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Abstract Gastro-oesophageal reflu
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x disease (GERD) covers a broad range of signs and
symptoms arising from the orad movement of gastric contents into the oesophagus,
oropharynx, larynx or airway. Most commonly, contact with and damage to the
oesophageal epithelium by acidic refluxate causes micro or macroscopic defects
leading to the symptom of heartburn. However, GERD can also give rise to extra-
oesophageal manifestations such as pharyngitis, laryngitis, asthma and other disorders,
identifiable as acid-mediated events by a favorable response to acid suppression.

Only one-third of individuals with heartburn have endoscopic evidence of erosive
oesophagitis; the remainder have endoscopy-negative or non-erosive reflux disease
(NERD). Improved investigative technologies are increasing our understanding of the
pathophysiology of NERD. For example, although a number of microscopic abnorm-
alities have been identified, oesophageal damage in NERD has been shown to be
characterized by the presence of ‘dilated intercellular spaces’ within oesophageal
stratified squamous epithelium. Dilated intercellular spaces that reflect damage to the
intercellular junctions enable levels of acidity that would be considered innocuous
when present in the oesophageal lumen to initiate pathological responses within
oesophageal nociceptors when present within the intercellular spaces. This effectively
gives rise to the symptom of heartburn.

Excessive acidity within the intercellular spaces in NERD also presages its evolution
to erosive disease, the latter through inflammation-mediated disruption of the antireflux
and luminal clearance mechanisms. Support for this scenario is evident by the ability of
effective acid control with proton pump inhibitors both to control symptoms, and lead
to resolution of dilated intercellular spaces in patients with both erosive and non-
erosive disease. This article examines these concepts and how they shape our current
understanding of GERD.
1. Introduction

Our increasing understanding of the pathophy-
siology of gastro-oesophageal reflux is likely to
influence clinical practice and improve the manage-
ment of gastro-oesophageal reflux disease (GERD).
This article will focus on our current understanding
of some of the mechanisms through which GERD
takes place. GERD as a term encompasses a broad
nformation BV. Unautho
range of signs and symptoms that arise from the orad
movement of gastric contents into the oesophagus,
oropharynx, larynx or airway. This can give rise to
oesophagitis, pharyngitis, laryngitis, and asthma,
among other disorders. In its most common embo-
diment an acidic refluxate contacts and damages the
oesophageal epithelium, giving rise to either
microscopic or macroscopic mucosal defects and
the symptom of heartburn.
rized reproduction of this article is prohibited.



Co

2 Orlando
2. Categorization of Reflux Disease

The description of heartburn as a symptom of
substernal burning discomfort, worse after meals
and on reclining, and alleviated at least temporarily
by antacids gives credence to the idea that reflux
symptomatology is an acid-driven process. When
patients with heartburn are endoscoped they can be
characterized broadly into two categories. In the
first category, erosive oesophagitis, there is clear
evidence of gross endoscopic abnormalities in the
form of breaks or erosions in the oesophageal
epithelium. However, in those that have heartburn
but do not have any mucosal breaks on endoscopy,
the condition is defined as non-erosive reflux
disease or NERD. There are two requirements for
heartburn, regardless of a diagnosis of erosive
disease or non-erosive disease. First is the need for
acid in high concentrations within the oesophageal
lumen, and this takes place through the process of
reflux. Second, there is also a need to have in place
a damaged oesophageal epithelium. Such damage
is critically important to allow the luminal acid to
enter the tissue where stimulation of the nocicep-
tors generates the symptom of heartburn. Although
breaks in the oesophageal epithelium are visible
endoscopically in those individuals with erosive
oesophagitis, in patients with NERD the break in
the mucosa is only apparent microscopically, on
oesophageal biopsy.
pyright © Adis Data Information BV. Unautho

Fig. 1. Transmission electron microscopy of the oesophageal epit
disease. Adapted with permission from Pope.[1]
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3. Pathophysiology of Non-erosive
Reflux Disease

Over the past 25 or 30 years, a whole series of
abnormalities has been identified in reflux-damaged
patients with non-erosive disease. These include
basal cell hyperplasia, elongation of the rete pegs,
the presence of inflammatory cell infiltrates, cell
oedema and microscopic cell necrosis. However, the
most important lesion in NERD has only recently
been recognized and accepted, and that is the
presence of ‘dilated intercellular spaces’ within
oesophageal stratified squamous epithelium. Altho-
ugh dilated intercellular spaces can be seen on light
microscopy, they are clearly and dramatically
apparent on electron microscopy. As shown in
figure 1,[1] patients with NERD have dilated
intercellular spaces, which show as white areas,
filled with salt and water in between the multiple
layers of stratified squamous cells. These spaces are
far less apparent in patients who have healthy
oesophageal epithelium. The dilated spaces have an
important implication, indicating that these individ-
uals have a break in the intercellular junctions
between the cells of the upper barrier layers.
Impaired resistance of the oesophageal mucosal
barrier allows luminal acid to diffuse between the
intercellular spaces, access the oesophageal
nociceptors in the intraepithelial sensory nerve
endings, and trigger off a signal by virtue of
rized reproduction of this article is prohibited.

helium in healthy subjects and patients with non-erosive reflux
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changing the pH in the intercellular environment.
Central processing of this signal in the brain in turn
elicits the symptom of heartburn.[2]

The study of vagal sensory afferents in various
tissues has been very instructive to this whole
process of acid sensitivity and response in the
oesophagus. Vagal sensory afferents have been
shown to contain a variety of different channels,
among them acid-sensing ion channels (ASIC),
which can respond to pH as high as 7 and even as
low as pH 5.[3] These are pH levels that would be
considered relatively innocuous when present in
the lumen, but when present in the intercellular
spaces these pH levels are pathological and will
stimulate nociceptor firing, leading to the symptom
that we recognize as heartburn.
3.1. Acid-mediated Effects

This helps us to understand, then, why heartburn
is an acid-mediated symptom. First, hydrogen ions
are the smallest molecules known. Second, when
there is a process of acid reflux, the refluxate
contains huge concentrations of hydrogen ions,
which produce enormous gradients for their diffu-
sion from the lumen into the tissue towards the
blood. For example, a gradient of approximately
1 million to 1 is produced at a pH of 1 in the refluxate,
and a gradient of 100 000 to 1 at pH 2. Consequently,
very efficient conditions are produced for small
molecules to pass between the damaged intercellular
junctions, driving through the intercellular space
down towards the sensory nociceptors. Finally,
vagal afferents possessing ASIC are uniquely poised
to sense changes in environmental pH, even when
very, very modest in terms of acidity, leading to
activation and giving rise to heartburn.

The break in the intercellular junction has another
important function essential to the understanding of
GERD. Not only does it allow acid in the
intercellular space to generate the symptom of
heartburn, but it also allows acid to access a very
vulnerable part of the squamous epithelial cell, and
that is its basolateral cell membrane. Unlike apical
cell membranes, which are highly acid impermeant,
basolateral cell membranes are acid permeable. The
opyright © Adis Data Information BV. Unautho
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entry of acid into the cell acidifies the intracellular
compartment and begins a process of cell destruc-
tion, thereby allowing for the evolution of non-
erosive patients to erosive oesophagitis. One of the
mechanisms that makes the basolateral membrane
so vulnerable to acidity is called a chloride–
bicarbonate exchanger. This is a sodium-indepen-
dent ion transporter that carries excess chloride into
the cell and, when acid is in the intercellular space, a
gradient is created for bicarbonate to move out of the
cell. This process of chloride in and bicarbonate out
in effect is equivalent to hydrochloric acid absorp-
tion, essentially creating the acidic environment
leading to cell destruction (figure 2).[4]

Support for this composite idea or concept is
provided by therapeutics. The healing rate of
erosive oesophagitis by acid-suppressive therapy
such as histamine H2 blockers (H2 receptor antago-
nists) or more powerful proton pump inhibitors is
directly related to the time gastric acid suppression
is maintained above pH 4 over a 24-h period, an
almost linear relationship.[5] The greater the acid
control, the more patients are successfully managed
with resolution of their signs of erosive disease. Not
only is erosive disease resolved but, as shown
recently, effective acid control with proton pump
inhibitors leads to the resolution of the dilated
intercellular spaces.[6] This is true of patients both
with erosive and with non-erosive disease, indi-
cating that these are acid-mediated changes that are
resolved upon the control of oesophageal acidity.
4. Does Non-erosive Reflux Disease
Progress to Erosive Disease?

There has been some debate in gastroenterology
about whether NERD and erosive reflux disease are
indeed part of the same disease spectrum. Fass and
Ofman[7] proposed dividing GERD into three
pathologically separate groups: NERD, erosive
oesophagitis, and Barrett’s oesophagus. However,
more recent evidence from long-term follow-up of
patients with NERD supports the concept presented
here that they form a continuum.[8] Non-erosive
disease is a milder form of histopathological injury
that can evolve into a major form of gross
rized reproduction of this article is prohibited.
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Fig. 2. Cell acidification in the oesophageal epithelium. CA, Carbonic anhydrase. Adapted with permission from Orlando.[4]
macroscopic injury. However, only 15–20% of
patients followed in the clinical setting are likely to
progress from non-erosive to erosive oesophagitis.
Transition between one stage and the other may be
dependent on a transition factor not present in the
majority of patients.
Acid injury

Inflammation

Neuromuscular dysfunction

LES pressure

Reflux

Peristalsis

Clearance

Acid injury

Fig. 3. Non-erosive reflux disease to erosive oesophagitis:
cycle of cell necrosis. LES, Lower oesophageal sphincter.
4.1. Role of the Inflammatory Process

This transition factor is likely to revolve around
the transforming power of the inflammatory
process, a process highly dependent on host
genetics, and that determines who remains with
non-erosive disease and who migrates over to the
erosive form of oesophagitis. An inflammatory
cascade is generated after acid injury to the
squamous epithelium. Many of the components
of the inflammatory cascade in oesophagitis have
been defined. They include such cytokines as IL-6,
IL-1b and IL-8. IL-8, when present in high con-
centrations in acid-damaged oesophageal mucosa,
drives a neutrophil influx that can produce such
products as hydrogen peroxide, prostaglandin-2
and platelet-activating factor. These products are
important because they all affect circular smooth
muscle, altering the neuromuscular apparatus in a
way that promotes lower oesophageal sphincter
(LES) weakness and peristaltic dysfunction
(figure 3), which in turn promotes greater acid
damage by increasing the number of reflux events
pyright © Adis Data Information BV. Unautho
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and prolonging the duration of the presence of
acid within the oesophagus by delaying luminal
clearance.

In summary, acid injury to squamous epithelium
may lead to inflammation. If inflammation is not
severe, the patient may not progress beyond non-
erosive disease. However, if the inflammatory
process, by virtue of host genetics, leads to
sufficient inflammation and the release of chemical
mediators that drive neuromuscular dysfunction,
there will be low LES pressure and greater reflux,
and impaired peristalsis with prolonged acid
contact as a result of delayed clearance. In effect,
both of these actions promote more acid exposure
rized reproduction of this article is prohibited.
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and consequently more acid injury, which then
sequentially results in further inflammation and
more neuromuscular dysfunction successively until
erosive disease evolves in a select minority
of patients.
5. Extra-oesophageal Manifestations
of Reflux Disease

Extra-oesophageal manifestations are another
aspect of reflux disease, and include asthma,
laryngitis, pharyngitis, sinusitis, bronchitis, pneu-
monia and interstitial pulmonary fibrosis. These
processes are also acid mediated, in that acid can
access the airways through micro-aspiration,
entering the oesophagus and then traveling through
the upper oesophageal sphincter into the orophar-
ynx and tracheobronchial tree. Alternatively, acid
accesses only the oesophagus, and creates an injury
that produces a long vago-vagal reflex, stimulating
the contraction of bronchial or oropharyngeal
smooth muscle, stimulating airway secretions
and leading to asthmatic and bronchial-type
symptoms. Support for the pathological basis of
this refluxate was provided by So and colleagues,[9]

who showed that a positive response to acid
suppression predicted the response for controlling
extra-oesophageal manifestations. Therefore, the
key in the refluxate remains acid, regardless of
whether the symptoms produced are heartburn or
extra-oesophageal manifestations.
6. Conclusions

The symptoms and signs of GERD result from
the contact of a damaged oesophageal epithelium
with refluxed gastric acid. In patients with NERD,
oesophageal damage is confined to the microscopic
level and is characterized by the presence of dilated
intercellular spaces. In individuals with erosive
oesophagitis, oesophageal damage has progressed
from the non-erosive phase, and is apparent at the
macroscopic level in the form of erosions. NERD
can evolve to erosive disease through inflam-
mation-mediated impairment in the antireflux and
luminal clearance mechanisms that set in motion a
opyright © Adis Data Information BV. Unautho
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cycle of increasing rates of cell necrosis. That
NERD evolves to erosive oesophagitis infrequently
reflects the need for a specific type or severity of
inflammation, one that is both host specific and
genetically determined.
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