

Using a vessel-sealing device, the short gastric vessels are divided, beginning mid-
way along the greater curvature of the stomach and extending toward the gastric
fundus (Fig. 2). Dissection continues up to the left crus (Fig. 3). This step will facili-
tate obtaining a tension-free fundoplication later in the procedure. For patients with
hiatal hernia (most patients undergoing anti-reflux), resection of the hernia sac is
recommended (Fig. 4).
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Fig.2 Division of short
gastric vessels

Fig.3 Dissection of the
left crus

Fig.4 Resection of
hernia sac

Division of the Phrenoesophageal Membrane

After full dissection of the left crus, the phrenoesophageal membrane is incised just
above the esophagus. The anterior vagus nerve must be carefully identified and
preserved by keeping it attached to the esophageal wall. Gentle blunt dissection is
performed to separate the esophagus from its anterior mediastinal and left crus
attachments.
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Fig.5 Division of the
gastrohepatic ligament

Fig. 6 Dissection of the
right crus

Division of the Gastrohepatic Ligament

The gastrohepatic ligament is dissected using electrocautery or an ultrasonic device,
starting above the caudate lobe of the liver and progressing toward the right crus
(Fig. 5). The right crus is subsequently dissected down to its junction with the left
crus (Fig. 6), allowing further mobilization of the esophagus by gentle blunt maneu-
vers. The posterior vagus nerve must be visualized and preserved during this step.

Mediastinal Dissection

Following complete mobilization from the crura, a posterior window beneath the
esophagus is created with blunt dissection (Fig. 7). This space is widened to permit
passage of a Penrose drain or umbilical tape around the esophagus, which is secured
and used to retract the esophagus away from the hiatus. This maneuver greatly facil-
itates an extensive mediastinal dissection, ensuring at least 3 cm of intra-abdominal
esophagus is obtained (Fig. 8).
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Fig. 7 Posterior window
under the esophagus

Fig.8 Complete
mediastinal dissection with
at least 3 cm of esophagus
under the diaphragm

Fig. 9 Closure of the
hiatus with interrupted
non-absorbable sutures

Closure of the Esophageal Hiatus

The esophageal hiatus is clearly exposed by upward and leftward retraction of the
esophagus. The right and left crus are approximated with interrupted non-absorbable
sutures (e.g., 2-0 silk or polyester), starting just above the junction of the pillars and
proceeding superiorly at 1-cm intervals. Closure should avoid excessive tightness to
prevent postoperative dysphagia; a closed grasper should pass comfortably between
the esophagus and the sutures (Figs. 9 and 10).
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Fig. 10 The hiatus is
satisfactorily closed

Fig. 11 The gastric
fundus is passed
posteriorly around the
esophagus

Fig. 12 “Shoe shine”
maneuver

Fundoplication

After adequate crural closure, the gastric fundus is passed posteriorly around the
esophagus and a “shoe-shine” maneuver is performed to verify sufficient mobiliza-
tion (Figs. 11 and 12). A complete 360° fundoplication (Nissen) is generally per-
formed. A bougie or the endoscope is preferably introduced into the esophagus
before constructing the wrap to help prevent postoperative dysphagia. Graspers are
used to hold the fundus on either side of the gastroesophageal junction during place-
ment of the first stitch. Usually, three sutures spaced 1 cm apart are used to create a
short (approximately 2 cm) and floppy wrap (Fig. 13).
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Fig. 13 Completed Nissen
fundoplication

In cases of significant esophageal motility disorders, a partial fundoplication is
recommended.

Final Inspection

The bougie is removed by the anesthesiologist, and the Penrose drain is cut and
extracted. We often perform intraoperative endoscopy to confirm that the gastro-
esophageal junction is not excessively tight and to inspect the fundoplication from
the inside. All trocars are removed under direct vision with careful hemostasis con-
trol, and fascial closure is performed for all 10—12 mm port sites.

Postoperative Care
Patients can initiate a clear liquid diet on the day of surgery and advance to a soft
diet as tolerated. Most individuals are discharged within 48 hours postoperatively.

Anti-reflux medications are typically discontinued around 4 weeks after surgery.

Conflict of Interest The authors have no conflicts of interest.
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Introduction

Gastroesophageal reflux disease (GERD) is one of the most common medical con-
ditions affecting quality of life. Approximately 20-30% of people worldwide are
living with GERD, and this incidence is increasing with time [1]. Risk factors for
GERD include obesity, smoking, caffeine, and female gender [2]. The gastroesoph-
ageal (GE) reflux barrier is multifaceted and is comprised of the lower esophageal
sphincter (LES), the crural diaphragm, and angle of His, and the phrenoesophageal
ligament [3]. When there are alterations in any part of this barrier, then patients may
be prone to developing GERD. For example, the presence of a hiatal hernia may
lessen the efficacy of the LES since it requires intraabdominal pressure to properly
function.

Traditionally, medical therapy with proton pump inhibitors (PPIs) and anti-reflux
surgery (ARS) have been the mainstay treatments for GERD. In fact, the surgical
management of GERD using fundoplication remains the gold standard for long-
term GERD treatment. Patients undergoing partial or complete laparoscopic fundo-
plication, which have equivalent outcomes, remain satisfied with their operation and
are reflux free in 80-95% of cases [4—6]. However, in select patients, novel endo-
scopic therapies for GERD have become viable treatment options. The endoscopic
treatment of GERD may offer a number of advantages including faster recovery,
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decreased length of hospital stay, and in most cases, it does not burn a bridge for
ARS if endoscopic treatment fails [7]. This chapter will review the workup, diagno-
sis, and available endoscopic therapies for patients with GERD.

Clinical Symptoms

Patients with GERD may have symptoms that are categorized as “typical” or “atypi-
cal” [8]. Typical symptoms include heartburn and regurgitation; however, only
about half of patients will report atypical symptoms. Atypical symptoms may be
varied and include presentation with laryngitis, cough, post-nasal drip, or dental
erosion. In the case of excess mucous production or post-nasal drip, patients fre-
quently are referred to an otolaryngologist for evaluation first and have had a nega-
tive laryngoscopy. It is also prudent to ask about symptoms like nausea, bloating,
and early satiety that may be consistent with concomitant gastroparesis. If gastropa-
resis is confirmed on a gastric emptying study, then a pyloric intervention (e.g.,
gastric per oral endoscopic myotomy or laparoscopic pyloroplasty) could first be
performed to see if this helps reflux symptoms.

Endoscopic Findings Consistent with GERD

Upper endoscopy is one of the main tools used for diagnosing GERD. Historically,
there have been four main diagnostic tests used for working up patients prior to
performing an antireflux procedure: esophagogastroduodenoscopy (EGD), pH test-
ing, esophagram, and manometry. There are hallmark findings seen on EGD that are
consistent with GERD. The Los Angeles (LA) Classification of Esophagitis evalu-
ates the degree of mucosal disruption of the esophagus in patients with erosive
esophagitis [9]. The LA Classification grades the degree of mucosal disruption on
an A to D scale, with A being the least severe and D being most severe (Table 1).
The LA Classification system has been extensively validated and correlates closely
with esophageal acid exposure.

Performing an EGD can provide other information in addition to mucosal disrup-
tion. For instance, it allows us to determine the relative looseness of the GE flap
valve (i.e., Hill grade) or presence of a hiatal or paraesophageal hernia, which can

Table 1 Los Angeles Classification System

Los Angeles

Grade Description

Grade A >1 mucosal break, <5 mm, no extension between mucosal folds

Grade B >1 mucosal break, >5 mm, no extension between mucosal folds

Grade C >1 mucosal break, >5 mm, extends between mucosal folds but involves less
than 75% of circumference

Grade D >1 mucosal break, >5 mm, extends between mucosal folds and involves more

than 75% of circumference
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be indicative of GERD [10]. Perhaps most importantly, it can help with diagnosis of
any malignant or a pre-malignant lesion, especially in the setting of dysphagia.
Barrett’s esophagus (BE) is defined histologically by the presence of squamocolum-
nar metaplasia at the GE junction (GEJ). Patients with BE have an increased risk of
developing esophageal adenocarcinoma with a yearly incidence between 0.2% and
0.5% [11]. BE can be identified by the presence of salmon-colored tongues of
mucosa extending proximally into the esophagus. BE is reported using the Prague
criteria, which takes into account the circumferential (C) and maximal (M) extent of
involvement of BE, which are measured in centimeters (cm).

The American Society of Gastrointestinal Endoscopy (ASGE) recommends the
use of advanced imaging techniques to properly diagnose BE [12]. Narrow-band
imaging (NBI) is frequently used as an adjunct; NBI works by utilizing blue and
green light wavelengths to detect early vascular and mucosal irregularities and
enhances sensitivity of detecting BE and non-erosive disease [13]. Non-dysplastic
BE is treated with antacid medication and endoscopic surveillance is performed
every 3-5 years [14]. By contrast patients with dysplastic BE may be treated with
endoscopic ablation and/or resection techniques. It may be necessary to perform
multiple treatments prior to a return to endoscopic surveillance.

Chronic GERD can also lead to esophageal scarring and stricture. In cases where
a stricture is seen on upper endoscopy, biopsy should be performed to rule out
malignancy or eosinophilic esophagitis. PPIs can help to promote short-term heal-
ing in the setting of peptic stricture and lead to symptomatic relief in patients who
are complaining of dysphagia [15].

Wireless pH Testing

EGD can also be used to place the probe (i.e., Bravo probe) used for wireless pH
testing under direct supervision. The Bravo probe is placed 6 cm proximal to the GE
junction. Wireless pH testing should be performed off of antacid therapy in the set-
ting of unproven GERD [16]. It is our practice to hold PPIs 2 weeks prior to Bravo
testing for all patients regardless of their symptoms. H2 blockers are held 3 days
prior to testing. Patients may resume their PPI after the 96-h test, though 48-h tests
may also be performed. How patients clinically respond to being off of their antacid
medication can provide further diagnostic information to the physician.

The main parameter that is being measured by wireless pH testing is acid expo-
sure time (AET). AET quantifies the amount of time that pH is below 4 and is a
central part of modern diagnostic criteria. Other information gleaned from pH test-
ing includes number of reflux episodes along with Symptom Association Probability
(SAP) and Symptom Index (SI) [17]. The SAP measures whether symptoms and
reflux occurred within 2 min of each other and then uses a 2 x 2 table to calculate
the number of 2-min segments with and without symptoms and reflux. An SAP of
>95% is considered positive. The SI is the percentage of symptom events that are
related to reflux episodes; an SI of >50% is considered positive. The patient must
have a positive SAP for an SI to be meaningful.
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Diagnosis of GERD

The DeMeester score has conventionally been used to diagnose patients with GERD
and guide treatment [18]. The DeMeester score was developed in the early 1970s
and is a composite score that allows for a quantitative means of expressing acid
exposure in the distal esophagus. Specifically, it is based on six factors: the total
number of reflux episodes, the length of the longest reflux episode, the number of
episodes greater than 5 min, total percentage of monitoring time with a pH <4, and
the percentage of time with pH <4 in the upright and supine positions. This score
serves as a useful adjunct for cases in which the endoscopic diagnosis of GERD is
unclear. In addition, it has been used as a marker for severity of GERD that can be
helpful for counselling patients.

The updated Lyons Consensus (2.0), which was developed by a working group
of 20 physicians, has provided a modern definition of actionable GERD [19]. The
Lyons Consensus makes the distinction between borderline and conclusive evidence
for GERD based on endoscopic findings and the results of wireless pH or pH imped-
ance studies (Table 2). Borderline criteria for GERD include LA Grade A esophagi-
tis and an AET of 4-6% on 24-h studies or two or more days on a wireless pH study.
If the total number of reflux episodes are between 40 and 80, then this would also
meet criteria for a borderline test. By contrast, conclusive criteria for GERD are
Grade B-D esophagitis, biopsy proven BE, a peptic esophageal stricture, or an AET
>6% on 24-h studies or for more than 2 days on wireless pH studies. There are other
adjunctive findings that may support a GERD diagnosis and include factors such as
the presence of a hiatal hernia, hypotensive lower esophageal sphincter on manom-
etry, and a total number of reflux episodes >80.

Amundson et al. compared outcomes for patients undergoing antireflux surgery
(ARS) who met historical criteria for GERD (LA Grade C/D esophagitis, BE or a
DeMeester score of >14.72) versus those who met new American Gastrointestinal
Association (AGA) criteria for GERD [20, 21]. The AGA criteria were similar to
the modified Lyons criteria and included patients with Grade B esophagitis and an
AET of >6% on two or more days on a wireless pH test. The authors found that 24%

Table 2 Lyons 2.0 Consensus Criteria for GERD

Diagnosis of GERD Characteristics
Borderline Endoscopic Findings:
Grade A Esophagitis
Acid Exposure Time:
24-h: 4-6%
Wireless: 2 or more days, 4-6%
Definitive Endoscopic Findings:
Grade B or above Esophagitis
Changes consistent with Barrett’s Esophagus
Peptic Stricture
Acid Exposure Time:
24-h: >6%
Wireless: 2 or more days >6%
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of patients met historic criteria only, indicating that the new guidelines excluded a
portion of patients who would’ve previously been diagnosed and surgically treated
for GERD. The cohort that met historical criteria only had more atypical GERD
symptoms and worse reflux symptom index (RSI) scores at 2 years postop, indicat-
ing that AET may better be able to define who should undergo ARS.

Preprocedural Considerations

As is standard for all patients who are offered procedural therapy for GERD, we
make sure that conclusive diagnostic reflux criteria are met prior to proceeding. If
conclusive diagnostic criteria for GERD are not sufficiently met, then patients may
actually have worse outcomes, especially in the setting of esophageal hypersensitiv-
ity [22]. In the setting of borderline GERD, maximum medical management is
attempted, and in some cases neuromodulation, prior to embarking on endoscopic
treatment. An extensive risk and benefit conversation is had with patients and alter-
native medical and surgical treatment options are presented. Review of procedural
outcomes, including institutional data, are discussed with patients so that they have
an idea of what to expect following endoscopic intervention.

Transoral Incisionless Fundoplication (TIF) and Concomitant
TIF (cTIF)

Technique and Key Steps

The TIF (now TIF 2.0) procedure allows endoscopists to create a 3—4 cm rotational
wrap, mimicking a fundoplication, utilizing the cardia and the fundus of the stom-
ach. It is most often perform using the EsophyXZ+ (EndoGastric Solutions, Inc.,
Redmond, WA, US). Patients are candidates for the procedure if they have a hiatal
hernia that is less than or equal to 2 cm and a Hill grade valve of two or less [23].
Other contraindications to the procedure include esophageal obstruction or stric-
tures, esophageal varices, limited neck mobility and LA Grade C and D esophagitis
[24]. Unlike the aforementioned procedure, TIF must be performed under general
anesthesia and not conscious sedation.

The EsophyXZ+ has an 18 mm frame, which allows a standard gastroscope to be
placed through the device. A full endoscopy is conducted prior to the procedure to
ensure the patient does not have any contraindications to TIF. The scope and the TIF
device are introduced simultaneously and the scope is retroflexed to identify the
GEJ and confirm proper location of the device. The helical retractor is used to grab
tissue distal to the squamocolumnar junction and then the entire device is pulled
back to ensure that the stomach engaged in the helix wraps around the esophagus in
the direction of the lesser curvature. Once it is confirmed that the device is in the
correct location and below the diaphragm, the polypropylene fasteners are fired
between the stomach and the esophagus. The process is repeated in order to create
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a plication that is between 270° and 320°. Patients are discharged on an advancing
esophageal diet and off of antacid medication.

The cTIF procedure has gained recent popularity and combines the TIF proce-
dure with surgical closure of the hiatus. This allows surgeons to perform a TIF when
there is a hiatal hernia that is greater than 2 cm. This procedure may be performed
by a surgeon or in conjunction with a gastroenterologist who is present in the oper-
ating room. Proponents of the c-TIF procedure cite reproducibility of the fundopli-
cation along with less gas bloat and dysphagia compared to traditional
fundoplication [25].

Potential Pitfalls

Ensuring proper patient selection is critical to achieving the desired outcomes for
TIF. If the TIF apparatus is applied to patients with a large hiatal hernia, this can be
dangerous for patients as the plication may inadvertently be performed above the
level of the diaphragm and damage intrathoracic structures. If any resistance is felt
when passing the TIF device into the esophagus, then it should not be forced further.
A jaw thrust may be needed and the device must be thoroughly lubricated.
Occasionally, some endoscopists perform dilation prior to device placement in
order to ensure that it passes easily. Fasteners should not be placed over each other
during the procedure as this can also increase the risk of perforation. If there is any
evidence of persistent bleeding from mucosal disruption, this should be addressed
prior to terminating the TIF.

Outcomes

TIF was first introduced in 2000 and has amassed more data than other endo-
scopic treatment options for GERD. However, much of the data that is avail-
able for TIF includes different generations of TIF devices making it hard to
interpret the existing literature. There are currently three published random-
ized controlled trials (RCTs) evaluating the efficacy of TIF 2.0. Each of these
trials compared TIF to PPI or sham treatment. A meta-analysis of these RCTs
showed that TIF significantly reduced PPI utilization, decreased acid expo-
sure in the distal esophagus, and improved patient quality of life. In each of
these trials, 59-90% of patients were off of PPIs at 6 months. Trad et al. sub-
sequently published the 5-year results of one of these RCTs, the TEMPO
Trial, which showed that 86% of patients remained regurgitation free while
66% remained off of PPIs [26]. The results of this study suggest durability of
the TIF procedure.

There are no RCTs comparing outcomes of ARS to TIF or cTIF. Only one sys-
tematic review has attempted to evaluate outcomes of RCTs comparing fundopli-
cation (specifically Nissen) and TIF to PPI and sham [27]. This review included
seven total studies and demonstrated that fundoplication had a higher probability
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of increasing LES pressure and eliminating esophagitis but TIF had a higher prob-
ability of improving HRQL. Regression analysis indicated that a confounder con-
tributing to this difference in HRQL was degree of follow-up. Patients who
underwent TIF had shorter mean follow-up compared to those undergoing
fundoplication.

Outcomes for cTIF are limited to observational studies. Jaber et al. recently pub-
lished a systematic review of cTIF, which included seven retrospective studies [25].
In this study, nearly three quarters of patients reported being off of PPIs at up to
20 months follow-up. The rate of dysphagia and gas bloat were 5.3% and 6.9%,
respectively. It is also difficult to study cTIF as there is marked variability in how
people perform hiatal closure. With the advent of impedance planimetry, surgeons
are able to tailor the tightness of crural closure and fundoplication, which may lead
to less gas bloat and dysphagia regardless of the type of fundoplication that is per-
formed [28].

Anti-reflux Mucosectomy (ARMS)
Technique and Key Steps

The ARMS procedure utilizes hemi-circumferential endoscopic mucosal resec-
tion (EMR) or endoscopic submucosal dissection (ESD) of the gastric cardia,
near the GEJ, to induce scarring at the flap valve [29]. The tightening of the
valve helps to prevent reflux of acid into the distal esophagus. The main contra-
indication to this procedure is the presence of a hiatal hernia greater than 2 cm.
Prior to the procedure, manometry is performed to rule out an underlying major
motility disorder.

The authors prefer to perform the procedure using a band-EMR technique.
A Captivator EMR (Boston Scientific, Marlborough, MA) device is fastened
to end of a standard GIF HQ190 upper endoscope (Olympus, Tokyo, Japan).
The procedure is completed in a retroflexed manner and is started along the
greater curvature of the stomach. A saline lift is performed prior to banding of
the mucosa. Once a submucosal lift has been achieved, suction is used to draw
the mucosa of the cardia into the EMR cap. Suction is applied for 10-15 s, and
the desired “red-out” is seen, before firing the band. After the band has been
fired, the tissue is resected just underneath the band using hot snare
polypectomy.

These steps are repeatedly sequentially sparing two caps along the greater curva-
ture and one cap along the lesser curvature (Fig. 1). The specimens are removed
using a Roth net and then sent to pathology. The banded areas should be contiguous
and if there are any mucosal areas that have not been resected, then argon plasma
coagulation (APC) can be applied to the connecting mucosa. Patients are sent home
the day of the procedure and PPIs are held. Carafate is not used in the postoperative
setting as the intention is to promote scarring rather than mucosal healing. There is
no significant dietary modification required post-procedure.
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Fig. 1 Anti-reflux
Mucosectomy (ARMS).
The ARMS procedure
utilizes band endoscopic
mucosal resection or
endoscopic submucosal
dissection to target the
gastric cardia around the
gastroesophageal junction.
It is our practice to spare
two band EMR caps along
the greater curvature and
one cap along the lesser
curvature

o

Potential Pitfalls

If EMR is carried onto the esophageal mucosa, then this can lead to stricture at the
GEJ and resulting dysphagia. In this setting, patients may benefit from balloon dila-
tion to alleviate symptoms. More acutely, when performing EMR, it is important to
obtain a definitive submucosal lift prior to performing the resection. If an adequate
lift is not achieved, then patients are at risk for perforation. When a perforation is
suspected, it is critical to look closely at the area where EMR was performed. This
may involve aggressively suctioning or irrigating the area to get an appropriate
view. If perforation is confirmed, then there are a number of endoscopic options for
repair, including the use of clips or endoscopic suturing. Only 0.4-0.7% of perfora-
tions happen in a delayed fashion, so it is important to have a high index of suspi-
cion at the time of the procedure [21].

Outcomes

The ARMS technique was first introduced in 2014 by Inoue’s group after inci-
dentally noting improvement in reflux symptoms for a patient who underwent
EMR for BE [30]. The group described the technique using either cap-assisted
EMR or ESD. They demonstrated a mean improvement in DeMeester score by
5.2 and decreased mean AET from 29.1% to 3.1%. Since then, there have been
a number of studies demonstrating similarly favorable results. Our group
reported our early results for 19 patients using band EMR and found that
nearly 70% of patients had improvement in GERD symptoms and were off of
PPIs [29]. However, three of these patients did develop stricture and required
ballon dilation, which may have been related to performing EMR to close to
the GEJ.

Larger studies, such as the one by Sumi et al. (n = 109 patients), have reported
that about half of patients undergoing ARMS are able to discontinue PPIs [31]. In



Endoscopic Therapies for Gastroesophageal Reflux Disease 63

that study, there were significant decreases in both DeMeester score and AET, but
there was no difference in the number of proximal reflux events. A recent system-
atic review and meta-analysis reported a technical and clinical success rate of
97.7% and 80.1%, respectively [32]. There were significant improvements seen
on GERD-HRQL (mean difference = 14.9) and GERD symptom questionnaire
(mean difference = 4.9). The rate of post-procedure dysphagia remains approxi-
mately 10%. There are no prospective RCTs comparing ARMS to ARS; however
retrospective reviews have found shorter length of stay, decreased postoperative
pain, and faster return to activity with minimal or no difference in reflux symptom
control [33, 34].

Anti-reflux Mucosal Ablation (ARMA)
Technique and Key Steps

The ARMA procedure has emerged as a viable alternative to the ARMS proce-
dure. The intent of the procedure is the same as ARMS, which is to promote
scarring around the GE flap valve and prevent backflow of acid into the distal
esophagus. Once again, a hiatal hernia >2 cm is a contraindication and manom-
etry is performed prior to the procedure. Instead of EMR or ESD, ablation is
performed with APC in the same hemi-circumferential distribution (Fig. 2). The
width of the ablation is approximately 1.5 cm. Typical APC settings are a flow
of 0.8 L/min at a power range of 50-80 W. Our group has begun using this pro-
cedure in patient populations where surgical management of reflux may be dif-
ficult to achieve, such as in patients who continue to have reflux following a
gastric bypass procedure.

Fig.2 Anti-reflux
Mucosal Ablation
(ARMA). The ARMA
procedure is performed in
the same distribution as
ARMS and is done using
argon plasma coagulation.
The width of the ablation
is around 1.5 cm
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Potential Pitfalls

Once again, it is imperative to avoid ablating the esophageal mucosa, which can
lead to stricture. When performing ARMA, the APC probe should not be in direct
contact with the tissue, but rather, the probe should be slightly elevated from the
tissue to allow for the appropriate arcing of current. If the probe is held in the same
place for too long, then there is the potential for perforation. It is best practice to
move the probe in a continuous and steady manner to avoid this problem.

Outcomes

The ARMA procedure was also pioneered by Inoue and was first reported in 2020
[35]. In their pilot study of 12 patients, Inoue et al. found a significant reduction in
DeMeester Score (33.5 to 2.8) and improvement in GERD Health-Related Quality
of Life (HRQL) at 2 months. Importantly, there were no complications reported.
Since that time, ARMA has increased in popularity and there have been a number
of systematic reviews comparing the outcomes between ARMS and ARMA [32, 36,
37]. Overall, the rates of symptomatic improvement for ARMS and ARMA are both
above 80%. The most recent systematic review of ARMS vs ARMA actually notes
a slightly higher rate of short-term success in the ARMA group at 88.3% [37]. The
rate of perforation has also been noted to be higher for ARMS (2.2%) with no
reported ARMA perforations in the literature [36]. More long-term data is needed
to adequately assess the durability of these procedures and compare their out-
comes to ARS.

Radiofrequency Ablation (RFA)
Technique and Key Steps

RFA is performed using the Stretta device (Restech Corporation, Houston, Texas,
US), which is the only commercially available device for administering RFA for
GERD. Stretta utilizes ablation of the distal esophagus induce tissue remodelling,
decreased tissue compliance, and increased LES pressure [38]. Formal motility test-
ing is also required prior to RFA as a major motility disorder is a contraindication.
A hiatal hernia larger than 2 cm is also a contraindication.

A standard single channel endoscope is used for the procedure. During the initial
assessment, measurements are taken to confirm the location GEJ. A guidewire is
passed through the working channel of the endoscope and into the pylorus. The
Stretta catheter is then thread over the wire towards the GEJ. The catheter has a
balloon-basket assembly and nickel-titanium electrodes that apply RFA to the
esophageal wall. Ablation is applied in six-locations ranging from 2 cm above to
2 cm below the Z-line. There are multiple treatments administered at each of the
sites. After RFA is complete, endoscopy is again performed to rule out esophageal
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injury. In these patients, a PPI is continued in the immediate postoperative period
and an esophageal diet is often prescribed to patients. This therapy can be offered to
patients who have previously undergone ARS or bariatric surgery [39].

Potential Pitfalls

RFA is a safe and straightforward procedure to perform. Like other procedures
where wires are used (e.g, dilations), it is important that the wire does not retract
proximally when removing the endoscope. If this occurs and then the catheter is
passed over the wire, it may increase the risk of perforation. Getting the correct
measurements at the start of the procedure allows the endoscopist to ensure that they
are ablating the correct areas. If this does not occur, then there is a chance that the
desired areas will not be precisely ablated.

Outcomes

Early studies showed promising treatment results for RFA. Torquati et al. published
one of the first series’ on RFA and demonstrated a 3.3% reduction in AET [40]. Just
over half of patients were able to completely wean from PPIs and 83% were highly
satisfied with the procedure. Long-term cohort studies have shown continued effi-
cacy up to a decade post-procedure [41, 42]. In the study by Noar et al., 41% of
patients remained off of PPIs completely at 10 years and with 54% patient satisfac-
tion. Notably, 85% of patients who had pre-existing BE had regression of disease on
subsequent biopsies. Results from meta-analyses have been mixed. Fass et al.
reviewed 28 prospective studies and found that RFA reduced esophageal acid expo-
sure by 3%, halved the number of patients who required PPIs and improved GERD
HRQL [43]. However, another meta-analysis compared Stretta to sham treatment
and did not significant difference in GERD outcomes or GERD HRQL [44]. Overall,
the data is less clearly defined for RFA in comparison to the other endoscopic
therapies.

Conclusions and Future Direction

Endoscopic therapies for GERD provide promising treatment options for correctly
selected patients. Although more long-term data is needed, present studies show
superiority of TIFJARMS/ARMA compared to PPI and sham while data for RFA is
less clear. The main limitation of endoscopic therapies for GERD is the inability to
address a large hiatal or paraecsophageal hernia. TIF is now being combined with
minimally invasive hiatal hernia repair in these instances; however, there are no
studies directly comparing cTIF to ARS. Future studies should assess these out-
comes and also examine the durability of each of these treatment options. As these
procedures are generally safe and well-tolerated, they may become very useful in
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patients who are otherwise high-risk for surgery. If, in the future, surgical predictive
modelling can identify patients who are likely to develop GERD after procedures
like per oral endoscopic myotomy or laparoscopic sleeve gastrectomy, endoscopic
therapies may even be considered concomitantly. As endoscopic therapies become
more pervasive, surgeons should make it a priority to learn these techniques so they
can continue to offer all treatment options to patients.
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Introduction

Gastroesophageal reflux disease (GERD) is a condition resulting from reflux of
stomach contents into the esophagus causing troublesome symptoms and/or com-
plications. Approximately 20% of the U.S. adult population is affected by GERD,
and its prevalence has been rising over the years, mostly due to the epidemic of
obesity [1].

Typical symptoms of GERD include heartburn, regurgitation, and dysphagia.
However, patients can be affected by a broad spectrum of symptoms such as cough,
wheezing, asthma, chest pain, hoarseness, among others. While lifestyle modifica-
tions and medical therapy (i.e., proton pump inhibitors) are effective in most
patients, chronic GERD can lead to a range of serious complications as follows:
erosive esophagitis, esophageal strictures, Barrett’s esophagus and esophageal ade-
nocarcinoma [2]. In addition, chronic microaspirations in patients with GERD can
cause chronic and progressive lung diseases such as Idiopathic Pulmonary Fibrosis
(IPF). Furthermore, GERD plays a key role in development of bronchiolitis obliter-
ans syndrome (BOS), a main cause of lung transplant rejection.
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Erosive Esophagitis

Erosive esophagitis is a severe form of esophageal mucosal inflammation that
results from persistent reflux of gastric contents into the esophagus causing breaks,
disruption and erosion of the mucosal cell layer [3, 4]. Esophagitis is one of the
most common complications of GERD and is characterized by the endoscopic pres-
ence of ulcerations, erosions, and/or bleeding. While GERD is the most common
cause of esophagitis, it is relevant to know that other potential factors (e.g. immune-
related, medications, food) can also be involved [5].

The Los Angeles (LA) classification is a widespread method to determine the
presence and severity of erosive esophagitis (Table 1). This classification system is
based on findings from endoscopic examination of the esophagus. LA grade A
refers to one or more mucosal breaks no longer than 5 mm, not bridging the tops of
two mucosal folds. LA grade B refers to one or more mucosal breaks more than
5 mm long, not extending between the tops of two mucosal folds. LA grade C is
defined by one or more mucosal breaks bridging the tops of mucosal folds involving
less than 75% of the circumference. LA grade D is defined by one or more mucosal
breaks bridging the tops of mucosal folds involving more than 75% of the circum-
ference (Figs. 1 and 2).

The endoscopic assessment of esophagitis is associated with a high interob-
server variability, especially for patients with low-grade esophagitis (LA A and
LA B) [6]. While the presence of LA grade A is somehow non-specific and can
be found in asymptomatic controls, Los Angeles grade C or D, Barrett’s esopha-
gus, or peptic strictures and currently considered confirmatory evidence for
GERD [7-9].

Erosive esophagitis is detected in around 30% of treatment-naive patients with
heartburn and in less than 10% of patients receiving medical therapy. Therefore,
non-erosive reflux disease (NERD) still represents the most frequent phenotypic
presentation of GERD and includes patients who have typical symptoms without
any mucosal breaks at endoscopy [10, 11].

Table 1 Los Angeles classification of esophagitis
Los Angeles classification of esophagitis
Grade A | Mucosal breaks <5 mm long, none of which extends between the tops of the
mucosal folds
Grade B | Mucosal breaks >5 mm long, none of which extends between the tops of two
mucosal folds

Grade C | Mucosal breaks that extend between the tops of >2 mucosal folds, but which
involve <75% of the esophageal circumference
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Fig. 1 Esophagitis Los
Angeles grade B

Fig.2 Esophagitis Los
Angeles grade C

Barrett’s Esophagus

Barrett’s esophagus (BE) is defined as the presence of at least 1 cm of metaplastic
columnar epithelium replacing the stratified squamous epithelium normally lining
the distal esophagus. The presence of intestinal metaplasia (columnar epithelium
with goblet cells) is currently also required for the diagnosis of BE. The histopatho-
logical progression of BE extends from metaplasia to dysplasia and has the potential
to advance to adenocarcinoma in the absence of treatment. Approximately 10-15%
of the patients with GERD will ultimately develop BE, which is consider the main
risk factor for esophageal adenocarcinoma [12].

Risk factors associated with the development of BE include frequent GERD
symptoms, alcohol use, tobacco smoking, male gender, and obesity [13]. The
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presence of a large hiatal hernia is also associated with an increased risk of BE [14].
Based on patients’ risk factors, the European Society of Gastrointestinal Endoscopy
(ESGE) guidelines suggest screening for BE in patients >50 years of age with a
history of chronic GERD symptoms, and at least one of the following risk factors:
white ethnicity, male sex, obesity, smoking, and those having a first-degree relative
with BE or esophageal adenocarcinoma [15].

A segment of BE measuring <3 cm is defined as short-segment BE, while a seg-
ment >3 cm is defined as long-segment BE. The Prague classification is recom-
mended to provide a standardized description of BE. The classification measures
the circumferential extent of metaplasia (C) and the maximal extent of metaplasia
(M) [16] (Figs. 3 and 4).

The presumptive endoscopic diagnosis of BE should always be confirmed by the
pathologist. Histologically, patients with BE are stratified as those with no dyspla-
sia, indefinite for dysplasia, low-grade dysplasia (LGD), and high-grade dysplasia
(HGD). Patients with no dysplasia and LGD have a significantly lower risk of pro-
gressing to esophageal adenocarcinoma (EAC) as compared to those with HGD
[17, 18].

According to the American College of Gastroenterology [12], the management
of BE is primarily guided by the presence of dysplasia. For patients with BE without
dysplasia, repeat endoscopic surveillance is recommended every 3-5 years, depend-
ing on the length of the BE segment. In cases where BE is classified as indefinite for
dysplasia, endoscopy should be repeated after 3-6 months, following optimization
with acid suppression therapy. For BE with LGD, patients can either undergo endo-
scopic therapy with radiofrequency ablation or endoscopic surveillance every
12 months. Patients with HGD should always be treated endoscopically, unless life-
limiting comorbidities are present.

The most commonly used endoscopic therapy for BE is radiofrequency ablation
(RFA), which uses thermal energy to precisely remove damaged mucosal tissue.
Adverse events such as strictures, bleeding, and perforation might occur [19].

Fig. 3 Endoscopic image
of a patient with Barrett’s
esophagus. Salmon-
colored mucosa replaces
the normal white pale
mucosa lining the distal
esophagus
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Fig. 4 Prague Classification for Barrett’s esophagus. In this case, classified as C2 M5

Cryoablation can also be used, which consists in employing freezing and thawing to
damage tissue, leading to necrosis. Unlike RFA, it does not alter the esophageal
architecture and is less likely to cause strictures [20].

Esophageal Adenocarcinoma

Although only around 14% of all esophageal cancers are esophageal adenocarcino-
mas (EAC), it is the dominant subtype in Western Europe and North America. Over
the past 40 years, the incidence of EAC has increased more than six-fold in Western
countries (Fig. 5).

The increased incidence of EAC has been mostly related to the rising preva-
lence of obesity and GERD (and thereby BE). BE is a premalignant mucosa
with increased proliferation rates and decreased apoptosis rates compared to
normal epithelium. Although BE is the only known precursor of EAC, a rela-
tively small percentage of patients with BE will eventually develop cancer and
most patients with diagnosis of EAC have no prior history of BE. The question
as to why some patients with BE progress to EAC and others do not remains
unanswered [21, 22] (Fig. 6).

Patients with intramucosal carcinoma (T1a) are suitable for endoscopic thera-
pies, such as endoscopic mucosal resection (EMR). Once a complete resection of
the Tla adenocarcinoma is performed, the entire segment of BE should be treated
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Fig. 5 Epidemiology of esophageal cancer. (Obtained with permission from the International
Agency for Research on Cancer/World Health Organization IARC/WHO)

with RFA. Previous research has shown that EMR successfully eradicates both EAC
and BE in 98.8% of patients [23]. Combination therapy using EMR and RFA is
associated to a lower risk of dysplasia recurrence and consequently development of
EAC. As recurrence risk seems to be highest within the first 2 years post complete
remission of intestinal metaplasia [24], this period requires close endoscopic fol-
low-up. The most common complication of endoscopic resection is stricture fol-
lowed by bleeding and perforation.

For selected patients with submucosal cancer (T1b), endoscopic therapy with
endoscopic submucosal dissection (ESD) may be an alternative strategy to esopha-
gectomy, especially in those with superficial (sm1) disease and well-differentiated
neoplasm lacking lymphovascular invasion. Patients with deeper T1b tumors (sm2—
sm3) or with high-risk pathological features (i.e., ulceration, poorly differentiated,
lymphovascular invasion) should undergo esophagectomy.

Figure 7 shows an algorithm for the management of BE and early-stage EAC.
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Fig. 6 Pathological progression from normal esophageal squamous epithelium to esophageal
adenocarcinoma (From Esophageal Cancer: Diagnosis and Treatment 2nd edition. Editors
Francisco Schlottmann, Lorenzo Ferri, Daniela Molena, Marco G Patti. Spinger 2023)

| Gastroesophageal Reflux Disease ‘
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Surveillance with
EGD every 5 years months l
EMR (Low risk T1b might
RFAin + undergo ESD in very
selected cases RFA selected cases)
23cm:
Surveillance with
EGD every 3 years

Surveillance with EGD
every 6 months the first
year, then annually

Fig. 7 Algorithm for the management of Barrett’s esophagus and esophageal adenocarcinoma
(EGD: esophagogastroduodenoscopy, LGD: low-grade dysplasia; HGD: high-grade dysplasia;
RFA: radiofrequency ablation; EMR: endoscopic mucosal resection; ESD: endoscopic submuco-
sal disection)

Esophageal Strictures

Esophageal strictures due to GERD represent the most frequent cause of benign
esophageal strictures. Around 7-23% of patients with untreated GERD will develop
an esophageal stricture [25, 26]. Acid reflux generates mucosal inflammation, which
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is initially reversible. As the esophageal exposure to acid reflux persists, inflamma-
tion progresses causing erosions and ulcerations, which leads to fibrosis and ulti-
mately esophageal wall thickening and luminal constriction.

Strictures usually occur in the distal esophagus and typically tend to be 2—4 cm
long. Schatzki rings are fibrous rings most commonly located in the lower esopha-
gus which are also strongly associated with pathologic acid exposure. Although
patients with GERD-related strictures typically present with dysphagia and weight
loss, other GERD symptoms such as heartburn and regurgitation can exist. Medical
therapy should be maximized to control esophageal inflammation and multiple
biopsies of the stricture are recommended to rule out malignancy.

Endoscopic dilatations with either a bougie or balloon can be used in patients
who do not respond to medication. It is recommended to start with small dilatation
diameters (10 mm) and increase gradually over further procedures to reduce the risk
of complications (i.e., perforation or bleeding). Endoscopic injection of steroids
(e.g. triamcinolone) following dilatation can also be beneficial.

Pulmonary Complications

GERD can lead to extraesophageal symptoms related to the upper respiratory tract
including chronic cough, hoarseness, and throat clearing. Many studies have shown
a strong association between GERD and various respiratory conditions such as
asthma, chronic obstructive pulmonary disease (COPD), chronic cough, and inter-
stitial lung disease [27-29].

Asthma, COPD and Chronic Cough

The prevalence of GERD in patients with asthma ranges from 30 —-90% [27].
Although the exact mechanism on how GERD and asthma are related is unclear,
there are two main theories. The “Reflux theory” suggests that microaspiration of
gastric contents damages the lungs, leading to cough, acute lung injury or even
acute respiratory distress syndrome. This injury can result from airway obstruction,
non-infectious chemical pneumonitis, or severe inflammatory responses like hypox-
emia. The “Reflex theory” proposes an indirect mechanism in which distal esopha-
geal acid reflux stimulates the vagal nerve, leading to bronchoconstriction. The
effect of GERD on asthma exacerbation is still debatable because while some stud-
ies have shown positive results, others have demonstrated no clear effects on asthma
outcomes [30-33]. A recent study concluded that the presence of GERD was an
independent risk factor associated with uncontrolled asthma in patients with severe
asthma treated with biological therapies [34]. However, a previous meta-analysis
showed that the use proton pump inhibitors (PPI) was not associated with signifi-
cant improvement in morning peak expiratory flow in asthma patients with GERD
[35]. Overall, current evidence does not support PPI therapy as an empirical treat-
ment in these patients.
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COPD is a chronic, progressive condition, characterized by an increased inflam-
matory response within the airways and airflow limitation that is not fully revers-
ible. The prevalence of GERD in individuals with COPD ranges from 17% to 54%
[36]. Similar to asthma, micro-aspiration of gastric contents or bronchospasm
induced by stimulation of the vagal nerve due to the irritation of the esophagus
might contribute to the association between GERD and COPD. The presence of
pathologic gastroesophageal reflux appears to be associated with increased pulmo-
nary symptoms, poorer quality of life, and increased frequency of COPD exacerba-
tions [37]. However, there are contradictory results regarding the effects of PPI
therapy on COPD patients. A previous randomized trial comparing conventional
therapy against conventional therapy plus lansoprazole for 12 months found that the
use of PPIs was associated with a significant decrease of COPD exacerbations [38].
Another study also showed significant improvements in COPD symptom index after
2 months of PPI therapy in COPD patients with evidence of laryngopharyngeal
reflux [39]. On the other hand, Sanchez and colleagues [40] reported that although
PPIs significantly decreased the upright RYAN score (severity of laryngopharyn-
geal reflux), this was not associated with lung function improvements.

GERD might also be responsible of chronic cough in patients with no clear diag-
nosis of a respiratory disease. In fact, a previous study showed that chronic cough
was reduced by 47% during the day and by 80% during the night after anti-reflux
surgery [41], demonstrating a causal relationship between gastroesophageal reflux
and chronic cough. Other studies, however, found contradictory results regarding
the benefits of medical therapy or anti-reflux surgery in patients with GERD and
chronic cough [42-44]. Based on the current evidence, it is rationale to consider
anti-reflux surgery only in patients with objective diagnosis of GERD (i.e. pH moni-
toring) and troublesome symptoms (regurgitation and cough) despite medical
therapy.

Idiopathic Pulmonary Fibrosis

Idiopathic Pulmonary Fibrosis (IPF) accounts for approximately 50-60% of all
idiopathic interstitial pneumonias and has been strongly associated with GERD. IPF
patients have shown significantly higher esophageal acid exposure, reflux episodes,
and proximal reflux compared to non-IPF patients [45]. These findings suggest that
IPF patients are at high risk of aspiration of gastric contents, advocating the need for
effective anti-reflux therapy.

Raghu et al reported that almost 90% of IPF patients have pathologic esophageal
acid reflux, with 76% and 63% abnormal distal and proximal exposure, respectively
[46]. Contributing factors to reflux in IPF include a hypotensive LES, abnormal
esophageal peristalsis, presence of a hiatal hernia and increased transdiaphragmatic
pressure gradient [47-50]. Anti-reflux surgery is an attractive alternative on these
patients because a fundoplication restores the LES competence, controlling both
acidic and non-acidic reflux. However, evidence on the efficacy of anti-reflux sur-
gery in IPF patients is still weak and conflicting [51-54]. In fact, the American
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Thoracic Society and other international societies recently published clinical prac-
tice guidelines for IPF and recommend against treating patients with PPIs or anti-
reflux surgery for the sole purpose of improving respiratory outcomes [55].

Bronchiolitis Obliterans Syndrome

Lung transplantation is an available therapy for end-stage lung diseases like
IPF. Unfortunately, the five-year survival rate post-transplant is around 50%, much
lower than other organ transplants like heart (75%) or liver (70%). This low survival
rate is mostly related to both acute and chronic rejection, with the latter manifesting
as bronchiolitis obliterans syndrome (BOS), which is a progressive decline in the
forced expiratory volume in 1s (FEV1).

GERD has also been recognized as a risk factor for the development of BOS
through continuous aspiration of gastric contents. Bile acids and pepsin (a proteo-
Iytic enzyme) have been found in the bronchoalveolar lavage fluid of lung transplant
patients. Aspiration of gastric contents ultimately impair the immunity of the trans-
planted lung [56, 57]. GERD affects around two-thirds of lung-transplant patients.
Factors contributing to GERD include vagal nerve injury, delayed gastric emptying,
immunosuppressive medications, and changes in intrathoracic and intra-abdominal
pressures. Several studies have shown benefits of early anti-reflux surgery in pre-
venting BOS and improving survival [S8—60]. For this reason, it is currently recom-
mended to routinely test for GERD in these patients, and strongly consider
anti-reflux surgery before BOS develops.

Conclusions

A broad range of troublesome and sometimes life threating complications can occur
in patients with GERD. Early diagnosis and adequate therapy are critical to prevent
long-term disability and improve patient outcomes.
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Introduction

Anti-reflux surgery (ARS) is a well-established therapy for patients with gastro-
esophageal reflux disease (GERD) who do not respond adequately to medication,
achieving control of symptoms in about 80 to 90% of patients [1-3]. A proportion
of patients, however, will eventually experience persistence or recurrence of GERD-
related symptoms [4]. Management of patients who fail ARS is complex and
requires a thorough evaluation.

Failure of ARS can be related to three main causes: poor surgeon judgement in
patient selection, anatomical failure and/or physiologic failure. A successful anti-
reflux operation indeed requires a patient who was appropriately selected for the
procedure, with symptoms attributable to pathologic acid reflux. Anatomical failure
refers to complications or inadequacies of the surgical procedure itself. Physiologic
failure consists in the onset of gastrointestinal symptoms despite a technically suc-
cessful surgery (Table 1).

Understanding the causes and mechanisms behind the failure of ARS is crucial
for improving patient outcomes and minimizing complications.
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Table 1 Causes of anti-reflux surgery failures

Judgement failures Anatomical failures Physiological failures
Incomplete work-up Poorly constructed Dysphagia
fundoplication
Misdiagnosis (primary esophageal Disrupted fundoplication Gas-related symptoms
motility disorder)
Misdiagnosis (other gastrointestinal Slipped fundoplication Gastroparesis
disorder)
Poor choice of fundoplication Herniated fundoplication Accelerated gastric
emptying
High perioperative risks Paraesophageal herniation Diarrhea
type I/I/IV

Psycho-emotional variables that
might affect outcomes

Potential Mechanisms Related to Anti-reflux Surgery Failure
Poor Surgeon Judgement in Patient Selection

Indication for ARS results from an accurate and thorough diagnostic evaluation of
patients with GERD symptoms. Heartburn, regurgitation, and dysphagia are consid-
ered typical symptoms of GERD. However, many patients affected by GERD can
present with extraesophageal symptoms such as cough, wheezing, asthma, chest
pain, hoarseness, and/or dental erosions [5]. A previous study found that when
GERD is diagnosed only based on heartburn and regurgitation, approximately one-
third of patients have normal esophageal acid exposure [6]. A complete preoperative
workup should include clinical history (including the evaluation of the response to
medical therapy), barium swallow, upper endoscopy, esophageal manometry, and
ambulatory pH monitoring [7].

Frequent misdiagnoses include patient’s symptoms not related to patho-
logical acid reflux (e.g., functional heartburn or cholelithiasis) or presence of
an underlying esophageal motility disorder (mainly achalasia). Previous
research has shown that the three most important predictors of successful out-
come after ARS are the presence of typical symptoms, adequate symptomatic
response to PPI therapy, and pathologic gastroesophageal reflux determined
by pH monitoring [8]. The esophageal manometry is important not only to rule
out primary esophageal motility disorders, but could also help tailoring the
operation, especially on whether to perform a total or partial fundoplication
(i.e., partial fundoplication is preferred in patients with severe esophageal
dysmotility) [9].

Anatomical Failures

Several anatomical failures can occur after ARS [10] (Fig. 1):
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Complete disruption Slipped nissen

Malpositioned wrap

Fig. 1 Types of anatomical failures. (From foregut surgery: achalasia, gastroesophageal reflux
disease and obesity. Editors Marco G. Patti, Marco Di Corpo, Francisco Schlottmann. Spinger 2020)

Poorly Constructed Fundoplication: The wrap should be located on the distal
esophagus just superior to the esophagogastric junction (EGJ). A common “malpo-
sitioned” fundoplication is the one located around the stomach below the EGJ. Other
technical errors include using the greater curvature of the stomach inferior to the
fundus or twisting the vertical axis of the EGJ (ultimately kinking the esophagus
and impairing adequate emptying into the stomach). A too tight fundoplication is
another poorly constructed wrap. This can be related to insufficient section of short
gastric vessels to allow for a floppy fundoplication. The use of a bougie/endoscope
inside the esophagus can help avoiding this technical issue.

The poorly constructed wrap usually leads to persistent dysphagia, bloating, nau-
sea, inability to belch, and/or inability to vomit.

Slipped Fundoplication: This occurs when the fundoplication, which was placed
in the proper position above the EGJ, moves inferiorly so that the wrap ends encir-
cling the proximal stomach or the proximal stomach moves superiorly through the
fundoplication. Ultimately, a portion of the stomach is now located above the wrap
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and is herniated into the mediastinum. This issue often results from an excessively
floppy wrap [11].

The slipped fundoplication can lead several symptoms including heartburn, dys-
phagia, upper abdominal pain, lower chest pain, and/or bloating.

Transhiatal Herniation of the Wrap: A “herniated” fundoplication occurs when
both the EGJ and well-positioned intact wrap are herniated above the hiatus into the
posterior mediastinum. This is commonly related to an inadequate closure of the
hiatus. However, in some cases the hiatal opening can be enlarged due to progres-
sive widening of the hiatus (with intact initial closure and sutures in place).

Persistent or recurrent heartburn or regurgitation are common symptoms in these
patients. Dysphagia, bloating or upper abdominal pain can also occur.

Disrupted Fundoplication: A disrupted fundoplication occurs when the sutures
holding the wrap in place break or become untied, which ultimately causes the wrap
to lose its function as a competent sphincter. This can occur after episodes of increased
intra-abdominal pressure causing tearing of suture (acute episode of retching or per-
sistent cough). Patients will often complain of heartburn and regurgitation.

Paraesophageal Hernia with and Without Hernia Recurrence: In this case, a
portion of the stomach, usually the greater curvature, or some other intra-abdom-
inal organ herniates through the hiatus along alongside to the esophagus. It can be
classified as follows: type II (EGJ and fundoplication still inferior to the hiatus in
the abdomen), type III (EGJ with or without an intact fundoplication migrated
into the posterior mediastinum), or type IV (with some intra-abdominal organ
other that the stomach herniated into the mediastinum). When the hiatal repair
remains intact, the likelihood of incarceration and strangulation of the herniated
tissue increases significantly. Therefore, these patients can present with the same
symptoms as the other anatomical failures with the added risk of incarceration or
strangulation.

Previous studies have investigated the incidence and underlying causes of ana-
tomical failures following ARS. One study found that approximately 7% of patients
undergoing laparoscopic ARS experienced fundoplication failure, with most fail-
ures occurring during the surgeon’s learning phase [12]. Furthermore, research on
reoperative ARS for failed fundoplication revealed that transmediastinal migration
of the wrap was the most common failure pattern observed [13].
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Physiological Failures

Physiological failures of ARS are defined as alterations in the patient’s physiology
which leads to adverse symptomatic consequences. Unfortunately, the mechanisms
are often not well understood.

Dysphagia: Early postoperative dysphagia is common and is often related to
edema at the site of the fundoplication. Most patients are adequately managed with
soft diet for a few weeks. Persistent dysphagia (>3-4 weeks) should alert of a pos-
sible anatomical failure previously discussed. Therefore, endoscopy and upper GI
can be helpful to identify a technical issue. Dysphagia due to esophageal dysmotil-
ity should be considered when no anatomical failures are identified. The esophageal
manometry can help for the diagnosis of an esophageal motility disorder (e.g. inef-
fective esophageal motility or achalasia either missed before ARS or developed
postoperatively as a pseudo-achalasia pattern). A hypercontractile pattern can also
occur in response to an obstruction after fundoplication.

Gas-Related Symptoms: Bloating, inability to belch, early satiety, and flatulence
are symptoms that may occur after a fundoplication. The reasons why some patients
experience these gas-related issues while others do not remain unclear. Potential con-
tributing factors of the inability to vent gas from the stomach into the esophagus may
be related to the impaired relaxation of the EGJ valve in response to gastric distension,
aerophagia (which is relatively common among patients with severe GERD), and
vagus nerve injury. The Nissen fundoplication (total 360°) is more commonly related
to these symptoms than the partial fundoplication [4, 14]. Dietary modifications (such
as avoiding gas-producing foods and carbonated beverages), slower eating to reduce
aerophagia, and gas-reducing agents like simethicone can help managing gas-related
symptoms. Prokinetic medications may also be beneficial [15].

Gastroparesis: Gastroparesis following ARS is relatively uncommon beyond the
immediate postoperative period. Symptoms include nausea, vomiting, bloating and
abdominal pain among others. When patients present with symptoms of gastropare-
sis post-fundoplication, it is crucial to determine whether these symptoms existed
before the operation or developed after it. Gastroparesis can be idiopathic, diabetic,
or related to an injury of the vagus nerve during ARS [15, 16]. Vagus nerve injury
can occur if the nerve is not properly identified during the operation, particularly in
cases involving large hiatal hernias or redo operations [17].

Diarrhea: Although postoperative diarrhea is relatively common after ARS, its
pathophysiology is not yet fully understood. Possible contributing factors could be
enhanced gastric emptying contributing to a more rapid gut transit, inadvertent
vagotomy, changes in diet after the operation (e.g., liquid and soft diets) and/or
exacerbation of underlying irritable bowel syndrome, among others. Antimotility
drugs, antibiotics for small bowel overgrowth, and cholestyramine can be empiri-
cally used in these patients.
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Evaluation of Patients with Persistent of Recurrent Symptoms

When assessing a patient with recurrent symptoms after ARS, it is crucial to con-
duct a thorough medical history, physical exam, and diagnostic work-up to accu-
rately determine the cause of their symptoms. Key questions to ask include:

* Are the symptoms identical to those experienced before ARS?

* Was the patient adequately studied before ARS? (i.e. esophageal manometry and
pH monitoring)

* Over what period of time have the symptoms returned?

e Is the patient on medication? Is there any symptomatic response to medical
therapy?

Upper Endoscopy and Barium Swallow

Both tests are useful for evaluation of anatomical failures after fundoplication.
Endoscopy helps assessing the presence and severity of esophagitis, presence of
hiatal hernia, and integrity of the fundoplication valve. When evaluating the fun-
doplication in the retroflexed position, the gastric folds should be below the dia-
phragm, parallel to it. Abnormalities such as gastric folds above the diaphragm
may indicate herniation or slippage of the stomach, while an absence of folds
suggests total disruption of the wrap. (Fig. 2). Barium esophagram complements
endoscopy by defining the EGJ anatomy, detecting hernias, and assessing esopha-
geal emptying.

Fig. 2 Endoscopic views after a fundoplication. (a) Retroflexed view of an intact Nissen fundo-
plication. (b) Evidence of EGJ at 34 cm and hiatus at 41 cm, interpreted as a recurrent sliding hiatal
hernia. (¢) Disrupted fundoplication and recurrent hiatal hernia
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Fig. 3 (a) CT scan showing herniated fundoplication. (b) Esophagram showing herniated
fundoplication

Computed Tomography

A computed tomography (CT) can further help visualizing the esophagus, the stom-
ach, the diaphragm, and the relationship with all the structures around the EGJ,
ultimately giving valuable anatomical information. CT is probably the best test to
diagnose and evaluate type IV hiatal hernia (Fig. 3).

Esophageal Manometry

Esophageal manometry is useful to assess postoperative integrated relaxation pres-
sures of the lower esophageal sphincter and the quality of the esophageal peristalsis.
A high resting LES pressure could suggest the presence of a tight fundoplication.
Conversely, a low esophageal sphincter pressure can indicate failure of the fundo-
plication or recurrence of hiatal hernia. In addition, the manometry can potentially
identify primary esophageal motility disorders than were misdiagnosed initially.

Ambulatory pH Monitoring

This study is the gold standard to confirm if the patient has pathologic gastroesopha-
geal reflux or not. In addition, it helps determining whether reflux episodes are
associated with patient's complaints (correlation between reflux episodes and main
symptoms of the patient) [18].
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Management

The treatment of patients with failed ARS largely depends on the mechanism of
failure. As previously discussed, a thorough diagnostic work-up can eventually elu-
cidate if there was a poor judgment of the surgeon regarding patient selection (e.g.
misdiagnosis of reflux with other digestive disorders). After a complete diagnostic
evaluation, patients should be counseled about the different medical, endoscopic
and surgical options.

Patients with anatomical failures and persistent/recurrent symptoms will likely
require an operation. However, optimizing medical therapy and evaluating response
to medication remains a reasonable first approach in most patients. Surgical revision
should be reserved for patients with significant symptom burden that is not well
controlled with PPL

Redo ARS is significantly more complex than a primary fundoplication, mostly
due to altered anatomy and adhesions. As redo anti-reflux surgery is associated with
significantly higher morbidity, it is important to have an extensive and detailed dis-
cussion with the patient regarding the risks of the operation (esophageal/gastric
perforation, bleeding, vagal nerve injury) [19, 20]. In expert hands, however, lapa-
roscopic revisional fundoplication is a safe procedure with a low rate of complica-
tions and satisfactory long-terms results [21].

The most common redo procedure involves removing the previous fundoplica-
tion, performing a redo fundoplication, and repairing the recurrent hiatal hernia if
present [22].

In the case of a tight fundoplication and an intact wrap below the diaphragm,
endoscopic dilation is an option. Esophageal dilation should begin with smaller bal-
loon sizes, such as 10-20 mm, and can be progressively increased over several ses-
sions to reduce the risk of complications. [23, 24]. In cases of refractory dysphagia,
a surgical revision may be required.

In cases where a short esophagus contributed to the primary failure of fundopli-
cation, a redo fundoplication with Collis gastroplasty should be performed. The use
of mesh in the hiatus during revisional surgery is debated, but it should be consid-
ered when poor quality of the muscle of the crura is identified [25]. In severe cases
of gastroparesis due to vagal disruption, a pyloroplasty might be necessary. A Roux-
en-Y gastric bypass is also an option following failed ARS, especially in patients
with obesity [26].

A treatment algorithm for patients with persistent/recurrent symptoms after ARS
is proposed by our study group (Fig. 4).
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Fig. 4 Management of patients with recurrent symptoms after anti-reflux surgery

Conclusions

Laparoscopic ARS is an effective therapy for GERD with long-term successful out-
comes. Some patients, however, will be affected by troublesome symptoms after the
operation. A failed antireflux procedure is often related to poor surgeon’s judge-
ment, anatomical failures, and/or physiological failures. It is critical to perform a
thorough diagnostic work-up to elucidate the mechanism of failure and offer a tai-
lored therapy for each patient.
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Introduction

Laparoscopic fundoplication is a very successful treatment modality for patients
with gastroesophageal reflux disease (GERD) with control of symptoms in about
80-90% of patients [1, 2]. However, about 10-20% of patients experience persis-
tence or recurrence of their symptoms and eventually between 3% and 6% need a
second antireflux operation [3, 4].

Most experts would agree that failure of a fundoplication to resolve symptoms is
generally due to one of the following causes: (1) wrong indications for the opera-
tion; (2) wrong preoperative workup; and (3) failure to execute the proper techni-
cal steps.

Indications for Antireflux Surgery

* Heartburn as the main symptom with good response to medical therapy
Contrary to the common belief that patients with poor response to medical therapy
are good candidates for surgery, the presence of typical symptoms such as heartburn

with good response to medications is a strong predictor of success of fundoplica-
tion. For instance, Campos et al. showed that the three factors that were predictive
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of a successful outcome after a fundoplication were the presence of typical symp-
toms, clinical response to acid suppression therapy, and an abnormal 24-h pH moni-
toring score [5]. The findings of this study were confirmed by the ICARUS
guidelines, an international consensus regarding preoperative examinations and
clinical characteristics assessment to select adult patients for antireflux surgery [6].
Specifically, patients with a good response to proton pump inhibitors (PPI) were
considered excellent candidates for antireflux surgery and this was the only grade A
recommendation among many guidelines [6].

¢ Regurgitation not responsive to medical therapy

Proton pump inhibitors reduce the acid production of the parietal cells but have no
effect on the lower esophageal sphincter (LES) so that regurgitation can still occur
despite PPI therapy.

e GERD symptoms and large hiatal hernia

Patients with large hiatal hernias often have GERD symptoms that can persist
despite medical therapy. A recent study investigated how the size of a hiatal hernia
affects the degree of mucosal injury, the esophageal function, and the reflux profile,
[7]. Specifically, the increasing size of the hiatal hernia was associated with more
severe esophagitis, lower pressure of the LES, weaker peristalsis, and more acid
reflux in both the distal and the proximal esophagus. Consequently, patients with
large hiatal hernia (>5 cm) had more frequent episodes of coughing and wheezing
suggesting respiratory involvement. As medications are not able to correct the
altered anatomy of the gastroesophageal junction, symptomatic patients with large
hiatal hernia should be considered for antireflux surgery.

¢ Poor adherence to medical therapy

Long-term PPI prescribing in general practice is common. However, only a minor-
ity of patients request their prescription regularly and this is mostly due to fear of
side effects, lack of knowledge about the drugs, and desire to remain in personal
control [8].

* Side effects of medical treatment

There is some evidence in the literature that long-term use of PPI might be associ-
ated with side effects such as acute interstitial nephritis, chronic kidney disease,
hypomagnesaemia, dementia, cardiovascular events and pneumonia [9, 10].

e Barrett’s esophagus and antireflux surgery

Based on the existing data, and until a properly conducted multicenter prospective
and randomized trial is performed, we do not recommend LARS in patients with BE
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metaplasia to avoid progression to dysplasia and cancer. As stressed by the guide-
lines of the American Gastroenterological Association, antireflux surgery should
not be considered as an antineoplastic measure in patients with BE [11]. The indica-
tions for surgery should be the same as for the treatment of GERD without BE as
described before.

Wrong Preoperative Workup

Proper patient selection is critical to achieve excellent results after antireflux sur-
gery. A key element is an accurate preoperative workup that should include a symp-
tomatic evaluation (including the evaluation of the response to PPI therapy), barium
swallow, upper endoscopy, esophageal manometry, and ambulatory pH monitoring.
A gastric emptying study should be performed in selected patients only. This is an
evidence and experience-based consensus recommendation of the Esophageal
Diagnostic Advisory Panel composed by expert gastroenterologists and surgeons
[12]. Overall, each test has a specific role in the workup and diagnosis of GERD, but
no single test alone can provide the entire clinical picture.

¢ Limitations of symptomatic evaluation

Many physicians believe that that GERD can be diagnosed by clinical history and
that additional tests are not necessary. However, many studies have shown that even
typical symptoms such as heartburn and regurgitation have low accuracy leading to
a wrong diagnosis of GERD in 30-50% of patients [13, 14]. For instance, Patti et al.
found that among 822 consecutive patients referred for esophageal function tests
because of a clinical diagnosis of GERD (based on symptoms and endoscopic find-
ings—patients with biopsy proven Barrett’s esophagus were excluded), abnormal
reflux by pH monitoring was present in 70% of patients only [13]. Heartburn and
regurgitation were equally frequent in patients with and without an abnormal pH
monitoring study. Many patients with a normal esophageal acid exposure had been
treated with medication on the assumption that gastroesophageal reflux was the
cause of their symptoms, masking other diagnoses such as irritable bowel syndrome
gallstone disease, and even coronary artery disease. In addition, some patients who
had been referred for antireflux surgery because they did not improve with PPI
therapy (“refractory GERD”) were found to have achalasia.

Bello et al. analyzed the sensitivity and specificity of symptoms, endoscopy,
barium esophagogram and manometry as compared with ambulatory pH monitor-
ing in 138 patients referred for antireflux surgery [15]. Four patients were excluded
as they were found to have achalasia. Of the remaining 134 patients, 56 (42%) had
normal pH monitoring results and 78 (58%) had a pathologic amount of reflux.
When these two groups were compared, the was no difference in the incidence of
symptoms, presence of reflux and hiatal hernia on esophagogram, endoscopic find-
ings and esophageal motility. This study clearly indicated that symptoms are unreli-
able in diagnosing GERD, the presence of reflux or hiatal hernia on esophagogram
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does not correlate with the findings of pH monitoring, esophagitis on endoscopy has
low sensitivity and specificity, and manometry is mostly useful for positioning of
the pH probe and to rule out achalasia [15]. Ambulatory pH monitoring should be
routinely performed in patients suspected of having GERD to avoid unnecessary
antireflux surgery.

Failure to Respect the Proper Technical Elements

The better understanding of the pathogenesis of GERD in recent years has not been
accompanied by appreciable advances in the design of antireflux operations. In
many cases operations are still performed just as they were described many decades
ago. Today it is important to go beyond the eponymous procedures (Nissen, Toupet,
Dor, Guarner, Lind) traditionally associated with antireflux operations, and to iden-
tify the technical elements that are important to create an effective and durable
fundoplication [16].

* Dissection of the esophagus in the posterior mediastinum

This is a key step as it is important to have 3—5 cm of esophagus without any tension
below the diaphragm. Figure 1a shows both the gastroesophageal junction and the
wrap located above the diaphragm: this finding is due to very limited mediastinal
dissection. Figure 1b shows that the wrap is located below the diaphragm while the

Fig. 1 Anatomic failures of fundoplication as
determined during reoperation

Typelll Type lll

* esophagogastric junction
# gastric fundus
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gastroesophageal junction is located above: this finding can be due to limited medi-
astinal dissection, with only 1 or 2 cm of esophagus below the diaphragm, a short
esophagus, or inadequate closure of the hiatus.

» Transection of the short gastric vessels

In 2008 Yang et al. published the 10-year results of a randomized trial of division
versus non division of the short gastric vessels during laparoscopic Nissen fundo-
plication [17]. The study showed a similar control of symptoms and incidence of
postoperative dysphagia in the two groups. Most surgeons, however, routinely
transect the short gastric vessels, as they feel that this is a necessary step that
makes it easier to select the proper site in the fundus for the wrap, avoiding
tension.

e Approximation of the right and left pillar of the crus

This is an important step (non-absorbable sutures must be used) for two reasons: (1)
it avoids herniation of the wrap in the posterior mediastinum [18]; and (2) it re-
establishes the synergistic action of the diaphragm with the LES, protecting against
sudden increases in intra-abdominal pressure such as during coughing.

* Creation of the wrap over a bougie

We routinely use a 56F to 60F bougie before performing the shoe-shine maneuver.
There is some evidence to suggest that both the use and the size of the bougie might
help decrease the incidence of postoperative dysphagia [19].

¢ Shoeshine maneuver

A proper point of the greater curvature of the stomach must be chosen for the wrap.
If this is too low, often in the attempt to create “a floppy fundoplication”, one of two
problems can occur: part of the stomach herniates above the wrap, or the body
rather than the fundus of the stomach is used to construct the wrap. A shoeshine
maneuver (Fig. 2) can avoid this mistake in most cases. An insightful analysis of the
anatomic causes of failure was provided by Horgan et al. from the University of
Washington in Seattle [20].

¢ Fundoplication

In the nineties a tailored approach to antireflux surgery was often followed whereby
a total fundoplication (360°) was performed in patients with normal esophageal
peristalsis while a partial fundoplication (240°-270°) was chosen if abnormal peri-
stalsis was present [21]. In addition, some single center and retrospective studies
suggested that total fundoplication was more effective than partial fundoplication in
controlling pathologic reflux and symptoms [22-24].
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Fig.2 Shoeshine
maneuver

Interestingly, data from Europe and Australia show similar results for
both procedures in terms of reflux control and incidence of postoperative
dysphagia [25]. Two recent double-blind, randomized clinical trials compar-
ing laparoscopic total versus 270° posterior partial fundoplication confirmed
equal control of the reflux and the symptoms, with the suggestion that early
postoperative dysphagia might be more common after total fundoplication
[26, 27]. Based on these findings, it is up to the individual surgeon to choose
the type of laparoscopic fundoplication based on his/her own experience and
outcomes.

Evaluation of Patients with Persistent or Recurrent Symptoms

If a patient develops foregut symptoms after a fundoplication, it is assumed that the
operation has failed, and acid-reducing medications are often prescribed. A proper
workup, including esophageal manometry and ambulatory pH monitoring, is sel-
dom performed early in the management of these patients. Many studies, however,
have shown that in patients who are symptomatic after a fundoplication for GERD,
a symptom-based diagnosis is not accurate and that a thorough investigation is nec-
essary to determine if the symptoms are due to pathologic reflux, to identify the
cause, and tailor treatment.

Lord et al. evaluated with manometry and pH monitoring 86 patients who had
foregut symptoms after a Nissen fundoplication [28]. Thirty-seven patients (43%)
were taking acid reducing medications. However, only 23% (20 of 86) of all patients
and only 24% (9 of 37) of those taking medications had abnormal esophageal acid
exposure on the 24-h pH study. Similar results were described by Galvani et al. [29].
Among 124 patients who developed foregut symptoms after laparoscopic fundopli-
cation (average of 17 months postoperatively), only 48 patients (39%) had abnormal
esophageal acid exposure. Overall, these studies show that because symptoms have
a limited predictive power, objective evidence of reflux disease should be obtained
early in the evaluation of these patients after fundoplication to avoid improper and
costly medical therapy.
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In addition to the symptomatic evaluation (assessing the response to PPI), we
routinely perform a barium swallow, endoscopy, manometry and pH monitoring.

The combination of barium swallow and upper endoscopy usually identifies pos-
sible anatomic problems such as a herniated wrap or a wrong configuration of the
fundoplication.

Esophageal manometry assesses the pressure and relaxation of the LES and the
quality of esophageal peristalsis. This is particularly important if the patient experi-
enced severe dysphagia in addition to heartburn preoperatively to rule out achala-
sia [14].

Ambulatory pH monitoring shows if abnormal reflux is present and assesses the
correlation between episodes of reflux and symptoms.

Conclusions

Laparoscopic fundoplication is an excellent treatment modality for patients with
GERD. A proper patients’ selection is based on solid indications for surgery, a
through preoperative workup and an operation that respects the key technical
elements.

If the patient experiences persistent or recurrent symptoms, a complete workup
is necessary to determine if recurrent reflux is present and identify the cause of the
failure.
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Gastroesophageal reflux disease (GERD) is a multifactorial disease with a preva-
lence of 15-20% in the western adult population and between 18% and 28% in the
United States [1]. Over the last decades obesity has become an epidemic, and epi-
demiological data have demonstrated that it is an important risk factor for the devel-
opment of GERD.

Some pathophysiologic factors are similar in obese and non-obese indi-
viduals, while others are more relevant in patients with a high Body Mass
Index (BMI).

Figure 1 shows that the stomach is traditionally divided into 3 zones: the antrum
with G cells producing gastrin, the body with parietal cells producing acid, and the
fundus. It is important to keep in mind the anatomy of the stomach and the physiol-
ogy of gastric secretion to understand how bariatric operations can be linked
to GERD.
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Fig. 1 Gastric physiology
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GERD in Obese Patients: Pathophysiology

GERD in the obese may occur due to a defective gastroesophageal barrier or a
change in the transdiphragmatic pressure radient (Fig. 2).

» Defective gastroesophageal barrier

While a hypotensive lower esophageal sphincter (LES) is the most common
cause of GERD in the general population, it is not always a factor observed in the
obese. Some studies found similar LES basal pressures when lean and obese indi-
viduals with GERD were compared [2]. Moreover, other studies showed an
increased LES basal pressure in the obese, probably linked to compensatory mecha-
nisms due to the increased intra-abdominal pressure [3, 4]. Transient LES relax-
ations (TLESR), however, seem to be more frequent in the obese, and this might
explain GERD in the setting of a normal LES basal pressure. Peristalsis can be
impaired with slower esophageal clearance of the refluxate.

Because of deposition of fat at the gastroesophageal junction, common in obese
individuals, the angle of His may become obtuse, failing to protect against reflux
[5]. Finally, hiatal hernia (HH) is more frequent in the obese [6], and obese women
are two and a half times more likely to have HH than non-obese women [7].

* Trans-diaphragmatic pressure gradient

Abdominal pressure is increased in obese individuals due to deposition of
abdominal fat, with consequent increase of gastric pressure. For each point of
increase in BMI there is a 10% increase in intragastric pressure [8].

Obese patients may also have more negative intrathoracic pressure due to dia-
phragm elevation secondary to abdominal fat and a consequent decrease in pulmo-
nary expansion. Negative intrathoracic pressure may also be increased by the
frequent occurrence of obstructive apnea. Apnea itself may be a cause for GERD
due to the increase of TLESR [9].
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Fig.2 Pathophysiology of gastroesophageal reflux disease

GERD and Bariatric Operations

The last 2 decades have seen a tremendous increase in the number of bariatric oper-
ations performed in the US. While the Roux-en-Y gastric bypass (RYGB) has been
for many years the cornerstone of treatment, today the sleeve gastrectomy (SG) is
the most common operation. According to data provided by the American Society
of Metabolic and Bariatric Surgery (ASMBS), the number of bariatric operations in
the US between 2011 and 2022 increased from 150,000/year to 280,000/year [10]:
specifically, this study showed a progressive increase of the number of SG over the
years, and in 2022 the SG comprised 57.4% of all the procedures, while the RYGB
rate was stable at 22.2% of the surgical volume.

Though SG was considered initially the first step of a duodenal switch for super
obese patients, today it is used mostly as a solo procedure. The reasons for this shift
are multifactorial. Many studies have shown that SG is an effective bariatric opera-
tion as it determines weight loss like that of a GB. These results have been recently
substantiated by two randomized and multicenter trials performed in Finland and in
Switzerland, with large number of patients, and long-term follow-up. Both studies
confirmed similar results between RYGB and SG in terms of weight loss [11, 12].
Furthermore, SG is easier and faster to perform than a GB, it does not require anas-
tomoses, it is safer because staple line leaks are infrequent, there is no risk of inter-
nal hernias, and it does not preclude the endoscopic exploration of the biliary tract
in case of choledocholithiasis, or of the remnant stomach and duodenum for a
bleeding ulcer. The two European trials, however, highlighted that while the most
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common reason for reoperation after RYGB was for treatment of internal hernias,
after SG it was for severe reflux refractory to medical treatment, requiring conver-
sion to a RYGB.

Sleeve Gastrectomy

There is today a growing concern that SG may worsen GERD if present pre-
operatively or might lead to the development of de novo GERD [13]. In a large
study from Italy with a 5-year follow-up, the mean BMI decreased from 46 to 29 kg/
m?, but postoperatively erosive esophagitis (Los Angeles (LA) grades C and D)
developed in 21% of patients, and Barrett’s metaplasia in 17% [14]. Interestingly,
GERD symptoms were experienced only by 33% of patients with LA grade C
esophagitis, and by 57% of patients with LA grade D esophagitis. Others have
shown different results. For instance, in a prospective study, Rebecchi et al. showed
that the SG improved reflux symptoms in most morbidly obese patients with pre-
operative GERD, while de novo reflux was uncommon [15]. The validity of their
conclusions is, however, tempered by the loss of follow-up of about 40% of patients
and by the short follow-up of only 2 years. Furthermore, the authors arbitrarily
excluded some patients with abnormal pH monitoring as they stated that it was
caused by retention of food in the proximal portion of the sleeve. These patients
were not considered to have pathological reflux.

GERD after SG is due to one or more of these factors:

(1) loss of the angle of His if the gastric resection is too close to the esophago-
gastric junction; (2) decrease in the lower esophageal sphincter tone due to resection
of sling fibers at the esophagogastric junction, and (3) a decreased gastric compli-
ance and increased intra-gastric pressure secondary to creation of a narrow gastric
tube, and to the herniation of part of the gastric sleeve into the posterior mediasti-
num [16]. Some evidence points out that there is a chance that sleeve gastrectomy
may increase the development of de novo hiatal hernia [17] secondary to dissection
of the angle of His, removal of the fat pad, dissection of the left pillar of the dia-
phragm, tubular shape of the gastric tube, negative thoracic pressure, rapid weight
loss, and fat loss at the level of the crura.

In addition to cases of Barrett’s esophagus, recently 3 cases of esophageal adeno-
carcinoma after SG have been reported [18].

Three male patients had a laparoscopic SG between 2012 and 2015. The pre-
operative workup had ruled out esophagitis and pathological reflux. All patients
were lost to follow-up after 4 months after surgery and were eventually diagnosed
with esophageal adenocarcinoma at a mean of 32.5 + 7.6 months after SG. Patient
1 underwent an esophagectomy with colonic interposition. His final stage was
T2NI1MI, and died 5 months after surgery. Patient 2 had a subtotal esophagec-
tomy with Roux-en-Y reconstruction and chemotherapy. His final stage was
T3NOMX. The third patient was found to have liver metastases (T3N1M1) and
did not have surgery. This case report highlights two very important points: (1)
patients should have routine endoscopic follow-up after SG regardless of the
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weight loss and the presence of reflux symptoms; and (2) if a cancer is detected at
endoscopy, the patient should be referred to a specialized center for esophagec-
tomy. After a sleeve gastrectomy, only 3 cm to 4 cm of the right gastroepiploic
artery are preserved, and the remaining blood supply provided by the right gastric
artery may not be sufficient for a gastric pull-up once the left gastric artery is
taken down (Fig. 3). In these cases a Roux-en-Y reconstruction or a colonic inter-
position might be necessary [19].

Roux-en-Y Gastric Bypass

A gastric bypass with Roux-en-Y reconstruction has been traditionally considered
an effective bariatric operation in terms of weight loss and resolution of comorbidi-
ties. In addition, it often prevents GERD or even correct preexisting GERD because
in the small gastric pouch there are very few acid producing parietal cells, and a
Roux loop longer than 75-100 cm prevents reflux of bile. For these reasons, it is
often used as an antireflux operation in patients who experience recurrent symptoms
after fundoplication [20].

There are however many recent studies that have shown that a RYGB is not an
infallible antireflux operation as previously thought [21]. Raj et al. studied (by 24-h
pH monitoring) 13 patients after SG and 16 patients after RYGB and found

Gastroesophageal =~ Fundus
junction

Cardia

Left gastric
artery

Gastroduodenal

artery
Right gastric
artery

" gastroepiploic

Pylorus - artery

Right gastroepiploic
artery

Fig. 3 Gastric blood supply after sleeve gastrectomy and ligation of the left gastric artery to allow
lymphadenectomy in cases of cancer after sleeve gastrectomy



108 F. A. Herbella et al.

pathologic reflux in 66.6% and 12.5% respectively [22]. Navarini et al. found that
1 year after SG and RYGB GERD was more frequent after SG (74% vs 25%) [23].
Similar results were also obtained by a nationwide cohort study in Sweden which
assessed the long-term risk of either persisting or recurrent reflux symptoms after
RYGB [24]. Among 2454 patients, reflux recurred in 48% of patients within 2 years
of the operation. In addition, 68% of patients used antireflux medications during at
least one of the first 5 years after the operation.

A very important study was published by Borbely and colleagues from Bern
University in Switzerland [25]. This study is germane as it is one of the few studies
with a standardized validated questionnaire, upper gastrointestinal studies, endos-
copy, manometry and pH monitoring to evaluate patients with symptomatic gastro-
esophageal reflux after RYGB. Among 47 patients evaluated after a median of
3.8 years after the RYGB, 53% had a hiatal hernia, 10% enlarged pouches, and 5%
a gastric/gastric fistula. Endoscopy showed esophagitis and Barrett’s esophagus in
51% and 15% of patients respectively. A hypotensive LES was seen in 58% and
hypomotility or aperistalsis in 38% of patients undergoing manometry. Finally, pH
monitoring showed a pathological amount of reflux in 62% of patients.

GERD after RYGB is probably due to one or more of these factors:

1. The study of Borbely [25] suggested that hiatal hernia, hypotensive LES and
severe esophageal motility disorders are key pathophysiologic factors.

2. Size of the gastric pouch. Initially the RYGB was based on a retrocolic/retrogas-
tric Roux loop. Subsequently, the technique evolved to an antecolic/antegastric
Roux-loop, technically much simpler. However, because of fear of creating ten-
sion of the gastro-jejunal anastomosis, the pouch is often longer than what origi-
nally described. Figure 4 clearly illustrates this problem. The stomach was
transected at the level of the incisura rather than at the level of the upper border

Fig.4 Very long gastric
pouch for Roux-en-Y
gastric bypass
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of the caudate lobe of the liver, therefore creating a very long pouch, similar in
dimension to a sleeve gastrectomy.

3. The length of the Roux loop should be at least 75-100 cm to avoid reflux of bile.
A shorter length might allow bile to reflux into the gastric pouch and eventually
into the esophagus.

Treatment of GERD After Bariatric Surgery

Treatment depends on the procedure performed and on a thorough work up.

For a sleeve gastrectomy the options include treatment with PPI, magnetic
sphincter augmentation, or conversion to a RYGB. If a hiatal hernia is detected, it
should be reduced at the time of the operation [26].

For a Roux-en-Y gastric bypass the options include PPI, magnetic sphincter aug-
mentation, or revisional surgery with reduction of hiatal hernia if present, revision
of the gastric pouch, and/or length of the Roux loop [27].

Conclusions

» Bariatric surgery is a very effective treatment modality for patients with obesity.

e The success of the operation is based on careful patients’ selection including
symptom evaluation and endoscopy. In some patients, esophageal manometry
and ambulatory pH monitoring are necessary.

¢ Based on the results of the workup, the appropriate operation must be chosen,
usually avoiding SG in patients with preexisting GERD.

* Proper technical steps must be followed.

¢ Regular follow-up must be established and should be done in every patient after
bariatric surgery.
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Introduction

Achalasia is a primary esophageal motility disorder defined by lack of peristal-
sis and relaxation of the lower esophageal sphincter. It is generally deemed a
rare disease [1], although most professionals dealing with the digestive system
have seen at least one case. Probably using this assumption of rarity as an
excuse, achalasia is frequently misdiagnosed. Almost half of the patients in a
series of achalasia were on antacid medication due to an erroneous diagnosis of
gastroesophageal reflux disease (GERD) [2] and, more concerning, 4% of
patients with achalasia underwent antireflux surgery wrongly diagnosed as
GERD [3]. On the other hand, tumors at the esophagogastric junction (EGJ)
may lead to pseudoachalasia [3] and lead to erroneous treatment [4]. Not only
GERD is included as possible inaccurate diagnosis for achalasia, cases of
anorexia [5], presbyesophagus [6], eosinophilic esophagitis and other ENT-,
psychiatric, neurologic, cardiologic or thyroid diseases [7] false diagnosis have
been reported. A 5-year delay in diagnosing may occur [7]. Thus, this disease
diagnosis demands suspicion and a complete workup.

A complete work-up not only gives the correct diagnosis of the disease but also
may classify the disease, provide prognosis and guide tailored therapy.
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Table 1 Eckardt score to grade achalasia symptoms based on the presence and frequency of com-
mon complaints

Score Dysphagia Regurgitation Chest pain Weight loss (kg)
0 None None None None

1 Occasional Occasional Occasional <5

2 Daily Daily Daily 5-10

3 Each meal Each meal Each meal >10

Based on Eckardt et al. [8]

Symptoms

Symptoms of achalasia are associated with the lack of peristalsis and outflow
obstruction at the EGJ, leading to dysphagia and regurgitation. Obstruction can
result in weight loss due to inadequate nutrition, halitosis due to food retained in the
esophagus, and heartburn due to food fermentation and acid production in the
esophagus. Uncoordinated contractions may cause chest pain, while aspiration of
esophageal contents can lead to coughing. Dysphagia, regurgitation, and weight
loss are commonly observed in patients with achalasia and constitutes the classical
triad of symptoms.

The Eckardt score [8] is a widely used and validate [9, 10] grading system for
assessing these symptoms where the presence and frequency of dysphagia, regurgi-
tation, chest pain and weight loss are graded on a score of 0 to 3, with a maximum
score of 12. Symptoms are frequently considered relevant with a final score > 3
(Table 1).

Upper Digestive Endoscopy

Upper digestive endoscopy is necessary when achalasia is suspected or diagnosed
[11]. However, the diagnosis of the disease is not made by endoscopy. The test
appears normal in approximately half of the cases, while only indirect signs are
observed in the remaining cases, such as food residue in the esophagus despite
adequate fasting time, areas of leukoplasia, and a “puckering” at the gastroesopha-
geal junction (Fig. 1). The endoscopist may notice esophageal dilatation in cases
with significant dilatation.

The primary reason for performing an endoscopy is to exclude other associated
diseases leading to a similar scenario but called pseudoachalasia or esophageal can-
cer, since symptoms may be similar, and achalasia is a premalignant condition
increasing the risk of squamous cell carcinoma [12].
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Fig. 1 Endoscopic
findings in achalasia (food
residue in the esophagus
despite adequate fasting
time)

Barium Swallow (Esophagram)

A barium esophagogram is a straightforward test used to diagnose and grade esoph-
ageal disease. We consider it essential even if the disease has been diagnosed by
other methods since the esophagogram also can serve as a baseline measurement of
the esophageal diameter for comparison after therapy, especially in cases of treat-
ment failure, identifying if a progression in diameter occurred. Apart from the diag-
nosis, the degree of esophageal dilatation helps in grading the disease and identifying
end-stage disease [13].

The typical findings are a tapering of the distal esophagus (bird’s beak sign) and
esophageal dilatation (Fig. 2). Associate findings are the presence of food residues,
more than 1 air/fluid/fluid levels, tertiary contractions and contrast retention and
delay to pass to the stomach.

A massively dilated esophagus (Fig. 3) with bird’s beak sign typically has no
significant differential diagnosis. Small dilatation without a bird’s beak sign can be
seen in connective tissue diseases with aperistalsis or end-stage GERD also with
aperistalsis or weak peristalsis. Less pronounced esophageal dilatation with taper-
ing may result from tumoral obstruction and pseudoachalasia.

The timed barium swallow test enhances the conventional barium esophagogram
by measuring the contrast column after a predetermined volume ingestion and time
to assess esophageal emptying. It can be useful in ambiguous cases, but it is more
frequently used following treatment [14].
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Fig.2 Barium swallow
esophagram findings in
achalasia: esophageal
dilatation (double arrow)
and bird’s beak sign
(arrowhead)

Fig. 3 Massive dilated
megaesophagus in
achalasia with sigmoid
shape of the organ
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Fig. 4 Achalasia Chicago Type I. Non-relaxing lower esophageal sphincter and failed contrac-
tions and no esophageal pressurization

Esophageal Manometry

Esophageal manometry is considered the gold standard test for the diagnosis of
achalasia. Even though a barium swallow esophagram may unequivocally give the
diagnosis, esophageal manometry can be assertive in dubious cases and also clas-
sify the disease according to the Chicago Classification, the current classification of
esophageal motility disorders and test performance [15] that has prognostic interest
and may guide therapy according to some. The own definition of achalasia is given
by manometry: lack of peristalsis and lower esophageal sphincter failure to relax.

Achalasia is defined by a failure of the lower esophageal sphincter (LES) to relax
completely and the presence of 100% simultaneous waves, as seen in conventional
manometry. Although high-resolution manometry uses a more complex measure
called integrated relaxation pressure (IRP), the definition remains unchanged [16].

The Chicago Classification identifies three types of achalasia based on esopha-
geal pressurization during swallows [17] (Figs. 4, 5, and 6). This classification is
popular because it links to prognosis and can guide therapy. However, numerous
variants were described but without clear treatment guidelines, and insufficient
studies resulting in low level of recommendations [18]. These variants denote an
inconclusive diagnosis and demand further investigation with other tests. They are:
(1) absent contractility with no appreciable peristalsis in the setting of IRP values at
the upper limit of normal in both positions, with or without panesophageal pressur-
ization in 20% or more swallows; (2) appreciable peristalsis with changing position
in the setting of a type I or II achalasia pattern in the primary position; and (3)
abnormal IRP with evidence of spasm and evidence of peristalsis. Again, the evi-
dence provided is low [19].

The complexity of aperistalsis variants results in an interobserver agreement for
diagnosing achalasia between 75-84%, even among experienced interpreters [20].
It is too early to determine if artificial intelligence will improve these numbers [21].
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Fig. 5 Achalasia Chicago Type II. Non-relaxing lower esophageal sphincter and failed contrac-
tions but panesophageal pressurization in at least 20% of swallows

Fig. 6 Achalasia Chicago Type II. Non-relaxing lower esophageal sphincter and failed contrac-
tions but premature contractions in at least 20% of swallows

pH Monitoring

GERD is paradoxical in treatment-naive cases because the lack of LES relax-
ation prevents flux and reflux. However, pseudoreflux may occur due to intralu-
minal food fermentation and intrinsic acid production leading to false-positive
tests. It is easily recognized by the presence of very long nocturnal episodes of
esophageal acidification and almost absent reflux in the upright position
(Fig. 7) [12].
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upright position supine position upright position

Fig.7 Pseudoreflux in a patient with achalasia seen as very long nocturnal episodes of esophageal
acidification and almost absent reflux in the upright position

Fig. 8 Endolumenal
functional lumen imaging
probe (EndoFLIP)
measurement of the
esophagogastric junction
compliance

Endolumenal Functional Lumen Imaging Probe

The endolumenal functional lumen imaging probe (EndoFLIP) measures EGJ com-
pliance (Fig. 8). According to the Chicago Classification, it is a supportive test in
cases of inconclusive diagnosis [15]. EndoFLIP may identify abnormal EGJ disten-
sibility in patients who exhibit typical achalasia symptoms but lack the classic
manometric features of achalasia [22].
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Conclusion

Upper endoscopy is essential to rule out malignancy related to achalasia, a prema-
lignant disease. Barium swallow helps diagnose and confirm achalasia and provides
a baseline comparison for the esophageal diameter if treatment fails. Esophageal
manometry is the gold standard for diagnosis and aids in prognosis and therapy
selection. The routine use of endolumenal functional lumen imaging probe remains
unclear.
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The last 3 decades have seen significant progress in the diagnosis and treatment of
esophageal achalasia. Conventional manometry has been replaced by high resolu-
tion manometry which has determined a more precise classification of achalasia in
three subtypes, with important treatment implications. Therapy, though still pallia-
tive, has evolved tremendously. While pneumatic dilatation was for a long time the
main choice of treatment, this approach slowly changed in the nineties when mini-
mally invasive surgery was adopted—initially thoracoscopically and then laparo-
scopically. And in 2010 the first report of a new endoscopic technique—per oral
endoscopic myotomy (POEM)—was published, revamping the interest in the endo-
scopic treatment of achalasia [1].

In this chapter we will review the diagnostic evaluation of patients suspected of
having achalasia, and we will discuss the available treatment modalities, stressing
the benefits and risks of each of them. Finally, we will provide a treatment algorithm
based on literature and our own experience.

Achalasia: Evaluation

Dysphagia, regurgitation of undigested food, chest pain and weight loss are the
most common symptoms in patients with achalasia [2]. Today the Eckardt score
is the most frequently used grading system for the evaluation of symptoms of
achalasia and for assessing the efficacy of treatment. It attributes points (0-3
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points) to 4 symptoms of the disease (dysphagia, regurgitation, chest pain, and
weight loss), ranging from O to 12. Patients can also have aspiration of esopha-
geal contents with complications such as wheezing, cough, hoarseness, and
pneumonia [3].

Esophagogastroduodenoscopy (EGD) is always performed to exclude other
causes of dysphagia such as peptic stricture or a tumor. Typical findings are esopha-
geal dilatation and presence of retained food. Esophageal mucosa can be normal or
show signs of esophagitis, usually secondary to food stasis or candida infection. In
about 30—40% of patients, the EGD is normal.

The barium swallow often shows the characteristic ‘bird beak’ sign (narrowing
at the level of the gastroesophageal junction), delayed passage of the contrast from
the esophagus into the stomach, an air-fluid level, and tertiary contractions of the
esophagus. The barium swallow, however, fails to show abnormalities in about 30%
of patients, particularly in the early stage of the disease. It is also very useful as it
shows the diameter and the axis of the esophagus or associated pathology such as an
epiphrenic diverticulum.

Traditionally the diagnosis was established by esophageal manometry per-
formed with water perfused catheters. Achalasia was defined by partial or absent
LES relaxation and absent esophageal peristalsis. The lower esophageal sphinc-
ter (LES) was hypertensive (resting pressure >45 mmHg) in about 50% of
patients [2].

Today the gold standard for the diagnosis of achalasia is the high-resolution
esophageal manometry (HRM). It enables the measurement of the pressure, length
and relaxation of the lower sphincter, and quality of esophageal peristalsis. To con-
firm the diagnosis of achalasia, it is necessary to document lack of normal esopha-
geal peristalsis and partial or absent LES relaxation. The Chicago classification
introduced by Kabhrilas and his colleagues in 2008 and today in version 4.0, distin-
guishes three types of achalasia [4]:

Type I: aperistalsis and absence of esophageal pressurization.

Type II: aperistalsis and pan-esophageal pressurization in at least 20% of swallows.

Type III: premature spastic contractions (distal latency <4.5 s) in at least 20% of
swallows.

The Chicago classification helps choose the proper treatment depending on the type
of achalasia (pneumatic dilatation, laparoscopic Heller myotomy, or peroral endo-
scopic myotomy), and has also important prognostic implications (better outcome
of treatment for type II).

Ambulatory pH monitoring studies are rarely performed. This test is recom-
mended in selected patients who experience heartburn to distinguish between gas-
troesophageal reflux disease (GERD) and achalasia. In addition, a pH monitoring
study should also be performed whenever possible after treatment, as patients can
develop abnormal reflux which is often asymptomatic. This is particularly impor-
tant for young patients in whom the untreated reflux might cause over the years
esophagitis, strictures, Barrett’s esophagus and even cancer.
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Treatment

Today 3 excellent treatments are available—pneumatic dilatation, laparsocopic
Heller myotomy with partial fundoplication, and POEM.

Pneumatic Dilatation

Pneumatic dilatation was the primary treatment modality for many decades, relegat-
ing surgery for patients with recurrent symptoms and for addressing complications
such as perforation. The advent of minimally invasive surgery changed this
approach, particularly in young male patients in whom pneumatic dilatation seemed
to be less effective.

A European prospective and randomized trial comparing pneumatic dilatation
(starting with a 30 mm balloon and reserving 35 and 40-mm balloons for persistent
or recurrent dysphagia) and LHM with a Dor fundoplication was published in 2011.
The primary outcome was therapeutic success (a drop in the Eckardt score to <3) at
the yearly follow-up assessment. After 2 years, the therapeutic success of pneumatic
dilatation (86%) or LHM (90%) was similar [5]. At 5-year follow-up there was still
no significant difference between the two treatments—=84% LHM and 82% pneu-
matic dilatation—but 25% of pneumatic dilatation patients required addition dilata-
tions [6]. Even though these results suggested that these treatment modalities are
equivalent, some limitations of this trial need to be stressed. First, the protocol was
revised during the study period, changing the initial pneumatic dilatation technique
using a 35 mm balloon to a 30 mm balloon after the observation of a 31% perfora-
tion rate with the 35 mm balloon. Second, expert gastroenterologists performed the
pneumatic dilatation while the skills and experience of the surgeons involved in the
study were questionable as they were required to have performed just 5 myotomies
to participate. In addition, the mucosal perforation rate during LHM was 11%, very
high in general and particularly in the absence of previous treatment. Subgroup
analysis showed that patients younger than 40 years had better results with LHM.

Finally, the applicability of the findings of this study to practice in the USA and
abroad is questionable. Because of the extensive use of LHM during the last 15 years
and POEM in the last 10 years, the training and expertise for pneumatic dilation has
faded away considerably. Consequently, it seems that today the pendulum has
swung towards either LHM or POEM as initial treatment for achalasia; in our prac-
tice we reserve pneumatic dilatation for the treatment of recurrent dysphagia after
either LHM or POEM.

Laparoscopic Heller Myotomy with Partial Fundoplication
The last 3 decades have witnessed major changes in the surgical treatment of acha-

lasia, moving from an open operation performed through a laparotomy or thora-
cotomy to a minimally invasive approach.
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The first minimally invasive operation in the United States was performed in January
of 1991 by surgeons at the University of California San Francisco through a left thora-
coscopic approach (thoracoscopic Heller myotomy—THM) [7]. The myotomy
extended for a total of 7-8 cm, but only for 0.5 cm onto the gastric wall, without a
fundoplication. The results of the first 17 patients operated with this technique indi-
cated that while the operation relieved symptoms in 90% of patients, it was associated
with postoperative pathological reflux, as tested by pH monitoring, in 60% of them.
Subsequent studies showed that a laparoscopic approach, with the addition of fundopli-
cation, provided similar relief of symptoms while limiting the incidence of postopera-
tive pathological reflux. For instance, Patti et al. compared the outcomes of 30 patients
who had a thoracoscopic myotomy (THM) to that of 30 patients who had a LHM with
Dor fundoplication. Excellent results were obtained in 87% and 90% of patients
respectively, however postoperative pH monitoring showed pathological reflux in 60%
of patients after THM but in only 10% after a LHM with fundoplication [8]. The
importance of fundoplication in limiting reflux in addition to myotomy was clearly
shown by Richards and colleagues in 2004 [9]. In this prospective, randomized, dou-
ble-blind clinical trial, patients with achalasia were assigned to undergo either Heller
myotomy (21patients) or Heller myotomy plus Dor fundoplication (22 patients).
Pathologic reflux (by pH monitoring) occurred in 10 of 21 patients (47.6%) after Heller
and in 2 of 22 patients (9.1%) after Heller plus Dor (p = 0.005). No significant differ-
ence in outcome between the 2 techniques was observed with respect to postoperative
lower-esophageal sphincter pressure or postoperative dysphagia score. Similar results
have been recently documented by the group at the University of Padua, Italy [10].
Among 615 patients who underwent LHM with Dor fundoplication between 1992 and
2017, pathological reflux was identified by pH monitoring in 55 patients only (9.1%).

Technic of Laparoscopic Heller Myotomy and Dor Fundoplication

A liquid diet is recommended for at least 48 h before the operation because achala-
sia patients are at risk of aspiration during the anesthetic induction. Anesthesiologists
should be aware of this risk and take appropriate precautions. The head of the bed
must be elevated 30° until the airway is secured and a rapid sequence induction is
recommended.

After endotracheal intubation, the patient is positioned supine in low lithotomy
position over an inflated beanbag with the lower extremities extended on stirrups,
with knees flexed 20°-30°. We routinely use pneumatic compression stockings to
reduce the risk of deep vein thrombosis. The surgeon stands between the patient’s
legs, and the first and second assistants on the left and right side of the operating
table, respectively.

* Ports placement

Five 10 mm ports are used for the operation. Port 1 is placed in the midline or
slightly to the left about 14 cm below the xiphoid process. This port is used for
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insertion of the 30° scope. Ports 2 and 3 are placed about 2 cm below the right
and left costal margins (forming an angle of about 120°). Port 4 is placed at
the level of port 1 in the right mid-clavicular line (this is used for the liver
retractor) and port 5 is placed at the level of port 1 in the left mid-clavicu-
lar line.

* Division of Gastrohepatic Ligament

Once the left segment of the liver is retracted and the gastroesophageal junction
(GEJ) is adequately exposed, the gastrohepatic ligament is divided starting above
the caudate lobe of the liver toward the right crus. The esophagus is then separated
from the right crus using a hook cautery and blunt dissection. The posterior vagus
nerve should be identified and preserved.

¢ Division of Phrenoesophageal Membrane

The phrenoesophageal membrane above the esophagus is divided. The anterior
vagus is identified and left attached to the esophageal wall. The esophagus is then
separated from the left pillar or the crus. If a Dor fundoplication is planned, the dis-
section is usually limited to the anterior and lateral aspects of the esophagus, and
there is no need to perform a posterior dissection.

¢ Division of Short Gastric Vessels

Starting from a point midway along the greater curvature of the stomach, the short
gastric vessels are taken down with a vessel sealing system all the way to the left
pillar of the crus. This mobilization is important to avoid any tension when the Dor
fundoplication is created.

¢ Esophageal Myotomy

The gastroesophageal fat pad should be dissected off the anterior surface of the
stomach to expose the GEJ. The esophagus is pulled downward and to the left using
a Babcock clamp applied over the junction. This maneuver will expose the right side
of the esophagus. The myotomy is usually started about 3 cm above the GEJ at the
11 O’ clock position. Once the submucosal plane is identified, the myotomy is
extended proximally for about 6 cm above the GEJ, and distally for about 2.5 cm
onto the gastric wall for a total length of about 8-9 cm.

To perform the myotomy, we use a monopolar electrocautery with a 90° hook.
Bleeding from the muscle edges should not be controlled with electrocautery but
rather with compression with gauze to avoid injuring the esophageal mucosa. If an
esophageal perforation occurs it should be repaired using 4-0 or 5-0 absorbable
suture material.
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¢ Dor Fundoplication

A partial fundoplication is performed to decrease the risk of postoperative reflux.
The Dor fundoplication is an 180° anterior fundoplication that has two rows of
sutures (left and right). The left row has three stitches: the uppermost stitch incor-
porates the fundus, the esophageal wall, and the left pillar of the crus; the other two
incorporate the stomach and the cut edge of the myotomy. The gastric fundus is then
folded over the exposed mucosa, placing the greater curvature next to the right pillar
of the crus. The second row of stitches comprises three stitches between the fundus
and the right pillar of the crus. Finally, we place two additional stitches between the
superior edge of the fundoplication and the rim of the esophageal hiatus to avoid
any tension created by the fundoplication.

Excellent results are also obtained when a Toupet fundoplication is used [11]. We
do prefer a Dor fundoplication as it does not need a posterior dissection and because
it covers the exposed mucosa. A Nissen fundoplication should be avoided as it
determines a high resistance at the GEJ, causing recurrent dysphagia over time [12].

We do not routinely obtain a contrast study on postoperative day one. This is done
only if a mucosal perforation occurred during the procedure to check the integrity of
the repair. On postoperative day #1 patients are given a liquid diet for breakfast.

Most patients are discharged within 24 h and resume their regular activity within
2 weeks. Patients are instructed to avoid meat, carbonated drinks, and bread for
2 weeks.

The LHM has shown excellent results over the years. Costantini et al. showed
that the outcome was excellent in 896 of 1001 patients (89.5%) at a median follow-
up of 65 months [10]. The European multicenter study showed a success rate of
84% after 60 months [6]. The long-term results of a prospective and randomized
trial in Sweden comparing PD and LHM showed that after LHM 92% of patients
had excellent results after 5 years, and 80% at 10-year follow-up [13]. Based on
these data, LHM with partial fundoplication is considered today the surgical proce-
dure of choice in achalasia patients.

In our experience, the key elements of a successful operation are a myotomy
extending on the gastric wall for about 2.5 cm and a partial fundoplication, either
anterior or posterior.

Peroral Endoscopic Myotomy

In 2010 Dr. Inoue published the results of a new endoscopic technique called per-
oral endoscopic myotomy (POEM) for the treatment of esophageal achalasia, show-
ing clinical success in 100% of seventeen patients with achalasia [1]. This initial
report represents a milestone in the treatment of this disease, and today POEM is
used in many centers across the world, either as primary treatment or for treating
recurrent symptoms after pneumatic dilatation or LHM.
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The procedure is usually done under general anesthesia and consists of 4 steps: (1)
submucosal injection and mucosal incision, usually 10-12 cm above the GEJ; (2)
submucosal tunneling, extended past the GEJ for 2-3 c¢cm onto the stomach; (3) myot-
omy. The circular fibers are transected with preservation of the longitudinal fibers.
The myotomy extends from 2 cm distal to the mucosal entry to 2-3 cm onto the gas-
tric wall; and (4) closure of the mucosal entry with clips or endoscopic sutures.

Many studies have shown that POEM is effective in relieving symptoms in more
than 90% of patients, suggesting that it might be considered the primary treatment
modality for patients with achalasia. However, POEM has a clear “Achilles heel” due
to a remarkably high incidence of post-procedure GERD, usually around 50%, as the
procedure is based on a myotomy alone without a fundoplication. This finding repro-
duces the results of the prospective and randomized trial comparing a laparoscopic
myotomy alone with a laparoscopic myotomy and Dor fundoplication that showed a
6-fold increase in pathologic reflux after a myotomy alone as compared to a myotomy
and Dor fundoplication [9]. A meta-analysis by Schlottmann et al. comparing the
efficacy of POEM and LHM and the incidence of post-procedure reflux in patients
with achalasia, showed that control of symptoms was excellent with either procedure
(at 2-year follow-up 92.7% after POEM and 90% after LHM). However, pH monitor-
ing showed that the incidence of pathological reflux was more than 4-fold higher after
POEM as compared to LHM with partial fundoplication (47.5% versus 11.1%) [14].
These findings have been recently confirmed in a multi-center, randomized, and con-
trolled trial comparing the endoscopic and the surgical myotomy in patients with
esophageal achalasia. A total of 221 patients were randomized to either POEM (112
patients) or LHM (109 patients) [15]. At 2-year follow-up clinical success was
observed in 83% of patients in the POEM group and in 81.7% in the LHM group. The
incidence of pathologic reflux was 57% after POEM and 20% after LHM.

This high incidence of GERD after POEM must be considered when treatment is
chosen, particularly in young patients as a life-long exposure to reflux can cause
esophagitis, strictures, Barrett’s esophagus, and even adenocarcinoma.

The achalasia subtype, as shown by HRM, must be taken into consideration
when planning treatment. Both LHM and POEM can be chosen as primary treat-
ment for type I and II achalasia, but POEM is superior to LHM for type III, probably
because it allows a longer myotomy onto the esophageal wall [16, 17].

Over the years we have developed the following treatment algorithm (Fig. 1),
based on the data presented above our preferred initial treatment is a laparoscopic
Heller myotomy with Dor fundoplication. If symptoms recur, we initially treat the
patient with pneumatic dilatation as this approach has been shown to be safe and
effective [18]. In case of failure of pneumatic dilatation, we use POEM, usually very
safe as the myotomy can be done on the posterior wall of the esophagus [19].
Esophagectomy should be considered as a last resort only after the failure of all the
other treatment modalities.
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Fig. 1 Treatment algorithm of esophageal achalasia

Conclusions

Today we have 3 excellent treatment modalities to improve the quality of life of
patients affected by achalasia. We feel that the best results are obtained in in multi-
disciplinary centers where expertise is present and the treatment can be tailored to
the individual patient.
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Introduction

Primary esophageal motility disorders (PEMD) are those named alterations in
esophageal motility not attributed to an identifiable cause, such as gastroesopha-
geal reflux disease (GERD) or opioid usage, e.g. [1]. They present with a specific
manometric pattern. Thus, they may be considered diseases per se. PEMD clas-
sification evolved from the classical model proposed by Richter [2] in the begin-
ning of the century, at the time of conventional manometry, to the Chicago
Classification, now in its 4.0 version [3], adapted to the era of high-resolution
manometry, and periodically updated by a panel of experts. Other tests, such as
barium esophagram, do not define disease anymore but are only adjuvant tools for
diagnosis confirmation.

Chicago classification brought new parameters and novel nomenclature to
PEMD besides a hierarchical flow of diagnoses avoiding overlapping of diagnosis
and prioritizing some findings over others. Accordingly, PEMD with altered relax-
ation of the lower esophageal sphincter (LES) has precedence over other diagnoses
and peristalsis abnormalities have a determined rank (Fig. 1).

Among all PEMD, achalasia is certainly the only one with a reasonable consen-
sus regarding diagnosis and treatment [4] and the one whose manometric definition
has not changed along time.
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Fig. 1 Hierarchical flow
of diagnoses for primary
esophageal motility

Abnormal LES relaxation

disorders based on Absent peristalsis Peristalsis present

high-resolution manometry l l

findings according to the

Chicago Classification 4.0 achalasia -
esophagogastric

[3]..LES lower esophageal outflow

sphincter obstruction

Normal LES relaxation

Absent peristalsis mmm) absent
contractility

distal
Premature
contractions esophageal
spasm

hypercontractile

Hypercontractility s| hag
esophagus

Hypocontractility By Ineffective
Esophageal

motility

Diagnosis
Esophagogastric Junction Outflow Obstruction

Esophagogastric junction outflow obstruction (EGJOO) is manometrically defined
by “abnormal median integrated relaxation pressure (IRP) (supine and upright),
>20% elevated intrabolus pressure (supine), and not meeting criteria for achala-
sia”. In simpler and less technical words, manometry must show two characteris-
tics. First, abnormal relaxation of the LES, as measured by the IRP, a complex
parameter that calculates the mean pressure of 4 s of greatest post-deglutive relax-
ationina 10 s gap, triggered at the beginning of a swallow, which corresponds to the
relaxation of upper esophageal sphincter [5]. Second, peristalsis preservation to
exclude the diagnosis of achalasia [6]. The presence of elevated intrabolus pressure
confirms physiological obstruction. The current protocol demands confirmation of
abnormal LES relaxation changing patient position during the test [7]. The protocol
goes further suggesting pharmacological provocation with using amyl nitrite to con-
firm relaxation deficit [8] but this has not reached routine practice. Figure 2 illus-
trates a case of EGJOO.

Among the PEMD, EGJOQO is probably the one that deserves more care to pre-
vent overdiagnosis. Most cases are clinically irrelevant [3]. Thus, to be considered
a disease, the manometric scenario must be accompanied by symptoms of
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Fig.2 Manometric tracing
for esophagogastric
junction outflow
obstruction. Note abnormal
LES relaxation during
deglutition (circle),
increased intrabolus
pressure (arrow) and the
presence of peristalsis

dysphagia and/or chest pain and confirmation with a supplementary test such as
barium swallow or Functional Lumen Imaging Probe (FLIP) [3]. This is a frequent
finding after operations at the esophagogastric junction [9] and in the presence of
hiatal hernia [10].

Absent Contractility

Absent contractility is manometrically defined by 100% failed peristalsis with
normal LES relaxation (Fig. 3). Supportive tests may be used to rule out acha-
lasia in dubious cases [11]. It is interesting that the current classification left
the term aperistalsis to achalasia. This is frequently found in patients with
diseases of the connective tissue affecting the esophagus and rarely in healthy
volunteers.

Distal Esophageal Spasm

Distal esophageal spasm is manometrically defined by >20% swallows with prema-
ture/spastic contraction [3] identified by a short distal latency parameter and normal
LES relaxation (Fig. 4). Also here, to be considered a disease, the manometric sce-
nario must be accompanied by symptoms of dysphagia and/or chest pain.
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Fig. 3 Manometric tracing
for absent contractility.
Note peristalsis absence
but normal lower
esophageal sphincter
relaxation

Fig. 4 Manometric tracing
for distal esophageal
spasm. Note premature
waves shown as
verticalized contractions
(compare to normal wave
in the inset)

Hypercontractile Esophagus

Hypercontractile esophagus is manometrically defined by >20% hypercontrac-
tile swallows and normal LES relaxation [12] (Fig. 5). This condition was previ-
ously called nutcracker esophagus during the conventional manometry era
(some radiologists still use this nomenclature) and, posteriorly during the early
high-resolution era, as jackhammer esophagus. Chicago Classification 4.0
defined subgroups for this condition, leaving the name jackhammer for a subset.
This subclassification; however, is not much used due to the rarity of the dis-
ease, creating very small clusters if subgrouping is applied. Also here, to be
considered a disease, the manometric scenario must be accompanied by symp-
toms of dysphagia and/or chest pain.
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Fig.5 Manometric tracing
for hypercontractile
esophagus. Note
hypercontractile wave

Fig. 6 Manometric tracing
for ineffective esophageal
motility. Note
hypocontractile waves

Ineffective Esophageal Motility

Ineffective esophageal motility is manometrically defined by >70% ineffective
swallows (weak contractions) or 250% failed peristalsis and normal LES relaxation
[11] (Fig. 6). Some supportive tests are recommended in dubious cases but with a
low degree of evidence: poor bolus transit on impedance or barium esophagram and
lack of contraction reserve on the provocative test of multiple rapid swallows [3].
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Treatment
Esophagogastric Junction Outflow Obstruction

As above mentioned, most EGJOO cases are secondary to mechanical obstruction
or operations at the esophagogastric junction. These cases should be treated accord-
ingly, and they will not be discussed in this chapter. EGJIOO as a PEMD represents
a functional obstacle at the esophagogastric junction similar to achalasia. As such,
therapy is aimed towards destroying the LES either by endoscopic pneumatic dilata-
tion, peroral endoscopic myotomy (POEM) or Heller’s myotomy and fundoplica-
tion. However, if symptoms are mild, it is licit to adopt a conservative wait-and-see
management since spontaneous resolution of symptoms over 6 months is possible
in up to % of the patients [13]. Pharmacological therapy, on the other hand, shows
variable, usually bad and short-duration outcomes [13].

Pneumatic dilatation has been tried in the setting of EGJOO. Most series encom-
pass a small number of patients (frequently below 30) with 30—70% symptom reso-
lution [14-16]. Unfortunately, there are no studies with post-procedure
pHmonitoring, since GERD is the main drawback of the method, as shown by the
experience gathered with achalasia treatment. Cases treated by Heller’s myotomy
showed good outcomes while POEM did not show good results at the beginning of
experience [17]. Currently both treatments are comparable, with symptoms resolu-
tion in over 80% of the cases, even though POEM has a higher incidence of GERD
[18], again, following the same experience as found for achalasia.

Absent Contractility

Absent contractility is a rare finding as a PEMD, i.e., in the absence of opioid usage
or connective tissue diseases. Absent contractility in the setting of connective tissue
diseases is frequently associated with GERD and therapy should be aimed at GERD
[19]. Most cases therapy is limited to lifestyle and dietetic modification with some
attempts to use prokinetics drugs but mostly not successful [20].

Some isolated reports advocate achalasia-like treatment aimed at the LES ion
selected cases where functional obstruction at the esophagogastric junction can be
demonstrated [21, 22].

Distal Esophageal Spasm

Distal esophageal spasm and hypercontractile esophagus are frequently grouped as
spastic disorders of motility. Therapy is aimed towards decreasing muscular con-
traction, this time not only of the LES, but of the esophageal body.

Medical treatment mostly targets symptomatic relief and often fails [23]. There
are no studies on Heller’s myotomy for distal esophageal spasm based on the cur-
rent classification. Previously, lack of LES relaxation could be part of the disease,
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and most series aimed at these patients. Current classification would include these
cases as EGJOO. Some case reports of POEM for distal spasm have been reported
with some multicenter studies but never surpassing 20 patients [17]. Results seem
to be promising in selected patients [23].

Hypercontractile Esophagus

Just like distal esophageal spasm, therapy is aimed towards decreasing muscular
contraction, this time not only of the LES, but of the esophageal body. Also, similar
to distal spasm, current definition precludes a lack of relaxation of the LES, thus old
literature should be viewed with discretion.

There are few studies based on the new classification. Even worse, some mix
results for different PEMD and include patients with GERD [24].

There are no studies with Heller’s myotomy. POEM has been only evaluated in
a few uncontrolled studies in small cohorts [25]. Results are good in these series
with symptom control in over 80% of the cases [25-27], data supported by a recent
meta-analysis [28].

Ineffective Esophageal Motility

The treatment for ineffective esophageal motility is similar to absent contractility.
Pharmacological therapy is more a future perspective than a clinical reality [29].
Most cases therapy is limited to lifestyle and dietetic modification. We have rou-
tinely referred patients with primary IEM and dysphagia to speech language therapy
and satisfaction has been consistently good. Speech language therapists are able to
teach forceful swallow maneuvers using the pharyngeal pump to help esophageal
peristalsis, probably very similar to achalasia patients [30]. Also, they may rehabili-
tate swallow practices such as rapid eating [31].

Conclusion

PEMD presents with unique manometric patterns. Thus, diagnosis is dependent and
exclusive of esophageal manometry. Adjunct tests can and should be used in dubi-
ous cases or to provide confirmation of the diagnosis. GERD, and less frequently
other causes as well, may be the causative factor for most manometric patterns that
define the PEMDs. Symptoms are not discriminatory [32], thus pHmonitoring is
also essential in the workup of these patients. If GERD is present, therapy is aimed
at reflux control.

Treatment is usually aimed towards actions modulating esophageal contractions
for the spastic disorders and lifestyle changes for the hypomotilities.
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Epiphrenic diverticulum (ED) is a pulsion diverticulum located in the distal 10 cm
of the esophagus. It is due to the herniation of the mucosa and submucosa through
the muscle layers of the esophageal wall.

Pathophysiology

While initially it was thought that an ED was a primary anatomic abnormality, more
than 60 years ago Effler and Belsey suggested that an ED was probably secondary
to an underlying esophageal motility disorder [1, 2]. However, even today, this issue
is still controversial. Some authors, in fact, feel that a primary motility disorder such
as achalasia underlies the development of the diverticulum in 75%-100% of cases
[3, 4], while others believe that this relationship is not as frequent [5, 6]. The impli-
cations are very important as to whether a myotomy should be a routine part of the
operation instead of being used in selected cases.

Achalasia and diffuse esophageal spasm are the disorders more commonly docu-
mented. A possible explanation for the finding of normal motility by manometry in
some patients may be due to the intermittent nature of diffuse esophageal spasm.
During a conventional manometry, lower esophageal sphincter function and esoph-
ageal peristalsis are usually assessed by observing ten swallows of 5 ml of water at
30 s intervals. Therefore, it is possible that during the 30—40 s of the test, spastic
activity is not present. The hypothesis that a primary esophageal motility disorder is
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present in all patients with ED was tested by Nehra and colleagues using ambula-
tory manometry (which allows the analysis of 1000 swallows over 24 h), in addition
to standard manometry [3]. Among 21 patients with ED, an esophageal disorder
was demonstrated in 71% of patients by standard manometry but in 100% of patients
when the ambulatory test was used. The findings of this study are very important as
they support the routine performance of a myotomy regardless of the findings of the
standard esophageal manometry.

Clinical Presentation

Dysphagia, regurgitation, chest pain and weight loss are the most common symp-
toms. These symptoms are thought to be secondary to the underlying motility disor-
der rather than the diverticulum [7]. Heartburn can be present, and it is secondary to
stasis and fermentation of the retained food rather than real gastroesophageal reflux.
Some patients can present with respiratory symptoms such as cough, asthma, and
pneumonia [8]. Complications such as bleeding and perforation are rare [9, 10]. The
development of a squamous cell carcinoma within the diverticulum has been
reported and stresses the importance of endoscopic follow-up in patients with an
untreated asymptomatic diverticulum or when a myotomy alone is performed leav-
ing the diverticulum in place [11].

Evaluation

Barium Swallow The barium swallow is probably the most important test for
establishing the diagnosis and for planning the operation. This test defines the loca-
tion of the ED (right or left), the size of the neck, and the distance from the gastro-
esophageal junction (Fig. 1).

In 70%-75% of patients the diverticulum is located on the right side [8] and
10%—-15% of patients have two or more diverticula [12].

Endoscopy Because dysphagia is often the presenting symptom, endoscopy is nec-
essary to rule out cancer. In addition, when the manometry catheter does not cross
the gastroesophageal junction, endoscopy under sedation allows proper placement
of the catheter [13].

Esophageal Manometry Standard manometry identifies associated motility disor-
ders in 70%—-85% of patients. Based on the data available, and our own experience
[8], it seems that this test is often of academic interest but does not affect manage-
ment when a myotomy is routinely included.
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Fig.1 Barium swallow
with measurement of size
of the pouch, size of the
neck and distance from the
gastroesophageal junction

Treatment

Indications We and others believe that treatment should be reserved for symptom-
atic patients only. This approach is based on two reasons: (1) fewer than 10% of
asymptomatic patients develop symptoms due to the diverticulum [14]; and (2) even
in expert hands the operation carries significant morbidity and mortality [15, 16].
In some patients the diverticulum is an incidental finding on a chest X-ray.
However, before classifying these diverticula as “asymptomatic”, it is important to
evaluate for the presence not only of esophageal symptoms such as dysphagia or
regurgitation, but also for respiratory symptoms such as night cough, asthma, or
pneumonia which might be due to aspiration and lead to severe complications [17].

Laparoscopic Diverticulectomy, Myotomy and Dor Fundoplication
The initial steps (port placement, division of the gastrohepatic ligament, division of

the phrenoesophageal membrane, and division of the short gastric vessels) are like
those of a laparoscopic Heller myotomy for patients with achalasia [18].
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Dissection 1t can be very demanding especially for higher diverticula. The most
challenging aspect is the identification of the upper border of the diverticulum and
of its neck. It is important to dissect the neck of the diverticulum free of the sur-
rounding tissue and clearly identify the muscle layers before the stapler is applied.
We find it very useful to pass a Penrose drain around the gastroesophageal junction
as it allows traction facilitating the dissection in the posterior mediastinum.

Transection of the diverticulum After the entire diverticulum is freed from sur-
rounding structures and the neck is clearly identified, a 50-F to 56-F bougie is
placed inside the esophagus to avoid narrowing of the lumen when the stapler is
applied. A reticulating stapler is placed across the diverticular neck, parallel to the
esophageal body, and the height of the staples is based on the thickness of the tissue
at the transection site. Depending on the size of the neck, more than one application
might be necessary. After inspection for staple line formation and bleeding, the
muscle layers are approximated over the staple line using interrupted sutures.

Myotomy The myotomy should be done 180° opposite the diverticulum to avoid
interference with the muscle closure. The myotomy should extend upward all the
way to the diverticular neck and downward for about 2.5 cm onto the gastric wall.

Closure of the esophageal hiatus As the esophageal hiatus is quite wide at the end
of the dissection, the crura should be approximated before the fundoplication is
performed.

Partial fundoplication Because of the abnormal esophageal peristalsis, it is felt
that a total fundoplication can create too much resistance at the level of the gastro-
esophageal junction, so that most authors prefer either a Dor or a Toupet fundoplica-
tion [18-20]. While in patients with achalasia a total fundoplication can cause
recurrence of symptoms over time [21], in patients with achalasia and ED it can also
cause a leak from the staple line because of the high intraluminal pressure [16].

The Evolution of the Treatment of Epiphrenic Diverticulum

Two considerations question the wisdom of resecting the diverticulum in addition to
the myotomy and fundoplication: (1) most symptoms are caused by the underlying
esophageal motility disorder rather than the diverticulum per se; and (2) the diver-
ticulectomy is the component of the operation that is most frequently the cause of
morbidity and mortality secondary to a leak from the staple line [16, 22]. Specifically,
would a myotomy alone without diverticulectomy ameliorate the symptoms experi-
enced by the patients?

A very important study addressing this question was published by Allaix and
colleagues from the University of Chicago [7]. They compared the outcome of six
patients with ED who underwent myotomy, diverticulectomy and Dor fundoplica-
tion to that of seven patients in whom the diverticulum was left in place, because
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very small in 3 (between 2 and 3 cm) or for technical reasons in four patients (the
upper pole of the diverticulum and the neck could not be safely dissected because of
severe adhesions or because too far from the gastroesophageal junction) (Fig. 2).
Both the duration of symptoms (36 = 33 vs. 30 + 35 months) and the Eckardt score
(6.5 +2.1 vs. 6.6 + 3.3) were similar in the two groups. One patient in the diverticu-
lectomy group had a staple line leak that was successfully treated by a combination
of a drain placed by interventional radiology, next to the staple line, total parental
nutrition, and endoscopic clips (Figs. 3 and 4). The study showed a similar resolu-
tion of symptoms in the two groups: at a median follow-up of 2 years the Eckardt
score was 0 in the excised ED group and 0.1 in the non-excised group [23].

Wescott and colleagues recently described the result of the “myotomy first
approach” in 22 patients with ED [23]. There were no perioperative complica-
tions, and the average length of stay was 2.5 days. At a mean follow-up of
68 months, dysphagia was resolved in 77% and regurgitation in 86% of patients.
Three patients had persistent symptoms and two of them underwent a transtho-
racic diverticulectomy (one patient with resolution of symptoms and one patient
with no improvement).

Based on the prior considerations and the results of these studies showing that in
most patients the diverticulum can be left in place without sequelae, peroral

Fig.2 Barium swallow
shows a right-side
diverticulum in a patient
with diffuse esophageal
spasm. Because of the
distance from the
gastroesophageal junction,
it was left in place and a
myotomy and Dor
fundoplication were
performed. The patient had
complete resolution of
dysphagia and
regurgitation
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Fig. 3 Esophageal leak
from the staple line

Fig. 4 Percutaneous
drainage of
esophageal leak
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endoscopic myotomy (POEM) has been recently used successfully for the treatment
of ED [24-28].

A recent international multicenter study evaluated the clinical outcome of POEM
with and without septotomy in patients with symptomatic ED [28]. A total of 85
patients were treated in 21 centers between January 2014 and January 2023. The
most common underlying disorder was achalasia. Clinical success was defined as
Eckardt score < 3, or 1 point drop in the score for patients with baseline score <3,
without the need for repeat surgical or endoscopic intervention during follow-up. At
a median follow-up of 8 months, clinical success was excellent and similar in the
two groups (POEM and septotomy 89.6% with Eckardt score of 1—POEM alone in
89.2% with Eckardt score of 1). A leak occurred in one patient (1.2%, managed with
antibiotics, chest tubes and endoscopic treatment), and two patients had bleeding
(managed with blood transfusions and endoscopic treatment). Reflux symptoms
occurred in 26.5% of patients and endoscopy showed esophagitis in 21.3% of them.
Fifty-three per cent of patients were taking PPI medications. This study clearly
shows that POEM has a role in the treatment of patients with ED as it is technically
feasible and safe, with excellent short-term clinical outcomes, and has the advan-
tage of allowing a longer myotomy while being less invasive than surgery. However,
as shown in achalasia patients treated with POEM, it is associated with a much
higher rate of pathologic reflux as compared with a laparoscopic Heller myotomy
with fundoplication [29, 30].

Overall, we feel that because ED is a very rare disorder, patients should be treated
in a multidisciplinary center where therapy can be tailored to the individual patient
and complications treated successfully.
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Epidemiology

EoE was first reported in the literature in 1978 and has been increasingly recognized
in both pediatric and adult populations [1]. Population-based studies of EoE epide-
miology show large heterogeneity based on study methodology and geographic
location [2]. A 2022 meta-analysis estimated a worldwide pooled incidence of 5.31
per 100,000 person-years and a pooled prevalence of 40.04 cases per 100,000 per-
son-years [3]. Both incidence and prevalence were noted to be higher in adults than
in children. In adults, the disorder is most commonly diagnosed during the third
decade of life [4, 5]. Other studies have found prevalence to be as high as 56.7 per
100,000 persons in the United States, equivalent to 152,152 cases [6]. Men are more
commonly affected, with an estimated threefold higher prevalence compared to
women [5, 7]. The disease is also more predominant in white patients, who com-
prise 84% of affected individuals, and higher in high-income countries [8, 9].
Furthermore, studies have found increased prevalence of EoE in cold/arid climates
along with urban settings [10, 11].

In addition to environmental factors, the disease pathogenesis is influenced by
genetic susceptibility. Genome-wide association studies have identified over 40 spe-
cific genetic EoE-risk loci, several of which are associated with a variety of allergic
conditions [12, 13]. Family studies have estimated the overall risk of developing
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EoE to be 41% in monozygotic twins, 22% in dizygotic twins, and 2.4% in siblings,
all higher than in the general population [14].

Diagnosis
Clinical Symptoms

The diagnosis of EoE relies on the combination of esophageal symptoms, endo-
scopic features, and at least 15 eosinophils per high-power field on histology. For
infants and toddlers, maladaptive feeding behaviors are commonly present whereas
vomiting, abdominal pain, and gastroesophageal reflux are more common later in
childhood [15]. In contrast, dysphagia and food impactions are the most common
presenting symptoms during the teenage years [16, 17]. For adults, the most com-
mon presenting symptom is dysphagia [18]. EoE is the culprit etiology in 12%—15%
of patients presenting with dysphagia and ~50% in patients presenting with food
impaction [18-20]. Esophageal inflammation with deposition of subepithelial
fibrous tissue leads to remodeling and subsequent alterations in esophageal motility.
These changes promote the progression of esophageal inflammation to fibrosis and
stricture formation [21].

A prompt diagnosis is dependent on eliciting a comprehensive history of upper
gastrointestinal symptoms and eating habits. It is important to note adaptive behav-
iors when obtaining a dysphagia history. These behaviors can include excessive
fluids per bite, modifying foods to be smaller/easier to swallow, eating slowly,
avoiding hard textures, and excessive chewing [22]. A detailed history of prior food
impactions and therapeutic endoscopic dilations should be gathered. In addition, the
close association with atopy including food allergies, asthma, and eczema should
increase clinical suspicion for EoE [23].

In 2022, international experts created a consensus EoE severity scoring system
called the “I-SEE” score that incorporates symptoms, endoscopy, and histology
[24]. The “I-SEE” score can be useful for benchmarking EoE disease activity and
tracking clinical response to therapeutics. Other useful clinical tools include the
Dysphagia Symptom Questionnaire, Eosinophilic Esophagitis Activity Index
patient-reported outcome score, and the Pediatric Eosinophilic Esophagitis
Symptom Score [25-27].

Endoscopic Evaluation

The goals of endoscopy are to rule out alternative diagnoses, evaluate for distinctive
endoscopic features, and obtain at least six biopsies from two esophageal levels for
histologic analysis. Characteristic endoscopic findings include linear furrows, con-
centric rings, strictures, white exudates, and a decreased vascular pattern (edema).
Linear furrows run longitudinally along the esophageal wall, whereas rings are
located horizontally and are commonly referred to as trachealization [28]. The
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white exudate is composed of eosinophilic microabscesses, which can be confirmed
on histology [29]. Studies have shown that exudates, furrows, and edema correlate
with inflammation, whereas rings and stricturing reflect fibrotic remodeling [30, 31].

Additional esophageal abnormalities include feline esophagus (transient concen-
tric rings that disappear with insufflation), narrow caliber esophagus, and crepe
paper esophagus defined by mucosal fragility [32, 33]. Compared to adults, children
with EoE tend to have a more normal-appearing esophagus, which could be attrib-
uted to less chronic inflammatory burden [34].

The updated 2025 ACG clinical guidelines suggest the routine use of the
Eosinophilic Esophagitis Endoscopic Reference Score (EREFS) for patients with
known EOE. EREFS includes separate scoring for each third of the esophagus and
includes edema (0-2), rings (0-3), exudates (0-2), furrows (0-2), and strictures
(0-1) [35]. The EREFS can be applied both at index endoscopy at time of diagnosis
as well as subsequent endoscopies to monitor disease progression and trend response
to therapy [36]. Follow-up studies note the EREFS score has only modest ability to
predict histologic disease activity and response to treatment [37, 38].

Histologic Evaluation

Eosinophils are typically absent in the esophagus; thus, eosinophilic infiltration of
the esophagus signifies pathology [39]. Several conditions can lead to eosinophil-
mediated esophageal inflammation in addition to EoE. The etiology for secondary
esophageal eosinophilia includes gastroesophageal reflux disease (GERD), eosin-
ophilic gastrointestinal diseases (EGIDs), hypereosinophilic syndrome, celiac
disease, Crohn’s disease, achalasia, graft vs host disease, infection, drug hyper-
sensitivity, among others [28]. EoE is a patchy condition and the preferred
approach is to target areas of endoscopic inflammation and obtaining at least two
to four biopsies from the proximal and distal esophagus (at least two distinct lev-
els) [40].

The presence of 15 or more eosinophils in at least one microscopic high-power
field (hpf) of both the proximal and distal esophageal epithelium is suggestive of an
EoE diagnosis, but similar to clinical and endoscopic features, this alone cannot
confirm EoE [31]. This threshold is applied to both adult and pediatric patients.
Gastric and duodenal biopsies in asymptomatic patients are not routinely recom-
mended [31].

Other Diagnostic Studies

To date, no noninvasive biomarkers exist to aid in EoE diagnosis, monitoring, or
treatment. Several potential noninvasive biomarker (i.AQle. eosinophil cationic
protein (ECP) and galectin-10 (CLC/GAL-10)) continue to be studied though none
are currently cost-effective or recommended. Both serum immunoglobulin (Ig) E
levels and peripheral eosinophilia are frequently elevated in EoE patients (along
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with allergic conditions and parasitic infections), but neither has adequate sensitiv-
ity and specificity to utilize in clinical practice [41, 42].

While EoE-related inflammation and fibrosis impacts esophageal function, esopha-
geal manometry is not part of the diagnostic algorithm. There is no correlation between
manometric motility findings with endoscopic features or symptoms [43]. A recent
study of high-resolution manometry in EoE patients undergoing corticosteroid therapy
also did not identify clear manometric parameters for treatment monitoring [44].

Other measurements of esophageal inflammation are being investigated, as endos-
copy with esophageal biopsies is the current diagnostic standard of care. Furuta and
colleagues reported that esophageal mucosal biopsies contain a high number of eosin-
ophil granule proteins and developed a mechanism by which to obtain and measure
these proteins using the Esophageal String Test (EnteroTrack) [45]. This study in chil-
dren with EoE found that the quantity of the eosinophil-derived proteins correlated
with mucosal inflammation [45]. A 2019 study found The String Test could distin-
guish active between inactive EoE (area under ROC of 0.83) [46]. Other researchers
at the University of Cambridge examined the role of the Cytosponge as a minimally
invasive way to collect esophageal tissue in EoE patients [47]. This study found the
Cytosponge was well-tolerated, the number of collected eosinophils correlated with
histology, and it offered high sensitivity and specificity (75% and 86%, respectively)
[47, 48]. Further research is needed to expand knowledge of the efficacy of these
methods before they are adapted as routine in clinical practice.

Impedance planimetry with Endoluminal Functional Lumen Imaging Probe
(EndoFLIP, Crospon Medical Devices) has been utilized in EoE to evaluate esopha-
geal mechanical properties [49]. In particular, EndoFLIP provides a more precise
assessment of esophageal distensibility and can identify subtle strictures not seen
endoscopically. However, given limited data and ongoing research, EndoFLIP is not
routinely used in diagnostic or treatment decision making [50]. Radiographic stud-
ies are also not recommended to aid in diagnosing EoE, although barium radiogra-
phy does have a limited utility in EoE patients for closer examination of esophageal
strictures [51].

The Role of Proton Pump Inhibitors

The updated 2025 ACG guidelines no longer require a PPI trial prior to EoE diag-
nosis. Yet, PPIs still have an important role in initial EoE treatment. Along with
antisecretory effects and improved esophageal barrier function, PPIs are anti-
inflammatory and limit eosinophil trafficking to the esophagus by decreasing
expression of eotaxin-3 [52, 53]. A 2024 retrospective cohort study of 305 newly
diagnosed EoE patients found significantly higher rates of histologic remission with
twice daily PPI compared to once daily dosing (54% vs. 12%, p < .0001) [54]. After
an 8-week course, repeat endoscopy with biopsies is recommended to evaluate for
persistent eosinophilic infiltration [55].

A large meta-analysis demonstrated symptomatic improvement after PPI use in
60% of patients with EoE and a histologic response in 50% [56]. No difference has
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been noted in PPI responsiveness between adult and pediatric patients. A 2015
study reported that around 27% of patients had histological relapse over a 1-year
follow-up period and required subsequent PPI dose escalation [57]. Some patients
eventually lose response to PPI therapy and require a change in mechanism to topi-
cal steroid or dupilumab.

All patients found to have 15 eosinophils per high-power field on biopsy who
have not undergone a trial of proton pump inhibitor (PPI) therapy are recom-
mended to initiate this treatment [58]. Given that GERD is the most common
etiology of secondary esophageal eosinophilia, PPI treatment of GERD will likely
result in improved GERD symptoms and a decreased number of eosinophils [59].
In the past, patients with a classic EoE presentation in whom GERD was excluded
but had histologic response to PPI therapy were termed PPI-responsive esopha-
geal eosinophilia (PPI-REE) [60]. At present time, PPI-REE is no longer recog-
nized by the American College of Gastroenterology and the British Society of
Gastroenterology.

Treatment

The treatment approach to EoE is categorized into elimination diets, medications,
and dilation (Table 1). Selection of treatment depends on prior therapy and the
severity of presentation, with the ultimate goals of improving symptoms and mini-
mizing the risk of complications such as food impactions. Dietary therapy encom-
passes three possible approaches: the elemental diet, the allergy test—directed
elimination diet, and the empiric elimination diet (6- and 4-food subtypes).
Pharmacologic therapy ranges from PPIs and topical corticosteroids to the mono-
clonal antibody dupilumab and emerging biologics that target IL-13 (Cendakimab),
IL-5 (Benralizumab), or the siglec-8 receptor (lirentelimab). Patients with symp-
tomatic fibrostenotic disease or refractory symptoms may benefit from endoscopic
dilation (in addition to anti-inflammatory therapy).

Dietary Therapy

Dietary allergens are associated with EoE in both pediatric and adult populations
and carefully designed dietary modifications offer a nonpharmacologic treatment
option [61]. The diet strategy is influenced by patient preference and should ideally
involve both an allergist and a dietician to maximize efficacy and practicality.
Dietitian support (including a feeding therapist if available) is important for all EOE
dietary therapies to increase adherence and minimize the risk of inadequate nutri-
tion intake (particularly with pediatric patients).

Elemental Diet
The elemental diet is the strictest dietary plan and also the most effective, inducing
histologic remission in 90.8% of patients [62]. The diet is free of allergens and
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Table 1 Eosinophilic esophagitis treatment summary

Therapy Description/findings
Dietary therapy
Elemental diet Amino acid-based, allergen-free formula followed by slow

reintroduction of foods
Most effective but also most strict, causing difficulty with adherence
Allergy testing— Elimination of food groups based on allergy testing
directed elimination | Overall poor efficacy and the least favored of the three dietary regimens
diet
Empiric elimination | Six most commonly allergenic food groups (milk, soy, egg, wheat,
diet peanut/tree nuts, shellfish/fish) are removed from the diet and slowly,
individually reintroduced after a symptomatic and histologic response
Pharmacologic therapy

Proton pump Used as initial therapy for EoE

inhibitors Omeprazole 40 mg daily or other equivalent PPI

Topical Used for initial and maintenance therapy in eosinophilic esophagitis
corticosteroids unresponsive to proton pump inhibitor therapy

Budesonide viscous suspension 1-2 mg/day for children or 2—4 mg/day
for adults, typically in a divided dose, or fluticasone via metered-dose
inhaler 110-880 pg/day in a divided dose for children or 1760 pg/day in
a divided dose for adults

Dupilumab Used as “step-up” therapy for refractory symptoms on PPI or other
therapy
300 mg subcutaneously every week (if >40 kg), 300 mg every other
week (if 30 to <40 kg), and 200 mg every other week (if 15 to <30 kg).

Endoscopic treatment

Endoscopic dilation | Usually reserved for patients who relapse on dietary or pharmacologic
therapy
First-line therapy if high-grade strictures are present

The dosing listed in the table is based on the 2025 American College of Gastroenterology guidelines

based on a formula of amino acids, basic carbohydrates, and medium-chain triglyc-
erides [63]. The majority of studies evaluating the elemental diet have been con-
ducted in the pediatric population, demonstrating its effectiveness in improving
both symptoms and histologic inflammation [34, 64, 65]. Studies in adults also
demonstrate efficacy and remission [62, 66]. The main limitation of the elemental
diet is the very narrow profile which limits long-term adherence. After achieving
clinical and histologic remissions, foods can be reintroduced under close monitor-
ing. The diet is frequently reserved for those who lack response to other therapies,
and practitioners may need to use enteral feeding modalities to reach nutritional
needs [67].

Allergy Testing-Directed Elimination Diet

Food allergy testing guides therapy in the allergy testing—directed elimination diet.
Patients undergo skin-prick testing or radioallergosorbent testing to identify specific
allergens [30]. Large variability has been reported in the effectiveness of this dietary
approach. A study in the pediatric population demonstrated histologic remission in
77% of patients, whereas a study in adults showed a poorer response of 34% [68,
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69]. A meta-analysis of both children and adults concluded that only 45.5% of
patients achieved histologic remission [62]. Overall, this dietary approach is limited
by a poor demonstrated association between allergens identified by the standard
testing protocols and EoE exacerbation [70, 71]. Current guidelines recommend
against testing for allergens as they are not well correlated with predicting EoE trig-
gers [72].

Empiric Elimination Diet

The empiric elimination diet is the least restrictive of the three methods and the
most extensively studied. In the 6-food elimination diet, the nutrition plan is altered
by removing six potential allergens: milk, wheat, egg, soy, nuts, and seafood [73].
After confirmed symptomatic and histologic improvements, the food groups are
slowly and individually reintroduced with most patients isolating one or two food
triggers. After reintroduction, the most commonly identified food trigger is wheat
(60%) and dairy (50%) [74]. Histologic remission has occurred in 72%—73% of
patients using this therapy [62, 75]. As compared to 6-food, the alternative 4-food
elimination diet withholds dairy, wheat, egg. It is less studied (and less efficacious
compared to 6-food), but provides an alternative for patients wishing to decrease the
amount of dietary restrictions [67]. One study found 54% of patients achieved clini-
copathologic response [76]. A 2023 multicenter randomized control trial found
1-food elimination diets achieved similar remission rates and comparable histo-
logic/endoscopic improvement as compared to 6-food elimination diets [77]. This
trial promotes eliminating animal milk alone as an efficacious and practical diet
for EoE.

Pharmacologic Therapy

Pharmacologic therapy includes PPIs, topical corticosteroids, systemic corticoste-
roids, monoclonal antibodies and biologics. In September of 2022, the United States
Food and Drug Administration (FDA) approved dupilumab as the first treatment for
EoE. Dupilumab is a monoclonal antibody against the interleukin-4 receptor alpha
(IL-4ror) that targets the type-2 inflammatory cascade by blocking the effect of both
IL-4 and IL-13. Several other antibody-directed agents are currently being studied
and will not be described further in this article.

Topical Corticosteroids
Topical corticosteroids are often used as first-line agents once an EoE diagnosis is
confirmed [31, 78]. Corticosteroids decrease eosinophil mucosal migration by
inhibiting cytokines, leading to reduced remodeling and tissue fibrosis [79, 80].
This regimen offers a favorable safety profile; the most commonly cited side effect
is candidiasis, and compared to systemic corticosteroids, adrenal axis suppression is
rare [81].

Both fluticasone administered via a metered-dose inhaler and viscous
budesonide swallowed in a liquid slurry have shown efficacy when initiated with
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an 8-week twice-daily trial [50, 55, 82]. Budesonide oral suspension (BOS) was
approved by the US FDA in February 2024 for patients age 11 years or older. At
the time of publication, the fluticasone propionate orally disintegrating tablet
remains under investigation in phase 3 clinical trials. Studies comparing flutica-
sone to placebo in both adults and children reported a 50%—65% remission rate
[83, 84]. Randomized controlled trials of budesonide vs placebo also highlight
significant improvement in symptoms and eosinophil burden on histology [85,
86]. A 2019 randomized, double-blind clinical trial compared budesonide slurry
to swallowed meter dosed inhaler fluticasone in PPI non-responsive patients with
EoE. The study found similar rates of histologic response (71% in budesonide vs.
64 % in fluticasone) along with similar dysphagia and EREF scores [87]. Updated
ACG guidelines from 2025 recommend either fluticasone MDI or budesonide
slurry for initial treatment.

Systemic Corticosteroids

Limited data exist regarding the use of systemic corticosteroids in EoE. A random-
ized, controlled trial comparing oral prednisone to topical fluticasone demonstrated
no significant difference in clinical and histologic improvements [88]. However,
40% of patients who received prednisone experienced systemic adverse effects
compared to no systemic effects in the fluticasone group [88]. In practice, systemic
corticosteroids are not recommended by the current guidelines and are reserved for
severe refractory cases or instances in which a rapid response is needed.

Dupilumab

Dupilumab is a monoclonal antibody that targets the interluekon-4 receptor alpha
(IL-4rax) to block the cytokine cascade responsible for EoE-related inflammation
[89]. It was first approved by the FDA in March of 2017 for adults with moderate-to-
severe atopic dermatitis. As mentioned above, dupilumab was then FDA approved in
September of 2022 for EoE and expanded to ages 1 through 11 in February of 2024.

The pivotal randomized control trial (RCT) published in December 2022 found
that 60% of patients achieved histologic remission at 24 weeks with subcutaneous
dupilumab (300 mg, dosed every 7 days) compared to 5% treated with placebo
(p < .0001). When assessing for symptomatic relief according to the Dysphagia
Symptom Questionnaire, the weekly dosing was more effective than every other
week (21.9 point decrease vs. 9.6 points; p < .001) [90]. Notably, the RCT was
compromised of a medically refractory cohort; all patients were PPI nonresponsive,
40% with prior esophageal dilation, and 50% with no response to topical steroids or
intolerance [50].

For patients who remain symptomatic after a trial of topical corticosteroids,
dupilumab can be utilized for step-up therapy in most cases. In general, dupilumab
is very well tolerated with the most common side effects being injections site reac-
tion, upper respiratory infections, mild conjunctivitis, and a small risk for arthralgia.
There is no immunogenicity concerns at present time and screening for Tuberculosis
or hepatitis prior to therapy initiation is not required.
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Endoscopic Dilation Therapy

Endoscopic treatment is recommended for patients with a high-grade stricture or
those who clinically relapse despite dietary or pharmacologic therapy. Dilation
does not have an effect on eosinophilic infiltration or underlying inflammation
[91]. Therefore, updated clinical guidance recommends pairing dilation with anti-
inflammatory agents as this can prevent serial dilations after histologic response
is observed [92]. The technique can be performed using either a bougie dilator or
a through-the-scope balloon. No data exist demonstrating the superiority of one
technique over another [55]. A conservative gradual approach to dilation is rec-
ommended to avoid complications, with the objective to dilate the esophagus
between 15 and 18 mm in diameter [93]. Success of endoscopic dilation, defined
by symptom improvement, occurs in 75%—-83% of patients [94, 95]. However,
dilation may not clinically benefit patients without severe strictures [96]. Serial
dilations are often performed to attain symptom response. A study of 164 EoE
patients who underwent dilation concluded that 75% required repeat dilation
within 1 year [97].

Esophageal perforation is rarely seen in EoE and can result from food impaction,
prolonged retching, or mechanical dilation [98, 99]. A retrospective examination of
511 patients estimated the risk of perforation in EoE at 2%, with 80% of cases
resulting from a prolonged food impaction [97]. Studies investigating the risk of
perforation after dilation therapy found the perforation rate to be below 1% [94,
99, 100].

Summary

EoE is a chronic and relapsing inflammatory condition. It is one of the leading
causes of dysphagia and food impactions. Diagnosis requires the presence of esoph-
ageal symptoms along with esophageal eosinophilia confirmed on histologic analy-
sis. There is currently no longer a role for PPI responsiveness in the diagnostic
pathway of EoE. Instead, PPI use is viewed as part of the treatment algorithm for
newly diagnosed EoE. Existing treatment strategies target the underlying inflamma-
tion and aim to provide symptomatic relief (based on Dysphasia Symptom
Questionnaire) along with endoscopic and histologic improvement. Patients with
confirmed EoE are initiated on twice daily PPI, topical corticosteroids, or empiric
elimination diets. For those patients with persistent symptoms or evidence of ongo-
ing inflammation or strictures, therapy can be stepped-up to dupilumab. In the pres-
ence of unrelenting symptoms on therapy or severe stricturing disease, repeat
endoscopy with dilation can be performed. Multiple biologics including monoclo-
nal antibodies and additional corticosteroid formulations are undergoing further
investigation and could be available soon. The goals of EoE treatment are to improve
symptoms and quality of life by decreasing esophageal eosinophilic infiltration and
preventing disease progression.
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