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Pathophysiology and treatment options for gastroesophageal
reflux disease: looking beyond acid
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1Department of Medicine, University of California San Diego School of Medicine, La Jolla,
California.

2Division of Gastroenterology, University of California San Diego School of Medicine, Center for
Esophageal Diseases, La Jolla, California

Abstract

Gastroesophageal reflux disease (GERD) is a disorder due to the retrograde flow of refluxate
into the esophagus. Although GERD is a common clinical diagnosis, its pathogenesis is quite
complex. As a result of its multifactorial development, many patients continue to experience
adverse symptoms due to GERD despite prolonged acid suppression with proton pump inhibitor
therapy. The pathogenesis of GERD involves an interplay of chemical, mechanical, psychologic,
and neurologic mechanisms, which contribute to symptom presentation, diagnosis, and treatment.
As such, GERD should be approached as a disorder beyond acid. This review will investigate
the major factors that contribute to the development of GERD, including factors related to the
refluxate, esophageal defenses, and factors that promote pathologic reflux into the esophagus. In
reviewing GERD pathogenesis, this paper will highlight therapeutic advances, with mention of
future opportunities of study when approaching GERD.

Keywords
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Introduction

Gastroesophageal reflux disease (GERD) is defined as the presence of troublesome reflux or
erosive complications in the esophagus due to retrograde reflux of gastric contents.! While
classically considered a disease of excess acid, up to 50% of patients with GERD experience
little to no relief with pharmacologic acid suppression.2:3 As more is uncovered regarding
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the pathophysiology and etiologies underlying GERD, it is evident that the development of
reflux disease extends beyond acidity of the refluxate. Variance in symptom presentation
and response to treatment can be attributed to the composition of refluxate as well as
factors at the level of the esophagus, such as structural, mechanical, biochemical, and
physiological aspects (Fig. 1). This paper reviews pathophysiologic mechanisms of GERD,
with a focus on potential areas of future diagnostic tools and treatment options targeting
varied mechanisms of GERD beyond acid suppression.

Composition of refluxate

Acid

In GERD, the major component driving esophageal mucosal damage is the refluxate.
Refluxate is able to overcome built-in defenses of the esophageal epithelium due to its
potency, composition, and time of exposure to the esophageal lining.34 Refluxate is made
up of varying levels of acid, bile, pepsin, food contents, and normal gut microbiota.# The
mechanism by which each component affects the esophageal mucosa is distinct, and thus
the etiology of GERD may be specific to the predominant refluxate component and its
mechanism of action (Fig. 2).

Commonly referred to as “acid reflux,” GERD is often considered a disease of acid
refluxing from the stomach into the esophagus. Acid, also known as hydrochloric acid
(HCI), is in fact one of the more toxic components of gastric juice and often is a primary
driver of esophageal irritation and reflux symptoms.# The mechanism by which acid leads
to mucosal injury has been well studied. At the cellular level, HCI-induced damage of the
esophageal mucosa is in part due to its effects on potential difference at the esophageal
mucosa. Generally, the esophageal epithelium is able to maintain an electrochemical
gradient measured /n vitro as potential difference. However, as shown in animal models, an
increase in luminal HCI leads to a significant increase in potential difference. Consequently,
regulation of cell volume becomes less efficient, which can be seen histologically as a

loss of cellular integrity, with evidence of cellular edema and necrosis within the epithelial
lining.> More recent studies have also identified more indirect inflammatory effects of

HCI on the esophageal epithelium. Proinflammatory mediators implicated in animal and
human models include interleukins, such as interleukin (IL)-8, platelet-activating factor, and
interferon-gamma. Release of these mediators leads to the recruitment of immune cells

to the esophageal mucosa and to a cascade of inflammatory pathways that result in the
production of reactive oxygen species (ROS) and further cell damage.5-8

Factors that enhance gastric acid—induced mucosal damage include both chemical and
mechanical features. In particular, the presence of the acid pocket may predispose
individuals to the development of GERD. As a highly acidic zone just distal to the gastric
cardia, the acid pocket is an unbuffered region that forms in both patients with and without
GERD. Its discovery was based on evidence that the frequency of reflux events tends to
increase postprandially despite an increase in pH that results from the buffering effects of
food.? Although this phenomenon has been shown in those without GERD, the presence
and increased size of the acid pocket are more prevalent in patients with GERD. Moreover,
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particular factors that disrupt esophageal clearance, including the presence of a hiatal hernia,
have been associated with increased acid pocket size, such that a hiatal hernia may allow for
increased pooling of acid and thus increase esophageal acid exposure.10

In regards to symptom presentation, gastric acid increases sensitivity to reflux and

thus enhances the perception of reflux symptoms.11 Evidence shows that acid-induced
hypersensitivity may be more significant within more proximal regions of the esophagus
compared with its distal portions.12 This increased sensitivity can likely be explained by
acid’s damaging effects on the esophageal mucosa, leading to impaired mucosal barriers
and increasing exposure of mucosal afferent nerves to toxic refluxate. The anatomy and
pathophysiology underlying reflux-related hypersensitivity will be discussed further in this
review.

Although acid has been identified as one of the major mediators of cellular injury in
GERD, not all cases of GERD are characterized by acidic pH of the refluxate. In patients
with GERD undergoing pH monitoring, a percentage of patients will show a transient
increase in pH above 7.0, suggestive of a predominant alkalinizing agent.13 Prior studies
have demonstrated a correlation between bile acid concentrations and alkaline pH events
during esophageal pH monitoring.14 As detergent molecules, bile acids are capable of
solubilizing cell membranes; however, their ability to permeate through cell membranes
is dependent on a neutralized and thus lipophilic state. In the presence of an acid, bile
acids become protonated and thus do not hold a charge. This permits bile acids to pass
across cell membranes. As such, the cytotoxic effects of bile acids may be enhanced in
the presence of acid, suggesting a mechanistic role of bile acids in GERD in the setting
of duodenogastroesophageal reflux.1®> Furthermore, bile acids also have been shown to
increase hydrogen ion absorption in the esophagus, which may explain the relationship
found between bile acid concentration and the severity of reflux symptoms reported.16
Moreover, higher concentrations of and longer exposure to bile acids both show a correlation
with the progressive esophageal mucosal injury, with specific bile acids having greater
esophageal toxicities.1’

Nevertheless, the relationship between bile and gastric acids in GERD pathophysiology
may be less direct. Although studies have demonstrated a relationship between
duodenogastroesophageal reflux and gastric reflux coexistence with increased severity of
mucosal injury, findings suggest the effects of gastric acid exposure and those of bile
acids likely occur as two distinct events. In this way, bile acid reflux has not been shown
to correlate with esophageal acid exposure as determined by using pH monitoring.18
Furthermore, a poor response to proton pump inhibitor (PPI) therapy does not indicate
the presence of biliary reflux.19 Still, the reverse may be true such that the presence of
bile acid reflux may predict a poor response to PP1s.20 Moreover, as previously mentioned,
the simultaneous presence of both bile acid and gastric acid exposure is associated with
increased severity of GERD.20:21 Whether these effects are synergistic or mechanistically
distinct is unclear; however, the role of bile acid detection and its treatment may lead to
further symptom improvement in the settings of both severe and/or refractory GERD.
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Specifically, in the setting of erosive esophagitis and Barrett’s esophagus (BE), various
inflammatory factors have been associated with bile acids. In particular, the expression

of IL-6, IL-8, COX-2, and TNF-a may be enhanced, with associated recruitment of
inflammatory cells. This increase in proinflammatory cytokines and cells was not observed
in an acid-only cohort, suggesting a direct role of bile acids in esophageal damage.??
More-over, there is evidence that bile acids, when in the presence of an acidic environment,
can lead to an increase in oxidative stress by inducing the release of ROS. Release of ROS
can lead to DNA damage and thus increases the risk of cellular metaplasia.23:24 Overall,

it is evident that bile acids may play a major role in the pathogenesis of GERD and thus
can serve as a potential diagnostic biomarker as well as a therapeutic target. A recent
multicenter placebo-controlled trial of 280 patients with GERD reported that addition of a
bile acid sequestrant (IW 3718) to single-dose PPI therapy led to the reduction of heartburn
and regurgitation.2> The mechanisms by which bile acids can lead to esophageal damage
are many and require further study in order to better understand the utility of bile acid
sequestrants in refractory GERD.

The role of pepsin in mucosal injury of the esophagus is less well defined. As a peptidase
enzyme, pepsin breaks down proteins into smaller peptides, allowing for protein absorption
or further protein breakdown within the intestines. Depending on its protein substrate, pepsin
activity is generally optimized at an environmental pH of approximately 2.0, maintains some
activity at pH 2.0-6.5, and enters a “dormant phase” at a pH between 6 and 8, whereby
pepsin remains inactive but is capable of reactivating upon acidification of its surrounding
environment.26

Despite its broad protein substrate specificity, pepsin is responsible for less than 20% of

the protein digestion that occurs within the digestive tract.2” Nevertheless, given the variety
of proteins that pepsin is able to hydrolyze, release of pepsin into the esophagus and its
contiguous structures can lead to damage of these organs. Unlike the stomach, the esophagus
lacks a mucus layer to protect it from autodigestion by pepsin. By contrast, if pepsin

leaks into the intestine, the alkaline pH of the small intestine quickly deactivates active
pepsin into its dormant form. Therefore, in comparison to its more distal structures within
the gastrointestinal (GI) tract, the esophagus lacks such protective mechanisms against
pepsin. Upon reflux into the esophagus and extraesophageal tissues, pepsin is able to

bind to and damage surface epithelial cells that line these organs.28 Activation of pepsin

can occur by way of two distinct mechanisms: (1) activation upon exposure to acidic
refluxate, or (2) intracellular activation upon epithelial cell uptake. Pepsin with the other
components of refluxate can cause direct cell damage by destroying extracellular protein and
intercellular junctions.2® However, pepsin can also cause indirect cell damage by disrupting
cellular defenses. For instance, in a 2006 study by Johnston et al/., depletion of squamous
epithelial proteins Sep70 and Sep53 was observed upon exposure of laryngeal epithelial
cells to both acid and pepsin; however, depletion of these key stress proteins was not

seen when epithelial cells were exposed to acid alone.3% Moreover, there is evidence that
pepsin may have inhibitory effects on intracellular defense enzymes, leading to oxidative
stress, inflammation, and programmed cell death.3! Pepsin has also been found to cause
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direct damage to intracellular organelles, including disruptions in mitochondrial and Golgi
apparatus functions.32:33 Qverall, pepsin as a component of gastric refluxate can cause
epithelial damage and cell death by various mechanisms. Given its ability to remain dormant
and reactivate upon exposure to the appropriate environmental settings, pepsin and its effects
on GERD may be refractory to acid-suppressing therapies. As such, pepsin has the potential
to serve as a key diagnostic and therapeutic target in future GERD management. Currently,
findings regarding the role of salivary pepsin as a diagnostic marker have been variable,
suggesting that further investigation may be helpful in defining the clinical context in which
pepsin detection may be of greatest utility.34-36 In regards to GERD therapy, prior studies
suggest that alginates, widely used in the treatment of gastroesophageal reflux, reduce
pepsin activity.37:38

Esophageal defenses against gastric refluxate

Structural integrity of the esophageal epithelium

The esophageal mucosa consists of nonkeratinized squamous epithelium divided into three
functionally distinct layers, including the proliferating stratum basalis, a metabolically
active stratum spinosum, and an enucleated stratum corneum. Despite its 2030 cell layers,
there are key characteristics of the esophageal mucosa that make it unable to combat
noxious refluxate components. Lacking mucus-secreting cells and bicarbonate production,
this esophageal lining cannot create the biochemical environment necessary to neutralize
refluxed contents.3? As previously described, pepsin and bile acids are able to work
synergistically with acid, such that acid provides an optimal environment for their caustic
activities and absorption, respectively. Without neutralizing systems at hand, the esophagus
is more prone to damage due to the aforementioned toxic effects of gastric refluxate.

Nevertheless, the absence of neutralization mechanisms within the esophagus does not
explain the varying symptom presentations related to GERD. As previously mentioned,
factors at the levels of the refluxate and the esophagus contribute to GERD pathogenesis
and presentation. In regards to the refluxate, the actions of pepsin and gastric acid on

the esophageal epithelium rely on “breaks” within the cell wall. As with any epithelium,
the esophageal epithelium consists of intercellular junctional complexes that serve to
maintain epithelial integrity and allow for cell—cell transport and signal transmission. Insult
to cell-to-cell junctional complexes by noxious stimuli leads to increased intercellular
permeability and thus further breakdown of the esophageal wall. Loss of intercellular
junctions can lead to further epithelial compromise, as loose intercellular connections
allow toxic contents to more easily access exposed underlying structures that compose

the esophageal wall. In particular, refluxate components can cause noxious stimulation

of neurochemical pathways found within the lamina propria of the esophagus. In order

to gain access to the chemoreceptors of esophageal afferent neurons, pepsin and acids
require intercellular pathways by way of dilated intercellular spaces (DIS). The presence
of DIS on electron microscopy has been described as a sensitive marker for esophageal
damage due to GERD.*%:41 However, other studies have demonstrated that there may be
no correlation between the DIS and GERD and GERD subtypes, such as nonerosive reflux
disease (NERD).4243 Moreover, the presence of DIS may not be as specific to GERD
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as previously described, since some studies have observed similar distribution of DIS

in asymptomatic patients as can be seen in those with GERD.#* Furthermore, although

the resolution of DIS has been observed after PPI therapy,*® other stressors, including
physical, chemical, and psychological stressors, have been associated with the development
of DIS.46:47 Given the conflicting findings regarding the usefulness of DIS detection in

the setting of GERD diagnosis and treatment, the role of endoscopic biopsy in GERD is
currently primarily limited to cases of erosive and eosinophilic esophagitis and surveillance
for BE. Nevertheless, more recent studies have shown evidence that more subtle junctional
changes may be associated with the development of GERD.*8 Mucosal integrity (also
known as mucosal impedance) technology is a novel method to assess the integrity of

the esophageal mucosa during endoscopy. Initial studies suggest that mucosal integrity is
able to distinguish esophageal conditions, such as GERD, eosinophilic esophagitis, and
achalasia in real time.#9:50 With further study and experimental evidence, detection of these
molecular and ultrastructural alterations may assist in GERD diagnosis and potentially
improve targeted therapies.

Neuronal afferents in the esophageal mucosa

Upon reaching neurohormonal targets via DIS, gastric acid acts on specific sensory receptors
within the esophageal wall. These acid-sensitive receptors include three major families:

the acid-sensing ion channel (ASIC), the P2X, and the transient receptor potential (TRP)
families.5! Of the TRP receptors, transient receptor potential vanilloid 1 (TRPV1) receptor
has been identified as one of the major receptors involved in the perception of acid-induced
esophagitis. Upon stimulation by noxious stimuli, afferent neurons transmit the signal as
action potentials along two described pathways: (1) the vagal stimulation pathway and (2)
via spinal afferents. The spinal afferents carry pain sensation to the thalamus by way of

the dorsal root ganglion at levels C1 to L2. By contrast, vagal afferents send signals to

the central nervous system (CNS) via the nodose and jugular ganglia with synapsis at the
nucleus of the solitary tract.52 These neuronal pathways can be used clinically as potential
therapeutic targets when discussing GERD treatment, as described below.

The role of neuronal afferents in the symptom presentation has become of particular interest
as it relates to nonerosive GERD. GERD itself is an umbrella term that encompasses two
subcategories that are based on the degree of structural damage and pathological findings
that result. These subtypes of GERD include NERD and erosive reflux disease.l While
erosive reflux disease can be identified endoscopically, as evidenced by inflammation,
erosive mucosal breaks, and columnarization of the squamous epithelium, patients with
NERD present GERD symptoms but have no endoscopic findings suggestive of esophageal
irritation. Prior studies have suggested that in the setting of NERD, symptoms may

develop as a result of a hypersensitivity of esophageal sensory neurons to refluxed
contents.#4:51:52 To better understand the pathophysiology underlying this sensitivity, studies
have demonstrated that sensory neurons within the esophageal wall may be positioned more
superficially, as compared with patients with esophagitis and BE. As such, despite having
intact epithelial lining, patients with NERD more often report symptoms of heartburn,

as compared with those with either BE or esophagitis. Furthermore, desensitization of
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nociceptors may be at play in cases of esophagitis and BE. BE in particular has been
characterized by hyposensitivity to noxious stimuli.53:54

Many advances have been made in recognizing reflux hypersensitivity, as it is now identified
as one of the five functional esophageal disorders based on the Rome IV criteria.?® In
contrast to NERD, however, patients with reflux hypersensitivity demonstrate normal,
physiologic levels of reflux. Given the varying phenotypes by which reflux can present,
treatment of gastroesophageal reflux can become more complex than previously thought.
Therapeutic advances have been made in targeting neuronal pathways involved in the
perception of GERD-related symptoms. Esophageal neuromodulators, including selective
serotonin reuptake inhibitors and tricyclic antidepressants, have shown promising efficacy
in the treatment of PPI-refractory heartburn.56:57 Furthermore, psychological interventions,
such as esophageal-directed hypnotherapy and cognitive behavioral therapy, seem to be
effective for functional esophageal disorders.58-61

Reduced esophageal clearance of refluxate

Impaired anterograde flow of esophageal and gastric contents can lead to increased exposure
time of the esophageal mucosa to the refluxate. This subsequently results in increased
mucosal damage due to caustic components. Factors that contribute to adequate esophageal
clearance include both chemical and mechanical mechanisms, including gland secretions
and esophageal motility patterns, respectively. Impairments at these levels can result in
reduced esophageal clearance that contributes to GERD development.

Salivary gland secretions.—The role of saliva in promoting esophageal clearance

is primarily by way of acid neutralization. The secretion of saliva is activated by a

specific esophagosalivary reflex, such that the presence of acid within the esophagus
activates esophageal chemoreceptors to stimulate the salivary glands.®2 Saliva itself does
not necessarily affect the motility patterns of esophageal clearance; however, its neutralizing
effects have shown to be associated with increased clearance as compared with controls in
animal models. Further supporting the role of saliva in esophageal clearance is the concept
of nocturnal GERD. During sleep, salivary secretion is significantly reduced. This correlates
with an increased frequency of nocturnal reflux events and an increase in esophageal acid
exposure.®3 Furthermore, various chronic medical disorders and medications that reduce
salivary secretion have been associated with increased reflux episodes and subsequent
development of esophageal reflux disease.%*

Esophageal dysmotility.—The relationship between esophageal dysmotility and GERD
has been well studied, with findings that suggest a bidirectional influence. Many patients
with GERD often present with impaired esophageal matility, including impaired peristalsis
and lower esophageal sphincter (LES) dysfunction. These dysmaotility patterns can slow
esophageal transit time and thus decreased clearance of esophageal contents.5%:66 Factors
that contribute to esophageal dysmotility include intrinsic dysmotility, such as seen in
autoimmune and neuromuscular disorders, and extrinsic mechanical causes, such as the
presence of a hiatal hernia. While it is evident that esophageal dysmotility can lead to
decreased reflux clearance and thus increased exposure time to toxic refluxate components,
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existing injury to the esophageal mucosa by acid can also lead to further adverse effects

on the progression of GERD and symptom presentation. Prior studies suggest a direct
association between the degree of mucosal injury with increased acid exposure and severity
of esophageal motor dysfunction. The resulting esophageal dysmotility can lead to impaired
acid clearance and decreased LES pressure, and thus further exacerbate symptoms and
progression of the disease.8” The severity of esophagitis has also been linked indirectly to
LES pressure and effective peristalsis.?8:6% Thus, an interplay of effects exists between
esophageal dysmotility and reflux, as the two have been shown to contribute to the
development and progression of each other. More specifically, GERD has been associated
with particular metrics of esophageal dysmotility as measured by manometry, including
worsened distal contractile integrity, peristalsis break, lower LES pressure, lower peristaltic
wave amplitudes, and ineffective esophageal motility.56.69

While the relationship between esophageal motility and progression of esophagitis has

been well documented, there are limited available therapeutic options that address
esophageal dysmotility as it contributes to reflux disease. Data generally do not demonstrate
reliable symptom improvement in GERD with prokinetic agents, such as dopamine

receptor antagonists, GABARg receptor agonists, 5-hydroxytryptamine (5-HT) agonists, and
acetylcholine receptor agonists.”® Furthermore, these agents can lead to clinically significant
side effects. Cisapride, in particular, was previously identified as an effective therapy for
GERD; however, owing to its significant cardiac side effects, cisapride was removed from
the market as a medical option for GERD.’! Moreover, despite its effective prokinetic
properties in patients with delayed gastric emptying, metoclopramide’s centrally acting
effects on D, receptors can lead to significant side effects, including restlessness, dystonia,
and tardive dyskinesia.”?

However, there is still a potential for prokinetic agents in GERD management without
posing major side effect risks. Some studies have shown that mosapride, a selective 5-HT,4
receptor agonist, may augment the effects of PPIs when coadministered in certain patient
populations, such as those with erosive esophagitis;’3:"4 however, many other studies

have not been able to reproduce this significant synergistic effect with mosapride.”>:76
Rikkunshito, a traditional Japanese medicine that promotes gastric motility through the
release of ghrelin, may have some effectiveness in treating refractory GERD as it also has
synergistic effects on gastric motility when combined with PPIs and may be effective as
monotherapy for GERD.”7-80 Further study of prokinetic agents in the setting of GERD may
give light to future advances in the management of refractory GERD.

Reversed gastroesophageal gradient

A fourth concept contributing to the development of GERD is the idea of reversed
gastroesophageal gradient. The esophagus is primarily housed within the thoracic cavity;
thus, in normal esophageal physiology, intraesophageal pressure is equal to intrathoracic
pressure and lower than intra-abdominal pressure. Therefore, in order to propel contents
into the stomach (into a higher-pressure compartment), the LES must maintain its tonic
contraction to combat the gastroesophageal pressure gradient. However, when the LES fails
to maintain tonicity, such as with an intrinsically hypotonic LES or a hiatal hernia, or
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under circumstances whereby intraabdominal pressure is increased, such as is the case in
obesity or pregnancy, retrograde flow of refluxate from the stomach into the esophagus can
occur./081

In focusing on the role of the LES in promoting retrograde flow of gastric contents, the
concept of transient LES relaxations (TLESR) should be understood as a physiologic
phenomenon that occurs whereby gastric distention induces spontaneous vagal-mediated
relaxation of both the LES and crural diaphragm. These brief episodes of relaxation occur
without preceding peristalsis and allow for venting of gas from the stomach.82 The data

on TLESR in GERD are mixed, such that there is evidence that patients with GERD
experience TLESR just as frequently as healthy individuals; however, other studies have
shown a more frequent rate of TLESR occurrence in patients with GERD.83:84 Although
the relationship between TLESR and GERD is not clear, the physiological mechanisms
underlying TLESRs have been used to manufacture pharmacologic agents that enhance
LES contractility and function. Classes of TLESR-reducing agents include GABAg receptor
agonists, metabotropic glutamate receptor 5 (mGIuR5), CCK receptor agonists, cannabinoid
receptor agonists, and nitric oxide synthase inhibitors.”? Of these agents, GABAg receptor
agonists, such as baclofen, have demonstrated the greatest efficacy in reducing reflux events
related to TLESR. GABAg is an inhibitory neurotransmitter that acts centrally on vagal
afferents and the nucleus of the solitary tract and peripherally by inhibiting signals at the
level of vagal mechanoreceptors involved in the autonomic pathway underlying TLESRSs.
Baclofen has demonstrated efficacy in reducing both acid- and nonacid-related reflux
symptoms likely because of its effects on maintaining adequate LES tonicity and reducing
the frequency of TLESRs.8586 Despite these promising findings, baclofen is used in select
cases of GERD, and, as a centrally and peripherally acting agent, it poses risks of CNS side
effects, including fatigue, nausea, emesis, and dizziness.8”

As discussed throughout this review, many pharmacologic agents have been identified in the
setting of GERD treatment; however, the adverse effects and inconsistent findings associated
with many of these agents make it difficult to identify effective medical therapy, especially
for cases of refractory GERD. Effective surgical and endoluminal and surgical antireflux
interventions available for GERD can improve LES function to inhibit retrograde flow and,
in some cases, lower intraabdominal pressure. The selection of antireflux intervention is
based on the underlying etiology driving reflux symptoms.88:90 |n cases of GERD with an
associated hiatal hernia and weakened LES, one of the most effective surgeries in GERD
management is the laparoscopic Nissen fundoplication (LNF) procedure.91-93 Similarly,
laparoscopic Toupet fundoplication has shown promise in reducing GERD symptoms

upon hiatal hernia repair and is often an alternative to LNF in cases of esophageal
hypomotility.94-96 Magnetic sphincter augmentation is also a seemingly effective alternative
to laparoscopic fundoplication in patients with GERD, with or without a hiatal hernia.®”
Transoral incisionless fundoplication (TIF) is an endoluminal antireflux intervention option
for GERD, particularly in cases without significant disruption of the antireflux barrier.98:9
Bariatric surgery is the mainstay surgical option for patients with GERD and obesity. By
the nature of the procedure, bypass surgery leads to a decreased size of the stomach cavity,
which limits acid production by reducing the area of acid-producing parietal cells and
intra-abdominal pressure by promoting weight loss.100
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Future opportunities and conclusion

As described in this review, GERD is a complex disease often based on a multifactorial
pathogenesis. Understanding the mechanisms underlying GERD can allow for advances

in both the diagnostic work-up and therapeutic options for GERD (Table 1). To reduce
injury from refluxate, one must consider the effects of refluxate beyond acid exposure.
Non-invasive methods to measure biomarkers of gastric refluxate, such as salivary pepsin,
may serve an important role in the future diagnostic paradigm of GERD. Furthermore, novel
bile acid sequestrants or alginates may complement acid suppression by reducing the burden
of bile or pepsin. In cases where proton pump inhibition is insufficient or not tolerated,

the novel potassium competitive acid blockers may provide superior acid suppression.

At the same time, promising novel diagnostic and therapeutic options are emerging to
augment innate esophageal defenses. Mucosal integrity may be a real-time diagnostic
method to detect reduced esophageal epithelial integrity in the setting of GERD. A myriad
of pharmacologic and psychological interventions are widely available to reduce nociception
in states of esophageal hypersensitivity. Current treatment modalities to increase esophageal
clearance are limited, and future investigation in effective and selective prokinetic or other
treatment options is needed. Finally, novel surgical and endoluminal procedures, such as
magnetic sphincter augmentation or TIF, show promise for restoring the antireflux barrier.

In conclusion, although often regarded as a disease of acid, GERD in reality is a complex,
multifactorial disease process involving an imbalance between the aggressive and defensive
forces of the refluxate and esophagus, respectively. Furthermore, the manifestations of
GERD can vary phenotypically as typical, atypical, and extraesophageal symptoms and can
also be subcategorized diagnostically by endoscopy and biopsy.101 Thus, when discussing
appropriate treatment, it is important to first elucidate the patient’s symptoms and consider
adjunctive diagnostic studies to help identify contributing factors. Potentially half of patients
suffering from heartburn do not experience full relief by current mainstay PPI therapy.

As such, our future approach to GERD should reach beyond that of acid reflux. As

more is discovered regarding GERD pathogenesis, potential targets affecting motility,
hypersensitivity, and nonacid refluxate components may become novel players in how we
view and manage GERD.
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Figurel.
Mechanisms underlying the development of GERD.
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Figure 2.
Effect of distinct refluxate components on the esophageal mucosa.
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