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Preface

Gastroesophageal reflux disease (GERD) is a very common clinical problem
and a frequent reason for consultation. Many patients have a typical pre-
sentation of heartburn and regurgitation, and a good response to treatment
with acid suppressive medication, such as a proton pump inhibitor (PPI).
However, the evaluation and management of GERD has become more
challenging for several reasons. The spectrum of clinical presentations
attributed to GERD has moved beyond the typical esophageal symptoms
of heartburn and regurgitation, and now incorporates various extraesoph-
ageal manifestations including laryngeal symptoms, cough, and even
disordered sleep. Furthermore, we are facing an increasing number of
patients in whom symptoms, either typical or atypical, persist despite acid
suppression with a PPI. Some of these patients with refractory symptoms
have persistent reflux due to treatment failure and require alternative
therapeutic approaches, while in others the reported symptoms may be
due to causes other than GERD, including functional disorders; in the
latter, a negative evaluation for GERD can direct the diagnostic and
treatment efforts toward other causes. Finally, how concomitant condi-
tions such as eosinophilic esophagitis and Helicobacter pylori gastritis affect
GERD management is not always clear, and a lucid perspective about these
issues is needed in daily practice.

Practical Manual of Gastroesophageal Reflux Disease, as it name indicates, is
meant to serve as a practical manual to aid the clinician in managing
GERD. The first section of the book presents an overview of pathophysi-
ology, epidemiology, diagnostic tools and treatment options of GERD.
Whole chapters are devoted to the potential side effects of medical and
surgical therapy, a highly relevant topic in routine practice. In the second
section, the evaluation and management of specific clinical presentations
in GERD (refractory heartburn, functional heartburn, chest pain, laryn-
gitis, cough, sleep disorders, belching, and dysphagia) are discussed and a
management algorithm is suggested for each clinical entity. In addition,
further chapters focus on the role of eosinophilic esophagitis and Helicobacter
pylori in GERD patients. A third section is devoted to Barrett’s esophagus,
to help the clinician deal with the challenges of screening for, diagnosing,
and treating this complication of GERD.



x  Preface

We are fortunate and thankful for the participation of the many
recognized experts from around the world who agreed to write the chapters
that make up this book. Our hope is that this book will provide a first-line
reference for clinicians who deal with this common and often challenging
problem of GERD.

Marcelo F. Vela
Houston, TX



PART 1

Gastroesophageal Reflux
Disease Overview



CHAPTER 1

Gastroesophageal Reflux
Disease: Pathophysiology

Pim W. Weijenborg, Boudewijn F. Kessing,
and André J.PM. Smout

Department of Gastroenterology and Hepatology, Academic Medical Center,
Amsterdam, The Netherlands

Key points

e The anti-reflux barrier does not solely consist of the intrinsic pressure generated by
the lower esophageal sphincter, but is complemented by the extrinsic pressure
exerted by the crural diaphragm and the presence of the flap valve.

Transient lower esophageal sphincter relaxations constitute the main mechanism of
reflux in gastroesophageal reflux disease patients and healthy subjects.

The presence of a hiatal hernia increases the severity of esophageal acid exposure,
and changes the position of the acid pocket.

The severity of gastroesophageal reflux disease-related symptoms is not predicted by
the severity of esophageal acid exposure and is dependent on factors influencing the
perception of reflux.

Dilated intercellular spaces are more frequently present in non-erosive reflux disease
patients and possibly contribute to symptom generation.

Introduction

Over the past decades, considerable changes in our understanding of
gastroesophageal reflux disease (GERD) have taken place. In the era
before widespread application of endoscopy, when radiography was
the only diagnostic tool available, the diagnosis of GERD was more or
less synonymous with hiatal hernia. After the introduction of flexible
esophagogastroduodenoscopy, mucosal lesions in the distal esophagus
became the most important characteristic of the disease. Nowadays, we
know that reflux symptoms can be present in the absence of reflux
esophagitis. This subset of the disease is labeled non-erosive reflux
disease (NERD). In addition, extraesophageal symptoms and signs, such

Practical Manual of Gastroesophageal Reflux Disease, First Edition.
Edited by Marcelo E Vela, Joel E. Richter and John E. Pandolfino.
© 2013 John Wiley & Sons, Ltd. Published 2013 by John Wiley & Sons, Ltd.



4 Part 1: Gastroesophageal Reflux Disease Overview

as laryngitis, gastric asthma and chronic cough, were recognized. The
Montreal definition encompasses all of these elements of the disease by
stating that it is characterized by either bothersome symptoms and/or
lesions caused by reflux of gastric contents. This gradual broadening
of our understanding of what GERD is has led to an expansion of our
concepts of the pathophysiology of the disease [1]. Whilst the factors that
determine the exposure of the esophageal mucosa to gastric contents
are still relevant to the pathophysiology of GERD, factors that affect the
sensitivity of the esophagus have become recognized as equally important.
This chapter aims to summarize the many factors that are presently seen
as important in the pathophysiology of GERD.

Mechanisms leading to gastroesophageal reflux

Anti-reflux barrier

In the early days after the advent of esophageal manometry, the lower
esophageal sphincter (LES) was conceptually prominent in the patho-
physiology of GERD. A LES able to maintain a sufficiently high pressure at
the esophagogastric junction (EGJ) was considered to be the most important
factor preventing gastroesophageal reflux. Nowadays, the anti-reflux
barrier is thought to consist of intrinsic LES pressure, extrinsic compres-
sion of the LES by the crural diaphragm, and the “flap valve” constituted
by an acute angle of His.

Lower esophageal sphincter
The LES is a 3—4 cm segment of tonically contracted smooth muscle at the
EGJ. Normally, the LES is surrounded by the crural diaphragm. When a
sliding hiatus hernia is present, the LES is proximal to the crural diaphragm
(Figure 1.1). Resting LES tone, best measured during end-expiration, var-
ies among normal individuals from 10 to 30 mmHg relative to intragastric
pressure. Within a subject, LES pressure varies considerably during the
day. The highest pressure occurs during phase III of the migrating motor
complex, during which it may exceed 80 mmHg. Immediately after a meal,
LES pressure typically decreases. The genesis of LES tone is a property of
both the smooth muscle itself and of its extrinsic innervation.

Lower esophageal sphincter pressure is affected by myogenic factors,
intraabdominal pressure, gastric distension, peptides, hormones, various
foods, and many medications.

Crural diaphragm
The opening in the diaphragm through which the esophagus reaches the
abdomen (hiatus esophagei) is shaped like a teardrop. In the absence of a
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(a) (b)

Lower
esophageal
sphincter

Diaphragm

Z-line

Figure 1.1 Position of the LES with respect to the crural diaphragm. (a) Normal
morphology. (b) Hiatus hernia.

hiatal hernia, the LES is surrounded at this point by the crural diaphragm,
i.e. the right diaphragmatic crus. Especially during inspiration, the crural
diaphragm contributes to the maintenance of EGJ competence. For this
reason, the crural diaphragm is often referred to as the extrinsic sphincter,
the smooth muscle of the LES being the intrinsic sphincter. This situation
resembles that of the internal and external sphincters surrounding the
anal canal.

Flap valve

A third component of the anti-reflux barrier at the EGJ is constituted by
the so-called flap valve, formed by a musculomucosal fold created by the
entry of the esophagus into the stomach along the lesser curvature. With
this anatomical arrangement, increased intraabdominal or intragastric
pressure compresses the subdiaphragmatic portion of the esophagus. This
is supposed to prevent EGJ opening and reflux during periods of abdom-
inal straining. Hill and colleagues proposed a grading scheme based on the
endoscopic appearance of the gastroesophageal flap valve during retro-
flexion (Plate 1.1).

Mechanisms of reflux

Current thinking is that there are three dominant reflux mechanisms:
transient LES relaxations, LES hypotension, and anatomical distortion of the
EGJ, e.g. hiatus hernia. Transient LES relaxations (TLESRs), constituting the
most important reflux mechanism in healthy subjects and in a large subset
of GERD patients, will be discussed in greater detail in the next paragraph.
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When diminished LES pressure is present (either with or without
anatomical abnormality), short-lived increases in intraabdominal pressure
caused by straining are often the precipitating factor of the reflux.
Manometric data suggest that this rarely occurs when the LES pressure is
greater than 10 mmHg [2]. It is also a rare occurrence in patients without
hiatus hernia [3]. Free reflux is characterized by a fall in intraesophageal
pH without an identifiable change in either intragastric pressure or LES
pressure. Episodes of free reflux are observed only when the LES pressure
is lower than 5 mmHg.

It is important to realize that EGJ relaxation as measured manometri-
cally does not equate to EGJ opening or EGJ compliance, which are likely
to be more relevant to the occurrence of reflux. EGJ compliance can be
assessed with a water-filled balloon straddling the EGJ and measurement
of the diameter of the balloon at various levels of filling. In patients with
hiatus hernia, the compliance of the EGJ is increased but even patients
without hiatus hernia may have increased EGJ compliance. In the latter,
defects not readily detectable with imaging techniques, such as an abnormal
gastroesophageal flap valve, defects in the LES musculature or a wide dia-
phragmatic hiatus, are thought to be present. Subtle differences in EGJ
opening and compliance are likely to explain the discriminatory function
of the EGJ: large volumes of gas can be vented from the stomach while at
the same time fluid is largely contained within the stomach.

Transient lower esophageal sphincter relaxations

Function and definition

Lower esophageal sphincter relaxations are common and occur mainly
during swallows to allow passage of a bolus into the stomach [4]. In
addition, the LES can relax during the so-called TLESR which occurs less
frequently, about 3-6 times per hour [5,6]. TLESRs are considered the
physiological mechanism which enables venting of gas from the stomach,
also known as belching [7]. This belching reflex acts as a protective
mechanism which prevents excess amounts of gas accumulating in
the stomach. Since the discovery of TLESRs in the early 1980s, it has
become increasingly clear that most reflux episodes occur during TLESRs
[8]. Other mechanisms which can induce reflux episodes include straining,
coughing, and free reflux. However, these mechanisms only become
important — relatively and absolutely — in patients with severe reflux disease
associated with hiatal hernia.

A TLESR is currently defined as an abrupt decline in pressure at the
position of the LES which is not induced by swallowing [9]. Additional
criteria which could be helpful but are not needed for the identification
of TLESRs are crural diaphragm inhibition and a prominent after-
contraction [10]. Since the definition of TLESR is based solely on the
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esophageal pressure profile, the gold standard by which to measure
TLESRs is esophageal manometry (Plate 1.2).

Pharyngeal stimulation can also result in an LES relaxation which
resembles a TLESR [4]. However, LES relaxations induced by pharyngeal
stimulation are rarely associated with inhibition of the crural diaphragm
and acid reflux [6]. Furthermore, esophageal reflux was found only when
an LES relaxation was associated with diaphragm inhibition [6].

Mechanisms of transient lower esophageal sphincter relaxation

The primary stimulus which triggers a TLESR is gastric distension, often
resulting from accumulation of gastric air or consumption of a meal.
Distension in any part of the stomach can trigger a TLESR. However, the
subcardiac region of the stomach showed the lowest threshold for trigger-
ing TLESRs [11]. While still under debate, several studies suggest that
tension receptors in the stomach appear to be more relevant than pressure
receptors as the stimulus for transient LES relaxation [12,13].

Transient LES relaxations are characterized by four different events. The
concerted action of these events results in complete relaxation of the EGJ.
The first and most prominent event during a TLESR is relaxation of the
inner part of the LES [14]. The second event is relaxation of the crural
diaphragm [15]. The third event is suppression of esophageal peristalsis
[14] and the fourth is a contraction of the distal esophageal longitudinal
muscle leading to esophageal shortening [16]. It has been hypothesized
that the longitudinal muscle contraction of the distal esophagus may be
the primary motor event leading to LES relaxation [17] but this hypothesis
remains to be proven.

Relaxation of the EGJ during a TLESR is terminated by primary
peristalsis or, more commonly, by secondary peristalsis [18]. Swallow-
induced primary peristalsis is characterized by upper esophageal
sphincter (UES) relaxation with pharyngeal contraction and esophageal
peristalsis progressing along the entire esophagus. Secondary peristalsis
is defined as a wave in the esophagus which is not associated with UES
relaxation and is a result of esophageal distension, often arising from
gastroesophageal reflux.

The rate of TLESRs can vary greatly during the day. The postprandial
period is characterized by a four- to fivefold increase in the rate of TLESRs
and an increase in the proportion of TLESRs accompanied by reflux [19].
Body position can also influence the rate of TLESRs since the incidence of
TLESRs, as well as the incidence of reflux-associated TLESRs, is higher in
the right recumbent position compared to the left recuambent position [20].
Furthermore, the rate of TLESRs is greatly decreased during the night [18].
This is in accordance with the observation that reflux episodes occur less
often during the night than during the day [8]. Despite this nocturnal
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decrease in the rate of TLESRs, a subset of GERD patients still shows
substantial acid exposure during the night. Therefore, in patients with
pathological nocturnal reflux, additional mechanisms are involved, such as
free reflux through a mechanically incompetent sphincter [21].

The reflex pathway of the TLESR is a vagovagal reflex which commences
with activation of gastric receptors primarily in the subcardiac region [11].
Sensory signals from the stomach are projected to the brain through
afferent sensory fibers of the vagus [22] and its terminating synapses are
located in the nucleus tractus solitarius (NTS) [23]. Signals from the NTS
do not provide signals to the EGJ directly but are relayed to the caudal part
of the dorsal motor nucleus of the vagus [24,25]. This central pathway
which modulates TLESRs is shared by both the LES and crural diaphragm
[26]. Furthermore, the crural diaphragm is innervated not only through
efferent vagal endings but also by the phrenic nerve [27]. The brainstem
sites responsible for this dual innervation are yet to be defined. Efferent
motor function signals from the brain to the LES and crural diaphragm are
conducted through the motor tract of the vagus [28]. Finally, motor signals
are relayed through the myenteric plexus from where they are further
distributed to the esophageal body and LES [28].

Many excitory and inhibitory neurotransmitters and receptors, including
nitric oxide, opioids, anticholinergic agents and the neuropeptide CCK,
have been found to play a role in the neuromodulation of TLESRs [29].
Among these neurotransmitters, the gamma-aminobutyric acid (GABA)
and metabotropic glutamate receptors (mGluR), and the cannabinoid
receptor 1 (CBRI1) are of particular interest as potential targets for
therapeutic interventions. The most extensively investigated neurotrans-
mitter in the TLESR pathway is GABA-B. GABA-B acts as an inhibitory
neurotransmitter, and its receptors are located at both central and peripheral
sites in the TLESR reflex arch [30,31]. Metabotropic glutamate receptors
are also present throughout the central and peripheral nervous system. The
most extensively investigated metabotropic glutamate receptor is mGluR5
which has an excitatory function, mainly with a periperal site of action [32,
33]. The CBR1 has only recently been investigated with regard to TLESRs.
Its site of action is believed to be the central nervous system [34].

Despite the importance of the TLESR in the pathophysiology of GERD,
most of our knowledge regarding the neural pathways involved in the
reflex arc of the TLESRs is derived from animal studies. However, it is
assumed that TLESRs in humans follow similar pathways.

Association between gastroesophageal reflux and transient lower
esophageal sphincter relaxations

Transient LES relaxations are considered to be the main mechanism
leading to gastroesophageal reflux in GERD patients. However, the majority
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of the studies show a similar rate of TLESRs in healthy subjects and GERD
patients [35,36]. This means that in GERD patients, there is a higher
percentage of TLESRs which not only vent air but are also associated with
gastroesophageal reflux. Therefore, a different underlying mechanism is
necessary which results in this loss of discrimination between air and liquid
by the LES.

In GERD patients, a slightly higher transsphincteric pressure gradient is
present before and during a TLESR when compared to healthy subjects
[37]. More importantly, the pressure gradient is greater during TLESRs
accompanied by acid reflux compared to TLESRs without acid reflux.
Another proposed contributing factor is EGJ compliance, also known as
EGJ distensibility. GERD patients are characterized by an increase in EGJ
compliance which could explain the loss of discrimination between air and
liquids [38]. Furthermore, EGJ compliance in GERD patients with hiatal
hernia is increased compared to GERD patients without hiatal hernia [39].
Obesity is associated with an increased rate of TLESRs as well as with an
increased association of TLESRs with gastroesophageal reflux [40]. In
addition, a higher pressure gradient has been measured during TLESRs in
obese subjects compared to normal-weight subjects. The influence of dif-
ferent nutritional factors on the association of TLESRs and reflux as well as
the rate of TLESRs has been extensively studied. However, no correlation
between reflux-associated TLESRs or an influence on the rate of TLESRs
has been demonstrated.

Hiatal hernia
In 1971, Cohen and Harris published a paper in which they reported that
reflux symptoms correlated with low LES pressure, rather than with
presence of a hiatus hernia [41]. From then on, the emphasis in studies on
GERD pathophysiology was on basal LES pressure. Another change took
place when the phenomenon of TLESR was found to play a pivotal role
[42]. The sleeve sensor that was required to record TLESRs did not allow
recognition of the two distinct components of the high-pressure zone, i.e.
LES and crural diaphragm. Awareness of the importance of hiatal hernia
for the pathophysiology of GERD emerged again around the turn of the
century. It is clear that esophageal acid exposure is greater in patients with
hiatus hernia [3,43-45]. In addition, the severity of esophageal acid
exposure increases with increasing size of the hernia [45,46] and esopha-
gitis is more severe with more severe acid exposure [47]. Patients with
Barrett’s esophagus have the highest prevalence of hiatus hernia [48].
Hiatus hernia is not an all-or-nothing phenomenon. The so-called
physiological hernia (also known as phrenic ampulla) is only present
during swallowing when the esophageal shortening leads to displace-
ment of the Z-line to a site proximal to the diaphragm. This displacement
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is <2 cm. A reducing hiatal hernia is a hernia which is greater than 2 cm
but which is only seen during a swallow; between swallows, the Z-line is
at the level of the diaphragm. A non-reducing hiatal hernia is defined as
a hernia greater than 2cm in which the Z-line does not return to its
normal position between swallows. At moments at which a hiatus hernia
is present, the anti-reflux effect of the crural diaphragm is exerted at the
wrong spot, i.e. distal to the LES, and the effect is weakened because the
hiatus is usually wider than normal. Using pull-through manometry and
three-dimensional representation of the pressure profiles, Kahrilas and
co-workers demonstrated in hiatus hernia patients that there are distinct
intrinsic sphincter and hiatal canal pressure components, with each one
exerting pressure of lower magnitude than normal. Simulating reduction
of the hernia by repositioning the intrinsic sphincter back within the
hiatal canal and arithmetically summing superimposed pressures resulted
in calculated EGJ pressures which were practically indistinguishable
from those of the control subjects [49]. Prolonged manometric studies
have also made clear that mechanisms other than TLESR play a more
prominent role when a hiatus hernia is present. These other mechanisms
include low LES pressure, straining-induced reflux and swallow-associated
reflux [3].

Even within the same patient, the mechanisms leading to reflux vary
from time to time, depending on the reduced or non-reduced status of the
hiatus hernia [50]. Another mechanism by which the presence of a hiatus
hernia is associated with excessive esophageal acid exposure is character-
ized by superimposed reflux from the hiatal sac during swallowing-induced
LES relaxation. This can be seen in non-reducing hiatus hernias [51, 52].

Gastric factors

Total gastric emptying

It is tempting to speculate that delayed gastric emptying is an important
factor in the pathogenesis of GERD. However, the evidence for this hypo-
thesis appears to be controversial.

Numerous studies have observed delayed gastric emptying in a
proportion of GERD patients compared to healthy controls [53] and only a
few studies reported no difference. However, no correlation between
esophageal acid exposure time and delayed gastric emptying could be
proven [54]. Furthermore, acceleration of gastric emptying by cisapride
was not associated with a decrease in esophageal acid exposure or with the
number of reflux events [55]. Studies investigating the association bet-
ween gastroesophageal reflux and gastric emptying are limited by
measuring acidic reflux episodes only. To our knowledge, no study has
been published which assesses the influence of gastric emptying on weakly
acidic reflux episodes.
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Emptying of the proximal stomach

Over the last few decades, the role of the proximal stomach in the pathogenesis
of GERD has gained much attention since TLESRs are triggered by distension
of the proximal stomach and the refluxate is located in the proximal stomach
as well. The motor response of the proximal stomach to a meal is characterized
by a relaxation followed by a gradual recovery of gastric tone. It has been found
that GERD patients are characterized by a delayed recovery of proximal gastric
tone after a meal compared to healthy controls [56]. Furthermore, emptying
from the proximal stomach, but not the distal stomach, was significantly
delayed in GERD patients compared to healthy controls.

Slow proximal emptying shows a correlation with increased esophageal
acid exposure time [57]. Furthermore, the number of acidic reflux epi-
sodes correlates with proximal gastric retention [58]. Thus, in contrast to
gastric emptying of the whole stomach, delayed emptying of the proximal
stomach appears to be a factor in the pathogenesis of GERD. In theory,
delayed emptying of the proximal stomach could cause an altered position
of the postprandial acid pocket (see below) and influence the association of
TLESRs with reflux. However, this hypothesis remains to be proven.

Acid pocket

Until recently it was assumed that gastric acid secreted after a meal is
instantly mixed with the ingested food into one homogeneous mixture.
The buffering effect of many food constituents leads to a postprandial
increase in gastric pH. However, Fletcher et al. observed that the pH in the
body of the stomach was markedly higher (pH 4.7) than the pH of the
esophageal refluxate (pH 1.6) [59]. In subsequent pull-through pH studies,
they identified a pocket of unbuffered gastric acid which lies on top of a
homogenized fatty meal. This so-called acid pocket extends from the cardia
to the distal esophagus [59].

The position of the acid pocket in GERD patients differs from healthy
controls, i.e. a supradiaphragmatic localization of the pocket was more fre-
quent in patients with GERD, especially those with a large HH (Plate 1.3)
[60]. Localization of the acid pocket strongly correlates with the occur-
rence of acid reflux. When the acid pocket is located above the diaphragm,
70-85% of all TLESRs are accompanied by acid reflux [60]. In contrast,
when the acid pocket is located below the diaphragm, only 7-20% of
TLESRs are accompanied by an acidic reflux episode. Even during reflux
episodes which are caused by mechanisms other than TLESRs, the position
of the acid pocket is still of major importance.

Effect of posture on reflux
Body position does not affect the acidity in the gastric cardia and corpus.
However, the right recumbent position is associated with an increase in
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acid exposure time in the distal esophagus compared to the left recumbent
position [61]. This is due to an increase in reflux episodes, TLESRs and
TLESRs associated with reflux [20]. The duration of reflux episodes is not
affected by body position.

Obesity

Overall, the weight of the evidence suggests that obesity and GERD are
related. When dissected to individual aspects of the disease, there are areas
of controversy. For instance, the results of studies on esophageal acid
exposure — as measured with 24-h pH monitoring — in obesity are not
entirely unequivocal [40,62-72]. Recent data indicate that the proximal
esophageal extent of the refluxate is higher in obese subjects [73]. It is
likely that, in the obese, waist circumference is a more important determi-
nant of excessive reflux [65,66].

There are relatively few studies on LES function in the obese. The limited
data available suggest that basal LES pressures in the morbidly obese are
similar to those of ideal body weight [74]. However, obesity is associated
with an increased incidence of TLESRs, the association being present for
increased Body Mass Index (BMI) as well as waist circumference [40].

Hiatal hernia is found more often in patients with obesity than in subjects
with a normal BMI [75,76]. Increased intragastric pressure may promote
the development of hiatus hernia by applying an axial pressure strain
through the diaphragm [77].

Apart from promoting the development of hiatus hernia, the increased
intragastric pressure found in the obese tends to promote reflux. Especially
during inspiration, increased intragastric pressure and the gastroesopha-
geal pressure gradient are correlated with increased BMI. The changes
noted above are more strongly correlated with waist circumference.

In summary, obese subjects are more likely to have a high incidence of
TLESRSs, a hiatal hernia, increased intragastric pressure, and an increased
gastroesophageal pressure gradient. These factors all facilitate reflux.
A positive association between reflux symptoms and BMI was found in
more than a dozen studies. Two metaanalyses incorporating these studies
confirmed the existence of such an association and found the risk of having
reflux symptoms in the overweight and obese to be 43-94% higher than
in normal-weight subjects [66,78]. In a study in women, a BMI >30kg/m?
was associated with a threefold increase in the odds of having frequent
reflux symptoms [79].

Despite the equivocal nature of the evidence for increased gastroesoph-
ageal reflux in the obese, a metaanalysis showed a statistically significant
increase in the risk for esophageal lesions with increasing weight. A BMI
greater than 25kg/m? had an odds ratio of 1.76 for erosive esophagitis and
2.02 for esophageal adenocarcinoma, compared with patients with normal
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weight [78]. Four prospective multicenter, randomized, double-blind trials
comparing esomeprazole and other proton pump inhibitors found a weak
but statistically significant increased risk for Los Angeles grades C and D
esophagitis, but not grades A and B, in the obese [80]. In a case—control
study that evaluated cases with Barrett’s esophagus and two control groups
(normal-weight patients and patients with GERD but without Barrett’s
esophagus), abdominal diameter was found to be an independent risk
factor for Barrett’s esophagus. There was no association between Barrett’s
esophagus and BMI [66].

Studies on the effect of weight loss obtained by non-surgical methods on
reflux symptoms, endoscopic findings or pH monitoring have yielded
somewhat disappointing results [81,82]. However, when studies describing
surgically achieved weight loss are also taken into account, a positive
conclusion can be drawn [83].

Mechanisms involved in perception of reflux

With the development of new techniques it has become clear that esopha-
geal acid exposure is not the only factor involved in the generation of
reflux symptoms, and that mechanisms altering the perception of gastro-
esophageal reflux must have an effect.

The addition of ambulatory pH measurement to the diagnostic arma-
mentarium made it possible to not only quantify the severity of esophageal
acid exposure, but also to assess the temporal relation between symptoms
and acid reflux episodes. In order to describe this relationship between gas-
troesophageal reflux and symptoms, several tools have been developed.
The one considered to have the fewest shortcomings is the Symptom
Association Probability (SAP), proposed by Weusten et al. [84]. To calculate
the SAP, the 24-h pH measurement is divided into 2-min time frames and
the occurrence of reflux in these periods and in the 2-min time frame pre-
ceding the moments of symptom onset is noted. Thereafter the probability
that symptoms are associated with reflux is calculated. The SAP is consid-
ered to be positive once it is >95%.

Using the SAP, it has become apparent that esophageal acid exposure is
not closely related with the number of reflux symptoms experienced by
the patient and that acid exposure and positive symptom-reflux associa-
tions are largely independent phenomena [85]. This is in contrast to the
finding that as the severity of esophageal acid exposure increases, this is
accompanied by an increasing severity of erosions [47]. When a patient’s
esophagus is exposed to physiological acid reflux and there is no correla-
tion between symptoms and the reflux episodes (negative SAP), he or she
is classified as having “functional heartburn.” When physiological reflux is
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present and bothersome reflux symptoms appear to be correlated with that
reflux, the patient is considered to have a “hypersensitive esophagus.” In
patients with pathological esophageal acid reflux, the distribution between
those with a positive and a negative SAP is not different from the distribu-
tion in patients with physiological esophageal acid exposure, suggesting
that symptom generation is mostly independent of the severity of the
reflux [85].

Intraluminal factors influencing perception and thereby symptom gen-
eration include several reflux characteristics. First, reflux episodes pre-
ceded by a higher cumulative acid exposure time are more likely to be
perceived. The difference in cumulative acid exposure time between symp-
tomatic and asymptomatic reflux episodes is apparent for up to 75min
[86]. Furthermore, symptomatic reflux episodes have a higher median
proximal extent and a longer median duration [87]. However, it must be
considered that there is an overlap in proximal extent between symptom-
atic and asymptomatic reflux episodes and therefore an individual
threshold above which a reflux episode will always be symptomatic cannot
be established.

Non-acid reflux

The introduction of combined pH and impedance monitoring broadened
the spectrum of gastroesophageal reflux since the technique allows further
characterization of reflux episodes according to acidity and composition
(liquid or mixed liquid-gas). By the addition of impedance, reflux episodes
without a pH drop that would have been missed with a conventional
ambulatory pH measurement can be detected. Thereby the new
phenomenon of non-acid reflux emerged. Whereas it was long felt to be
unlikely that non-acid reflux can provoke symptoms, results of a perfusion
study carried out two decades ago had indicated that non-acid solutions
with pH up to 6 exacerbate symptoms in around 50% of subjects [88].
We now know that esophageal exposure to non-acid gastric content is
a possible explanation for the persistence of symptoms after adequate
acid-suppressive therapy.

Using impedance measurement, it has been shown that acid suppression
with a proton pump inhibitor (PPI) reduces neither the total number of
reflux events nor their proximal extent. Rather, PPI treatment decreases
the number of acid reflux in favor of weakly acidic (nadir pH between
4 and 7) and alkaline (nadir pH> 7) reflux [89].

Non-acid reflux proved to be responsible for 15% of symptomatic reflux
episodes in patients off PPI [86]. In patients on PPI therapy presenting with
persistent reflux symptoms, 37% of subjects showed a positive Symptom
Index (SI) for non-acid reflux. This emphasizes the possible role of imped-
ance measurement in identifying this subgroup of patients who could
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benefit from additional therapy aimed at reducing the absolute number of
reflux events (TLESR inhibitors, fundoplication) [90]. The most interesting
finding made with impedance monitoring is that the majority of patients
with persisting symptoms under PPI therapy show a negative symptom
index for acid and non-acid reflux, suggesting an erroneous initial diag-
nosis and supporting the possibility of stopping PPI therapy.

As mentioned, the composition of the refluxate differs, with about half
of total reflux episodes being completely liquid and half having a gaseous
component, which is similar in GERD patients and healthy volunteers.
However, the reflux episodes causing symptoms in NERD patients more
often contain a gaseous component [91].

Dilated intercellular spaces

The mechanical barrier that lies between luminal acid gastric content
and esophageal nociceptors is the esophageal epithelium. The human
esophageal epithelium is a stratified squamous epithelium consisting of
three layers: the upper layer is the stratum corneum or so-called functional
layer, below which lies the stratum spinosum or prickle cell layer. Finally,
on the serosal side of the epithelium, the stratum basale is located.
A functional epithelial barrier function is maintained by desmosomes and
tight junctions. Desmosomes enable strong cell-to-cell adhesion by linking
cell surface adhesion proteins to intracellular keratin cytoskeletons. They
are present throughout the three layers of esophageal epithelium but are
most frequently located in the prickle cell layer [92]. In addition, tight
junctions seal the intercellular space and prevent the paracellular diffusion
of fluid and small molecules.

Several histopathological changes in the esophageal epithelium of GERD
patients have been described, such as thickening of the basal cell layer,
elongation of mucosal papillae [93] and dilated intercellular spaces (DIS)
[94]. Since Tobey et al. first described DIS in NERD patients [95], the
phenomenon has been extensively studied and proposed as a possible key
mediator of symptom generation in GERD patients. DIS can be seen as a
dysfunction of the epithelial barrier function, enabling the diffusion of fluid
and acid molecules into the intercellular space and allowing them to reach
and activate chemosensitive nociceptors in the underlying layers [96].

Several studies have assessed DIS in human esophageal biopsy samples,
some of which used transmission electron microscopy (TEM), allowing
accurate measurement of the intercellular space (Figure 1.2) [95,97,98].
These studies found that the mean diameter of intercellular spaces in
NERD patients (1.0-2.2 um) is at least twice that in healthy controls (0.45—
0.56 pm) [99]. This suggests that DIS measurement by TEM in biopsies is a
useful tool to confirm the otherwise difficult diagnosis of NERD. However,
TEM is expensive and time-consuming and therefore it does not seem
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(@) (b)

Figure 1.2 Transmission electron microscopy image of the basal layer of rat esophageal
mucosa. (a) Normal morphology. (b) Dilated intercellular spaces in a rat treated with a
moderate Stressor.

easily applicable in clinical practice. Multiple studies have tried to measure
intercellular space diameters using the more accessible technique of light
microscopy (LM) [100,101]. However, the results regarding the variability
between TEM and LM are conflicting and the correlation between mea-
surements performed by the two techniques does not seem to be very
promising [102,103].

The exact mechanism responsible for the generation of DIS has not been
elucidated. Since exposure of esophageal mucosa to gastric contents was
the first logical explanation, in vitro and in vivo studies have primarily
focused on their relation with DIS.

Exposure of rabbit esophagus to an acidic solution with pH 1.1 causes no
macroscopic erosions but shows clear DIS under TEM, which is accompa-
nied by a drop in epithelial resistance and an increase of esophageal per-
meability to small molecules [104]. The addition of pepsin to an acidic
solution further increased the rate of DIS, but the effect was only present
with pH <3 [105]. Besides acid and pepsin, bile acids are other potentially
harmful erosive components of gastric content. Exposure of rabbit esoph-
ageal mucosa to bile acids can cause the generation of DIS in both acidic
and weakly acidic conditions [106]. This is in contrast to the earlier finding
that biopsies of GERD patients with and without duodenal reflux exposure
show a similar amount of DIS [97].

The concept of DIS generation in response to acid and acid-pepsin
proved to hold in vive, in a model where infusion of acid and acid-pepsin
solutions in the distal esophagus was followed by the direct assessment of
DIS in biopsy samples by TEM [107]. The concept of acid exposure gener-
ating DIS is corroborated by the fact that DIS recovered after 3 months of
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acid suppressive therapy [108]. Subsequently, the effect of weakly acidic
solutions and bile salts on DIS was studied and proved to be present in a
similar in vivo model [106]. An interesting finding in this study is that
although these solutions provoked DIS, the majority of subjects did not
experience heartburn. This supports the hypothesis that symptom genera-
tion is multifactorial and DIS is not the only determinant of symptoms.

Next to luminal effects, there are indications that systemic factors play a
role in the generation of DIS. The predominant location of DIS in the basal
layer of the epithelium, and the less pronounced presence in the more
directly exposed prickle cell and functional layers, suggests that circulating
agents such as cytokines exert a systemic effect, possibly in response to the
aggressive luminal contents. Furthermore, it has been shown that acute
stress increases the perception of heartburn in GERD patients [109] and
acute stress enhances the effect of acid-pepsin on DIS and the permeability
to small molecules in a rat model [110].

Visceral hypersensitivity

Visceral hypersensitivity is an established concept in inflammatory and
functional gastrointestinal disorders, where patients have a heightened
perception of various stimuli in the gastrointestinal tract [111]. This
reduced pain threshold to mechanical, chemical, thermal or electrical
stimuli is considered to be caused by a combination of peripheral sensi-
tization, central sensitization and interactions between the neural and
immune systems [112]. The previously mentioned finding that stress
influences patients’ heartburn perception suggests a similar role for
visceral hypersensitivity in the pathophysiology of GERD. Peripheral
nociceptors in the esophagus express several cation channels, of which
the most relevant for GERD are cation channels sensitive to a low pH,
like acid-sensitive ion channels (ASICs) 1-3, ionotropic purinergic (P2X)
receptors and the transient receptor potential (TRP) channels. TRPV], a
member of the TRP family, has been shown to be upregulated in the
esophageal mucosa of patients with esophagitis and NERD [113,114].
Sensitization of peripheral neurons occurs once the signaling threshold
of these channels reduces in response to continuous noxious stimula-
tion. A possible mechanism of sensitization in GERD is through direct
contact of these channels with H+by the presence of DIS and subsequent
acidification of the intercellular space or via indirect signaling by cyto-
kines released in response to the exposure of epithelium to aggressive
gastric contents.

Central sensitization occurs once repetitive firing from the peripheral
neurons leads to triggering of intercellular changes in the spinal dorsal
horn neurons responsible for central signal transduction of nociceptors.
This in turn leads to amplified responses to peripheral stimuli and also
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to triggering of adjacent spinal neurons, giving rise to hypersensitivity of
more remote areas such as the chest wall [115].

Sustained esophageal contractions

Another mechanism proposed as a mediator in the perception of reflux
episodes is the phenomenon of sustained esophageal contractions (SEC).
Using high-frequency endoscopic ultrasonography, intermittent thick-
ening of the esophageal wall can be observed, representing a sustained
contraction of the longitudinal muscle. SECs preceded 70% of heartburn
symptoms during ambulatory ultrasonography combined with a pH
measurement and accompanied 75% of provoked heartburn symptoms
during a Bernstein test [116]. SECs were also found to correlate with
symptoms in patients with unexplained chest pain [117]. The findings
suggest a role of SECs in the pathophysiology of esophageal pain percep-
tion, although it should be noted that all findings were obtained in a
small number of patients. Furthermore, the concept cannot explain the
entire spectrum of symptom generation since the majority of SECs do not
cause symptoms and 30% of heartburn symptoms are not accompanied
by a SEC [116].

Genetic factors

The observation that reflux symptoms are often clustered in families
prompted a search for genetic factors that might play a role in GERD. An
association was found between GERD and the heterozygous genotype of
the C825T allele of the G-protein B3 subunit, coding for a receptor fre-
quently present in the neural brain-gut axis which is associated with intra-
cellular cell transduction [118]. The polymorphism had previously been
associated with visceral hypersensitivity in functional dyspepsia. The
association was specifically present in patients with a “hypersensitive
esophagus,” suggesting a genetic predisposition to visceral hypersensitivity
in GERD.

Summary

Gastroesophageal reflux disease is a multifactorial disorder and although
many aspects of the pathophysiology have been described, parts remain to
be elucidated. The pathophysiology comprises factors that determine the
exposure of the esophageal mucosa to gastric contents, and factors that
influence the esophageal sensitivity and thereby alter the perception of
reflux. The esophageal exposure to gastric contents is dependent on reflux
mechanisms as TLESRs, LES hypotension and the presence of an anatomical
disruption of the normal anti-reflux barrier, i.e. a hiatal hernia. Additionally,
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reflux is facilitated by gastric factors such as delayed emptying of the
proximal stomach and an altered position of the acid pocket. Obesity leads
to an increased severity of gastroesophageal reflux by influencing several
of these mechanisms.

The fact that esophageal acid exposure and symptom generation are
mainly independent phenomena has led to the understanding that sensi-
tivity of the esophagus and perception of reflux are equally important in
the pathophysiology of GERD. Characteristics of the reflux episode itself,
such as proximal extent, duration and the composition of the refluxate,
can lead to increased perception. Suggested changes at the esophageal
level contributing to an increased perception of reflux are the presence of
dilated intercellular spaces and visceral hypersensitivity. Lastly, genetic
mutations could predispose to visceral hypersensitivity and thereby to
reflux perception in GERD.
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Key points

¢ Gastroesophageal reflux disease is defined as a condition which develops when the
reflux of stomach contents causes troublesome symptoms and/or complications.
Gastroesophageal reflux disease may present with many discrete syndromes defined
by unique attributes or symptom complexes.

Quality of life decreases in gastroesophageal reflux disease when heartburn occurs
two or more times a week and is moderate in severity.

Gastroesophageal reflux disease is associated with significant costs related to
treatment and delivery of healthcare.

Gastroesophageal reflux disease reduces work productivity and is associated with
significant indirect costs to society.

Treatment of gastroesophageal reflux disease is cost-effective and restores quality of
life and decreases the cost of the disease.

Potential pitfalls

¢ Epidemiology studies are generally based on identifying patients who have heartburn
once a week. These may not be patients who present in clinical practice.
Cost-effectiveness studies on medical therapy for gastroesophageal reflux disease predate
the availability of generic proton pump inhibitors.

Cost-effectiveness studies comparing surgery and medical therapy have several
limitations (costs of generic drugs not considered, long-term failure of surgery not
considered, ill effects of surgery underestimated).

Many work productivity studies are based on self-report of absenteeism and
presenteeism.

Practical Manual of Gastroesophageal Reflux Disease, First Edition.
Edited by Marcelo E. Vela, Joel E. Richter and John E. Pandolfino.
© 2013 John Wiley & Sons, Ltd. Published 2013 by John Wiley & Sons, Ltd.
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Introduction

A global consensus group has developed a definition of gastroesophageal
reflux disease (GERD) called the Montreal definition of reflux disease [1].
The Montreal definition is the basis of guidelines and regulatory guidance
for the management of GERD and is simple enough for use in clinical prac-
tice [2]. GERD is defined as a condition which develops when the reflux of
stomach contents causes troublesome symptoms and/or complications [1].
Patients with typical symptoms can be diagnosed based on symptoms alone
[1,2]. To aid in making a clinical diagnosis in primary care settings, simple
questionnaires have been developed that can identify patients with GERD
with an accuracy that is similar to that achieved by consultation with a
gastroenterologist [3].

Individual reflux syndromes

A disease may have many symptoms. Symptom clusters can provide
clinical syndromes with which patients may be identified. These
syndromes can overlap with each other. The Montreal classification recog-
nizes two groups of syndromes: esophageal and extraesophageal syn-
dromes.

Esophageal and extraesophageal syndromes (Figure 2.1)

The spectrum of GERD has expanded from a primarily esophageal disorder
into a group of syndromes that mirror the different manifestations of reflux
disease. These are conveniently divided into esophageal and extraesopha-
geal syndromes [1].

Esophageal syndromes: symptomatic

There are two symptomatic reflux syndromes.

1 Typical reflux syndrome. The typical reflux syndrome is defined by the
presence of troublesome heartburn and/or regurgitation. Heartburn is
defined as a burning sensation in the retrosternal area (behind the
breastbone). Regurgitation is defined as the perception of flow of
refluxed gastric content into the mouth or hypopharynx. The typical
reflux syndrome can be diagnosed on the basis of the characteristic
symptoms, without diagnostic testing.

2 Reflux chest pain syndrome. Gastroesophageal reflux can cause episodes of
chest pain that resemble coronary ischemia. The chest pain can be indis-
tinguishable from ischemic cardiac pain and may not be accompanied by
heartburn or regurgitation.
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GERD is a condition that develops when the reflux of gastric content
causes troublesome symptoms or complications

Extraesophageal

Esophageal syndromes syndromes

Symptomatic Syndromes with Established Proposed
syndromes esophageal injury associations associations

1.Pharyngitis
2.Sinusitis
2.Reflux laryngitis syndrome 3.Idiopathic
3.Barrett’'s
3.Reflux asthma syndrome pulmonary
esophagus Y fibrosis
4.Reflux dental erosion
syndrome

1.Reflux esophagitis

1.Reflux cough syndrome

1.Typical reflux

syndrome 2.Reflux stricture

2.Reflux chest
pain
syndrome 4.Esophageal
adenocarcinoma

4.Recurrent
otitis media

Figure 2.1 The Montreal definition and classification of GERD. Reproduced from Vakil
et al. [1] with permission from Blackwell Publishing.

Syndromes with esophageal injury: reflux esophagitis

Reflux esophagitis is defined endoscopically by visible breaks of the distal
esophageal mucosa. In clinical practice, endoscopic evidence of esopha-
gitis is seen in less than half of patients with typical GERD symptoms.
Reflux esophagitis is the most common manifestation of esophageal
injury.

Syndromes with esophageal injury: Barrett's esophagus

and esophageal adenocarcinoma

The Montreal group addressed two difficult areas in the definition and
classification of suspected and proven Barrett’s esophagus. It simplified the
definition of Barrett’s esophagus by stating that when biopsies of endo-
scopically suspected esophageal metaplasia show columnar epithelium,
it should be called Barrett’s esophagus and the presence or absence of
intestinal-type metaplasia specified, acknowledging possible differences
between the risk of cancer in patients with intestinal and gastric meta-
plasia. Esophageal adenocarcinoma is the most serious complication of
chronic reflux disease.

Extraesophageal gastroesophageal reflux disease

The Montreal Consensus group recognized significant associations bet-
ween chronic cough, chronic laryngitis, asthma, and GERD but also recog-
nized that these disorders are usually multifactorial processes and
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gastroesophageal reflux may be a co-factor rather than a cause. An
understanding of the various syndromes of GERD is essential for
epidemiological studies in GERD.

Epidemiology of gastroesophageal reflux disease

Studies of the epidemiology of GERD have been limited by the lack of con-
sensus as to when symptoms of heartburn or regurgitation become trou-
blesome enough to constitute a disease. Population-based studies suggest
that when symptoms of moderate intensity occur twice a week or moderate
symptoms occur once a week, quality of life drops, suggesting that the
symptoms become troublesome at these thresholds [1,4]. Unfortunately,
epidemiological studies have used other thresholds for measurement, usu-
ally weekly symptoms of heartburn, making it difficult to extrapolate these
studies to patients presenting with symptoms in clinical practice. There are
geographic differences in the prevalence of reflux disease.

Two recent systematic reviews have evaluated the prevalence of reflux
disease in different regions of the world [5,6]. The prevalence of GERD (as
defined by heartburn and/or acid regurgitation at least weekly) in North
America (19.8-20%) is similar to that in Europe (9.8-18%) [6]. The prev-
alence of GERD is lower in Asia (2.5-4.8%) [6]. In a UK database, the
incidence of GERD is estimated to be 4-5 per 1000 patient-years [7].
Obesity, increasing age and smoking were significant risk factors. Patients
who had a diagnosis of GERD had a higher incidence of a subsequent diag-
nosis of esophageal adenocarcinoma, esophageal stricture, chronic cough,
sinusitis, and sleep problems. In this study, the mortality of subjects with a
diagnosis was higher in the first year after diagnosis but not in subsequent
years. An association with chronic obstructive airway disease has also been
reported in other studies of the same database [7].

Children with reflux and reflux-related problems are a growing problem
in many countries. A UK database found that the incidence of GERD in
children was 0.84 per 1000 patient-years [8]. The incidence decreases from
the age of 1 year to the age of 12 years, after which it increases again,
reaching a maximum prevalence at age 16-17 years of age [8]. Children
with reflux disease often continue to have symptoms as an adult [9].
A pediatric definition and classification of GERD has recently been
published that should help simplify epidemiological studies [10].

Population-based studies have suggested that differences may exist bet-
ween different ethnic groups with regard to the prevalence of GERD. There
is a higher prevalence of reflux symptoms in Hispanic subjects compared to
Caucasian subjects [11]. In a multiracial population in Malaysia, Indian
ethnicity was consistently associated with reflux disease [12]. Other risk
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factors that have been identified in a number of studies include the
presence of a hiatus hernia, a family history of reflux disease, smoking,
obesity, pregnancy, and increasing age [6].

Obesity is a major risk factor for the development of reflux disease and
its complications. Truncal obesity raises intragastric pressure and compro-
mises the esophagogastric junction, increasing the likelihood of reflux in
patients predisposed to this disorder [13]. In a large epidemiological study
in Norway, increasing Body Mass Index (BMI) was associated with
increasing GERD symptoms [14]. There was a dose-response relationship
between increasing BMI and reflux symptoms in both men and women,
with a significantly stronger association in women. Compared with those
with a BMI less than 25, the risk of reflux was increased significantly
among those with a BMI >35: men (odds ratio (OR) 3.3, 95% confidence
interval (CI) 2.4-4.7) and women (OR 6.3, 95% CI 4.9-8.0).

A US case—control study showed that waist circumference but not BMI
was associated with Barrett’s esophagus [15]. Measures of visceral adi-
posity correlate best with the risk of cancer in Barrett’s esophagus. Patients
with a high waist-hip ratio have approximately twice the rate of devel-
oping adenocarcinoma [16]. In a recent study of the risk of cancer in
Barrett’s esophagus, the adjusted odds ratios for the development of cancer
was 2.4 (95% CI 1.4-3.9) for all cases, 2.8 (95% CI 1.5-5.1) for visible
Barrett’s esophagus, and 4.3 (95% CI 1.9-9.9) for long segment Barrett’s
esophagus [16].

The epidemiology of extraesophageal syndromes and their relationship
with reflux disease are more difficult to assess. Studies are based on associ-
ations between asthma, laryngitis, chronic obstructive airway disease and
symptoms of GERD but a causal relationship between reflux disease and
the extraesophageal syndrome cannot be inferred from such studies.
Patients with a diagnosis of chronic obstructive pulmonary disease (COPD)
are more likely to have a diagnosis of GERD compared with individuals
with no COPD diagnosis [17]. In this study, 1628 patients in the UK gen-
eral practice database were identified with a first diagnosis of chronic
obstructive airway disease and compared to 4391 patients with a first diag-
nosis of GERD. Over a 5-year follow-up, the relative risk of having GERD
diagnosed among patients with a diagnosis of COPD was 1.46 (95% CI
1.19-1.78) [17].

A systematic review found a strong association between dental erosions
and reflux disease, particularly in children [18]. The median prevalence of
dental erosions in patients with GERD was 24% (range 5-47.5%), and
17% (range 14-87%) in children. A study of 1980 children with GERD
between ages 2 and 18 showed that compared to healthy controls, children
with GERD had a significant risk for extraesophageal complications of
GERD. GERD was a significant risk factor for sinusitis (adjusted OR 2.3,
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95% CI 1.7-3.2, P<0.0001), laryngitis (OR 2.6, 95% CI 1.2-5.6, P=0.0228),
asthma (OR 1.9, 95% CI 1.6-2.3, P<0.0001), pneumonia (OR 2.3, 95%
CI 1.8-2.9, P<0.0001), and bronchiectasis (OR 2.3, 95% CI 1.1-4.6,
P=0.0193) [19].

A study that compared 8228 hospitalized patients with laryngeal cancers
and 1912 with pharyngeal cancers to controls reported that GERD was a
significant risk factor for the development of these cancers [20]. For outpa-
tients, GERD was associated with an adjusted OR of 2.31 (95% CI 2.10-
2.53) for laryngeal cancer and adjusted OR of 1.92 for pharyngeal cancer
(95% CI 1.72-2.15).

Health-related quality of life in gastroesophageal
reflux disease

Health-related quality of life (HRQOL) is defined as the patient’s subjective
perception of the impact of their disease and its treatment on daily life,
physical, psychological and social functioning and well-being. Health-
related quality of life can be measured by general scales such as the Short
Form (SF)-36 and the Psychological General Well-Being Scale (PGWS).
Quality of life measured by generic quality of life instruments such as the
SF-36 and the PGWS is significantly reduced in patients with GERD [4,21].
There is a relationship between symptom severity and general quality of life
scales [4,22]. Figure 2.2 shows the relationship between symptom severity
and general quality of life as measured by the PGWS. Symptom frequency
is also related to decreases in quality of life. A recent population-based
study of patients with reflux symptoms found that 6% of subjects reported
reflux symptoms (heartburn and/or regurgitation) daily, 14% weekly and
20% less than weekly during the previous 3 months [23]. Compared to
patients with no reflux symptoms, a clinically relevant impairment of
health-related quality of life (=5 points) was seen in all eight SF-36 dimen-
sions for patients with daily symptoms and in five dimensions for patients
with weekly symptoms [23]. In a study of 1011 patients with GERD in
Germany and Sweden, health-related quality of life was measured using
the EUROQol5. Patients with GERD had a significant impairment in quality
of life and the impairment was related to the severity of symptoms [24].

Disease-specific quality of life instruments have been developed for
GERD and are helpful in assessing the response to treatment. Quality of life
has been assessed using the QOLRAD, a disease-specitic instrument devel-
oped for reflux disease. In adolescents with GERD, quality of life is impaired
and treatment with a proton pump inhibitor improves all domains of
quality of life [22]. Improvements in symptoms are associated with improve-
ments in quality of life and overall satisfaction with treatment [22].
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Figure 2.2 The relationship between the severity of heartburn (a) and acid regurgita-
tion (b) measured by the score on the Gastrointestinal Symptoms Rating Scale (GSRS)
and quality of life measured by the Psychological General Well-Being (PGWB) Scale.
As symptom severity increases, well-being decreases. Normal values are 103 and a
clinically relevant change is a decrease in 5 points to 98. Reproduced from Wiklund

et al. [4] with permission from Blackwell Publishing.
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Health economic implications

The Agency for Health Care Policy and Research has conducted a survey of
the inpatient costs of treating GERD in the USA from 1998 to 2005 [25].
Hospitalizations with either a primary or secondary GERD diagnosis
increased by 216% from 995,402 in 1998 to 3,141,965 in 2005. Adult hos-
pitalizations with a primary GERD diagnosis decreased by 2.4% from 77,783
in 1998 to 75,888 in 2005. However, for pediatric GERD, stays with a pri-
mary GERD diagnosis increased by 42% for infants and by 84 % for children
age 2-17. Eight out of every 1000 hospitalizations with a GERD diagnosis
had Barrett’s esophagus. The average cost per hospital stay with a primary
GERD diagnosis was $5616 in 1998 and $6545 in 2005. The total national
hospital costs for all hospitalizations with a primary GERD diagnosis
increased by 22% from $509 million in 1998 to $622 million in 2005 [22].

In Canada, in 2004-5, the Canadian healthcare system spent a mean of
$6915 per patient for the 7554 patients who had a primary diagnosis
of diseases of the esophagus and associated complications, for a total of
$52,235,910 [26].

The outpatient costs of treating GERD are significant. Managed care orga-
nizations spend large amounts of money for the treatment of acid-related
disorders. The IMS tracks the costs and trends of drug use in the USA [27].
In 2009, proton pump inhibitors were the third largest therapeutic class in
sales. Proton pump inhibitors sales totaled $13.6 billion, and dispensed
prescription volume for this therapeutic class rose 5% [27]. Treatment of
GERD can reduce healthcare costs. A managed care study of 41,895 patients
with GERD, conducted between 2000 and 2005, found that patients who
were started on a proton pump inhibitor had a reduction in costs and
patients who were compliant with proton pump inhibitor therapy had
lower overall downstream costs than those who were non-compliant due
to lower outpatient visits and hospital admissions [27,28].

Impact of gastroesophageal reflux disease

on work productivity

A systematic review of the impact of GERD on work productivity was reported
in 2006 [29]. The studies were conducted in seven countries and involved
eight different study populations. The results of these studies show that
absences from work related to GERD were infrequent and ranged from <1%
to 7%. Presenteeism, which is defined as reduced work productivity while pre-
sent at work, was much more common, ranging from 6% to 42%. Assuming
a 40-h work week and average US wages for 2005, the mean productivity loss
per employee with GERD is estimated to range from $62-430/week [29].
Treatment of GERD restores quality of life and work productivity (29).
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Cost-effectiveness of medical therapy

Many patients with reflux disease stop and start treatment rather than
taking it continuously. This form of therapy (on-demand therapy) may
make sense in patients without esophagitis. In one study, 424 patients with
endoscopy-negative reflux disease were randomized to placebo or proton
pump inhibitor (omeprazole 20 mg or omeprazole 10 mg) on demand [29].
Of those patients randomized to on-demand therapy with omeprazole
20mg a day, 83% were satisfactorily maintained over the 6-month time
frame. The mean number of omeprazole capsules used per day was 0.43,
suggesting that the total medication use was reduced by approximately
50%. In a study of esomeprazole therapy, 320 patients with endoscopy-
negative reflux disease who had complete symptom resolution after
4 weeks of therapy with either esomeprazole 20mg or omeprazole 20 mg
were randomized to receive esomeprazole 20mg on-demand or placebo
on-demand for 6 months [30]. Medication intake was measured using
electronic chips embedded in the caps of the medication containers. On
average, esomeprazole was taken once every 3 days and 86% of patients
were managed with on-demand therapy compared to 49% in the placebo
group. These data suggest that on-demand therapy is effective and can
substantially reduce costs of medical therapy [31].

Economics of medical versus surgical therapy

Several cost models have compared medical therapy to fundoplication.
Bojke et al. evaluated the costs of laparoscopic fundoplication using a
Markov model and UK cost estimates [32]. The incremental cost per
additional quality-adjusted life-year (QALY) for surgery compared to
medical therapy medical management was £180. The cost-effectiveness
of surgery could not be demonstrated and the probability that surgery
was cost-effective using a generally accepted threshold of £30,000 per
QALY was only 60%. A study by Arguedas et al. [33] is interesting
because the authors revised a previously published analysis that had
suggested that surgery was cost-effective. When they reexamined the
model which covered a 10-year time frame, using newly available data
from randomized controlled trials and adding quality of life as an out-
come measure, they found that medical therapy had a total per-patient
cost of $8798 and 4.59 quality-adjusted life-years, while the surgical
approach was more expensive at $10,475 and less effective 4.55 quality-
adjusted life-years. Cost models are sensitive to the cost of the proton
pump inhibitor, which has dropped significantly in many countries with
the availability of low-cost generic proton pump inhibitors. They are
also sensitive to the success rates assumed for surgery and medical
therapy (effectiveness).
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A recent randomized controlled trial suggests that newer proton pump
inhibitors may be more etfective than surgery at 5 years. Estimated
remission rates at 5 years were 92% (95% CI 89-96%) in the esomepra-
zole group and 85% (95% CI 81-90%) in the fundoplication group
(P=0.048) [34].

Evolution and natural progression of
gastroesophageal reflux disease

The evolution and natural progression of GERD are unclear because
longitudinal studies were not performed before acid inhibitory therapy
became generally available. The natural history of GERD is influenced by
changes in the populations being studied. For example, obesity has been
increasing in Western populations and is increasing in some countries in
Asia. A recent study evaluated healthy women in a longitudinal study in
the USA [35]. Compared with women who had a BMI of 20.0-22.4, the
multivariate odds ratio for frequent symptoms was 2.92 (95% CI 2.35-
3.62) for a BMI of 30.0-34.9, and 2.93 (95% CI 2.24-3.85) for a BMI of
35.0 or more. An interesting aspect of this study was that symptoms of
GERD regress if a substantial weight loss occurs. A recent systematic review
examined the effects of age on the severity of reflux disease [36]. Age is
associated with a decrease in GERD symptom prevalence but more severe
patterns of acid reflux and more severe esophagitis.

An aspect of the natural history that remains controversial is the rela-
tionship between non-erosive reflux disease and reflux esophagitis. The
ProGERD study, a naturalistic study that follows patients on treatment in
Germany, suggests that patients may transition between non-erosive
reflux disease and erosive esophagitis [37]. Twenty-five percent of patients
who had non-erosive reflux disease at baseline progressed to Los Angeles
Grade A or B esophagitis and 0.6% to Los Angeles Grade C or D; 1.6% of
patients who had Los Angeles Grade A or B disease progressed to Los
Angeles Grade C or D and 61% regressed to non-erosive reflux disease;
42% of patients who had Los Angeles Grade C or D disease regressed to
Grade A or B disease and 50% regressed to non-erosive reflux disease.
Patients with Grade C or D esophagitis were at greatest risk of developing
Barrett’s esophagus (5.8%) compared with patients with grade A and B
disease (1.4%) and patients with non-erosive reflux disease (0.5%). Some
complications such as esophageal strictures have declined in frequency in
the last decade and this change corresponds with the availability of proton
pump inhibitors [38].

Over the last 25 years there has been a remarkable change in the epide-
miology of esophageal cancer in Western countries. The incidence of
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esophageal adenocarcinoma has been rising rapidly in some countries
although the absolute annual risk of developing adenocarcinoma remains
low at 0.4% [39]. Esophageal adenocarcinoma has been causally linked to
GERD and is the final stage in the evolution of reflux disease. In a large
epidemiological study in Sweden, the risk of esophageal adenocarcinoma
was increased (OR 7.7) in patients suffering from long-standing reflux
symptoms [40]. A higher frequency of symptoms (greater than three times
per week) and a long duration (greater than 10-20 years) of symptoms
increased the risk (OR 16-20).

Summary

Gastroesophageal reflux disease is widely prevalent throughout the world
and its prevalence is increasing in Asia. GERD has a number of symptom
associations, including esophageal adenocarcinoma, laryngeal and pha-
ryngeal cancer, chronic obstructive airway disease and laryngitis. The cost
of treating GERD poses an important economic burden to most healthcare
organizations. GERD is associated with a marked impairment in quality of
life. It is also associated with loss of work productivity and this is primarily
due to decreased effectiveness while at work rather than absences from
work. Treatment with proton pump inhibitors restores quality of life and
improves work productivity.
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Key points

e Endoscopy is indicated when there are alarm features such as dysphagia, weight loss,
and anemia.

e The presence of erosive esophagitis on endoscopy provides robust evidence of
gastroesophageal reflux disease, but endoscopy is normal in the majority of patients.

e Ambulatory reflux monitoring is the gold standard for diagnosing gastroesophageal
reflux disease.

e |n some patients, the reported symptoms are due to non-gastroesophageal reflux
disease causes; in this context, a negative evaluation for gastroesophageal reflux
disease can direct the diagnostic and treatment efforts toward other causes.

Potential pitfalls

¢ Gastroesophageal reflux disease can be diagnosed by symptoms and a “positive
proton pump inhibitor test” in some settings, but the limited sensitivity and
specificity of this approach as a diagnostic intervention need to be kept in mind.

¢ Gastroesophageal reflux disease cannot be diagnosed by barium esophagram or
esophageal manometry.

¢ A normal endoscopy does not exclude gastroesophageal reflux disease.

Introduction

Gastroesophageal reflux disease (GERD) is a very common clinical problem.
Heartburn or acid regurgitation is experienced on a weekly basis by nearly
20% of the US population, with an annual prevalence of up to 59% [1].

Practical Manual of Gastroesophageal Reflux Disease, First Edition.
Edited by Marcelo E Vela, Joel E. Richter and John E. Pandolfino.
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Diagnostic testing options for GERD include the assessment of symptoms
(e.g. patient history or GERD questionnaires), the response to a trial of acid
suppression (generally with a proton pump inhibitor — PPI), evaluation for
acid-related damage to the esophageal mucosa (endoscopy), or determina-
tion of pathological reflux on prolonged ambulatory monitoring with pH
or impedance pH. In clinical practice, a diagnosis of GERD is often made
based upon symptom presentation along with a good response to a trial
of PPI therapy. While the PPI trial is a reasonable and simple option in
the appropriate setting (e.g. primary care), it is important to remember its
limitations in terms of sensitivity and specificity.

Beyond taking a careful history for typical symptoms of GERD, a number
of validated questionnaires are available including specific symptom scales,
GERD-related quality of life scales, and combined instruments to assess
both symptoms and quality of life. Questionnaires can be helpful but they
generally have similar specificity and sensitivity compared to clinical exam-
ination by a gastroenterologist and therefore, to date, their role has often
been limited to clinical trials.

Upper endoscopy is indicated when the clinical presentation includes
alarm features such as dysphagia, bleeding or weight loss. Endoscopy pro-
vides a robust diagnosis of GERD when erosive esophagitis is present, but
this is only found in approximately 30% of untreated patients [2] and
even a smaller proportion of patients after treatment with a PPI. Random
biopsies to look for evidence of GERD in those with normal endoscopy are
not recommended because conventional histology has poor performance
for a diagnosis of GERD.

Direct measurement of gastroesophageal reflux through pH monitoring
(catheter based or wireless) can establish whether there is a pathological
amount of acid reflux and if there is an association between symptoms and
reflux episodes. Impedance-pH monitoring enables measurement of both
acid and non-acid reflux (with a pH >4); the latter may be clinically impor-
tant in patients with persistent symptoms despite acid-suppressive therapy.

Evaluation should always begin with a careful history. A PPI trial is a
reasonable option for diagnosing GERD in patients with typical symptoms.
GERD cannot be diagnosed by barium esophagram or esophageal mano-
metry. Endoscopy should be performed when alarm features are present.
Objective documentation of GERD by endoscopy or reflux monitoring is
mandatory before antireflux surgery. Evaluation by endoscopy and reflux
monitoring is useful in patients with extraesophageal symptoms, and those
in whom symptoms persist despite acid suppression. It is important to note
that in some patients the reported symptoms may be due to causes other
than GERD, including functional disorders; in these patients, endoscopy
and reflux monitoring can be valuable tools to exclude GERD. The advantages,
disadvantages, and clinical use of tests to diagnose GERD are discussed in
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Table 3.1 Advantages and disadvantages of diagnostic tests for gastroesophageal
reflux disease.

Test Advantages Disadvantages

Proton pump inhibitor e Simple PPI dose and duration not

test o Widely available standardized
¢ Non-invasive o Definition of response not
standardized
® |ow sensitivity and specificity
Endoscopy ® Provides robust diagnosis when ® Invasive
erosive esophagitis is present e Normal in two-thirds of GERD
e Can diagnose and treat patients

complications such as stricture
Can exclude non-GERD disorders

Reflux monitoring

Catheter-based pH * Measures esophageal acid Catheter discomfort may limit
exposure, the gold standard for activities
GERD diagnosis Cannot detect non-acid reflux
Study restricted to 24 h

Wireless pH e Measures esophageal acid e More costly than catheter-based
exposure, the gold standard techniques
for GERD diagnosis e Requires endoscopy for
o Better tolerability placement
¢ Prolonged monitoring (up to 96h) e Cannot detect non-acid reflux
Impedance pH * Measures esophageal acid e Catheter discomfort may limit

exposure, the gold standard for activities

GERD diagnosis Study restricted to 24 h

Can detect non-acid reflux ¢ Analysis of tracings more
laborious than pH alone

GERD, gastroesophageal reflux disease; PPI, proton pump inhibitor.

this chapter and summarized in Table 3.1. The approaches to diagnosing
GERD in patients with non-cardiac chest pain, extraesophageal reflux pre-
sentations, dysphagia, and refractory symptoms are discussed in detail in
other chapters.

Gastroesophageal reflux disease symptoms,
questionnaires, and the proton pump inhibitor test

Heartburn and regurgitation are considered typical symptoms of GERD.
Heartburn is defined as a burning sensation in the retrosternal area, and
regurgitation is defined as the perception of flow of refluxed gastric
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contents into the pharynx or mouth [3]. Heartburn and regurgitation are
the most reliable symptoms for making a history-based diagnosis of GERD
but are far from perfect in this respect. When heartburn and regurgitation
are the dominant symptoms, they have high sensitivity but poor specificity
[4]. While heartburn is the most typical symptom of GERD, it may also be
present in patients with other esophageal disorders such as eosinophilic
esophagitis or achalasia. Furthermore, some patients may have no organic
cause for heartburn, a condition that is termed “functional heartburn” that
is discussed in detail in a later chapter. Dysphagia may be part of the clinical
presentation in a patient with GERD and is considered to be an alarm
symptom that warrants endoscopic evaluation to exclude a complication,
including malignancy. Chest pain may also be experienced by GERD
patients, but this symptom requires thorough evaluation for a cardiac
cause before GERD is considered.

More recently, the spectrum of clinical presentations attributed to GERD
has moved beyond the typical esophageal symptoms of heartburn and
regurgitation, and now includes various extraesophageal manifestations
that focus on respiratory and laryngeal symptoms. Several epidemiological
studies have identified an association between GERD and asthma [5],
chronic cough [6], and laryngitis [7]. However, causality cannot be inferred
from these studies. Therefore, the Montreal Consensus recognized established
associations between GERD and asthma, chronic cough, and laryngitis,
while acknowledging that these disorders frequently have a multifactorial
etiology and gastroesophageal reflux may be a co-factor rather than a cause.
The Montreal Consensus also recognized the rarity of extraesophageal
syndromes occurring in isolation without concomitant typical symptoms of
GERD [3]. The evaluation of GERD in patients with non-cardiac chest pain,
cough, and laryngitis is discussed in detail in later chapters.

A number of questionnaires have been developed for GERD. Available
validated instruments include specific symptom scales, quality of life scales,
and those which combine the two. A comprehensive review of these
instruments is beyond the scope of this chapter, especially because they are
not widely used in routine clinical practice. Questionnaires can be helpful,
but have similar specificity and sensitivity as clinical examination by a gas-
troenterologist and therefore, to date, their role has been in screening large
numbers of patients by non-specialists or as part of clinical trials [8].

Although, as noted above, the sensitivity and specificity of heartburn
and regurgitation are not perfect for making a diagnosis of GERD, it is not
necessary to conduct a diagnostic evaluation in all patients with typical
symptoms and no alarm features. In this context, a 2—4-week trial of acid
suppression with a PPI is a non-invasive, simple, and reasonable option for
supporting a diagnosis of GERD. If the patient has a clear response to
therapy, it can be assumed that GERD is present. That said, the potential
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shortcomings of this approach have to be kept in mind. The manner in
which this “PPI test” is administered is not standardized. Studies evalu-
ating this approach have used differing PPI doses (once versus twice daily),
variable duration of treatment (from 1 to 4 weeks or even longer), and
different definitions of what constitutes a positive test (for instance, 50%
improvement as opposed to 100% improvement). In addition, a meta-
analysis of several studies that evaluated the diagnostic capability of a short
course (1-4 weeks) of PPI compared to other tests found a sensitivity of
78% and specificity of 54% for the PPI test [9].

Esophagram and esophageal manometry

Barium esophagram and esophageal manometry deserve a brief discussion
because they are often used in the work-up of patients with symptoms
suggestive of GERD. A diagnosis of GERD cannot be made based upon the
results of an esophagram or esophageal manometry.

While a high-quality barium esophagram with double contrast can reveal
signs of esophagitis, the overall sensitivity of this test for esophagitis is very
low [10]. The finding of barium reflux from stomach to esophagus, with or
without provocative maneuvers, may be absent in patients with GERD; fur-
thermore, reflux of barium may be found with provocative maneuvers in
some healthy subjects [11,12]. An esophagram can be helpful when a patient
has dysphagia, as it may reveal a structural abnormality such as a stricture or
ring. However, GERD cannot be diagnosed based upon esophagram.

Esophageal manometry will often reveal impaired peristalsis in GERD
patients, and some but certainly not all GERD patients may have a hypo-
tensive lower esophageal sphincter [13]. However, these findings are
not specific and a diagnosis of GERD cannot be made based upon man-
ometric findings. Manometry is useful to guide placement of transnasal
pH or impedance pH catheters for ambulatory reflux monitoring. In
addition, esophageal manometry should always be performed prior to
antireflux surgery. While the presence of decreased peristalsis has not
been found to reliably predict postfundoplication dysphagia [14],
manometry should be performed to exclude aperistalsis due to a
scleroderma-like esophagus or achalasia, as both of these conditions
represent contraindications to fundoplication.

Endoscopy and esophageal biopsies

Upper endoscopy enables direct visualization of the esophageal mucosa
in patients with symptoms suggestive of GERD. Endoscopy may reveal
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Box 3.1 Los Angeles classification of esophagitis [15]

Grade A: one or more mucosal breaks no longer than 5mm, that do not extend
between the tops of two mucosal folds

Grade B: one or more mucosal breaks longer than 5mm long that do not extend
between the tops of two mucosal folds

Grade C: one or more mucosal breaks that are continuous between the tops of two
or more mucosal folds but involve less than 75% of the esophageal circumference
Grade D: one or more mucosal breaks involving at least 75% of the esophageal
circumference

erosive esophagitis, strictures or Barrett’s esophagus. The finding of erosive
esophagitis provides a robust diagnosis of GERD. The most widely used
system for grading the severity of esophagitis is the Los Angeles classification
(Box 3.1), which has been validated in terms of interobserver variability
[15]. However, a normal endoscopy does not rule out GERD, and roughly
two-thirds of patients with heartburn and regurgitation will have a nega-
tive endoscopy without erosions [16]. Alternatives to conventional endo-
scopy include ultra-thin endoscopes [17] and capsule endoscopy [18];
these avoid sedation and are thus generally safer and more efficient, but
patient tolerance can be an issue with unsedated endoscopy and biopsies
cannot be obtained during capsule esophagoscopy.

Histological findings suggestive of GERD include basal cell hyperplasia,
increased papillary length, and infiltration with neutrophils or eosinophils.
However, the diagnostic performance characteristics of these findings are
rather poor as they are often absent in disease, while they may be present
in healthy controls [19]. Therefore, obtaining random biopsies from the
distal esophagus as a means of diagnosing GERD in a patient with normal
endoscopy is not recommended [20]. That said, obtaining random distal
and proximal esophageal biopsies may be useful in patients without a clear
diagnosis because histology may be consistent with eosinophilic esophagi-
tis (EoE), a condition with increasing prevalence that may present with
symptoms that are similar to those experienced by GERD patients (heart-
burn, dysphagia, chest pain). Of note, while endoscopy will often reveal
rings or linear furrows in EoE patients, the mucosa may appear normal in
up to 10% of patients [21].

Ambulatory reflux monitoring
Ambulatory esophageal reflux monitoring is the most accurate means of

confirming the diagnosis of GERD. This test quantifies reflux by measuring
esophageal acid exposure or the number of reflux episodes, and it also
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enables an examination of the temporal relationship between reflux epi-
sodes and reported symptoms. Reflux monitoring was performed through
catheter-based pH studies for many years. More recently, there have been
two major developments in this field: the wireless pH capsule which allows
catheter-free monitoring, and impedance pH measurement, a catheter-
based technique that enables detection of acid and non-acid reflux (i.e.
with pH >4). Additional techniques that will not be discussed in this
chapter include esophageal bilirubin monitoring [22], which is not widely
used in clinical practice, and a new transnasal catheter for pharyngeal
monitoring that can measure pH in either liquid or aerosolized droplets
[23]. Data to support the use of the latter are very limited and the test is
not used routinely.

Catheter-based pH monitoring

Conventional ambulatory pH monitoring is performed by a transnasal cath-
eter that records esophageal pH over a 24-h period, with a pH electrode posi-
tioned 5cm above the proximal border of the lower esophageal sphincter.
A reflux episode is defined by a drop in pH to below 4.0. Various measures
can be derived from a pH monitoring study, including percent time with pH
<4 (upright, recumbent, and total time), number of reflux episodes, number
of reflux episodes longer than 5min, and longest reflux episode [24]. Of
these, the total percentage of time with pH <4 is felt to be the most useful
indicator of pathological acid reflux [25]. A positive pH test can establish a
diagnosis of GERD in a patient with normal endoscopy; it may also help to
confirm or exclude GERD in patients who do not respond to PPI therapy, as
explained in greater detail in Chapter 7. While the sensitivity and specificity
of this test are above 90% in some studies [26,27], other data point to lower
sensitivity [28]. Additional shortcomings of pH monitoring include the possi-
bility of changes in patient behavior related to having a transnasal catheter,
such as altered eating habits and decreased activity [29]. Finally, pH moni-
toring does not allow assessment of non-acid reflux (i.e. with pH >4), that
may occur when the gastric contents are buffered (during pharmacological
acid suppression, in the postprandial period or in patients with atrophic
gastritis).

Bravo pH monitoring

A new technology has been developed recently to enable wireless moni-
toring of esophageal pH, obviating the need for a transnasal catheter. The
system uses a small recording capsule that is endoscopically attached to the
distal esophagus, and transfers pH data via radiofrequency signals to an
external recording device. Wireless pH monitoring has similar and possibly
improved accuracy compared to catheter-based pH monitoring [30]. In
addition, it is better tolerated by patients [31], thus allowing for testing
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under more physiological conditions with fewer limitations on diet and
activity [32]. An additional advantage of this approach is the capability for
prolonged monitoring, with a standard study of 48 h that can be extended
to up to 96 h [33]. In a study of 48-h wireless pH monitoring in 44 healthy
subjects and 41 GERD patients, improved sensitivity in distinguishing con-
trols from GERD patients was achieved by using the data from the worst of
the 2 days [34].

The wireless pH monitoring system has some limitations, including early
capsule detachment (an infrequent problem), chest pain or discomfort,
increased cost and, like catheter-based pH monitoring, the inability to
detect non-acid reflux, which may be clinically relevant in some patients.

Impedance-pH monitoring

Intraesophageal impedance, determined by measuring electrical conduc-
tivity across a pair of closely spaced electrodes within the esophageal
lumen, is dependent on the conductivity of the material through which
the current travels. By placing a series of conducting electrodes in a cath-
eter that spans the length of the esophagus, changes in impedance can be
recorded in response to movement of intraesophageal material in either
antegrade or retrograde direction [35]. Because the esophageal mucosa,
air, and any given bolus material (i.e. swallowed food, saliva, refluxed
gastric contents) each produce a different change in impedance, the tech-
nique enables very detailed characterization of gastroesophageal reflux
episodes, including composition (air, liquid or mixed), proximal extent
(height), velocity, and clearance time.

Impedance-pH is currently the most accurate and detailed method for
measuring gastroesophageal reflux [36]. During combined impedance and
pH monitoring, impedance is used to detect retrograde bolus movement
(i.e. reflux), while pH measurement establishes the acidity of the reflux
episode (acid if pH <4.0, non-acid otherwise). Non-acid reflux may be
further classified as either weakly acidic (pH =4 but <7) or weakly alkaline
(pH 27). In this chapter, non-acid reflux refers to any reflux with pH >4.
The main advantage of this method is the capability to detect non-acid
reflux, which may be relevant in some patients, especially those with
symptoms that persist despite PPI therapy. Examples of acid and non-acid
reflux are shown in Figure 3.1.

Ambulatory-impedance-pH monitoring can be performed with different
catheters that incorporate a varying number of impedance measuring
segments and pH electrodes in different configurations. A typical catheter
has a pH electrode positioned 5 cm above the manometrically determined
lower esophageal sphincter (similar to conventional pH testing), along
with six or more impedance-measuring segments (each composed of two
metal ring electrodes usually spaced 2cm apart) to detect impedance
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Figure 3.1 Acid and non-acid reflux detected by impedance-pH monitoring.
Impedance changes in six measuring segments spanning the esophagus, and pH
changes from a single sensor in the distal esophagus are shown. (a) Acid reflux:

a typical impedance reflux pattern with sequential decreases in impedance starting in
the distal esophagus and progressing upward in retrograde direction; this reflux episode
is associated with a pH fall to below 4.0 (arrow). (b) Non-acid reflux: typical impedance
reflux pattern; during this episode esophageal pH remains above 4. The patient
reported heartburn during this reflux episode.
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changes along variable lengths of the esophagus. Catheter placement is
transnasal and thus similar to that of conventional pH monitoring.
Ambulatory impedance-pH monitoring is conventionally performed over a
24-h period.

Assessment of reflux with impedance-pH is reproducible [37] and normal
values for ambulatory 24-h impedance-pH monitoring are now well
established [38,39]. While impedance pH is considered the most accurate
method for reflux detection, the clinical indications for its use and its role
in managing GERD patients are still evolving because the clinical relevance
of non-acid reflux is awaiting confirmation by high-quality trials. Studies
have shown that non-acid reflux can cause symptoms indistinguishable
from those caused by acid reflux [40]. Furthermore, non-acid reflux can be
treated by pharmacological inhibition of transient lower esophageal
sphincter relaxations [41] or through fundoplication [42]. However, it is
very important to note that there is a paucity of high-quality controlled
studies examining the benefit of treating non-acid reflux. In addition, it
must be remembered that non-acid reflux occurs predominantly in the
postprandial period (when food buffers the stomach contents) or during
pharmacological acid suppression. The potential relevance of non-acid
reflux is discussed in greater detail in Chapter 7.

Impedance-pH monitoring has some limitations. It is catheter based
which, like conventional pH testing, can result in patient discomfort and
change in behavior on the day of testing. In addition to these catheter-
based difficulties, low baseline impedance (seen in some patients with
severe reflux) can make the tracing difficult to read. Finally, interpretation
of impedance-pH tracings may be more time consuming compared to
pH-metry.

Symptom association studies during reflux monitoring

As mentioned earlier, the total percentage of time with pH <4 is felt to be
the most useful indicator of pathological acid reflux [25]. The number of
reflux episodes detected by impedance can also serve as a measure of
abnormal reflux, but the clinical utility of this approach is unclear and out-
come studies proving that treating patients based upon this endpoint is
beneficial are lacking.

Beyond establishing the presence of pathological reflux, ambulatory
reflux monitoring with any of the available techniques (catheter or wireless
pH, impedance-pH) may be used to determine whether the patient’s
symptoms are due to reflux. The two methods most commonly used to
evaluate the temporal association between reflux episodes and symptoms
are the Symptom Index (SI) [43] and the Symptom Association Probability
(SAP) [44]. The Sl is defined as the percentage of symptom events that are
temporally related to a reflux episode (number of reflux-related symptom
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events/total number of symptom eventsx 100%). An SI of 50% is consid-
ered positive, meaning that the symptom is related to reflux. Although this
value was derived from receiver operating characteristic (ROC) curves that
found this threshold to be sensitive and specific for heartburn [45], the SI
is used to analyze any symptom that may be attributed to GERD. The SAP
is calculated by dividing the pH or impedance-pH tracing in 2-min seg-
ments and determining whether a reflux episode and/or a symptom
occurred in each 2-min segment. A 2x2 contingency table with the
number of segments with and without symptoms and with and without
reflux is built; the probability that a positive association between reflux
and symptoms occurred by more than chance is evaluated through a mod-
ified chi-square test, with an SAP greater than 95% considered positive.
A detailed discussion of the advantages and disadvantages of the SI and
the SAP is beyond the scope of this chapter, but both have methodological
shortcomings that have been reviewed elsewhere [46]. Of note, both
methods rely on precise and timely symptom recording by the patient,
along with accurate reflux detection by the testing device. Furthermore,
prospective data to validate the ability of these symptom association mea-
sures to predict response to treatment are scarce. Nevertheless, they are
useful if their limitations are kept in mind, and they are commonly
employed in clinical practice. In terms of patient management, a strongly
positive SI or SAP may suggest the need for a therapeutic intervention and
a negative result supports the notion that the patient’s symptoms are
unlikely to be due to reflux. However, these indices should not be used in
isolation and other reflux monitoring parameters as well as the patient’s
presentation have to be incorporated into the decision-making process.
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CHAPTER 4
Overview of Gastroesophageal
Reflux Disease Treatments
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Key points

e Proton pump inhibitors are the dominant treatment for gastroesophageal reflux
disease.

¢ Proton pump inhibitors are progressively less effective in achieving the endpoints of
healing esophagitis, relieving heartburn, treating regurgitation, and treating
extraesophageal syndromes.

e The therapeutic gain with reflux inhibitors (gamma-amino butyric acid B agonists) is
modest for typical gastroesophageal reflux disease symptoms.

e Reducing visceral hypersensitivity should be considered in patients with persistent
heartburn or chest pain despite proton pump inhibitor treatment.

Potential pitfalls

e Indications for laparoscopic fundoplication must be balanced against its risks.

¢ In the absence of proton pump inhibitor response, an alternative diagnosis should be
considered for suspected gastroesophageal reflux disease symptoms.

Introduction

Gastroesophageal reflux disease (GERD) is defined as “a condition which
develops when the reflux of stomach contents causes troublesome
symptoms and/or complications” [1]. Typical esophageal GERD symptoms
include heartburn and regurgitation. Additional esophageal symptoms are
dysphagia and chest pain. Extraesophageal or “atypical” symptoms with
an established association with GERD on the basis of population-based
studies are chronic cough, asthma, and laryngitis. However, these have
potential etiologies other than GERD and in the absence of a concomitant
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Abnormal in number, Not a primary
composition, or abnormality of
volume refluxed GERD

Symptom Reflux Acidity of
triggers events gastric juice

Tissue
sensitivity

Symptom Acid
modulators clearance

Prolonged on basis Epithelial injury,
of hiatal hernia or hypersensitivity: central
weak peristalsis and/or peripheral

Figure 4.1 Conceptual model of the pathophysiology of gastroesophageal reflux
disease (GERD). The most fundamental abnormality is in the number of reflux events
as well as their composition and volume. The effect of reflux in eliciting symptoms is
linked to the toxicity of gastric juice even though this factor is usually normal in GERD
patients. Acid clearance and mucosal sensitivity modulate the effect of reflux events by
prolonging the exposure of the esophageal mucosa to refluxate and making the mucosa
fundamentally more sensitive. Each of these elements may be targeted by GERD
treatments.

esophageal GERD syndrome, the causal role of GERD in extraesophageal
symptoms remains controversial. GERD complications are mainly attributable
to mucosal injury, the most common being reflux esophagitis. Peptic
stricture, Barrett’s metaplasia, and esophageal adenocarcinoma may also
complicate GERD.

The pathogenesis of GERD symptoms and reflux esophagitis share
some common elements but also have several independent determinants.
Indeed, most patients with heartburn do not have esophagitis even prior
to treatment [2] and this disconnect becomes more exaggerated with
atypical GERD symptoms. Targeting individual elements of GERD
pathophysiology is the basis of GERD treatments (Figure 4.1). Paradoxically,
although gastric acid secretion is usually normal in GERD patients, the
lethality of gastric juice to esophageal epithelial cells is a key event in the
pathogenesis of esophagitis and, to a lesser degree, symptom occurrence.

Consequently, the dominant medical GERD treatments focus on
inhibiting acid secretion. Reflux inhibition is an alternative GERD treatment
strategy. Reflux inhibition can be achieved by reducing the number of
transient lower esophageal sphincter relaxations (TLESRs) or by restoring
an effective anti-reflux barrier with anti-reflux surgery or endoluminal
treatment. Contact time between harmful refluxate content and esophageal
mucosa is another primary element in GERD pathophysiology and may be
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attributable to the effects of a hiatal hernia or weak peristalsis [3]. Although
pharmaceutical therapies have minimal etffect in this domain, lifestyle
modifications such as avoiding postprandial recumbency and anti-reflux
surgery to eliminate hiatus hernia target this mechanism. Finally, visceral
sensitivity is increasingly recognized as an important modulator of
symptom severity and, when abnormal, should be considered as an
alternative target for GERD treatment. The aim of this overview is to
broadly consider alternative GERD treatments and their differential
effectiveness in the context of varied GERD presentation and severity.

Lifestyle modifications

There are many recommendations regarding lifestyle modifications as
GERD therapy. Generally, these fall into three categories:
e avoid food that may lead to reflux presumably by relaxing the lower
esophageal sphincter (coffee, alcohol, chocolate, fatty foods)
e avoid acidic foods that may precipitate heartburn by a direct irritative
effect on the esophageal mucosa (citrus, carbonated drinks, spicy foods)
e adopt behaviors that may reduce esophageal acid exposure by reducing
the occurrence of reflux and/or enhancing the process of acid clearance
(weight loss, smoking cessation, raising the head of bed, and avoiding
recumbent position for 2-3 h after meals).
Although evidence supporting these recommendations is generally weak
[4], they should be encouraged to the extent to which they seem relevant to
the individual patient. For instance, patients with regurgitation and heartburn
in the recumbent position should be advised to elevate the head of the bed
and to avoid eating for the 2-3-h period before going to bed. Similarly,
someone who consistently experiences heartburn after ingestion of alcohol,
coffee or any specific food will benefit from avoidance of these items.
Obesity and weight control merit special attention because
accumulating evidence suggests this to be one of the root causes of the
GERD epidemic of the past two decades. Epidemiological data suggest a
dose-dependent relationship between increasing Body Mass Index (BMI)
and frequent reflux symptoms [5]. However, the benefit of weight loss
on GERD symptoms has not been demonstrated in rigorous clinical trials
[6-8]. Nonetheless, if the development of troublesome heartburn
paralleled weight gain in an individual patient, it is very reasonable to
propose weight loss as an intervention that may prevent the need for
continuous acid suppressive therapy. This is particularly true in view of
the added health benefits of weight loss beyond reflux disease and
because obesity has been shown to be an independent risk factor for
Barrett’s esophagus and esophageal adenocarcinoma.
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Acid suppression

Acid neutralization with antacid and pharmacologically inhibiting gastric
acid secretion are cornerstones of GERD therapy. The most potent drugs
are the proton pump inhibitors (PPIs), which covalently bind with gastric
H+/K+ATPase to block the final common pathway for acid secretion.
Histamine-2 receptor antagonists (H,RA) competitively block histamine-
stimulated acid secretion, making them less potent than PPIs and giving
them a duration of action limited by their serum half-life. Antacids neu-
tralize acid or acidic food without having any effect on subsequent acid
secretion. It is well established that PPIs are more effective than H,RAs in
healing esophagitis and in relieving heartburn [9,10]. Similarly, H,RAs are
more effective than placebo in the same applications.

Returning to the principles of Figure 4.1, it follows that acid suppression
in general and PPI therapy specifically do not “cure” reflux disease. Rather,
PPIs treat GERD in an indirect fashion. It follows that PPI efficacy will vary
widely across disease manifestations, dependent on the degree to which
those manifestations are attributable to acid. The most responsive disease
manifestation is esophagitis, in which case esophageal epithelial injury is
directly attributable to gastric acid and eliminating acid facilitates mucosal
healing with close to 100% effectiveness. Similarly, dysphagia, which is
reported in about one-third of patients with esophagitis without stricture
or malignancy, resolves in 83% with PPI therapy [11]. However, esophagi-
tis is the best-case scenario for PPI efficacy. Heartburn is the next-best case,
but already the therapeutic gain associated with PPI therapy is sharply
reduced from that observed with esophagitis (Figure 4.2). Furthermore,
there is a 10-20% difference in therapeutic gain for heartburn dependent
on whether or not it occurs in the context of erosive esophagitis or non-
erosive reflux disease. Conceptually, this is because the specificity of heart-
burn as an acid-induced symptom is less in the absence of esophagitis. This
limitation is even more evident in the case of regurgitation wherein the
therapeutic gain from PPI therapy is less than 20% [12]. Consequently,
persistent regurgitation despite PPI therapy is a major contributor to
treatment failure.

The linkage between PPI response and acid-mediated symptoms is par-
ticularly well illustrated in the case of the treatment of unexplained chest
pain. A recent meta-analysis examined the responsiveness of chest pain to
PPI therapy in randomized controlled trials that utilized pH monitoring as
an objective means of distinguishing patients with or without abnormal
acid reflux [13]. Based on the data from six randomized controlled trials,
the therapeutic gain of >50% improvement with PPIs relative to placebo
was achieved in 56-85% in GERD-positive patients and only 0-17% in
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Esophagitis healing
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Esophagitis
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Chest pain (50% relief)
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GERD (-pH) '
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Figure 4.2 Summary of proton pump inhibitor (PPI) efficacy in randomized controlled
trials for potential manifestations of GERD. In each case, data among trials are averaged
to derive estimates of placebo effect and therapeutic gain (the degree to which the
active therapy improved upon the benefit seen with placebo). The dark purple bars
represent the placebo effect and the light purple bars the therapeutic gain beyond the
placebo effect seen with PPI. No distinctions are implied between brands or doses of
PPIs. In fact, the only disease manifestation in which a dose-response curve has been
shown is in the healing of esophagitis, wherein higher doses or more potent PPIs are
marginally more effective, especially in severe cases. In the case of hoarseness,
controlled trial data are sparse and the only large trial (which was done in patients
without objective evidence of GERD) failed to show any benetfit of PPI versus placebo
[48]. GERD, gastroesophageal reflux disease; NERD, non-erosive reflux disease.

GERD-negative patients [13]. Atypical or extraesophageal GERD manifesta-
tions remain a controversial topic in disease management. However, as shown
in Figure 4.2, evidence supporting PPI therapy in this domain is very weak,
showing little if any evidence of efficacy in randomized controlled trials. This
despite usage of PPIs in twice-daily dosing for treatment periods of 3—4 months.
The example of chronic cough is particularly interesting, which was the
topic of a recent Cochrane review exploring the efficacy of gastroesopha-
geal treatment [14]. Nine adult studies were identified comparing PPI to
placebo and included in a meta-analysis. No significant difference in effect
was observed between PPI and placebo in total resolution of cough (odds
ratio (OR) 0.46, 95% confidence interval (CI) 0.19-1.15). Patients on PPI
did, however, exhibit a slight but significant improvement in cough scores
after 2-3 months of PPI when data among studies were combined.
Finally, whatever the presentation of GERD, the likelihood of long-term
spontaneous remission is low and maintenance therapy is usually required
for continued symptom control. Maintenance therapy should be the lowest
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PPI dose necessary for symptom relief. Regardless of physicians’ instruc-
tions, most patients do this independently, adopting on-demand or inter-
mittent dosing of PPIs as required for symptom control [4].

Reflux inhibition

Substantial experimental evidence suggests that TLESRs are the dominant
mechanism of reflux in most GERD patients [15]. Increased compliance of
the esophagagastric junction (EGJ), as occurs in GERD, is associated with
increased opening and flow across the relaxed sphincter, making proximal
reflux and regurgitation more likely. Consequently, pharmacological
inhibition of TLESRs is an attractive therapeutic target for GERD and, con-
ceptually, might be more effective than PPIs in treating regurgitation.

Baclofen, a GABA, agonist, inhibits the vagal pathway for TLESRs
both centrally and peripherally [16]. However, since the drug crosses
the blood-brain barrier, neurological side-effects (somnolence, dizziness,
drowsiness) limit its use for GERD in clinical practice. Therefore, novel
GABA, agonists have been developed in an attempt to limit these side-
effects. Experimentally, arbaclofen placarbil, a pro-drug of the pharmaco-
logically active R-isomer of balclofen, decreases the number of postprandial
reflux events [17]. Similarly, lesogaberan, a novel GABA, agonist, has
been shown to decrease postprandial TLESRs [18]. Preliminary studies
have also shown GABA_ agonists to be superior to placebo in controlling
typical symptoms of GERD [17,19]. Nevertheless, larger scale studies
have thus far failed to show significant improvement in heartburn or
regurgitation with these drugs. In symptomatic GERD patients who failed
to respond to PPI therapy, the proportion of patients who respond to reflux
inhibition appeared modest and not specific for heartburn or regurgitation.
In a recent randomized trial including 244 patients with persistent
heartburn and/or regurgitation despite PPI therapy, lesogaberan, used as
add-on therapy, increased the number of heartburn-free days by 14% and
the number of regurgitation-free days by 13% compared to placebo [20].
As for the effect of GABA, agonists on extraesophageal symptoms of
GERD, this may be difficult to evaluate. Baclofen inhibits cough via a
central mechanism [21], making the role of reflux inhibition difficult to
differentiate in chronic cough patients with GERD.

Enhancing acid clearance

Patients with symptomatic GERD exhibit longer volume and acid esophageal
clearance times [22]. Mechanistically, this is attributable to both diminished
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peristaltic function and the effects of hiatus hernia. Of the two, the hiatus
hernia effect is probably dominant, especially when in a supine posture
[23,24]. Thus, limiting the contact time between the refluxate and the
esophageal mucosa may be proposed to reduce the occurrence of symptoms.
Lifestyle measures such as head of bed elevation and avoidance of
recumbency after meals target this mechanism but it is also a key principal
behind attempts at treating GERD with prokinetics and mucosal protectants.

Prokinetics

Ideally, a prokinetic would enhance esophageal clearance by enhancing
peristalsis. Unfortunately, no such drugs are currently available. An alternative
approach is to promote gastric emptying which may have the secondary
consequence of reducing the occurrence of TLESR. Metoclopramide may
improve gastric emptying [25], leading to its proposed use in GERD, especially
if accompanied by measurably delayed gastric emptying. However, there
are no high-quality data supporting the use of metoclopramide as either
monotherapy or adjunctive therapy in esophageal or suspected extraesopha-
geal GERD syndromes. Additionally, considering the toxicity profile of the
drug, the current recommendation is against the use of metoclopramide in
GERD because the potential risks exceed the potential benefits [4].

Mucosal protection
Decreasing esophageal mucosa permeability to luminal contents may
reduce the toxic effect of the gastric refluxate on esophageal mucosa.
Rebapimide has been shown to increase the gastric epithelial barrier [26]; it
may also exert its effect on esophageal mucosa. Consistent with this
hypothesis, the combination of rebamipide and lansoprazole 15mg was
more effective than lansoprazole 15mg alone in maintaining long-term
symptom relief in patients with Los Angeles Grade A and B esophagitis [27].
Stimulating secretion of mucosal protective factors may be another new
therapy in GERD. Bicarbonates, mucin, epidermal growth factor (EGF),
transforming growth factor alpha (TGF-alpha), and prostaglandin E2 are
present in saliva and esophageal secretions; they may promote mucosal
healing. Tegaserod, a serotonin 5-hydroxytryptamine 4 receptor agonist,
has been shown to increase the volume of salivary and esophageal secre-
tions in patients with GERD [28]. It particularly increased bicarbonate and
EGF secretion. In a randomized trial including 88 patients with chronic
constipation and GERD or dyspepsia, the combination of tegaserod plus
esomeprazole induced complete relief of heartburn in 85% of patients
versus 40% for esomeprazole alone and 47 % for tegaserod alone (P=0.012)
[29]. However, although these results seemed promising, tegaserod is no
longer commercially available. Nonetheless, the serotonin pathway and
stimulation of protective factor secretion may be a target for future therapy.
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Visceral hypersensitivity

Some patients with erosive esophagitis and, especially, non-erosive reflux
disease exhibit hypersensitivity to esophageal stimuli. This can be demon-
strated by balloon distension in the esophagus or acid perfusion (Bernstein
test). Hypersensitive patients have a diminished threshold for perceiving
these stimuli and a reduced threshold for experiencing pain compared to
healthy volunteers [30]. The same observations have been made in patients
with functional chest pain [31]. In extreme cases, patients with hypersen-
sitivity perceive the normal passage of food or fluid through the esophagus
as uncomfortable.

Low-dose antidepressants

Antidepressants may modulate esophageal sensitivity at the central ner-
vous system and/or sensory afferent level, potentially benefitting symp-
tomatic patients. Low-dose tricyclic antidepressants have been shown to
be effective in patients with chest pain after incomplete response to PPI
[32]. Trazodone, a serotonin reuptake inhibitor, was more effective than
placebo in patients with esophageal symptoms (chest pain, dysphagia,
heartburn, and/or regurgitation) associated with esophageal contraction
abnormalities [33]. Citalopram, another selective serotonin reuptake
inhibitor, significantly increased the threshold for perception and discom-
fort after balloon distension in healthy volunteers [34]. It also prolonged
the duration of esophageal acid perfusion required to induce heartburn.
Consequently, these medications may be useful to alleviate esophageal
discomfort and heartburn in the subset of GERD patients with hypersensi-
tivity. A recent placebo-controlled trial of citalopram in patients with pH-
impedance findings suggestive of hypersensitivity supports this concept
[35]. However, thus far there are no large studies that evaluate antidepres-
sants in GERD patients.

Acupuncture

In a series of 30 patients who failed PPI once daily, adding acupuncture
was significantly better in controlling acid regurgitation and heartburn
than doubling the PPI dose [36]. These results are promising and acupunc-
ture may represent an alternative therapy in PPI non-responders.

Hypnotherapy

Response to PPI treatment can be modulated by the level of psychological
distress [37]. Consequently, a therapy which reduces psychological distress
may be beneficial in some patients who have an inadequate response
to PPI. Hypnotherapy has been proposed as such an alternative therapy,
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especially for patients with atypical GERD symptoms. In a randomized trial
including 28 patients with non-cardiac chest pain, patients treated with
hypnotherapy experienced a global improvement in pain more frequently
than did controls (80% versus 23 %, P=0.008). Similarly, in a case series of
patients with globus sensation, hypnotherapy appeared to be a beneficial
intervention [38]. It remains to be determined if this alternative is effective
in larger series of patients with GERD-associated functional symptoms.

Surgery and endoscopic treatment

Surgical fundoplication

High-quality evidence on the efficacy of anti-reflux surgery exists only for
esophagitis and/or excessive distal acid exposure determined without
ongoing PPI therapy [4]. Anti-reflux surgery is at least as effective as PPI
therapy in controlling heartburn and acid regurgitation in controlled
trials. The best illustration of this is the recently published LOTUS trial, a
large randomized European trial comparing laparoscopic anti-reflux sur-
gery with esomeprazole treatment for patients with chronic GERD. The
diagnosis of GERD was established on the basis of typical symptoms and
presence of esophageal mucosal breaks at endoscopy and/or a patholog-
ical pH monitoring study. Only patients with clinical response to esome-
prazole during a 3-month run-in period were randomized. Over the first
3 years of follow-up, both laparoscopic fundoplication and PPI therapy
were similarly effective in achieving complete symptom remission [39].
The estimated remission rates at 5 years were greater in the esomeprazole
group than in the laparoscopic fundoplication group (92% versus 85%,
P=0.048) [40]. However, differences were observed between treatments
when analyzed by specific symptoms. Specifically, regurgitation was sig-
nificantly worse in the medical group than in the surgical group (13%
versus 2% respectively, P<0.001) while there was no significant difference
between the groups in heartburn severity. Dysphagia, bloating, and flatu-
lence were all significantly more common in the fundoplication group
than in the PPI group.

Consequently the potential benefits of anti-reflux surgery should be
weighed against the deleterious effect of new symptoms consequent upon
surgery, particularly dysphagia, flatulence, an inability to belch, and post-
surgery bowel symptoms (bloating, gas, diarrhea, abdominal pain).
Another important requirement for anti-reflux surgery is the presence of
some peristaltic activity in the esophagus. Although the precise cut-off
remains uncertain, severe peristaltic dysfunction is a relative contraindica-
tion and complete absence of peristalsis an absolute contraindication for
anti-reflux surgery [4]. Given this perspective, esophageal manometry
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should be done preoperatively to evaluate peristaltic function [41]. It also
allows diagnosis of major esophageal motility disorders that may mas-
querade as GERD: achalasia and distal esophageal spasm.

Another practical limitation of anti-reflux surgery is that it is known to
be highly operator dependent. Efficacy data from community practice
reports [42] are widely divergent from those of the LOTUS trial, with as
many as 30% of patients resuming PPI therapy within 5 years of anti-
reflux surgery. Revision fundoplication surgery is also common, accounting
for up to 50% of operations performed at some referral centers [43].
Hence, anti-reflux surgery should be recommended with restraint. Patients
with esophagitis who are intolerant of PPIs will likely benefit from anti-
reflux surgery. In contrast, patients with esophagitis who are well main-
tained on medical therapy have nothing to gain from anti-reflux surgery
and incur added risk. Patients with esophageal GERD symptoms poorly
controlled by PPIs may benefit from surgery, especially in the setting of
persistent regurgitation. Even so, the indication must be balanced with the
risk of surgery and patients need to be advised of potential dysphagia,
inability to belch, flatulence, and the development of new bowel symp-
toms. There is currently no high-level evidence supporting the use of anti-
reflux surgery in patients demonstrating only non-acid reflux on
pH-impedance monitoring.

Novel procedural anti-reflux therapies

Recent years have seen many putative endoscopic reflux treatments come
and go. As a group, they demonstrated minimal efficacy and an unaccept-
able incidence of adverse events, leading to poor acceptance and/or rapid
withdrawal from the market. Currently, there are two procedural ther-
apies, both designed to restore competency to the EGJ, that are still under-
going evaluation in clinical trials or the approval process: transoral
incisionless fundoplication (TIF) with the EsophyX® device and the LINX®
sphincter augmentation device.

Transoral incisionless fundoplication is done with the EsophyX® device
(Endogastric Solutions, Inc., Redmond, WA), an instrument designed to be
used in conjuction with an endoscope to create transmural plications in
the region of the EGJ. With the TIF procedure, an omega-shaped, full-
thickness gastroesophageal valve is created from inside the stomach [44].
In an early open label study, TIF was compared to laparoscopic fundoplica-
tion in patients with persistent heartburn or regurgitation despite PPI
therapy [45]. TIF was significantly less effective than laparoscopic fundo-
plication in improving reflux parameters and symptoms even though more
than half of the patients in the group who underwent endoscopic procedure
were improved. Other reports also suggest that symptoms may be improved
by the TIF procedure [46] and evaluation is continuing using a modified
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technique (TIF2) that more closely emulates the intragastric valve achieved
by fundoplication [44].

LINX® is a recently developed sphincter augmentation device (LINX®
Reflux Management System, Torax Medical, Shoreview, NM) [47]. The
device consists of a miniature string of interlinked titanium beads with
magnetic cores that is laparoscopically placed around the EGJ with or
without surgical repair of the hiatus. The magnetic bond between adjacent
beads augments sphincter competence by resisting opening and limiting
distension. However, the beads do temporarily separate to allow swallow-
ing, belching or vomiting. A recent open label report of 2 years follow-up
after LINX® placement found significant symptomatic improvement in a
series of 44 patients with typical GERD symptoms that had been at least
partially responsive to PPI therapy. Furthermore, although all the patients
had pathological esophageal acid exposure at baseline, 77% and 90% had
normal esophageal acid exposure at 1 and 2 years. Early dysphagia was
observed in 43 % of patients, resolving spontaneously within 3 months in
all but one who had the device removed at 1 month.

The eventual place of these novel procedures in GERD management
remains to be determined, certainly awaiting a more comprehensive
understanding of their effectiveness, limitations, and safety. In their favor,
they are designed to be reversible and it is hoped that they will cause fewer
adverse events than laparoscopic fundoplication, potentially representing
a therapy intermediate between existing medical and surgical GERD
approaches.

CASE STUDY

A 53-year-old woman was referred for heartburn and belching. Her previous medical
history was remarkable for asthma and obesity (BMI 33kg/m?). Her symptoms began
several years before and progressively worsened. Rabeprazole 20 mg daily was sufficient
to achieve complete heartburn relief but belching persisted. Because of the persistence
of belching, an esophagogastroduodenoscopy was performed and was normal. A pH
impedance study done while taking the rabeprazole revealed pathological esophageal
acid exposure (esophageal pH <4 during 8.9% of the total time) with 65 reflux events
in 24h. During the recording, the patient reported 52 symptom-events (mainly
belching) and the symptom association probability was 100%. Treatment with
baclofen 10mg twice daily was then added to the PPI therapy. This was effective in
relieving the belching but the patient discontinued the treatment because the baclofen
made her somnolent. Laparoscopic fundoplication was discussed as a possible
alternative but after balancing of the potential benefit of treating belching against the
risk of postoperative gas bloat syndrome, it was decided against. Instead, the patient
attempted to modify her diet and lose weight; this was unsuccessful. Finally she was
referred for behavioral therapy. After three sessions of diaphragmatic breathing and
habit reversal training, the patient reported a significant improvement of her belching.
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Adjust PPI therapy to the lowest
dose that maintains symptom relief

Complete Consider on-demand therapy if
response symptoms are mild or moderate

Consider surgery if intolerant of PPIs
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Consider fundoplication
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Change PPI?
Consider / Medical reflux inhibition?
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low-dose antidepressant,
acupuncture, hypnotherapy

Figure 4.3 Management algorithm for GERD treatment. GERD, gastroesophageal
reflux disease; PPI, proton pump inhibitor.

Management algorithm

A management algorithm for GERD treatment is presented in Figure 4.3.
PPIs are the first-line therapy. The other alternative should be proposed
when PPIs are not well tolerated or in case of incomplete response.

Conclusion

Reflux disease is caused by physiological dysfunction of the EGJ leading
to excessive reflux of gastric secretions into the esophagus. Esophagitis
is a direct consequence of this. Consequently, reducing gastric acid
secretion with PPIs is very effective in esophagitis healing. However,
PPIs do not eliminate reflux and the response of specific GERD symptoms
to PPI therapy is dependent on the degree to which those symptoms are
related to acid. PPIs are most effective for the symptom of heartburn but
progressively less so for regurgitation, chest pain, and atypical symptoms.
However, even in the case of heartburn, PPI efficacy is substantially less
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than for healing esophagitis. When the PPIs are not well tolerated or
ineffective, alternative treatment should be tested. H,RAs and antacids
are alternatives with mild-to-moderate GERD symptoms. Reducing the
occurrence of reflux is another important therapeutic target, especially
in patients with persistent regurgitation on PPI therapy. Achieving this
pharmacologically with TLESR inhibition raised expectations in this
domain but thus far the therapeutic gain seems to be modest. Anti-reflux
surgery is the main alternative in these patients if a clear relationship is
established between persistent regurgitation and reflux. Finally, treating
visceral hypersensitivity may be beneficial in the subset of GERD
patients whose symptoms are driven by this mechanism.
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Gastroesophageal Reflux Disease
Treatment: Side-Effects and
Complications of Acid
Suppression
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Key points

¢ Data suggesting relative “harm” for bone fracture and decreased clinical effectiveness
of clopidogrel are found in retrospective studies with inferential “channeling bias"”.

¢ Bone fracture risks with proton pump inhibitors are not greater when patient risks
are co-adjusted for other bone fracture relative risks.

¢ The only prospective randomized controlled trial of proton pump inhibitors
(omeprazole) and clopidogrel evidenced no increased cardiovascular complications
but demonstrable reduction (with proton pump inhibitor) in gastrointestinal
bleeding.

¢ Hypomagnesemia and interstitial nephritis complications with proton pump inhibitors
appear to be rare but real and are likely idiosyncratic.

e Data on proton pump inhibitor infectious risks remain questionable and
controversial, in particular for enteric infections and diarrheal illness.

Potential pitfalls

¢ Retrospective studies should include nested cohorts of patients with achlorhydria to
determine index risk for acid suppression-related harm.

¢ All studies with suggested harm implications have high potential for “channeling
bias” which can suggest a risk for the event but be confounded by other more
accountable risks.

e Continued use of proton pump inhibitors should always be questioned for explicit
need and then risk/benefit ratios for continued use assessed.
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Introduction

Proton pump inhibitors (PPIs) are medications that are essentially ubiqui-
tous in a gastroenterologist’s practice. This class of medication has been
available for commercial use for nearly 25 years and has supplanted the
use of histamine-2 receptor antagonists for patients with moderate to
severe gastric acid-related diseases as well as for prophylaxis of upper gas-
trointestinal (GI) injury, e.g. with non-steroidal antiinflammatory drugs
(NSAIDs). The success of these drugs, with sales totaling approximately
$13.6 billion worldwide in 2009 [1], is not just a result of their potency
and effectiveness in improving symptoms and complications of acid-peptic
diseases. Their safety among pharmacological agents has been unparalleled
but although they are one of the safest classes of medication that gastro-
enterologists deal with, there have been emerging concerns with reports of
potential adverse effects associated with use of PPIs. In the US, such reports
have led the Food and Drug Administration to issue a number of broad-
based product warnings, including all the available PPI drugs available
either for prescription or over-the-counter purchase. The pathogenesis of
these proposed associations is not clear in most cases and the evidence base
to support a clear association for harm is extremely variable. These poten-
tial interactions have included altered absorption of vitamins and minerals,
alteration of pharmacokinetics/pharmacodynamics of concomitant medi-
cations, infection risks, metabolic effects on bone density, and hypersensi-
tivity responses with consequent organ damage.

This chapter will examine the proposed scientific basis for the adverse
events and the evidence base surrounding these controversies.

Vitamin and mineral absorption effects

Long-term PPI therapy has been thought to be associated with micro-
nutrient deficiencies, especially of iron, calcium, magnesium, and vitamin B .

Iron

Hydrochloric acid in the stomach assists in the dissociation of iron salts
from food and the reduction of ferric iron to the more soluble ferrous iron.
As non-heme (ferric) iron constitutes the majority of dietary iron require-
ments, there has been concern about impairment of iron absorption if the
conversion to the more soluble ferrous iron is impaired. I vivo data have
demonstrated that iron absorption was directly related to gastric juice
release of ferric iron contained in food [2]. There is some evidence suggest-
ing this may be more specifically related to the vitamin C which is released
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in gastric secretion [3]. There is also some evidence that PPIs may reduce
the bioavailability of ingested vitamin C [4]. The long-term follow-up of
patients taking chronic daily PPIs for up to 7 years has not shown iron
absorption to be a clinically apparent problem [5].

Clinical summary

Despite the above theoretical considerations, there are relatively few data
to indicate that proton pump inhibitor therapy causes iron deficiency. In
fact, there is no report suggesting that proton pump inhibitor therapy
under normal clinical circumstances results in the occurrence of iron
deficiency. In patients with iron deficiency demanding increased iron
absorption, it is conceivable that proton pump inhibitor therapy may
reduce absorption of the non-heme iron and thereby retard replenishment
of the iron pool. This, however, has not been well studied nor is it evident
from widespread use in clinical practice.

Calcium

The solubilization of dietary calcium salts is thought to be essential for
absorption of calcium. This is mediated through the release of ionized
calcium from the insoluble calcium salts. It is believed that gastric acid
mediates this solubilization of the dietary calcium and hence there is con-
cern that reduction in gastric acid secretion may impair calcium absorption.
However, the data linking hypochlorhydric states, including pharmacologi-
cal hypocholorhyria induced by PPI therapy, have not shown consistent
evidence of potential impaired calcium absorption. In fact, two high-quality
studies have shown no adverse effect [6,7].

The clinical reports inferring potential harm from PPIs as an influence
for bone fractures have been controversial but convincing enough to the
FDA that a product label warning was issued for all PPIs. Most recently,
thishas beenrevised to release this warning from labels for over-the-counter
products given that they are intended for short-term use (2 weeks) and for
only up to three cycles/year [8]. The earlier published reports linking PPI
use to development of hip fractures have been observational studies and
case—control studies and thus have greater potential for bias and therefore
less accurate estimates. Additionally, the strength of association in the PPI
studies has been of low magnitude. The adjusted summary odds ratios (OR)
were 1.18 (95% confidence interval (CI) 1.12-1.43), 1.44 (1.30-1.59), and
0.99 (0.90-1.11) but 1.92 (1.16-3.18) if 7 years of continuous PPI use
[9-13]. Given that the estimates and even the upper bounds of most of the
95% ClIs of the odds ratio were well below 2, there is a strong possibility
that these differences could have been due to the channeling bias inherent
in observational studies [14]. More recent cross-sectional, longitudinal
and prospective observational reports do not support the reported
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association [15,16]. It is highly unlikely that randomized controlled clinical
trials can be accurately done to further address the question of bone density
loss and PPI therapy. The relative rarity of fracture across the population
and the extent of potential confounding variables would make this an
extremely difficult study to conduct.

It has also been demonstrated that there are proton pumps in osteo-
clasts, the cells responsible for bone resorption. These vacuolar proton
pumps are responsible for acidification at the ruffled border and facilitate
the dissolution of bone matrix and subsequent resorption [17]. Accordingly,
a PPI would be expected to impair this osteoclastic function of bone resorp-
tion, which should actually lead to an increase in bone density. Patients on
PPIs have lower levels of urinary calcium and hydroxproline, suggesting a
diminution of osteoclast activity. Furthermore, these patients have
increased osteocalcin and tissue resistant alkaline phosphatase, suggestive
of increased new bone formation [18].

Clinical summary

Overall, the studies suggest that calcium absorption is potentially nega-
tively affected only in the setting of reduced acid secretion when ingested
calcium carbonate is provided in the fasting state. As most dietary
calcium is ingested either as a component of food or in supplements
taken with meals, this calcium absorption issue is not likely to be of
great clinical relevance. Furthermore, given that the biological plausi-
bility is also not consistent for causality, it seems reasonable to conclude
that, overall, it is unlikely that PPI use has a significant risk for bone
density loss and related complications of osteoporotic fractures.
Accordingly, the data on bone density loss/osteoporotic fractures would
not suggest that PPI therapy be discontinued in patients taking PPIs for
appropriate indications at appropriate doses. Clearly, adherence to osteo-
porosis screening guidelines is recommended for all patients at risk,
irrespective of the use of PPIs.

Magnesium

There have been several (total <50) cases of hypomagnesemia associated
with long-term PPI use [19-21]. The patients generally presented with
profound hypomagnesemia and typically required hospitalization. In
approximately 25% of these cases, the patients had persistent hypomagne-
semia despite supplements. Prompt resolution of magnesium levels was
evident after discontinuance of PPIs, and in a few cases where the patients
were rechallenged with a PPI, the hypomagesemia recurred, suggesting a
PPI-related effect. None of the patients had identifiable GI wasting or renal
loss etiologies. This prompted a recent alert by the FDA about PPI use
and hypomagnesemia [22]. This alert suggested that healthcare providers
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should consider checking magnesium levels in patients who are antici-
pated to be on long-term PPIs.

The mechanism for the magnesium depletion is not known. The primary
absorption of magnesium is through a passive pathway in the small
intestine. There is some identifiable active transport, however, via trans-
port channels (TRPM6 and 7) [23]. It is not known if PPIs may have some
effect on this pathway but there are familial cases with mutations at this
pathway who develop hypomagnesemia.

Clinical summary

Although omeprazole and esomeprazole were initially cited, other PPIs
have now been included so this is likely a class effect. The FDA recom-
mendation to consider checking magnesium levels before starting is not
practical, in particular for the over-the-counter market. In patients who
may be predisposed to present/ongoing magnesium loss, e.g. intestinal
malabsorption or renal excretion/wasting, it may be reasonable to follow
magnesium levels more closely and consider this association, particu-
larly if a profound hypomagnesemia condition develops. Given the
extreme rarity of the report and no controlled studies to delineate the
mechanisms, it is important for healthcare providers to be aware of this
but maintain PPI use where clinically justified, in their appropriate scope
of practice.

Vitamin B,

Gastric acid also facilitates the release of vitamin B, bound to proteins
within ingested foodstuffs to permit binding to R-proteins for eventual
absorption in the terminal ileum. This vitamin needs to be released from
these proteins and subsequently bound to R-proteins and intrinsic factor in
order to be absorbed in the terminal ileum. Gastric acid facilitates the pro-
teolytic process involved in releasing the vitamin from the proteins in
ingested food. Accordingly, there are theoretical reasons why the inhibi-
tion of gastric acid secretion by PPI therapy would reduce the bioavail-
ability of of dietary vitamin B, [2].

Studies which have examined the potential association between
long-term PPI use and vitamin B, have shown conflicting results [23].
Additionally, to date no studies have provided a longitudinal evaluation
demonstrating alterations of specific metabolic intermediates (e.g. methyl-
malonate and homocysteine) which can accumulate with this deficiency.

Clinical summary

Despite the biological plausibility of this deficiency, there is currently little
evidence to support a clinically relevant association to recommend a
change in current practice.
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Alteration of pharmacokinetics/pharmacodynamics

Proton pump inhibitors and related impairment of
antiplatelet therapy (clopidogrel)

It is well known that PPIs are metabolized by the cytochrome p450 enzyme
pathway, specifically CYP2C19 and CYP3A4. As clopidogrel is a pro-drug
which requires active biotransformation via the cytochrome p450 pathway,
it has been hypothesized that competition at CYP2C19 sites may result in
reduced biological effects of clopidogrel when co-administered with PPIs.
The concept of PPIs interfering with clopidogrel biotransformation
stemmed from in vitro studies that demonstrated a pharmacodynamic
interaction which was an attenuated antiplatelet effect as measured by
adenosine diphosphate (ADP)-induced platelet aggregation and elevated
platelet activity [24].

The inference in regard to PPIs and clopidogrel first arose from the
combined use of clopidogrel and omeprazole, although several other PPIs
have subsequently been found to be associated with a smaller or insignifi-
cant attenuation of the clopidogrel antiplatelet effect; these PPIs included
pantoprazole, esomeprazole, and to a lesser degree lansoprazole [14,25].
However, these in vitro data were quickly extrapolated in several high-pro-
tile retrospective database evaluations that found higher cardiac event rates
(stent thrombosis, myocardial infarct, and death) in patients who were tak-
ing clopidogrel with any PPI versus those on clopidogrel alone [26,27]. This
physiological intermediary endpoint of attenuated effect led to a number of
retrospective post hoc analyses and these suggested a potential clinical harm
with adverse cardiovascular outcomes for patients taking clopidogrel and
PPIs. Based on these data, the FDA issued a recommendation against the
combined use of omeprazole and esomeprazole and clopidogrel [28]. In
that statement the FDA also advised against the combined use of clopido-
grel coupled with other potent inhibitors of the cytochrome p450 pathway
such as cimetidine, as well as cautioning against use of other PPIs.

In fact, although consensus recommendations from the leading gastro-
enterology and cardiology national societies suggested that this combined
use was appropriate for patients at significant increased risk for gastro-
intestinal bleeding [29], these recommendations were developed at the
same time as the emerging controversy and the experts involved in the
recommendations were in favor of combined use of PPI (as the preferred
strategy over H2 receptor antagonists) plus clopidogrel for patients defined
as being at risk of GI bleeding. Additionally, there were prospective
randomized controlled studies emerging which showed no evidence of
increased cardiovascular adverse events when patients had combined use
of PPIs [30].
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The most substantive data to date, supporting the lack of cardiovascular
harm, come from a randomized prospective placebo-controlled trial com-
paring clopidogrel with or without omeprazole in patients who had coro-
nary stents following an acute coronary syndrome [31]. In this study of
3761 patients, the a priori primary objectives were assessment of both
cardiovascular and GI harm. There was no difference for cardiovascular
adverse events between the placebo and omeprazole group. In all, 51
patients had a gastrointestinal event; the event rate was 1.1% with
omeprazole and 2.9% with placebo at 180 days (hazard ratio (HR) with
omeprazole, 0.34, 95% CI 0.18-0.63, P <0.001). The rate of overt upper
gastrointestinal bleeding was also reduced with omeprazole compared
with placebo (HR 0.13, 95% CI 0.03-0.56, P=0.001). Despite the pub-
lished prospective randomized controlled data demonstrating no significant
cardiovascular harm, but actually demonstrating increased GI harm when
omeprazole was not used with clopidogrel, the FDA updated the warning
in 2010, removing the other PPIs from the caution notice but reiterating
the citation of omeprazole [32]. The safety of combined use of PPIs with
clopidogrel has also been evident in patients following a stroke or transient
ischemic event [33].

In light of all the controversy over the combined use of clopidogrel and
PPIs, an expert consensus document was prepared and endorsed by the
American College of Cardiology, the American College of Gastroenterology,
and the American Heart Association [34]. The consensus recommendation
was that if patients were deemed at significant risk of GI bleeding, then use
of clopidogrel combined with PPIs was appropriate. Based on the extensive
review of all available data, there was no evidence to suggest increased
cardiovascular harm with this combined use.

What has become clearer in review of the retrospective analyses suggest-
ing harm with PPI and clopidogrel combined usage is the high likelihood for
channeling bias. In fact, the most recent post hoc database assessment (using
the VA database) did suggest an apparent cardiovascular harm for combined
usage, but when the authors used propensity-matched evaluations to
correct for co-variate cardiovascular risks and medication compliance, they
found no significant association between major cardiovascular events and
use of clopidogrel with continuous, switched or discontinued PPIs [35].

It is not well understood that although clopidogrel is not an NSAID, there
is significant risk for upper GI ulceration and related bleeding. Conventional
wisdom suggests that clopidogrel should be a safer, non-ulcerogenic
alternative for patients at high risk for aspirin-induced ulcers. However,
Chan et al. reported on patients with NSAID-related ulcer disease who were
randomized (after ulcer healing) to receive clopidogrel alone or esomepra-
zole plus aspirin [36]. After a 1-year follow-up period, the patients in the
clopidogrel group had a significant increase in the rate of recurrent upper
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gastrointestinal bleeding from ulcers, compared with those in the group
taking aspirin plus esomeprazole (8.6% versus 0.7%, P=0.001).

The impairment of ulcer healing by clopidogrel has not been widely
appreciated. Platelet aggregation plays a critical role in healing, through
the release of various platelet-derived growth factors that promote angio-
genesis, which is essential for ulcer healing. ADP-receptor antagonists
impair the healing of gastric ulcers by inhibiting the release by platelets of
proangiogenic growth factors such as vascular endothelial growth factor,
which promotes endothelial proliferation and accelerates the healing of
ulcers [37]. Accordingly, although clopidogrel might not be the primary
cause of gastrointestinal ulcers, the anti-angiogenic effects may impair the
healing of background ulcers; when combined with the propensity to
increase bleeding, these agents may convert small, silent erosions or ulcers
into large ulcers that bleed. A recent prospective randomized controlled
study involving patients with histories of peptic ulcer disease showed at
6 months that the combination of esomeprazole and clopidogrel had a
1.2% ulcer recurrence rate compared to 11.0% recurrence in patients
receiving clopidogrel alone (P=0.009) [38].

Clinical summary
These results question the exact relationship between ex vivo platelet assays
and clinical outcomes, especially with regard to the assessment of drug
interactions. Platelet assays and observational data may be factual but are
not always appropriate for extrapolation to clinical care, as evidenced by
what we have seen during the last several months with the prescribing
recommendations for PPI and clopidogrel usage. Platelet assays and obser-
vational data are not substitutes for randomized controlled trial data.
Appropriate use is the key consideration for any medication. Healthcare
providers should be attuned to the need for PPI therapy in patients who
exhibit signs or symptoms of acid-related disease, as well as in asymptom-
atic patients treated with NSAIDs or antiplatelet agents who meet risk
stratification criteria to justify GI prophylaxis (co-therapy with a PPI).

Proton pump inhibitors and infection

As gastric acid creates a potential barrier to acid-sensitive spores and
bacteria which may colonize the upper GI tract, there has been a concern
about potential alteration of native GI flora and clinical consequences of
bacterial overgrowth. Additionally, there are some data which suggest
that PPIs may have a direct effect on white blood cell function with alter-
ations of neutrophil chemotaxis and degranulation [39]. Specific infec-
tion risks have been cited for community- and hospital-acquired
pneumonia, Clostridium difficile colitis, enteric infections, and spontaneous
bacterial peritonitis.
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Pneumonia

Several studies have suggested that PPI use may increase the risk for both
community- and hospital-acquired pneumonia. In theory, when gastro-
esophageal reflux occurs, gastric bacteria could be carried up to the hypo-
pharynx where microaspiration into the lower airways could lead to
pneumonia, especially in patients with compromised oropharyngeal
protective reflexes, e.g. those on mechanical ventilation. In general, most
of the studies assessing the relationship between PPIs and community-
acquired pneumonia have revealed a modestly higher risk of community-
acquired pneumonia in patients exposed to PPIs [40-42]. This risk
was confirmed in a recent metaanalysis, which found a higher risk of
community-acquired pneumonia with PPIuse (OR1.36,95% CI1.12-1.65).
The authors refrained from drawing definitive conclusions from these data
because of the significant heterogeneity between the studies [43]. Other
studies from large database analyses, however, have not shown a significant
increase in community-acquired pneumonia [44,45].

Clinical summary

Residual confounding may have complicated interpretation of these
studies, suggesting an association of harm (increased pneumonia). These
studies surprisingly showed that the association was weakest in current
recipients who had been taking PPIs for the longest duration. If an associ-
ated risk of PPIs and pneumonia risk is in fact present, the relative risk is
small and may be most likely accounted for by channeling bias.

Enteric infections
Alterations of the gastric pH and possible related changes in susceptibility
to enteric infections have been a topic of long-standing debate. Although
gastric hypochlorhydria is commonly listed as a risk factor for traveler’s
diarrhea [46], PPI exposure as a risk factor for enteric infections in trav-
elers has not been formally studied. In fact, there is only one study evalua-
ting acid reduction medication use and this study reported no significant
association (OR 6.9, range 0.7-67.4) of travelers’ diarrhea with antacids
and H2 receptor antagonist use [47]. A metaanalysis of the diagnosis of
enteric infections did identify an increased risk of acute bacterial infection
associated with the usage of PPIs (OR 3.33, 95% CI 1.84-6.02) [48]. A
recent comprehensive analysis of the data on PPI use and enteric infections
concluded that there was no association of PPI use and viral or parasitic
enteric infections [49]. The data on specific bacterial infections were gen-
erally supportive of no associated risk although there were a few specific
case reports suggesting a remote causal association.

Previously, gastric acid was not believed to be important in protecting
against C. difficile infection because acid-resistant spores were presumed to be
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the principal vector of transmission. Recently, this has been challenged, as
several studies have found a higher risk of C. difficile infection in PPI users. In
theory, PPIs may increase the risk of C. difficile infection by increasing the
ability of the spore to convert to the vegetative form and to survive in the
lumen of the GI tract. The data for community-acquired versus hospital-
acquired infection have been variable and inconclusive for an associated risk
of harm [49]. A recent metaanalysis of 11 papers, including nearly 127,000
patients, found a significant relationship between PPI use and C. difficile
infection, with an odds ratio of 2.05 (95% CI 1.47-2.85) [48]. Further sup-
porting the hypothesis of a direct causative association, a recent study found
a significant dose-response relationship, with more aggressive acid suppres-
sion paired with higher odds association [50].

Other enteric infections have been found to be associated with PPIs
[48,49]. A recent metaanalysis did suggest an increased risk of acute bac-
terial enteric infection with the use of PPIs, with a random effects model
pooled risk OR of 3.33 (95% CI 1.84-6.02) [48]. Small intestinal bacte-
rial overgrowth (SIBO), a condition associated with bloating, diarrhea,
and malabsorption, has recently been associated with PPI use, although
the significance of the association is uncertain [51]. In this report, SIBO
was detected in 50% of patients using PPIs, 24.5% of patients with
irritable bowel syndrome (IBS), and 6% of healthy control subjects.
There was a statistically significant difference between patients using
PPIs and those with IBS or healthy control subjects (P<0.001). The prev-
alence of SIBO increased after 1 year of treatment with PPIL. The reported
eradication rate of SIBO (using rifaximin) was 87% in the PPI group and
91% in the IBS group.

Clinical summary

For community-acquired enteric infections including C. difficile, the
reported odds ratios are low and difficult to evaluate fully beyond the
potential for channeling bias of sicker patients. The situation is complex in
hospitalized settings where drugs, such as PPIs, may be highly correlated
with other variables, such as severity of illness and length of stay. The data
for possible association with SIBO are extremely limited and will need
further corroboration and validation before they can be considered appli-
cable to current clinical use.

Spontaneous bacterial peritonitis

Recent reports have suggested that there is a relationship between PPI use
and the development of spontaneous bacterial peritonitis in hospitalized
cirrhotic patients with ascites [52,53]. One study found a strong association
(OR 4.3, 95% CI 1.3-11.7) between PPIs and SBP [52] whereas another
study found no significant association (OR 1.0, 95% CI 0.4-2.6) [53].
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Clinical summary

The two studies on this association were small case—control studies of hos-
pitalized patients and the data are conflicting as to a reported associated
risk. At present, accordingly, no firm conclusion can be drawn about the
relevance of this association.

Proton pump inhibitors and interstitial nephritis

Several case reports have implicated PPIs as a cause of acute interstitial
nephritis [23]. This disorder is a humoral and cell-mediated hypersensi-
tivity inflammatory reaction of the renal interstitium and tubules. A
systematic review from 2007 found 64 cases documented in the literature,
12 of which were considered definitely associated and nine of which were
probably associated [54]. Initial symptoms were non-specific and included
nausea, malaise, and fever. With such extensive use worldwide as the
denominator, the authors concluded that acute interstitial nephritis was a
rare, idiosyncratic occurrence related to PPI use, but did not find enough
evidence to support a causative relationship.

Clinical summary

Despite the extreme rarity of the syndrome, the association cannot be dis-
missed and a high level of clinical suspicion is necessary to detect acute
interstitial nephritis early in its course, especially soon after the initiation
of PPI therapy.

Conclusion

Although concerns have been raised about the long-term safety of PPIs,
the majority of the evidence does not strongly support the deluge of reports
citing a potential for significant adverse harm associated with PPI usage.
When translating these studies into the routine management of patients, it
is important to recall some very basic tenets of good patient care.

Obviously, no therapy is completely without risk, whether pharmaco-
logical, surgical or psychological. Consequently, no drug, procedure or
treatment plan should be prescribed without a valid indication. Even with
an appropriate indication for use, the risk/benefit ratio of every therapy
prescribed should always be evaluated. If the indication for the PPI is weak
or uncertain, then even a slight risk tips the balance away from the drug
and the drug should be discontinued. Clearly, there are too many patients
who receive continued PPI therapy without a valid need. When seeing
patients in long-term care, the indication and necessity for continued
usage for all drugs, including PPIs, should be reviewed and continually
reevaluated.
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CASE STUDY

A 75-year-old woman is seen in ongoing follow-up of her chronic gastroesophageal
reflux disease (GERD). She has had prior relapsing symptoms of dysphagia with an
endoscopy demonstrating Los Angeles Grade C erosive esophagitis and a distal
esophageal stricture at the esophagogastric junction, which required endoscopic
dilation. She had been well controlled over the last year, taking a daily proton pump
inhibitor in the morning 30-60 min before breakfast. She recently saw a television
broadcast which suggested that the use of PPIs was associated with an increased risk
for bone fracture, in particular hip, neck, and wrist. She became frightened about her
risks for fracture and therefore stopped her PPI. Since then, she has had recurrent
heartburn on a daily basis and is now having increasing recurrent problems with solid
food dysphagia. Despite her recurrent symptoms, she is very concerned about restarting
the PPl medication which alleviated her GERD symptoms.
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Key points

e Even skilled surgeons will have complications after anti-reflux surgery. All patients
should be warned about these complications.

e After laparoscopic anti-reflux surgery, mortality is rare (<1%), immediate
postoperative morbidity is uncommon (5-20%), and conversion rates to an open
operation should be less than 2.5%.

e Common late postoperative complications include gas-bloat syndrome (1-85%),
dysphagia (10-50%), diarrhea (18-33%), and recurrent heartburn (10-62%).

* Most of these symptoms improve over the initial 3-6 months after surgery.
Dietary modifications, prokinetic drugs, esophageal dilations (bougies or
pneumatic balloons), and anti-diarrheal agents may be helpful. Many patients
go back on antacid therapy but only 25% have documented recurrent
acid reflux.

e Failures after anti-reflux surgery usually occur within the first 2 years of the initial

chest, slipped fundoplication, tight fundoplication, paraesophageal hernia, and
malposition of the fundoplication.

e Reoperation rates range from 0-15% for laparoscopic Nissen fundoplication and
4-10% for laparoscopic Toupet fundoplication. Redo fundoplications must be
performed by experienced surgeons.

operation. The most common patterns are herniation of the fundoplication into the
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Potential pitfalls

¢ Anti-reflux surgery is never an emergency procedure. All patients should be carefully
evaluated prior to surgery.

e At a minimum, preoperative testing should include upper endoscopy, esophageal

manometry and pH testing (the latter primarily patients with non-erosive gastro-

esophageal reflux disease). Don't take short cuts.

Even skilled surgeons will have complications after anti-reflux surgery. All patients

should have a frank discussion with their gastroenterologist and surgeon about
postoperative dysphagia, gas-bloat, diarrhea, and the durability of the operation with
return of heartburn.

Treat these common complications with conservative therapy and never rush into
redo anti-reflux surgery. Most problems will improve over 3-6 months.

¢ A redo operation requires a very experienced surgeon. The keys to success must not
be violated. These include careful review of the patient’s prior work-up and repeat
studies as necessary, recognition of esophageal shortening, and complete takedown
of the original fundoplication.

Introduction

In the past 15 years, there has been an increase in the number of anti-
reflux operations being performed. The reasons for this increase include
the development and proliferation of laparoscopic techniques, the increase
in the fraction of the population that is overweight, and possibly the
increased willingness of the population to undergo an operation to avoid a
lifetime of medications or lifestyle changes. The operation is now widely
available in community hospitals, the length of stay ranges between 1 and
4 days, some operations are even done as day surgery, and most patients
return to normal activity within 2 weeks [1,2]. Patients over 65 years of
age can expect an excellent outcome after laparoscopic surgery in at least
90% of cases, similar to younger patients [3]. Based on the US Nationwide
Inpatient Sample, there were 9173 adult anti-reflux operations in 1993,
which increased nearly 3.5-fold, reaching a peak at 32,980 in 2000 [4]. For
poorly understood reasons, the most recent available data for 2006 show a
40% decline to 19,688 operations [5].

This review will focus on the surgical and medical complications pri-
marily reported after laparoscopic anti-reflux surgery (Box 6.1). The avail-
able reports on this subject are numerous so I have relied on summary data
available from the Society of American Gastrointestinal and Endoscopic
Surgeons (SAGES) [1] and the Agency for Healthcare Research and Quality
Effective Health Care Program [6]. The chapter will summarize mortality
and morbidity data for laparoscopic anti-reflux operations, review the
common perioperative and postoperative complications, and discuss the
common reasons for fundoplication failure.
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Box 6.1 Prevalence of medical and surgical complications of
anti-reflux surgery
e Mortality (<30 days): 1% or less
e Perioperative and immediate postoperative morbidity: 8-17%
¢ Open conversion rate: 0-24%
e Early postoperative complications:
o bowel perforation: 0-4%
© bleeding and splenic injury: <1%
© pneumothorax: 0-10%
o severe postoperative nausea and vomiting: 2-5%
e Late postoperative complications:
o gas-bloat syndrome: 1-85%
o dysphagia:
early: 10-50%
late: 3-24%
o diarrhea: 18-33%
o recurrent heartburn: 10-62%
¢ Need for revisional surgery:
o laparoscopic Nissen fundoplication: 0-15%

o |aparoscopic Toupet fundoplication: 4-10%

General mortality, morbidity and conversion
rate to open operation

By all measures, laparoscopic anti-reflux surgery is safe when performed by
experienced surgeons. Postoperative 30-day mortality has rarely been
reported and is usually <1% [1]. Using the US Nationwide Inpatient Sample
(20% stratified sample of US non-federal hospitals recording 5-8 million
hospital stays for about 1000 hospitals each year), we reported that the
inpatient mortality after anti-reflux surgery decreased from 0.82% in 1993 to
0.26% in 2000, but it increased to 0.54% by 2006 [5]. The latter increase in
mortality was associated with the patients being older, having a longer length
of hospital stay and more complications. A review of the Department of
Veterans Affairs administrative databases from 1990 to 2001 identified 3145
patients undergoing anti-reflux surgery [7]. Of this group, 28 patients died
for a mortality rate of 0.8%. The major causes of death were gastrointestinal
hemorrhage, necrosis of the stomach, perforation of the esophagus and
colon, cardiac arrest, respiratory complications, and pulmonary embolism.
The perioperative and immediate postoperative morbidity rate of laparo-
scopic anti-reflux surgery varies widely related to experience, technique,
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and degree of follow-up. One review suggested a rate up to 17% [8]. Our
National Inpatient Sample database found that 8.3% of adults hospitalized
for anti-reflux surgery had at least one complication in 1993. This rate
decreased to 4.7% in 2000 but increased to 6.1% in 2006 [5]. In these
reviews and reports, the most important complications include perfora-
tion, hemorrhage, splenic injury, pneumothorax, and wrap herniation
from intractable nausea and vomiting.

The rate of open conversion during laparoscopic anti-reflux surgery
ranges from 0% to 24%; however, most series from high-volume centers
report conversion rates less than 2.4% [1]. The intraoperative conversion
rate seems to parallel the surgeons’ experience and the operative volume
in the hospital [9]. The reasons for conversion may be loosely divided into
three categories: complications, surgeon comfort, and equipment failure.
Surgeon comfort is a broad category that encompasses such problems as
adhesions from previous operations, difficult exposure secondary to a large
liver, or failure to progress. In addition, the category boundaries are indis-
tinct because surgeon comfort plays a variable role in the decision to con-
vert after most complications or equipment failures. The distribution
among categories in one review representing 135 open conversions was
34.1% complications, 59.3% surgeon comfort, and 6.7% equipment
failure [10].

Acute perioperative and immediate postoperative
complications

Poor functional outcome after anti-reflux surgery often can be traced to
inadequate patient selection or technical problems encountered during the
operation. In other cases, a different set of complications become manifest
clearly during the operation or immediately postoperatively and may lead
to significant morbidity if not immediately recognized and treated [11].

Bowel perforation

Bowel perforation, especially of the esophagus and stomach, may be
life-threatening and lead to longer hospital stay. The perforation rate
varies according to technique and exposure, ranging from 0% to 4% [1],
with the highest incidence being reported with redo fundoplications [12].
The injury may occur during placement of the camera port with a trocar,
from excessive retraction on the stomach, passage of the esophageal
bougie or during lysis of adhesions [11]. Because it is not possible to
palpate a bougie or nasogastric tube during a laparoscopic procedure,
correction of the esophagogastric angulation by appropriate traction of
the stomach is critical to avoid damage. The importance of experience
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in passing the tube or dilator is also central [8]; this should be done by
an experienced anesthesiologist or surgeon. The frequency of perfora-
tion during laparoscopic operation is no higher than in the conventional
open approach of laparotomy [8]. The greatest threat to the patient is
unrecognized damage to the esophagus or stomach, which can be at
least partly prevented by frequent leakage testing during the operation.
If the perforation is recognized and repaired during the index operation,
the patient’s subsequent course is usually uneventful and the functional
results excellent [13].

Bleeding and splenic injury

Usually the bleeding encountered during anti-reflux surgery is minor
and easily controlled. Most commonly, bleeding occurs during division of
the short gastric vessels which is necessary to mobilize the fundus of the
stomach [11]. This technique generally includes dissecting and cutting
the short gastric vessels arising from the spleen. Bleeding and tears of the
splenic capsule were common after open laparotomy and fundoplication,
requiring splenectomy in 5-11% of cases; however, the rate has decreased
to less than 1% after laparoscopic procedures [14]. This decrease in
morbidity is due to better exposure induced by the pneumoperitoneum
and laparoscopic technological developments that facilitate division of the
short gastric vessels with less trauma to the spleen. Not unexpectedly,
patients in whom accidental splenectomy has to be carried out have an
increased rate of infection complications as well as a slight but definite
increased postoperative mortality rate [15].

Pneumothorax

During mediastinal dissection, it is not uncommon to create a tear of one
or both pleura. Rates of pneumothorax during laparoscopic anti-reflux
surgery in most series range from 0% to 1.5%, but may be as high as 10%,
especially in repairing paraesophageal hernias [1].

Postoperative nausea and vomiting

This can be a major problem after laparoscopic anti-reflux surgery, causing
both discomfort and harm to the newly created fundoplication. Up to
60% of patients have problems with severe postoperative nausea, with
as many as 5% experiencing vomiting in the recovery unit or hospital
room after laparoscopic fundoplication [16]. Aggressive prophylactic
treatment with intravenous antiemetics such as ondansetron has been
recommended [17]. Patients who retch or vomit in the early postoperative
period are at risk for disruption of the crural closure and/or intrathoracic
herniation of the fundoplication. Patients with early postoperative
vomiting should undergo immediate barium esophagram to access the
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integrity of the fundoplication. If a disruption is identified, the patient
should be taken back to surgery as early as possible. If reoperation is
performed within 4-10 days, the procedure is usually relatively simple
but if delayed until adhesions develop, the anatomy may be difficult to
discern and manage [17].

Late postoperative complications

Gas-bloat syndrome

The gas-bloat syndrome comprises an ill-defined and variable group of

complaints assumed to result from the inability to vent gas from the

stomach into the esophagus after fundoplication. The predominant com-

plaint is bloating but other symptoms include abdominal distension, early

satiety, nausea, upper abdominal pain, flatulence, inability to belch, and

inability to vomit. The cause of the syndrome is unclear but proposed

mechanisms include:

e inability of the surgically altered gastroesophageal junction to relax in
response to gastric distension

e aerophagia, a frequent habit among patients with severe gastroesopha-
geal reflux disease (GERD), which becomes problematic after fundopli-
cation when the air cannot be vented

e impairment of meal-induced receptive relaxation and accommodation
of the stomach with rapid gastric emptying

¢ surgical injury to the vagus nerve, which delays gastric emptying and inter-

feres with transient relaxation that is part of the normal belch reflux [18].
The reported frequency of gas-bloat syndrome has ranged widely from
1% to 85%, depending on the definition of the disorder as well as under-
lying population and type of fundoplication [6]. For example, an early
VAH trial of medication and surgical therapies for GERD found by ques-
tionnaire that 81% of the surgical patients had at least one symptom of
the gas-bloat syndrome, but the comparable medically treated patients
also had a 60% rate of gas-bloat symptoms [19]. These symptoms seem to
be worse with a total compared to a partial fundoplication [8]. Symptoms
tend to be worse immediately after surgery, with most improving or
resolving over the first year.

Recommended therapies, albeit without convincing evidence of effec-
tiveness, include dietary modifications to avoid gas-producing foods,
eating slower to avoid aerophagia, cessation of smoking, gas-reducing
agents such as simethicone, and prokinetic drugs. Debilitating cases
need further evaluation for small bowel obstruction secondary to
adhesions from the original surgery and delayed gastric emptying. Up to
40% of patients with GERD may have some element of delayed gastric
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emptying [20] but anti-reflux surgery usually accelerates the emptying
of both solids and liquids [21].

Inadvertent vagotomy, especially common with redo fundoplications,
can delay gastric emptying of solids by interfering with antral motility and
pyloric relaxation. Severe cases may require surgical revision which could
include conversion to a partial fundoplication, allowing easier gas venting,
and pyloromyotomy when delayed gastric emptying is documented.

Dysphagia

Approximately 50% or more of patients experience solid foods passing
slowly through the esophagus immediately after fundoplication, presum-
ably as a consequence of postsurgical edema and inflammation [6]. Marked
dysphagia for liquids is rare and should suggest an important anatomical
dysfunction. These patients are initially treated with dietary modification
(soft diets, plenty of fluids) and reassurance, with the dysphagia usually
resolving spontaneously within 2-3 months. However, 3-24% of patients
experience dysphagia that persists beyond 3 months requiring more than
dietary management [22]. This group of patients usually have a fundopli-
cation which is too tight for their functional esophageal pump, but other
problems include previously unrecognized achalasia, healed peptic stric-
ture, paraesophageal hernia, slipped fundoplication into the chest with a
recurrent hernia or distal migration of the wrap onto the stomach creating
a two-compartment stomach. Preoperative manometry is mandatory to
exclude achalasia but esophageal function testing otherwise is poor in
defining those patients likely to be troubled with postoperative dysphagia.
Therefore, “tailoring” the type of fundoplication to the esophageal pump
has lost favor with the exception of a partial fundoplication in patients
with aperistalsis [23]. Patients with dysphagia prior to surgery are more
likely to have dysphagia after surgery, regardless of the type of fundoplica-
tion [24].

Patients with persistent dysphagia will need further investigation to
determine whether the fundoplication is too tight or long versus an ana-
tomical disruption. These tests include barium esophagram with a 13mm
tablet, esophageal manometry, and/or endoscopy. If the fundoplication is
intact, bougie and/or through-the-scope balloon dilation will relieve symp-
toms in one-half to two-thirds of cases, usually with one series of dilations
up to 18 mm (54 Fr) [22,25]. This can be done within a month of the fun-
doplication and does not produce new reflux symptoms [22]. More
recently, pneumatic dilation (30-40 mm balloons) has been advocated, if
the patients fail to respond to bougie dilation and the nadir lower esopha-
geal sphincter (LES) pressure on manometry is 210mmHg [26]. About
two-thirds of patients not responding to bougie dilation with tight fun-
doplications will respond to pneumatic dilation. The remainder will need
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revision surgery converting the complete fundoplication to a partial wrap.
On the other hand, patients with slipped fundoplications or paraesopha-
geal hernias usually will require reoperation as less than 30% respond to
bougie dilation alone [22].

Diarrhea

Diarrhea is a frequent complication of fundoplication, often not discussed
prior to surgery. In a study of 84 patients responding to a telephone
survey after anti-reflux surgery, 15 (18%) described the new onset of
diarrhea [27]. The diarrhea usually developed within 6 weeks of the
operation, was low volume and worse after meals. Sometimes it can be
explosive and associated with fecal incontinence. In this study, only two of
15 patients (13%) had complete resolution of their diarrhea after 2 years.
Other reports describe rates as high as 33%, but these studies do not
describe whether the diarrhea was present before surgery [28].

The cause of postfundoplication diarrhea is not known. Proposed mech-
anisms include rapid gastric emptying from the fundoplication overloading
the small intestine’s ability to handle the osmotic bolus, vagal injury with
subsequent small bowel bacterial overgrowth, and exacerbation of under-
lying irritable bowel syndrome [27]. Anti-motility agents including
codeine, antibiotics for small bowel bacterial overgrowth and cholestyr-
amine may ease the diarrhea, but the management is empirical.

Recurrent heartburn
Much interest and research have recently been focused on the durability
of anti-reflux surgery. This was spurred by the 10-year follow-up of a large
randomized VAH trial of medical versus surgical therapy [29]. Among the
medically treated patients, 92% were still on medications while surpris-
ingly, 62% of those undergoing surgical fundoplication were back on
reflux medications (50% proton pump inhibitors (PPIs), 50% H2 receptor
antagonists (H2RAs)). Furthermore, 16% of the surgical patients had at least
one additional operation. In a large Veterans Affairs (VA) administrative
database review of 3145 patients undergoing surgery from 1990 to 2001
with at least 4.5 years of follow-up, antacid prescriptions were dispensed
regularly, including H2RAs (23.8%), PPIs (34.3%), and prokinetic drugs
(9.2%). Overall, 49.8% of patients received at least three prescriptions for
one of these drugs [30]. Other centers of excellence studies suggest post-
operative use of acid-reducing medications rates of less than 20% [1].
Does the fact that the patient is back on PPIs prove that surgery has
failed? This can only be accurately assessed with postoperative pH testing
in symptomatic patients. Two studies have adequately addressed this issue
with similar findings. Lord et al. [31] identified 37 patients (43%) who
were taking acid suppression medications after fundoplication. However,
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only 24% (9 of 37) had abnormal 24-h pH testing. Recurrent heartburn
and regurgitation were the only symptoms associated with abnormal pH
results. Likewise, Wijnhoven et al. [32] identitied, by postal survey, 312
patients (37%) who primarily were taking PPIs after an average of 6 years
after fundoplication. Postoperative pH studies were abnormal in 16/61
patients (26%) on medication and in 5/78 patients (6 %) not taking medi-
cation. Although small studies, these results suggest that many patients
may inappropriately be back on medications for non-specific peptic symp-
toms such as dyspepsia or extraesophageal symptoms or have other reasons
for antacid therapy such as peptic ulcer disease. An empirical trial of PPIs
is reasonable with recurrent “reflux” symptoms post fundoplication, but
the requirement for progressively higher doses of PPIs or possible revision
surgery requires documentation that the patient actually has recurrent
pathological acid reflux.

Redo anti-reflux surgery

Although long-term results with anti-reflux surgery are generally good,
especially if performed by experienced surgeons, failures are unavoidable.
Most failures occur within the first 2 years of the initial operation [1]. In
large reviews, the most common symptoms are recurrent heartburn and/
or dysphagia, with pain and bloating being less common [10,33].

Figure 6.1 illustrates several of the primary patterns of fundoplication
failure [34]. Herniation of the fundoplication into the chest (type 1A) is
the most common failure, reported in 30-80% of cases [10,33,34]. These
failures usually result from disruption of the crural repair or failure to per-
form the initial wrap over a tension-free segment of intraabdominal esopha-
gus. To avoid these failures, there must be at least 2-3 cm of tension-free
intraabdominal esophagus below the hiatus and the gastroesophageal
junction must be clearly identified. A slipped Nissen fundoplication occurs
when part of the stomach lies both above and below the wrap (type 1B).
This defect, accounting for 15-30% of failures [10,33,34], may arise from
the stomach slipping through the fundoplication or incorrect positioning
of the wrap around the stomach at the time of the original operation [33]
Type II failures present as a posterior paraesophageal hernia and accounted
for 23% of redo operations in one series [34]. The mechanism is thought
to include inadequate hiatal closure or a redundant wrap with some excess
portion of the wrap serving as a lead point in the formation of the hernia.
This can be prevented by the “shoe-shine” maneuver, insuring the wrap is
not twisted or redundant and is positioned appropriately on the distal
esophagus. Type III failure occurs as a consequence of malposition of the
wrap at the initial operation, accounting for about 10% of failures.
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Type IA Type IB

Type Il Type llI

Figure 6.1 Common patterns of primary fundoplication failures. Type I failures occur
with displacement of the gastroesophageal junction into the chest through the
esophageal hiatus. Type 1A has herniation of the wrap and GE junction both into the
chest. Type 1B presents with recurrence of the hiatal hernia, but the wrap remains
below the diaphragm. Type II failures are defined as failures secondary to paraesopha-
geal hernia. Type III failures occur as a consequence of malposition of the wrap at the
time of initial surgery, usually on the cardia of the stomach. Reproduced from Hatch
et al. [34], with permission from Elsevier.

A tight fundoplication represents an anatomically appropriately placed
wrap which generates too much resistance for the esophageal pump. The
primary complaint is dysphagia rather than heartburn. Studies suggest this
may account for 8-16% of redo operations [10,33]. Careful preoperative
manometry to recognize a weak esophageal pump, performance of the
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fundoplication over a large bougie (52-56 Fr) or a floppy Nissen
fundoplication or partial wrap may minimize this problem [35]. Other
factors associated with recurrent symptoms include too loose a fundoplica-
tion, vagal injury and pseudoachalasia [35]. Interestingly, complete fundo-
plication disruptions are much less common (3-14%) in the laparoscopic
era than with open operations (greater than 30%) [33].

The keys to success of a redo fundoplication are careful review of the
patient’s prior work-up and repeat studies as necessary, recognition of
esophageal shortening, and complete takedown of the original fundoplica-
tion [35]. Although controversial, it is hypothesized that long-standing
reflux leads to circumferential esophageal scarring and, in more severe
cases, varying degrees of longitudinal scarring and esophageal shortening.
A short esophagus should be suspected in the presence of a moderate or
large non-reducible hiatal hernia, difficult-to-manage peptic stricture or
long-segment Barrett’s esophagus [36]. Adequate laparoscopic mobiliza-
tion of the mediastinal esophagus is critical in constructing a tension-free
intraabdominal fundoplication. If esophageal shortening is identified and
adequate intraabdominal esophageal length cannot be obtained, a Collis
gastroplasty will be required.

The most important principle during reoperation is to restore normal
anatomy before recreating the fundoplication [35]. This requires the
wrap be completely taken down, the fundus restored to its normal
location, and the degree of esophageal shortening determined. The
restoration can be tedious and it is very tempting to convert the Nissen
fundoplication to what appears to the surgeon to be a posterior wrap.
Taking this shortcut only increases the likelihood that the patient will not
benetfit from the reoperation. Dysphagia is often the result of an improperly
constructed wrap, and to relieve this symptom the fundoplication must
be completely dismantled.

Redo fundoplications must be done by experienced surgeons [1]. In
these settings, laparoscopic approaches to reoperative anti-reflux surgery
offer similar results to open surgery, but conversion rates are higher than
with the initial operation [1]. Reoperation rates range from 0% to 15% for
laparoscopic Nissen fundoplication and 4-10% for laparoscopic Toupet
fundoplication [6]. Compared to primary repair, redo surgery requires
longer operation times, has higher complication rates (20-45%) and the
mortality rates are higher, from 0% to 17% [1,6]. Finally, the likelihood of
success for controlling GERD decreases with subsequent reoperations,
approaching at least 10% per each revisional surgery and being no better
than 50% or less in patients undergoing three or more reoperations [37].
For these latter unusual cases, serious consideration should be given to
an esophagectomy.
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CASE STUDY

A 42-year-old man was referred to his local gastroenterologists for surgical evaluation
due to long-standing heartburn and regurgitation. His heartburn was improved by a
b.i.d. proton pump inhibitor, but the regurgitation was still a daily problem after meals
and interfered with sleep. Endoscopy showed a 3 cm hiatal hernia with Los Angeles
Grade B esophagitis despite his PPl regimen. Esophageal manometry found a low LES
pressure (5mmHg) with peristalsis present but in the low normal range (25-40 mmHg).
He underwent a “loose” Nissen fundoplication performed laparoscopically by an
experienced surgeon over a 54 Fr bougie.

For the first 6 weeks postoperatively, he was on a soft diet. Initially, postprandial
bloating and increased flatus were an issue. These resolved, but the patient began to
experience substernal chest pain and dysphagia if he ate too rapidly or the food was of
firm texture (i.e. meats, hard breads and sandwiches). He was pleased his heartburn
and regurgitation were relieved, but these new symptoms interfered with his general
activities, especially his many evening business dinners. His gastroenterologist
performed an endoscopy, finding the fundoplication to be intact, and there was no
resistance to passage of the endoscope. Repeated bougie dilations to 20 mm (60 Fr)
gave transient relief for about 2 weeks but then the dysphagia recurred, requiring
modification of his diet.

A discussion began considering the possibility of surgically revising the fundoplication
to a partial wrap. Preoperative testing included a barium swallow showing the wrap
was intact below the diaphragm, intermittent peristalsis was observed and a 13 mm
tablet passed over 3-5min after drinking more barium. Esophageal manometry found
an increase in LES pressure to 35 mmHg with incomplete relaxation. Peristalsis was
present after 70% of wet swallows with the amplitude increased on average to
45mmHg. A diagnosis of a “tight” Nissen fundoplication was made. Prior to revising
the fundoplication, the gastroenterologist and surgeon suggested one last attempt at
aggressive dilation with a 30mm pneumatic balloon. This was performed under
fluoroscopic guidance. The patient tolerated the procedure and has been symptom free
for the last 6 months.
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Key points

e Four phenotypes of proton pump inhibitor non-responders are described:
— phenotype 1: persistent acid reflux
— phenotype 2: non-acid reflux
— phenotype 3: functional overlap with gastroesophageal reflux disease
— phenotype 4: functional heartburn.

e Choice of physiological testing is based on pretest probability for baseline
gastroesophageal reflux disease.

¢ Treatment strategy should be based on proton pump inhibitor non-responder
phenotype.

Potential pitfalls

e Proton pump inhibitor non-responder phenotypes are defined in patients compliant
to optimized proton pump inhibitor therapy.

¢ Physiological testing should be performed off therapy when the pretest probability
for baseline gastroesophageal reflux disease is low.

Introduction

Proton pump inhibitor (PPI) therapy for gastroesophageal reflux disease
(GERD) is highly effective; however, there are a substantial number of
patients who do not respond to this therapy and seek further medical care.
While success rates in healing esophagitis may reach 80-90%, a large
number of patients (up to 30%) remain symptomatic or unsatisfied despite
continued PPI therapy [1,2]. Additionally, patients with non-erosive reflux
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disease (NERD) tend to have even lower response rates to PPI therapy,
with symptom resolution rates ranging from 30% to 70% [3]. Given the
large baseline prevalence of GERD, with approximately 7,000,000
ambulatory care visits per year constituting 17.5% of all digestive system
diagnoses, PPI non-responders now represent a substantial utilization of
healthcare resources in gastroenterology clinics [4].

Proton pump inhibitor non-responders are an extremely challenging
population to manage for many reasons. First, there is a lack of consensus
regarding the definition of a PPI non-responder or refractory GERD; this is
largely due to the heterogeneity of the patient group, including individual
response to medication, type of symptoms, and the mechanism behind
continued symptom generation. For example, some patients have a partial
response to medication that may be associated with a reduction of heart-
burn or resolution of the primary symptom with continued secondary
symptoms. Others will have no change in their symptoms despite aggres-
sive acid suppressive therapy. Furthermore, patients are heterogeneous in
terms of the mechanism behind the generation of symptoms in this patient
population. Some patients will exhibit no evidence of abnormal reflux or
symptom reflux correlation, while others will have refractory symptoms
with continued acid or non-acid reflux-related symptoms. Thus, all PPI
non-responders are not the same and many do not have refractory GERD.

The following review will focus on evaluating patients with reflux
symptoms that are not responding to PPI therapy (PPI non-responders).
The first section will focus on defining the phenotypes of PPI non-
responders in the context of clinical presentation and objective
physiological evidence of abnormal reflux. The second section will focus
on a management algorithm to assess and evaluate mechanisms behind
the lack of response to PPI therapy. Finally, the third section will focus on
alternative strategies to manage patients not responding to PPI therapy
beyond acid suppression.

Definition of refractory gastroesophageal
reflux disease and proton pump inhibitor
non-responders

How to define proton pump inhibitor non-responders?

As PPIs are extremely effective at healing virtually all esophagitis grades
and virtually all patients referred for refractory GERD symptoms are taking
or have taken PPI therapy, most patients will have a negative endoscopy.
Patients who continue to have erosive esophagitis despite PPI therapy are
a true refractory GERD subtype that typically does not require a sophisti-
cated work-up and therapy can be focused on escalating anti-reflux
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therapy based on endoscopic findings. Although there can be alternative
explanations apart from acid reflux that may cause esophagitis, such as pill
esophagitis and various infections, endoscopy is very specific for defining
peptic injury and further physiological evaluation may only be required to
determine why the PPI is not working. However, the more important
group of patients that we are currently evaluating in gastroenterology
clinics are the endoscopy-negative patients with continued symptoms.
Therefore, the real management issue in current practice is focused on
dealing with refractory symptoms in patients who are on optimized PPI
therapy. A more accurate definition of this clinical dilemma should focus
on the lack of response to therapy and thus, PPI non-responder is a much
more appropriate definition. The mechanism behind PPI non-response
may be related to non-reflux pathophysiology or to refractory gastro-
esophageal reflux and therefore, the latter is actually a subcategory of PPI
non-response causes.

Two additional important issues must be addressed before defining
patients as PPI non-responders: the response to PPI therapy in terms of
partial or complete non-response, and what dose constitutes an appro-
priate trial before someone is considered a failure. In terms of response to
therapy, some patients may have a partial response with their primary
symptom being partially reduced or completely reduced with continued
secondary symptoms. In contrast, some patients may have absolutely no
response to therapy and their symptoms will show no improvement with
escalation of therapy or no worsening symptoms with discontinuation of
therapy. These clinical issues are extremely important in defining the
pretest probability of whether or not these patients actually have
abnormal reflux at baseline. Given the success of PPI therapy in reducing
acid reflux-related symptoms, it would be unusual for patients with
GERD to have absolutely no response to PPI therapy. Patients who do not
respond at all and can undergo discontinuation of PPI therapy without
an escalation of symptoms likely have an alternative diagnosis that is not
acid or reflux mediated. Therefore, this first question focused on response
to therapy does provide an extremely useful starting point to assess pre-
test probability that gastroesophageal reflux is causing the current
subjective complication.

Even before one assesses the level of response, one would also have to
document compliance to medical therapy at an appropriate dose sufficient
to treat most grades of reflux severity. In evaluating the dose of proton
pump inhibitor therapy that would reasonably be seen as a failure, one
would likely utilize a dose that is higher than the current FDA-approved
doses for the various available PPIs. Based on current treatment guidelines
[5] and physiological testing data available on patients on single-dose
therapy and double-dose therapy [6], a reasonable approach would be
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to consider patients who fail twice the FDA-approved dose in either a
single-dose or split (b.i.d.)-dose regimen as a failure. Most guidelines
advocate for physiological reflux testing after patients have attempted an
escalation of PPI therapy to double dose [5,7]. In addition, studies assessing
abnormal acid exposure on PPI therapy in patients with continued symp-
toms suggest that up to 30% of symptomatic patients on single-dose PPI
therapy will have abnormal acid exposure. In contrast, less than 10% of
symptomatic patients on double-dose PPI therapy will have abnormal acid
exposure. Given that the primary mechanism of PPI therapy is to reduce
overall acid reflux and reflux burden, it would appear that the yield of
reducing acid burden by increasing the PPI dose to double the FDA-
approved dose is significant and would warrant this degree of escalation as
the threshold for someone to be considered a PPI failure.

Thus, in addition to defining phenotypes of PPI non-responders, defining
level of response to therapy on adequate treatment is an important com-
ponent of the evaluation and management of these refractory patients.

Conceptual phenotypes of proton pump inhibitor
non-responders
Once patients are documented to have a poor or inadequate response to
optimized PPI therapy (double-dose PPI), the next most important steps
are to document whether or not the patients actually have abnormal gas-
troesophageal reflux and to document whether or not their symptoms
experienced on medication are associated with reflux. By focusing on
these two specific issues, one can define four specific phenotypes of PPI
non-responders. This will require further physiological testing that will
focus on ambulatory reflux monitoring and will be discussed in the section
describing the appropriate utilization of ambulatory reflux monitoring.
The four specific phenotypes of PPI non-responders are described below
and illustrated in Table 7.1.
e Phenotype 1: persistent acid reflux
¢ Phenotype 2: non-acid reflux
¢ Phenotype 3: functional overlap with GERD
¢ Phenotype 4: functional heartburn
As mentioned above, the first distinction in the phenotypes is focused on
determining whether or not the patient has baseline abnormal gastro-
esophageal reflux. Phenotypes 1-3 are patients who have abnormal
gastroesophageal reflux off PPI therapy, but continue to have symptoms
that are either partially treated or secondary complaints that may (pheno-
types 1 and 2) or may not (phenotype 3) be related to reflux. Phenotypes
1 and 2 have continued symptoms that are related to reflux and these
subtypes are truly refractory GERD. Phenotype 1 will have evidence of
abnormal acid exposure on ambulatory pH reflux testing and/or a positive
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Table 7.1 Phenotypes of PPI non-responders based on physiological testing.

Phenotype 1 Phenotype 2 Phenotype 3 Phenotype 4

Persistent acid ~ Non-acid reflux ~ Functional overlap ~ Functional

reflux with GERD heartburn
Acid esophageal + + + _
exposure off PPI*
Acid esophageal + - - _
exposure on PPI*
Excessive number of +/— +— + -
reflux events with
impedance on PP
Positive reflux- +— + - -

symptom association
with impedance on PPI

*Prolonged wireless pH monitoring both off and on PPI may be used to evaluate esophageal acid
exposure in a single examination [19].
GERD, gastroesophageal reflux disease; PPI, proton pump inhibitor.

symptom-reflux correlation in the context of overt abnormal acid exposure
or normal acid exposure associated with an acid hypersensitivity. Similarly,
phenotype 2 will also have a positive symptom reflux correlation; how-
ever, the correlation is predominantly with weakly acidic reflux events.
Phenotype 2 will have no overt abnormality in distal esophageal acid
exposure and is likely hypersensitive to volume, other components of the
gastric refluxate or refluxate with a pH above 4. These particular pheno-
types will likely respond to an escalation of anti-reflux therapy focused on
reducing acid burden and the overall number of reflux events.

It is important to distinguish phenotypes 3 and 4 from phenotypes
1 and 2 because they should exhibit a lack of response to more aggressive
anti-reflux therapy. However, phenotype 3 patients do have baseline reflux
disease and many require PPI therapy to maintain control of other symp-
toms that are related to abnormal reflux. This particular group of patients
will exhibit pathological acid reflux off PPI therapy and normalization on
PPI therapy with a negative symptom correlation with all types of reflux
events. Ambulatory reflux testing on PPI therapy incorporating impedance
may reveal an increased number of overall reflux events suggesting under-
lying baseline GERD. Thus, these patients will be unable to discontinue PPI
therapy and will require an evaluation for alternative causes and therapy
beyond reflux suppression. In contrast, phenotype 4 patients will have no
evidence of abnormal reflux or a symptom-reflux correlation at baseline or
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on PPI therapy. This group of patients can be labeled as functional heartburn
once an endoscopy has ruled out alternative causes and manometry has
not revealed an underlying esophageal motor disorder. These patients
should have their PPI therapy discontinued and will likely require therapy
focused beyond acid suppression and reflux inhibition.

Evidence to support this phenotypic classification can be found in recent
studies assessing large series of referral patients for combined pH imped-
ance testing both off and on PPI therapy. Savarino et al. noted in a series of
200 patients with non-erosive reflux disease that 27% had normal esoph-
ageal acid exposure and negative symptom association probability on 24-h
pH impedance monitoring performed off PPI (phenotype 4) [8]. Eleven
percent of the patients presented with a positive association between
symptoms and non-acid reflux events only in the absence of PPI therapy.
Mainie et al. also observed different phenotypes of PPI non-responders in a
series of 168 patients who underwent 24-h pH impedance monitoring on
PPI for refractory GERD symptoms [9]. Eleven percent of subjects had a
persistent pathological esophageal acid exposure despite PPI twice daily
(phenotype 1), 31% had a positive association between symptoms and

CASE STUDY

A 28-year-old woman complained of heartburn, chest pain and gurgling in the throat
for the past 10 years. She tried different PPIs (dexlansoprazole, omeprazole,
esomeprazole) without any improvement of her symptoms. The symptoms were
worse after a meal and with stress. She had no significant previous health history.
Her Body Mass Index (BMI) was 21.4kg/m?. No hiatal hernia was seen on
esophagogastroduodenscopy. Two small tongues of pink mucosa extending 1cm
maximally from the squamocolumnar junction were observed. The corresponding
biopsies showed esophageal squamous and gastric mucosa with chronic carditis.

A 24-h pH impedance monitoring was performed on PPl therapy (esomeprazole 40 mg
b.i.d.). The esophageal acid exposure was normal at 0.6%. The number of reflux
episodes was also normal (23 episodes, three acid and 20 non-acid). During the
recording, the patient reported 17 episodes of heartburn. The symptom index and
the symptom association probability were both equal to 0%.

What do you propose for the management of this patient?

As the pH impedance on PPl was normal without any positive correlation between
symptom and reflux event, the current symptoms presented by the patient were not
linked to persistent pathological GERD on PPI. An alternative therapy triggering visceral
hypersensitivity should be proposed.

Should PPI therapy be discontinued in this patient? In the absence of GERD
documentation off medicine, it is not possible to differentiate a phenotype 4 (functional
heartburn) from a phenotype 3 (functional overlap with GERD). An evaluation off PPI
(pH or pH impedance monitoring) would be helpful to diagnose a “baseline” GERD.

If the patient presented a pathological acid esophageal exposure, PPIs should be
maintained. Otherwise they should be stopped.
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non-acid reflux (phenotype 2), and 58% had no evidence of pathological
reflux and/or positive association on PPI (phenotypes 3 and 4). As data on
esophageal pH monitoring off PPI were not available for these patients, it
is not possible to differentiate phenotypes 3 and 4.

Diagnostic algorithm for managing proton
pump inhibitor non-responders

The evaluation of patients who are not responding to PPI therapy begins
by first documenting that the patient is compliant with medical
management. This is an important component of the work-up of the
refractory patient as a large population-based study suggests that over
50% of patients on PPI therapy are not compliant with medication [10,11].
In addition to daily compliance, less than 50% of patients take their PPI
optimally (timing, frequency, and dose) [12]. Most of the current guide-
lines support empiric treatment with single FDA-approved dose PPI
therapy for a 4-8-week period for a patient presenting with typical GERD
symptoms [13]. If the patient fails single-dose therapy, it is reasonable to
escalate therapy to double dose as there is little risk to this practice and a
small group of patients may respond.

One caveat to empiric treatment focuses on the presence or absence of
warning signs. Although there is controversy regarding the predictive
value of warning symptoms [14], an upfront endoscopy is reasonable if
there is evidence of dysphagia, odynophagia, gastrointestinal (GI) bleeding,
unintentional weight loss, early satiety or age at presentation greater than
55 to rule out significant complications and malignancy. In the absence of
warning signs, patients are typically not referred for endoscopy unless they
have failed a course of optimized PPI therapy. The timing of endoscopy in
the algorithm and the dose of PPI that is considered a failure which war-
rants endoscopic evaluation are unclear. However, we would recommend
a trial of double-dose therapy.

A diagnostic algorithm is presented in Figure 7.1. The test choice is firstly
determined by the pretest probability for baseline GERD. This algorithm
allows the differentiation of the different phenotypes of PPInon-responders.

As mentioned above, patients who fail initial single-dose FDA-approved
PPI therapy will have their acid suppression therapy increased to at least
double the FDA-approved dose [5]. The data to support the yield of an
escalation of PPI therapy to double dose in patients not responding to
single dose are marginal and likely in the range of 10-20% [15]. Thus,
the majority of patients who are escalated to double dose still have
continued symptoms and do warrant further evaluation with ambulatory
reflux testing.
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The approach to ambulatory reflux monitoring is outlined in Figure 7.1
and mirrors the American Society for Gastrointestinal Endoscopy (ASGE)
guidelines published in 2009 [16]. Decisions regarding the type of device
utilized for the evaluation of PPI non-responders are beyond the scope of this
particular chapter and are covered in Chapter 3. However, a few important
concepts should be reviewed regarding whether or not to study patients off
or on medical therapy.

The decision to study patients off and on medication should focus on
the pretest probability that the patient has baseline pathological acid
reflux and also on the specific question that needs to be answered. If the
pretest probability is low based on the clinical presentation and lack of
overt abnormalities on endoscopy (esophagitis, Barrett’s esophagus, large
hiatus hernia), the first and most important question in the evaluation of
refractory symptoms should be whether or not the patient actually has
baseline abnormal reflux/pathological acid exposure. Thus, these patients
should have ambulatory pH monitoring off medication to document
whether or not abnormal reflux/pathological acid exposure is present at
baseline (Plate 7.1). This can be accomplished with a standard pH cath-
eter, combined pH impedance catheter or wireless pH capsule. Data sug-
gesting that the wireless capsule pH monitoring system is superior in
diagnosing abnormal reflux are limited; however, there are studies that
suggest that extending the duration of pH monitoring from 24 h to 48-96 h
may improve the yield of documenting abnormal reflux. For example,
among 38 patients with negative 24-h pH catheter-based results,
prolonged (48-96h) wireless pH monitoring revealed a pathological acid
esophageal exposure in 37% and 47 % using average and worst day anal-
ysis respectively [17]. Overall, GERD was diagnosed in 61% (average
analysis) and 76% (worst day) based on either pathological acid exposure
or positive symptom association.

If the pretest probability for baseline GERD is high secondary to a docu-
mented abnormality found previously on endoscopy (large hernia, esopha-
gitis, Barrett’s esophagus), a positive pH study off medication or strong
clinical scenario where the patient is likely to have baseline GERD, the
patient should undergo ambulatory reflux testing on PPI therapy using
combined pH impedance (Plate 7.2). In this instance, the question of
whether or not baseline GERD exists is less important and the focus of the
evaluation is on defining the mechanism behind the refractory symptoms.
Moreover, it has been shown that 93 % of patients with symptoms refractory
to twice-daily dosage of PPI and abnormal pH impedance monitoring on
PPI have abnormal acid esophageal exposure off PPI [18]. Thus, this tech-
nology can define the remaining phenotypes (2-4) and direct appropriate
management. In the absence of evaluation off PPI, the distinction between
phenotypes 3 and 4 may be difficult. If the total number of reflux events is
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normal, the patient likely fits a phenotype consistent with functional
heartburn. However, the threshold number of reflux events to distinguish
phenotype 3 from 4 is not clear when patients are studied on PPI therapy.
An alternative to answer the question of whether to test on or off medica-
tion is prolonged wireless pH monitoring both off and on PPI (BOOP
testing) in a single examination (2 days off PPI followed by 2 days on
PPI) [19]. This test is sufficient to identify patients with phenotypes 1 and
4 but does not allow one to differentiate phenotype 2 from phenotype 3.

Treatment of proton pump inhibitor
non-responders

Unfortunately, the treatment strategies and management options for PPI
non-responders are poorly defined and draw from open label studies or
small clinical trials. In addition, most trials assessing refractory GERD have
not clearly defined the relevant phenotypes and thus, it has been difficult
to assess the overall benefit of specific therapies. Given this fact, this sec-
tion will focus on the available therapies and also discuss which phenotype
would be most likely to respond to the various therapies.

Acid suppression
Although the majority of this chapter has focused on the evaluation and
management of refractory symptoms in endoscopy-negative patients, one
important aspect of true refractory GERD is patients with refractory eso-
phagitis, peptic strictures, and continued symptoms in Barrett’s esophagus.
These patients may require higher doses of PPI therapy or other adjunct
treatment focused on reducing the overall reflux burden. These patients
tend to have the most severe abnormalities in the anti-reflux barrier
(hiatus hernia, hypotensive lower esophageal sphincter (LES)) and eso-
phageal clearance (weak peristalsis, hiatus hernia). Improving acid suppres-
sion can be accomplished by either increasing the dose of PPI therapy or
adding an H2 blocker at night [20]. The data supporting the efficacy of
these particular treatments are limited, but this strategy represents a rea-
sonable approach with limited risk and a valid endpoint to follow on
endoscopy. Occasionally, ambulatory pH monitoring without impedance
can be performed to assess the effectiveness of PPI therapy by studying
patients on medication. However, this is an exception and once again, it is
probably better to study these patients with combined pH impedance on
PPI therapy.

The data supporting the efficacy of increasing PPI therapy to double dose
or adding an H2 blocker at night in endoscopy-negative patients with
refractory symptoms are limited. The therapeutic benetfit of increasing PPI
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dose was reported in a study by Fass [15]. In patients with persistent
heartburn on PPI once-daily treatment, two therapeutic strategies were
compared: increasing PPI dosage to twice daily (lansoprazole 30 mg b.i.d)
versus switching to another PPI (esomeprazole 40mg). These two strat-
egies were equivalent in terms of heartburn symptom control. However,
these results would not necessarily be similar with other PPIs as esomepra-
zole may have a better bioavailability than the other PPIs. Finally, Becker
et al. showed that increasing PPI dosage was more effective in patients with
pathological findings in pH impedance monitoring on standard PPI therapy
(persistent abnormal acid exposure and/or increased number of reflux
events) than in patients without any pathological findings on pH imped-
ance (91% symptom relief versus 43%, P <0.001) [21]. This study empha-
sizes the benefit of acid suppression intensification in patients with
phenotypes 1 and 2.

Another strategy to augment acid suppression has been focused on add-
ing an H2 blocker at night to help control the histamine-generated noc-
turnal acid breakthrough common with PPI therapy [22]. This strategy
was shown to obliterate nocturnal acid breakthrough on pH studies but a
clinical correlation with symptom improvement is still unproven.
Furthermore, there have been potential issues with tachyphylaxis as
evidenced by a study by Fackler et al. that revealed a blunting of the H2
blocker effect after 4 weeks [23]. However, the addition of an H2 blocker
at night is reasonable as the medication is safe and could potentially be
effective in a small proportion of patients with significant nocturnal symp-
toms, especially if the medication is used intermittently when symptoms
are exacerbated.

Treatment beyond acid suppression

A number of therapies have been proposed to treat refractory symptoms in
PPI non-responders that go beyond acid suppression and focus on reflux
inhibition and reducing visceral hypersensitivity.

Reflux inhibition

Targeting transient lower esophageal sphincter relaxations (TLESRs) pro-
vides an opportunity to develop reflux inhibitors. Baclofen, a gamma-
aminobutyric acid B (GABA,) receptor agonist, is a potential add-on
treatment for patients with persistent symptomatic reflux events despite
PPIL. It decreases the number of postprandial acid and non-acid reflux
events [24]. The dose of 20mg three times daily has been proposed in
refractory GERD [25]. However, no controlled trial of baclofen in PPI
non-responders is available. Moreover, because the drug crosses the blood-
brain barrier, neurological side-effects including somnolence, dizziness,
and drowsiness are important limiting factors in the use of baclofen in
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clinical practice. Novel GABA  agonists are currently in clinical development
for the treatment of refractory GERD. Arbaclofen placarbil, a pro-drug of
the pharmacologically active R-isomer of baclofen, decreased the number
of postprandial reflux events and associated symptoms [26]. The safety
profile could be better compared to baclofen. Lesogabaran, a new GABA,
agonist, was developed to overcome the side-effects of baclofen. It
decreased the number of postprandial TLESRs, but its effect is modest [27].

As metoclopramide may improve gastric emptying and basal lower
esophageal sphincter pressure [28], it represents a reasonable treatment
option in GERD. However, side-effects and lack of efficacy limit recom-
mendation of this drug in GERD management [13]. Current strategies
would only advocate using this medication in patients with poor gastric
emptying and for patients who have shown a dramatic benefit from the
medicine. Short trials to determine if the medication is associated with
improvement in symptoms should be performed with close follow-up and
a careful discussion of potential adverse events. If no improvement on
metoclopramide occurs, it should be discontinued given the significant
neurological side-effects.

Visceral hypersensitivity

There is growing evidence to suggest that altered hypersensitivity and
central sensitization may be important components of the visceral pain
perception pathway. This concept was first acknowledged when balloon
distension studies were noted to reproduce heartburn and chest pain in a
higher proportion of patients with non-cardiac chest pain compared to
healthy volunteers. Subsequently, studies in non-cardiac chest pain and
functional heartburn have shown a reduced perception threshold to
balloon distension and acid perfusion [29-31]. Most models of hyperalgesia
suggest that both hypersensitivity of peripheral nociceptors and aberrant
central modification of pain may be responsible for this phenomenon.
Previous injury in the esophagus related to reflux of gastric contents may
elicit inflammation and release cytokines that could potentially induce
greater afferent firing and central delivery of pain mediators. This response
could be implicated in the hyperalgesia that may be associated with weakly
acidic events in a subgroup of PPI non-responders. Additionally, chronic
neuropathic injury may also cause spontaneous neuropathic pain which
may elicit symptoms independent of the stimulus and thus could poten-
tially explain why functional heartburn patients have no evidence of
symptom reflux correlation.

Given the importance of sensitivity in visceral pain perception,
PPI non-responders may be better suited for interventions focused
on reducing esophageal hypersensitivity or central perception.
Furthermore, even those patients with a clear reflux symptom
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relationship may require both acid suppression and an adjunct therapy
focused on esophageal hypersensitivity [32,33].

Low-dose antidepressants

Low-dose antidepressants have been shown to reduce symptoms in
patients with non-cardiac chest pain. Currently, this class of medication is
commonly used as adjunct therapy for patients with refractory GERD
symptoms despite lack of efficacy data and a significant side-effect
profile [7]. Although experimental physiological data suggest that these
agents may alter symptom perception thresholds to artificial stimuli such
as balloon distension and catheter-delivered acid infusion [30], it is unclear
how effective these agents are in reducing symptoms.

Acupuncture

Alternative approaches to treating visceral pain may be useful in PPI non-
responders. In a series of 30 patients who presented refractory heartburn
on standard dose PPI, acupuncture in combination with single-dose PPI
therapy has been shown to be more effective than double-dose PPI [34].
This promising result has to be confirmed in larger series.

Hypnotherapy

Response to PPI may be dependent on the level of psychological
distress [35]. Moreover, patients with poor correlation between symptoms
and reflux events display a higher level of anxiety than patients with a
good correlation between symptoms and reflux [36]. Hypnotherapy is
effective in pathology associated with high levels of anxiety. In patients
with non-cardiac chest pain, hypnotherapy improved pain relief and was
associated with a decrease in medication use [37]. Therefore, this
alternative approach may be useful to improve PPI response not only in
patients with refractory symptoms associated with reflux events but also
in patients with functional heartburn.

The role of surgery in refractory gastroesophageal

reflux disease

Few data are available on the efficacy of fundoplication in refractory
GERD. Broeders et al. recently showed that patients with PPI-refractory
non-erosive reflux disease and erosive reflux disease benefit equally from
Nissen fundoplication [38]. It is important to note that all the patients
included in this study presented with pathological esophageal acid exposure
on ambulatory 24-h pH testing performed off PPI and thus, phenotype 4
was ruled out. In a series of 19 patients who underwent fundoplication for
refractory GERD with a positive symptom index on pH impedance moni-
toring, Mainie et al. noted a significant improvement of GERD symptoms
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in 17 patients 14 months after fundoplication [39]. However, response to
surgery has not been tested in large controlled trials and careful selection
before treatment is a requirement. Before referring the patient to the sur-
geon for refractory GERD, an objective evaluation is always required to
rule in pathological acid exposure and rule out alternative causes, such as
achalasia and eosinophilic esophagitis [13]. Only patients with proven
pathological GERD and persistent positive association between reflux
events and symptoms despite PPI therapy should be eventually considered
for surgery.

Conclusion

Proton pump inhibitor non-responders represent a large group of patients
being seen in both primary care and gastroenterology clinics. Among
patients compliant on optimized PPI therapy, four different phenotypes
can be identified using ambulatory reflux testing: persistent acid reflux
(phenotype 1), non-acid reflux (phenotype 2), functional overlap with
GERD (phenotype 3), and functional heartburn (phenotype 4). The choice
of which ambulatory reflux test (catheter, wireless or combined with
impedance) and whether to study the patient off or on medication should
be based on the pretest probability for baseline GERD. When the proba-
bility is low, pH monitoring off medication allows one to identify patients
with functional heartburn. When the pretest probability is high, combined
pH impedance on PPI should be the preferred method as the main question
now focuses on why the medicine is not working. The treatment of
refractory GERD also remains challenging and identification of PPI non-
responder phenotypes may provide the pathophysiological basis to help
guide therapy. Improving reflux control may be proposed in patients with
phenotypes 1 and 2, whereas treatment strategies targeting visceral hyper-
sensitivity may be more relevant in phenotypes 3 and 4. Further studies
are required to evaluate this treatment strategy.
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Key points

¢ The diagnostic criteria of functional heartburn according to the ROME Il definition
(presence for at least 3 months, with onset at least 6 months before diagnosis, of
burning retrosternal discomfort or pain; and absence of evidence that gastroesopha-
geal acid reflux is the cause of the symptom; and absence of histopathology-based
esophageal motility disorders).

e Functional heartburn is frequently associated with other functional disorders and
psychological co-morbidities.

¢ In endoscopy-negative patients with heartburn unresponsive to a proton pump
inhibitor trial, the diagnosis of functional heartburn should be considered and
gastroesophageal reflux disease excluded by the appropriate investigations,
esophageal pH monitoring or, better still, pH impedance monitoring performed
off medication.

¢ Although no treatment has been proven to be effective by well-conducted
randomized controlled trials, pain modulators and behavioral therapies may be
of benefit to some patients.

Potential pitfalls

e Continue proton pump inhibitor despite treatment failure in a patient with refractory
functional heartburn.

¢ Miss or underestimate the role of other functional gastrointestinal disorders
(e.g. dyspepsia) in the pathogenesis of symptom complaints.

e Perform anti-reflux surgery in a patient with functional heartburn.

Practical Manual of Gastroesophageal Reflux Disease, First Edition.
Edited by Marcelo E Vela, Joel E. Richter and John E. Pandolfino.
© 2013 John Wiley & Sons, Ltd. Published 2013 by John Wiley & Sons, Ltd.
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Introduction

Heartburn occurring at least once a month is reported by 10-20% of the
general population in the US [1], but very few sufferers actually seek med-
ical help. Heartburn seems to be more prevalent in the US and Europe than
in Asia, although the incidence is probably rising in this part of the world
[2]. Typical heartburn has been considered traditionally to be a specific
symptom for gastroesopheal reflux disease (GERD), thus allowing diagnosis
without the need for any further, invasive investigation [3]. However, with
the development of more accurate diagnostic tools such as pH monitoring
and, more recently, pH impedance monitoring [4], it has become increas-
ingly evident that the perception of heartburn is not always associated with
a reflux event, either acid or non-acid (i.e. weakly acidic or weakly alkaline
[5]). Of note, the majority of acid reflux episodes occurring either physio-
logically or in GERD are not perceived and remain asymptomatic.
Conversely, slight decreases in esophageal pH which do not reach the (arbi-
trary) threshold of pH 4 may be perceived as painful sensations (heartburn
or chest pain) in some individuals. Finally, physiological studies have clearly
established that mechanical stimuli such as esophageal balloon distension
can also elicit the perception of heartburn [6], rendering the saying “no
acid, no heartburn” in fact wrong, even if acid plays a major role in the
pathogenesis of symptoms for the large majority of GERD patients.

Considering the complexity and diversity of esophageal functional dis-
orders and GERD phenotypes, several attempts have been made to better
characterize GERD with and without esophageal injury (non-erosive
reflux disease or NERD) and to reclassify the group(s) of patients with typ-
ical heartburn but no evidence of the presence of GERD, either at endo-
scopy or after pH monitoring.

Functional heartburn (FH) is a term that has been introduced by the
ROME group of experts to fully recognize this entity and to encourage
further research [7-9]. As a result of the progress accomplished in the
characterization of functional esophageal disorders, the definition of FH
itself has evolved in the time between the implementation of the ROME II
and ROME 1II systems [7,9]. Notably, the so-called acid-sensitive esoph-
agus (characterized by a statistically significant relationship between acid
reflux and symptom events, despite a normal acid exposure of the esoph-
agus [10,11]), initially included in the FH group by the ROME II criteria,
has been requalified in ROME III as part of the GERD spectrum. In Rome
III, only patients with normal acid exposure and no correlation between
reflux episodes qualify as having functional heartburn [12].

Irrespective of the academic aspects of this debate, it is clinically relevant
to point out that the simple presence of heartburn, even if typical, does not
correlate exactly with a homogeneous group of patients suffering from the



Chapter 8: Functional Heartburn 117

Heartburn with no
esophagitis at endoscopy

Excessive esophageal Normal esophageal
acid exposure time acid exposure time

Symptom-reflux Symptom-reflux
association present association absent

Favorable response Unsatisfactory response
to PPl trial to PPI trial

l l

Presumptive diagnosis of NERD-related heartourn Functional heartburn

|

Pain modulators
Behavioral therapies

Consider and treat associated
co-morbidities (dyspepsia, IBS)

Figure 8.1 Classification of patients with heartburn and no evidence of esophagitis at
endoscopy, using pH and response to a therapeutic trial of PPIs; the group classified as
functional heartburn (FH) corresponds to the ROME III definition of FH. Adapted from
Galmiche et al. [8], with permission from Elsevier. IBS, irritable bowel syndrome;
NERD, non-erosive reflux disease; PPI, proton pump inhibitor.

same disease. This heterogeneity likely contributes to the explanation of
why 30-40% of patients with typical heartburn are completely or partially
refractory to acid suppression with a proton pump inhibitor [13]. In this
chapter we have adopted the ROME III definition of FH (Figure 8.1), but it
should be acknowledged that a large part of the referenced literature is not
based on similar definitions of FH, making comparisons between studies in
some cases difficult [8,14-17].

Definition and diagnostic criteria

According to the ROME III definition, “retrosternal burning in the

absence of GERD that meets other essential criteria for the functional

esophageal disorders typifies the diagnosis of FH”. The diagnostic criteria

are the following.

e Presence for at least 3 months, with onset at least 6 months before diag-
nosis, of burning retrosternal discomfort or pain; and

e Absence of evidence that gastroesophageal acid reflux is the cause of
symptom; and

e Absence of histopathology-based esophageal motility disorders.
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Figure 8.2 Contribution of pH impedance monitoring with Symptom Association
Probability (SAP) analysis in identifying various subgroups of endoscopy-negative
patients suffering from typical reflux symptoms. Comparison with the strategy consisting
of pH-metry plus PPI response (used for the definition of FH according to Rome III
criteria). pH impedance monitoring reduced the percentage of patients classified as FH.
FH, functional heartburn; HE, hypersensitive esophagus; NERD, non-erosive reflux
disease. Reproduced from Savarino et al. [24] with permission from Elsevier.

The minimal frequency of heartburn that is required to consider the
patient’s condition as an illness is not well defined. However, two or more
days per week of mild heartburn is sufficient in GERD to influence quality
of life and the same threshold can be applied in FH [2].

Overall, one of the weaknesses inherent in the definition of a functional
disorder in general, and FH in particular, is that the diagnosis is largely
influenced by the different constraints in the ability to fully recognize the
presence or importance of GERD. This is illustrated by the decision to exclude
patients with normal esophageal acid exposure, yet acid-related symptom
events on ambulatory pH monitoring (hypersensitive esophagus), from the
FH entity. The reason is that this group resembles other GERD patients in
terms of presentation, manometric findings, impact on quality of life, natural
history, and response to anti-reflux therapy in general, even if increased acid
suppression may be required to relieve heartburn [11,18,19]. The same
reasoning applies to patients with symptoms which respond well to a trial of
proton pump inhibitor (PPI). Indeed, although a favorable response to a brief
therapeutic trial using high doses of a PPI is not specific for GERD [20-22],
the lack of response probably has a high negative predictive value for GERD.
As anticipated by the authors of the Rome III definition of FH, studies using
pH impedance monitoring [4,23,24] have clearly established that when more
accurate investigations are used to detect acid and non-acid reflux and to
assess the temporal relationship of reflux events and symptoms, the
proportion of patients with a residual diagnosis of FH decreases (Figure 8.2).

Epidemiological studies using stringent definitions of FH are scarce.
The female predominance and the younger age of patients with FH, as
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opposed to NERD, are not really evident once patients with acid-sensitive
esophagus have been excluded from the definition of FH [17]. Interestingly,
and irrespective of the clinical setting (i.e. primary care or specialty
practice), FH frequently occurs in association with symptoms usually
considered to be components of dyspeptic syndrome, such as postprandial
fullness, bloating, nausea, and early satiety [25-27]. Irritable bowel
syndrome (IBS) symptoms also seem to be more prevalent in FH than in
GERD patients [28,29].

In summary, the prevalence of FH depends on the defining and diag-
nostic criteria. Studies using both endoscopy and ambulatory pH moni-
toring to objectively establish evidence of GERD indicate that FH is likely
to represent less than 10% of heartburn patients presenting to gastro-
enterologists [30]. The proportion is probably higher in primary care set-
tings, when all patients with GERD symptoms which are non-responsive
to PPI given empirically are considered. Conversely, in tertiary centers,

CASE STUDY

A 40-year-old female patient is referred for refractory heartburn. She has a history of
appendectomy and irritable bowel syndrome. She has been complaining of heartburn
for the previous 2 years. She describes a burning sensation behind the breastbone,
occurring almost daily, mainly during the daytime. The symptoms appear to be more
severe in the postprandial period, during which she also complains of epigastric
bloating, nausea, and fullness. She has a long history of constipation and lower
abdominal pain related to IBS. She has not lost weight over time (Body Mass Index
(BMI) 23kg/m?). There is no evidence of a psychiatric disorder such as depression or
anxiety. She has been prescribed several PPIs at single and double dose without any
significant improvement of heartburn. Compliance with PPl therapy, and also dosing
times, appear to be adequate. An endoscopic work-up has been performed. There
were no mucosal breaks at endoscopy and no eosinophilic infiltration of esophageal
mucosa on the esophageal biopsies. Colonoscopy findings were also normal.

The patient is referred for refractory heartburn and advice regarding anti-reflux surgery.
High-resolution esophageal manometry is performed, demonstrating no significant
abnormality of esophageal motility. Lower esophageal sphincter pressure is within the
normal range (23 mmHg). Wireless, 48-h pH monitoring is performed off therapy Both
the number of acid reflux episodes and esophageal acid exposure are within normal limits
during this 48-h period. Symptom association analysis does not demonstrate any
correlation between heartburn episodes reported by the patient and the reflux events.

The final diagnosis is functional heartburn associated with functional dyspepsia and
irritable bowel syndrome. Treatment with pain modulators is proposed to the patient
who initially refuses it. Two months later, she finally accepts and is prescribed
amitriptyline. The initial dose is 10 mg at bedtime, increased by 10mg increments
weekly. As the patient experiences side-effects (dry mouth, somnolence), the dose
cannot be increased above 40 mg daily. After a period of 3 months, there is a significant
improvement in both the frequency and severity of heartburn symptoms. There is no
significant effect on functional dyspepsia and IBS symptoms.
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when pH impedance monitoring is performed with statistical symptom
analysis for acid and non-acid reflux episodes (including Symptom
Associated Probability (SAP) [31] or Symptom Index (SI) determination),
the proportion of remaining patients with a final diagnosis of FH is cer-
tainly smaller.

Pathogenesis of heartburn in functional heartburn

One difficulty in adequately analyzing the available data on the pathogen-
esis of FH is that the literature, at least with regard to the earliest reports,
is clouded by the inclusion of subjects with undetected GERD in patient
groups with presumed FH. This is actually the case for the excellent review
published in 2002 by Fass and Tougas [32] on the role of peripheral and
central factors in the pathogenesis of esophageal symptoms in NERD.
Nevertheless, the conceptual model proposed by these authors remains
valid as a representative overview of the mechanisms involved in esoph-
ageal perception in general (Figure 8.3). From a more mechanistic point
of view, noxious esophageal stimuli are known to activate nociceptive
receptors such as the TRPV1 (vanilloid) receptor, the transient receptor
potential acid-sensing ion channel (ASIC), and the PX 2 family of ligand-
gated ion channels responsive to adenosine triphosphate (ATP) (for a
review see [33]). Activation of these receptors generates signals that are
transmitted to the central nervous system (CNS) via either vagal or spinal
nerves (Figure 8.4). Whether the same pathways are involved in NERD
and FH remains unknown; if differences are present, they may contribute
to explain the differences encountered in therapeutic response to acid
suppression. It is also worth considering that, apart from pathways
activated by topical chemical stimuli such as bile or acid, even in minute
amounts, vagal afferents may also play a role in the perception of esoph-
ageal distension.

Regarding FH in particular, the prevailing view is to consider disturbed
visceral perception as a major factor involved in its pathogenesis [32].
Hypersensitivity includes allodynia (defined by the perception of stimuli
which are not normally perceived, for example slight changes in intralu-
minal esophageal pH) and hyperalgesia (pain greater than normally
expected for a given stimulus). Both phenomena may be involved in FH.
Moreover, “esophageal hypersensitivity” can include peripheral, central
and possibly psychological factors which may act independently or, more
likely, in concert.

Among other factors which are potentially involved in the pathogenesis
of esophageal symptoms, hormonal pathways may also play a role. Indeed,
the most frequent trigger of heartburn is eating a meal, suggesting that
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Figure 8.3 Proposed conceptual model for symptom generation in patients with
non-erosive reflux disease. This model suggests that central (through brain-gut
interactions) and peripheral mechanisms are essential for intraoesophageal stimuli
(either physiological or pathological) to reach the conscious level and thus be
perceived. Reproduced from Fass and Tougas [32] with permission from BMJ
Publishing Group.

some food components, especially fats, may induce or exacerbate symptoms
through a hormonal pathway. For example, Meyer et al. [34] showed that
infusion of fat into the duodenum of reflux patients reduced the latency of
occurrence of heartburn in response to esophageal acid infusion and
increased symptom severity. Although the interpretation of this
phenomenon remains largely speculative, a role for cholecystokinin has
been proposed but other neurotransmitters also, e.g. calcitonin gene-
related peptide or substance P, may influence esophageal perception by
either peripheral (on vagal afferences) or central action.

The role of corticocerebral processing of esophageal signals has been
investigated recently in a few studies using the recording of cortical
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Figure 8.4 Sensory pathway from esophagus to brain. Esophageal nociceptive stimuli
are conveyed to the brain via two major sensory pathways — a sympathetic pathway
and a vagal pathway. Reproduced from Miwa et al. [33] with permission from the
Korean Society of Neurogastroenterology and Motility.

potentials evoked by esophageal balloon distension or acid perfusion
[35] and by newer imaging technologies such as positron emission
tomography (PET) and functional magnetic resonance imaging [36,37].
These studies have all indicated strongly that the central processing
of esophageal signals, after either noxious or physiological (normally
non-painful) stimuli, may be different between healthy subjects and
patients with GERD or FH. FH patients (Rome III definition) seem to be
more sensitive to mechanical or chemical stimuli than NERD patients.
Moreover, a phenomenon of acid chemoreceptor sensitization may sig-
nificantly influence the response of pressure-sensitive receptors, suggest-
ing cooperative interaction between these two receptor types in the
process of esophageal hyperalgesia [38].

Irrespective of the esophageal stimulus considered, the conventional
theory of the pathogenesis of heartburn implies a penetration of the nox-
ious component either through mucosal breaks (in reflux esophagitis) or
because of an increased permeability of the epithelial esophageal barrier.
These alterations of the esophageal barrier are themselves the consequence
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Figure 8.5 Scatter plot of mean intercellular space diameter (ISD) in pm for the three
study groups. GERD, gastroesophageal reflux disease. Reproduced from Vela et al. [39]
with permission from Blackwell Publishing.

of chronic exposure of the mucosa to a noxious agent (usually acid in
GERD) refluxing from the stomach.

In recent decades, the consistent observation by several authors of an
increased intercellular space between epithelial cells in both erosive
esophagitis and NERD has lent support to this penetration theory.
Indeed, this morphological change (called dilated intercellular space or
DIS) is postulated to allow the noxious component of the refluxate to
reach the nerve endings which run below the epithelial layer. However,
the role of DIS in FH has recently been challenged by an important study
by Vela et al. [39]. These authors used pH impedance monitoring (for
acid and non-acid reflux detection) and electron microscopy (to mea-
sure intercellular space) in patients with heartburn refractory to PPI
therapy. Patients were carefully phenotyped according to the ROME III
criteria and then compared with healthy controls. While the mean inter-
cellular distance was increased in GERD patients compared with con-
trols, there was no significant difference between FH and controls
(Figure 8.5). Moreover, only 9% of the FH patients had an intercellular
distance greater than the normal range (compared with 60% of those
with GERD).

These results, although requiring further confirmation using larger
patient cohorts, are the first to support the use of a morphological marker
capable of distinguishing FH from GERD. They also indicate that the per-
ception of heartburn may arise even if the integrity of the mucosa is main-
tained. In these cases, sustained esophageal contractions can represent
another mechanism in the pathogenesis of heartburn, as well as an expla-
nation for the lack of temporal relationship between symptom events and
reflux episodes during pH monitoring. Conversely, esophageal acid infusion
has been shown to induce such sustained esophageal contractions [40].
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Therefore different mechanisms are probably associated which may
interact between each other and facilitate pain perception [41].

Role of psychological factors

It is now well established that acute experimental stress enhances the
perception of esophageal acid in GERD patients. Indeed, Bradley et al. [42]
showed in 1993 that reflux patients who are chronically anxious and
exposed to prolonged stress may perceive low-intensity acid stimuli as
painful symptoms. Of interest, in this controlled study the stress tasks did
not significantly influence acid reflux parameters. More recently, the effect
of life stress on symptoms of heartburn was studied by Naliboff et al. [43]
in a cohort of patients followed prospectively for 4 months. The presence
of severe, sustained life stress during the previous 6 months significantly
predicted increased heartburn symptoms during the subsequent 4 months.
Anxiety was strongly associated with impaired quality of life, and depres-
sion with heartburn medication use.

In another study, whereas psychological profiles did not differentiate
subjects with normal esophageal acid exposure and no esophagitis from
those having elevated acid exposure times, patients with FH had greater
anxiety and somatization scores and poorer social support levels than
those with reflux-provoked symptoms [44]. Shapiro et al. [45] conducted
a study comparing the physiological and clinical characteristics of a group
of 22 NERD patients (with abnormal pH test) with those of 30 FH patients
(ROME 1I definition). There were no statistical differences in demographic
parameters, frequency of hiatal hernia and H. pylori infection rates bet-
ween the two groups. In contrast, FH patients had increased reports of
chest pain, somatization and altered autonomic function (assessed by heart
rate variability and skin conductance). In addition to stress and anxiety,
sleep disorders may also enhance the perception of low-intensity esopha-
geal stimuli [46]. Finally, some studies have suggested that a lower social
status may be associated with FH [44].

Clinical evaluation

Clarification of the nature of the symptom is an essential first step [7].
Heartburn is characterized by pain or discomfort of burning quality that orig-
inates high in the epigastrium with intermittent cephalad retrosternal radia-
tion. There are no evidence-based data to determine the specific symptom
features of FH, including diurnal characteristics, exacerbating factors and ame-
liorating maneuvers. The benefit of structured questionnaires to better identify
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and categorize patients suffering from heartburn in a primary care setting
remains controversial. Functional heartburn usually occurs during the day
and, like the heartburn of GERD, may be elicited or exacerbated by certain
foods and by lying down or bending over. However, it is difficult to extrapolate
from data representing the whole “heartburn spectrum” to those of FH.

By definition, the diagnosis of FH requires specific investigations, at least
endoscopy and pH monitoring and, if available, pH impedance monitoring
in order first to exclude GERD as the cause of heartburn. In clinical prac-
tice, patients in whom FH is suspected are usually referred to a tertiary
center after a long history of troublesome heartburn that has been partially
or completely unresponsive to a PPI trial, usually consisting of a double-
dose regimen administered for several months.

Concerning pH monitoring (or pH impedance monitoring), it is insuffi-
cient to limit the assessment to the measure of acid exposure. A careful
analysis of the temporal relationships between the occurrence of symp-
toms and reflux events (both acid and non-acid) is of the utmost impor-
tance and the results must be expressed using SAP or SI values [31]. In
routine practice, it is likely that many investigators do not perform such
statistical analyses, with the risk of missing acid- or non-acid-sensitive
esophagus. Extending the duration of pH monitoring by using the Bravo®
capsule technology [47] increases the diagnostic yield of the investigation
and allows the detection of a greater number of patients for whom a final
GERD diagnosis can be made. Interestingly, patients with FH may be more
likely to report retrosternal discomfort during wireless pH monitoring [48].
Although there is some controversy about whether pH (or pH impedance)
monitoring should be performed “on” or “oft” PPI therapy in patients with
GERD refractory to PPI, the diagnosis of FH always requires the discontin-
uation of PPI therapy for at least 7 days before the procedure is performed.

Finally, other esophageal (e.g. achalasia, eosinophilic esophagitis) and
non-esophageal (e.g. coronary artery disease) sources should be considered
and appropriately evaluated when atypical or unusual symptom character-
istics (e.g. exercise exacerbations) associated with heartburn are present.
Similarly, it is important to carefully consider the associated burden related
to other symptoms such as dyspepsia or IBS, because these functional man-
ifestations may contribute to the impairment of quality of life. Understanding
the main expectations of the patient, taking into consideration his/her
socioeconomic status, is also an important part of a good clinical evaluation.

Treatment

By definition, the diagnosis of functional heartburn is considered when a
patient with heartburn fails to improve on PPI therapy. Recent reviews on
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the management of refractory GERD have been published [49,50] and
different algorithms have been proposed. As some patients with FH may be
sensitive to small amounts of acid or acidic fluid with a pH >4, a trial of
more vigorous acid suppression therapy is usually considered first. The
addition of a prokinetic to acid suppression is not supported by evidence
and a recent, randomized, placebo-controlled trial conducted in NERD
patients failed to show any significant benefit of mosapride citrate
(5mgt.i.d.) plus omeprazole (10mg o.d.) versus omeprazole alone [51].

The role of diet is frequently advocated by patients with functional gas-
trointestinal disorders but there is no clear evidence for a benefit of
excluding specific foods (e.g. acidic or spicy foods). On the contrary, there
are some arguments suggesting that the chronic ingestion of chili, which
contains capsaicin, may improve functional dyspepsia and reflux symp-
toms by desensitization of TRPV 1 receptors [52]. Similarly, as fat and cho-
lesterol could increase esophageal sensitivity to acid [53], heavy meals are
usually avoided spontaneously by the patients themselves. Changing the
composition of the refluxate may, at least in theory, represent an alternative
approach; for example, in patients who are sensitive to bile salts, it might
be possible to change the bile composition by the administration of urso-
deoxycholic acid [54]. In fact, in clinical practice it is important to reassure
the patient concerning the harmless effects of many foods and to convince
him/her to avoid overly restrictive dietary regimens. Although the role of
obesity in FH has not really been investigated, it is common sense to
attempt to reduce excess weight.

Because the pathophysiology of FH may be quite similar to that of non-
cardiac chest pain, and involve heightened visceral sensation, the use of
low-dose tricyclic antidepressants, and possibly selective serotonin reuptake
inhibitors, is reasonable. Similarly, psychological approaches such as
behavioral modification, acupuncture [50], hypnotherapy or relaxation
therapy [55] may be beneficial. However, to date no published controlled
trials have demonstrated efficacy of any of these interventions in FH patients.

Several molecules may, potentially, influence visceral perception and
this may be exploited in functional esophageal disorders in general, and in
FH in particular. For example, the effect of tegaserod, a 5-HT4 agonist, was
tested in a placebo-controlled, cross-over trial conducted in patients with
overlapping symptoms of FH and functional dyspepsia (ROME II defini-
tion). The severities of heartburn, regurgitation, early fullness, and bloat-
ing were significantly lower after tegaserod compared with a placebo [56].
In the same study, mechanical sensitivity was assessed using the barostat
technique and tegaserod was shown to increase the pressure threshold for
gastric pain. However, the study conclusions are limited by the small
sample of patients included and the cross-over design of the trial. Moreover,
tegaserod is not available in many countries, especially in Europe and
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North America, making applications of these findings very limited. Among
other molecules, antagonists of the TRPV 1 receptor (AZD1386) have
recently been developed and proof-of-concept studies have been published
[57]. In healthy human subjects, AZD1386 increased esophageal and skin
heat pain thresholds and was well tolerated. Thus this new class of drug
may have a potential in NERD and also FH but it is too early to extrapolate
from pharmacodynamic effects to the clinic.

Anti-reflux surgery in patients with FH has not been fully evaluated, but
surgical management is unlikely to provide relief for these patients with
frequently overlapping symptoms of dyspepsia and IBS, and in whom test-
ing for pathological reflux is negative. Although the predictive value of
preoperative esophageal acid exposure on postsurgical outcome remains
controversial, some studies have indicated worse results in patients with a
normal pH test [58]. Moreover, it is now well established that a proportion
of patients with recurrent heartburn after anti-reflux surgery have normal
esophageal pH values. Thompson et al. [59] reported that in such patients
heartburn is frequently associated with psychiatric co-morbidities such as
depression, suggesting that FH rather than GERD recurrence may be
responsible for the persisting heartburn. The same prudent limitation
should be applied to endoscopic anti-reflux procedures, although some of
these procedures, such as a radiofrequency energy delivery (Stretta
procedure), may affect esophageal sensitivity independently of their effect
on cardial continence [60,61]. That said, endoscopic therapies cannot be
recommended for FH at the present time.

In summary, once PPI failure has been confirmed and GERD excluded
by appropriate tests, the treatment of FH remains largely empirical and an
individual approach is therefore recommended. The clinician should pro-
vide reassurance and refrain from performing too many invasive tests or
therapeutic procedures. Although the long-term natural history of FH is
poorly known, some studies, as well as clinical experience, suggest a con-
siderable “turnover” of functional gastrointestinal disorders with the
appearance and disappearance of different categories of functional disor-
ders in the same patient. In this context, Boyd et al. [62] reported a decrease
in the prevalence of FH over time in a cohort of patients with associated
eating disorders. Such findings may have important implications in favor
of a very conservative and non-invasive approach in FH patients.
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CHAPTER 9

The Role of Acid Reflux in
Non-Cardiac Chest Pain

Cristina Almansa and Sami R. Achem
Division of Gastroenterology, Mayo Clinic Florida, Jacksonville, FL, USA

Key points box

¢ Non-cardiac chest pain is a common clinical problem.

* The esophagus is the main source of non-cardiac chest pain.

¢ Gastroesophageal reflux disease is a frequent cause of non-cardiac chest pain.

¢ Gastroesophageal reflux disease can co-exist with other causes of chest pain.

¢ A diagnosis of gastroesophageal reflux disease-related non-cardiac chest pain should
not be established unless a cardiac source of the symptoms has been reasonably
excluded.

* An empirical treatment with a proton pump inhibitor is a helpful tool to identify

gastroesophageal reflux disease-related non-cardiac chest pain.

Ambulatory reflux monitoring is recommended if there is lack of response to proton

pump inhibitor therapy.
There is insufficient evidence to recommend anti-reflux surgery as an alternative

to proton pump inhibitor therapy in patients with non-cardiac chest pain.

Potential pitfalls

¢ Do not assume the patient’s chest pain is esophageal until objective cardiac studies
and/or a cardiology consultation are done.

¢ A negative endoscopy does not exclude gastroesophageal reflux disease but it is
often done to exclude structural disease.

® Symptom association studies may be useful but have limitations; therefore, a

negative Symptom Association Index does not rule out gastroesophageal reflux

disease as the cause of chest pain, especially in patients with sporadic symptoms.

Esophageal motility testing is frequently normal in non-cardiac chest pain but should

be done in patients with persistent chest pain, to exclude certain esophageal motility

disorders such as achalasia.

While some esophageal spastic disorders as nutcracker and esophageal spasm have

been frequently invoked as causes of non-cardiac chest pain, such relationship might

be biased by their frequent association with gastroesophageal reflux disease.

Practical Manual of Gastroesophageal Reflux Disease, First Edition.
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© 2013 John Wiley & Sons, Ltd. Published 2013 by John Wiley & Sons, Ltd.
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Introduction

Non-cardiac chest pain (NCCP) is defined as recurrent episodes of chest pain
resembling angina after cardiac origin has been excluded. NCCP is a common
clinical problem. Population studies estimated a prevalence ranging from
12% in European countries like Sweden and Spain to 33% in Australia
[1-3]. In the United States, approximately 23% of the population have
NCCP [4]; thus, more than 70 million Americans suffer from this condition.
A prospective multicenter study of patients presenting to the emergency
department at 10 US hospitals found that as many as 55% of those with
chest pain had no evidence of cardiac disease [5]. For patients undergoing
cardiac catheterization for chest pain, as many as 14-30% have normal or
insignificant coronary artery disease [6]. Despite the widespread prevalence
of the problem, an Australian study suggests that only a small proportion of
patients with episodes of recurrent chest pain consult a physician [7].
However, the economic impact of this condition is still high. In 2007, in the
US almost 6 million patients visited the emergency department for chest
pain at an estimated cost of at least $19 billion (average cost per visit of
$3205 according to Medicare) [8,9]. NCCP is also an important cause of
work absenteeism and impaired productivity. A survey performed in patients
attending an emergency department in Australia found that 29% of subjects
with NCCP (n=126) missed work or school in the previous year with an
average number of 23 missed days (range 1-240). In addition, up to two-
thirds of those presenting with NCCP mentioned some kind of interruption
to their daily activities (including work) relating to the condition [10].

The purpose of this chapter is to focus on the role of gastroesophageal
reflux disease (GERD) as a cause of NCCP.

Reflux in non-cardiac chest pain

The esophagus is the most common source of NCCP [11]. Several factors
have been associated with NCCP including esophageal motility disorders,
visceral hyperalgesia, autonomic dysregulation, and GERD. GERD is by far
the most common cause of NCCP [12]. Evidence supporting the role of
GERD comes from different sources: symptom-derived studies, endoscopy
and ambulatory pH testing data, and therapeutic trials.

In a population-based study that included 672 subjects in Australia,
Eslick et al. demonstrated that the frequency of heartburn was the only
independent risk factor for NCCP (odds ratio (OR) 1.74%, 95% confidence
interval (CI) 1.08-2.79) [7].

A population-based study in Olmsted County, Minnesota (r=1511),
found that NCCP was significantly more common among subjects with
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weekly typical GERD symptoms than in those without typical symptoms
(37% versus 7.9%, P <0.001) [4]. In another study, the same researchers
at the Mayo Clinic explored the prevalence and risk factors for NCCP in the
same geographical area (n=1524) [13]. In this later study, 65 (52%) of 124
subjects with frequent NCCP also complained of GERD symptoms.
Independent risk factors for NCCP were similar to those found in GERD,
including obesity and family history of GERD [13].

Symptom-oriented studies suggest a high prevalence of GERD in NCCP
but ambulatory pH testing and endoscopy-based studies have also noted a
high association of GERD in this setting. Hewson et a/. observed that 48 of
100 patients with NCCP exhibited abnormal acid exposure during 24-h pH
monitoring [14]. Beedassy et al. assessed 104 patients with NCCP and doc-
umented a similar proportion (48%) with abnormal acid exposure [15].
A review of the utility of 24-h pH monitoring in patients with NCCP esti-
mated that 22-75% (average 43%) have abnormal acid reflux [16]. In a
cohort of 94 patients with NCCP, 50% also had GERD on pH testing and/
or endoscopy [17]. Though patients with NCCP have a lower prevalence of
GERD endoscopic findings than those with typical GERD symptoms, an
endoscopic chart review of 161 patients who underwent upper endoscopy
for NCCP found that as many as 18.6% had esophagitis and 21% had
Barrett’s esophagus (20% short and 1% long segment) [18]. Dickman et al.
reported a prevalence of 19.4% for esophagitis and 4.4% for Barrett’s
esophagus in a cohort of 3688 consecutive patients with NCCP undergoing
endoscopy [19].

In addition to the aforementioned studies confirming a strong association
between GERD and NCCP, a causal relationship between both entities has
also been implied on the basis of a temporal correlation between episodes
of reflux and chest pain during ambulatory 24-h pH monitoring [14,16]
and the reproduction of chest pain following esophageal acid perfusion
[20,21]. Hewson et al. evaluated 100 consecutive patients with recurrent
NCCP and found that 50 (60%) had a temporal symptom correlation or
positive Symptom Index (SI) during 24-h pH monitoring [14]. Lam et al.
reported that 17 of 48 patients (35%) with recurrent NCCP who were
symptomatic during ambulatory pH monitoring presented a positive SI
correlation [22].

Attempts at reproducing acid-related chest pain have used the acid per-
fusion test or Bernstein test (a measure of esophageal acid sensitivity). In
patients with NCCP, the results of the Bernstein test have been variable,
ranging from 6.7 % in a study by Katz et al. that included 910 patients with
NCCP [23] to 100% in a small series of 11 patients with NCCP reported by
Behar et al. [24]. Richter et al. compared the accuracy of the acid perfusion
test with 24-h pH monitoring and use of the SI at different cut-off levels
(25%, 50% and 75%) in 75 consecutive patients with NCCP. They
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concluded that the acid perfusion test was highly specific (83% for a SI
275%, 94% for a SI=25%) but very insensitive (32% for a S1=25%, 46%
for a SI 275%) [21]. In view of those findings and for practical reasons,
most investigators have now replaced the acid perfusion test with
ambulatory pH testing. In addition, impedance pH monitoring enables
measurement of non-acid reflux; the clinical importance of this
phenomenon in patients with NCCP awaits further study.

In summary, several lines of evidence such as symptom-driven surveys
and pH-based studies and, to a lesser extent, endoscopy-related investiga-
tions report a strong prevalence of GERD in NCCP. Given the ubiquitous
nature of GERD, it is unclear whether GERD is a cause of chest pain or an
associated phenomenon. Whether cause and effect exists may be best
determined by direct therapeutic trials aimed at acid suppression. The
introduction of proton pump inhibitor (PPI) agents during the late 1980s
provided an additional tool to explore the relationship between GERD
and NCCP. PPIs are effective acid inhibitor compounds. Today, the most
widely used approach in clinical practice to demonstrate a causal relation-
ship between GERD and NCCP is the clinical response to anti-reflux
therapy [25,26]. This approach and its success will be reviewed in a
subsequent section.

Mechanisms of pain

Nociceptors

Esophageal pain can be the consequence of stimulation of esophageal
nociceptors by acid [27]. Experimental studies have shown that esopha-
geal mucosa exposure to acid and pepsin damages the intercellular junction
complex, increasing paracellular permeability and the development of
dilated intercellular spaces. This results in enhanced permeability of the
esophageal mucosa to noxious stimuli such as acid. The enhanced perme-
ability allows contact with the chemical-sensitive nociceptors, leading to
irritation of these cells [28]. It has also been suggested that the volume of
the acid refluxate may cause esophageal wall distension, triggering local
intramural reflexes that generate abnormal contractility [27,29]. Following
stimulation of chemo- and mechanoreceptors, sensory information is
passed on to nociceptors which transmit their signals through C-fibers
(unmyelinated) or A-delta fibers (myelinated). Functional differences bet-
ween both types of fibers might explain different painful perceptions
among individuals exposed to the same stimulus; myelinated fibers con-
duct nervous impulses fast and their stimulation causes a well-localized,
sudden, sharp pain, while unmyelinated fibers are slower conductors and
produce a poorly localized, dull, burning pain [27].
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Visceral hypersensitivity

Richter et al. demonstrated that patients with NCCP have lower painful
thresholds (allodynia) to mechanical stimulation. In their experiment,
progressive balloon distension of the distal esophagus up to a maximum of
10mL induced pain more often in patients with NCCP than in controls
(60% versus 20%, P <0.005). In addition, patients with NCCP developed
chest pain at lower volumes (<8 mL) compared to controls (=9mL) [30].
The increased esophageal sensitivity in patients with NCCP may be due to
either hypersensitive afferent pathways (peripheral sensitization) or
abnormal central processing of visceral sensation [31,32].

Gastroesophgeal reflux disease may also be involved in the pathogenesis
of visceral hypersensitivity. Hu et al. performed an experimental study
using an esophageal barostat. They evaluated the sensory esophageal
threshold at baseline and after perfusion of normal saline or hydrochloric
acid in a group of healthy male volunteers (z=12). They found that, com-
pared to baseline, acid perfusion significantly reduced the first perception
(median value 15mmHg versus 8 mmHg, P=0.05) and pain threshold
(32.5 versus 26.5mmHg, P=0.05) while saline perfusion was not associ-
ated with significant changes in the esophageal sensory thresholds [33].
This study suggests that, at least in a subset of patients, acute acid exposure
could sensitize the esophageal mechanoreceptors (peripheral sensitization)
contributing to the development of visceral hypersensitivity.

In a seminal study, Sarkar et al. demonstrated the presence of secondary
allodynia (lower pain thresholds distant to the site of the stimuli) as well as
the concurrence of visceral and somatic hypersensitivity, characteristic of
central sensitization, in patients with NCCP [34]. Acid infusion (but not
saline) in the distal esophagus decreased pain thresholds in non-acid-
exposed areas (proximal esophagus and the cutaneous area of pain referral)
of both patients with NCCP (n=7) and controls (r=19), though the
responses were longer and more pronounced in those with NCCP [34]. The
same investigators compared the presence of secondary allodynia in patients
with chest pain and co-existing GERD and controls; while healthy controls
showed a significant decrease in pain thresholds following acid infusion
(but not saline), none of the patients with chest pain and GERD developed
secondary allodynia in response to saline or acid. The authors explained
this finding by suggesting that once esophageal afferent pathways are sen-
sitized by GERD (resting pain thresholds were lower in patients than con-
trols), exposure to additional amounts of acid might not reduce the pain
thresholds further. Following PPI therapy (20mg b.i.d., 6 weeks), resting
pain thresholds increased in patients with NCCP (though were still lower
than in healthy controls) and a significant decrease in esophageal pain
thresholds (secondary allodynia) was seen after acid infusion, suggesting
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that in the presence of GERD, esophageal pain hypersensitivity could
decrease, at least partially, following acid suppression therapy [35].

Sustained esophageal contractions

Balaban et al., using high-frequency intraluminal endosonography in
patients with unexplained NCCP, identified prolonged (mean duration
68sec), sustained esophageal longitudinal smooth muscle contractions
(SECs) preceding 75% of chest pain episodes and a temporal correlation
between a drop in pH levels and SECs in 78% of GERD-related chest pain
events. SECs of shorter duration (mean duration 29sec) were also identi-
fied in 45% of asymptomatic reflux episodes. The authors concluded that
in this subset of patients, the cause of chest pain was most likely the dura-
tion of SECs rather than the presence of GERD [36]. The mechanism by
which SECs produce chest pain and/or why in some patients the same
stimuli produce longer or shorter duration SECs are still unknown.

Gastroesophageal reflux in patients with

coronary artery disease

Patients with coronary artery disease may suffer from co-existing GERD.
A review of the literature estimated that 51% of patients with coronary
artery disease (CAD) and chest pain have GERD, and of those, 54% showed
a direct correlation between chest pain episodes and acid events on pH
testing [37]. The increased association between GERD and CAD may be
explained by the fact that both entities share common risk factors [38,39].
In addition, a 2-year-follow-up study of patients with chest pain and CAD
(n=415) found that those treated with PPI (n=94) developed a significant
reduction in the number of chest pain episodes (70%), the use of emergency
facilities (55%) and the number of hospitalizations for chest pain (53%)
compared to a cohort not treated with PPI (#=321) [40]. Budzynski et al.
performed a double-blind, cross-over, placebo-controlled trial to evaluate
the effect of acid reduction therapy (omeprazole 20mg b.i.d. for 2 weeks)
in a cohort of patients with chest pain and CAD (n=48). They found that
treatment with omeprazole was significantly associated with a decrease
in the number of chest pain episodes and their severity, and a reduced use
of medication (nitrates). Interestingly, omeprazole also reduced the
percentage of subjects showing significant decrease of the ST interval
during a treadmill stress test [41].

These observations raise the possibility of a close interaction between
heart and esophageal disease. This potential interaction was first described
by Froment [42] though the term “linked angina” was coined in 1962 by
Smith and Papp [43] to describe a condition in which gastrointestinal
factors trigger the development of angina in patients with CAD by
increasing cardiac workload. Indeed, Mellow et al. showed that esophageal
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acid perfusion induced myocardial ischemia and chest pain in almost
two-thirds of patients with CAD, while producing a significant increase in
the rate-pressure product (an index of myocardial workload) and electro-
cardiogram signs of myocardial ischemia (17% of those with pain) [44].
The presence of a cardioesophageal reflex was also suggested by Chauhan
et al. who demonstrated that esophageal acid instillation in subjects with
syndrome X (typical angina pain, positive exercise test, negative coronary
angiography) reproduced the pain in more than half of them (11 out of
20). Interestingly, in this subset of subjects, acid instillation was also fol-
lowed by a significant decrease in coronary blood flow velocity [45].
A later study comparing the results of esophageal acid infusion in a cohort
of patients with syndrome X and another cohort of heart transplant recip-
ients showed that reproduction of chest pain and coronary blood flow
reduction were exclusively seen in those with syndrome X (57% versus
0%). The lack of symptoms and vascular changes in those with denervated
hearts suggests that this cardioesophageal reflex may be mediated by a
neural mechanism, most likely vagal [46].

Diagnosis

The diagnosis of NCCP is challenging. This is frequently due to the lack of
specificity of symptoms, the insufficient sensitivity of the current diag-
nostic tests and the potential co-existence of different sources of pain in
the same individual [38,39,47].

Data from a multicenter, prospective study suggested that 2.1% of the
patients presenting to the emergency department with acute myocardial
infarction and 2.3% of those with unstable angina were mistakenly dis-
charged from the emergency department as suffering from NCCP [5].
A review of malpractice claims against emergency doctors in Massachusetts
from 1975 to 1993 indicates that a wrong diagnosis of chest pain was one
of the leading cause of claims (10.4%) and accounted for the highest
percentage of indemnity and expense ($9,974,847 or 25.47%) [48]. When
approaching a patient complaining of chest pain, the physician must
ensure that a cardiac cause(s) of pain has been considered and properly
excluded by cardiology testing and/or consultation. Other sources of chest
pain such as pleural, pulmonary, musculoskeletal and gastrointestinal (i.e.
peptic ulcer, gallbladder, pancreatic disease) should also be considered.
Review of these other causes of NCCP is beyond the scope of this chapter.
Once cardiac and other potential non-cardiac causes of chest pain have
been excluded, esophageal sources of chest pain are frequently considered.

As previously described, GERD is one of the most common esophageal
causes of NCCP. However, GERD-related NCCP is frequently indistinguishable
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from other types of chest pain, including angina [47]. The identification
of heartburn and/or regurgitation in a patient with NCCP is very specific of
GERD [49] but the fact that a patient complaining of chest pain also has a
clinical history suggestive of GERD does not imply a causal relationship
[47]; therefore additional tests are required to reach a diagnosis of GERD-
related NCCP.

Barium tests and endoscopy

Barium studies are rarely indicated in the evaluation of NCCP due to their
low diagnostic sensitivity. Yet barium radiology can be useful to detect
motility disorders causing chest pain such as achalasia [50], define the
anatomy of the upper gastrointestinal (GI) tract and exclude abnormalities
such as peptic strictures or distal rings [51].

Endoscopy is frequently performed in the evaluation of patients with
NCCP, mostly to exclude structural diseases [51]. The prevalence of endo-
scopic findings in NCCP has been reported to be lower when compared to
those with typical GERD symptoms [18]. A review of a large (n=3688) US
multicenter endoscopic database revealed that at least a third of patients
with NCCP had esophageal findings on upper endoscopy, mostly acid related
[19]. Other studies have also shown a low prevalence of endoscopic findings
in patients with NCCP and for those with abnormal results, most were acid
related too [52,53]. Esophageal cancer in patients complaining only of chest
pain has rarely been observed but when patients complained of dysphagia in
addition to chest pain, this rate increases to 7% [54]. In certain patients,
mainly young-middle aged Caucasian males with an allergic background,
upper endoscopy with multiple esophageal biopsies could be justified to rule
out eosinophilic esophagitis as a cause of chest pain [55].

Esophageal motility

Esophageal manometry remains the best tool to detect esophageal motility
disorders. However, 70% of NCCP patients have normal esophageal
motility during manometry testing [23,56]. Although esophageal motility
disorders are noted in up to 30% of patients with NCCP, the relationship
between these motor abnormalities and chest pain remains unclear. The
single largest series of patients undergoing esophageal motility due to
NCCP published to date (#=910) identified nutcracker esophagus as the
most common motility disorder related to NCCP (48%), followed by non-
specific esophageal motility disorder (36%) and diffuse esophageal spasm
(10%) [23]. However, a more recent review of a national motility database
including data from 140 patients with NCCP found that nutcracker esoph-
agus and non-specific esophageal motility disorder were less common than
expected in patients with NCCP, each of them diagnosed in 10% of those
with an abnormal motility, while esophageal spasm was definitively a rare
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diagnosis, only 2% of those with NCCP and a motility disorder [56].
Furthermore, therapeutic trials aimed at improving abnormal motility in
NCCP patients have not consistently resulted in symptomatic improve-
ment [57-59]. Thus, the motility abnormalities represent either a marker
of sensorimotor dysfunction or an epiphenomenon due to the frequent
co-existence of GERD and spastic motility disorders [60,61]. Esophageal
motility therefore is reserved for evaluating patients with recurrent chest
pain not responding to a therapeutic trial of PPI and/or in whom a motility
diagnosis is suspected as the source of pain.

Proton pump inhibitor trials as a diagnostic test

A PPI trial is defined as an empirical treatment for NCCP with any PPI at
double dose during a short period of time, such as 1 week [25,26]. Fass
et al. reported the diagnostic value of a PPI trial for diagnosing GERD in
patients with NCCP [62] (the “omeprazole test” since this was the only PPI
available at the time). They found that treatment with omeprazole at doses
of 40mg morning and 20mg evening during 1 week saved an average of
$573 per patient and significantly reduced the number of diagnostic proce-
dures performed due to its high positive predictive value (90%) [62].
Previously, there were some attempts to rule out GERD using a single large
dose of omeprazole (80 mg) but these experiences were only reported in
abstract form [63,64].

Recently, the results of two metaanalyses have confirmed that in patients
with NCCP, a brief empirical PPI trial (any PPI at double dose, during
1 week) is an adequate tool to identify GERD-related NCCP, with an overall
sensitivity of 80% and a specificity of 74% [25,26]. It is noteworthy, how-
ever, that the studies included in these two metaanalyses were small sized,
methodologically heterogeneous, evaluated different types and doses of
PPIs, used different outcome measures and did not even agree on the def-
inition of NCCP. A recent uncontrolled study performed in Korea has sug-
gested that, at least in the Chinese population, the optimal minimal
duration should be 2 weeks. In this study, Kim et al. compared the efficacy
of 1-week versus 2-week PPI trial (rabeprazole 20mg b.i.d.) in 42 patients
with frequent chest pain. Participants were classified according the results
of pH and endoscopy as GERD-related NCCP (n=16) and non-GERD-
related NCCP (n=26). The comparison of outcomes at 1 week of treatment
did not differ significantly between groups (50% of response in GERD-
related NCCP versus 23% in non-GERD). At the end of the second week
there was a significant improvement in patients with GERD-related NCCP
compared to those without GERD (81% versus 27%, P=0.001) [65]. Of
interest, in patients with typical forms of GERD the benefits of a therapeutic
trial have also been demonstrated. A prospective study in 612 patients
with typical GERD symptoms showed that empirical treatment with PPI
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(esomeprazole) is cost-effective and does not atfect the patients’ quality of
life when compared with an endoscopy-oriented strategy (perform upper
endoscopy and treat according the endoscopic findings) [66]. Table 9.1
shows a summary of the studies assessing the diagnostic efficacy of a short-
course PPI trial in NCCP.

Ambulatory reflux monitoring

Ambulatory pH monitoring is the most useful test for diagnosing GERD
and may be particularly helpful in ruling out GERD in those patients who
fail to respond to a PPI trial [67]. The study can be done on or off PPI
therapy. In patients studied off therapy, it can confirm whether reflux is
associated with NCCP. In patients on therapy, it can help verify whether
sufficient acid inhibition is accomplished. For studying patients on PPI,
impedance pH monitoring is felt to be superior to pH-metry because the
yield of pH testing on medication is very low and impedance pH moni-
toring enables measurement of non-acid reflux as a possible cause of chest
pain [68]. If the study confirms acid reflux, this raises the possibility that
the patient’s adherence to treatment may be suspect or that timing of PPI
intake may not be adequate (30min prior to breakfast and dinner) [69].

In addition, ambulatory pH monitoring may also help to determine
whether acid reflux episodes correlate to chest pain. Several scores have
been developed to attempt to identify whether symptoms occurring during
ambulatory pH testing are related to GERD: the Symptom Index (SI), the
Symptom Sensitivity Index (SSI), the Symptom Association Probability
(SAP) and the Ghillebert Probability Estimate (GPE) [70-73]. The SI has
traditionally been the parameter most widely used in NCCP [74]. Despite
efforts to secure a useful SI that can correlate symptoms to GERD, this
measure is an insensitive parameter whose accuracy depends largely on
the presence of symptoms at the time of the patient’s evaluation [17,75].
More importantly, there are scarce data suggesting that SI correlates with
treatment (acid suppression) outcomes.

Dekel et al. evaluated a group of 94 patients with NCCP that were classi-
fied as GERD-positive if presenting either esophageal mucosal lesions on
upper endoscopy or abnormal acid exposure on the pH monitoring (n=47)
and GERD negative if both upper endoscopy and pH testing were normal
(n=47) [17]. Sixteen patients (34%) in the GERD group and 20 (42%) in
the GERD-negative group reported pain during the 24-h pH monitoring.
The SI was positive in nine (19%) of the GERD-positive patients and five
(10.6%) of the GERD-negative group. Eight out of nine (89%) in the
GERD-positive group and two of five (40%) in the GERD-negative group
responded to a therapeutic PPI trial [17].

Most recently, Kushnir et al. assessed the value of different GERD indices,
including the acid exposure time, SI and GPE, alone or in combination, to
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predict successful response to anti-reflux therapy [76]. They reviewed the
charts of 98 subjects who underwent pH monitoring for NCCP: 79 (80.6 %)
were symptomatic during the procedure, 53% had an elevated acid
exposure time (AET), 26.5% had a positive GPE and 25.5% had a positive
SI. All patients were treated initially with PPI (regardless of the results of
the pH test) and 24 underwent fundoplication. At follow-up (2.8+0.9
years later), 59.2% of the patients had achieved a sustained response. The
best outcomes were obtained in those patients who had all parameters
positive at baseline. The combination of a positive SI, a positive GPE and
elevated AET showed a specificity and negative predictive value of 98%
and 85% respectively, though their sensitivity and positive predictive
values were only 24% and 15% respectively [76].

Prakash and Clouse conducted a study to evaluate the potential advan-
tages of using a pH wireless system (Bravo®) that prolongs recording to
48h over the traditional 24-h monitoring [77]. They performed a chart
review of 62 patients with NCCP refractory to PPl who underwent 48-h
wireless pH monitoring and evaluated the AET, the SI and the GPE at 24
and 48h. The results showed that extending the recording time increased
the number of subjects reporting symptoms from 55 on day 1 to 59 by the
end of the study (7.3% increase), increased the number of patients pre-
senting AET from 16 to 22 (9.7% increase), and the number of subjects
with a positive GPE from 12 to 25 (increase of 25%). Twelve additional
subjects were diagnosed with GERD-related NCCP combining both the
AET and the GPE by the second day of the study. SI scores in those patients
with a positive GPE at the end of the study remained relatively stable over
the time (nine versus 11). This study suggests that there is a slight advantage
of the GPE over the SI and that extending the recording time to 48 h using
a wireless pH system may improve the detection of GERD-related NCCP,
even in patients with poor response to PPI [77].

Though chest pain has been reported as a potential side-effect caused by
the attachment of the Bravo capsule to the esophagus [68], which might
overestimate the occurrence of NCCP episodes in these patients, results
from a recent study comparing patients’ acceptance of Bravo and catheter-
based studies suggest that Bravo is overall better tolerated and less likely to
be associated with chest pain than the catheter-based technique [78].

Combined multichannel intraluminal impedance pH

The combined multichannel intraluminal impedance pH (MII-pH) allows
the detection of both acid and non-acid reflux episodes and therefore
increases the likelihood of detecting GERD-related events. The impedance
probe detects reflux episodes by measuring changes in the intraluminal
resistance caused by the presence of gas or liquid in the esophagus, while the
pH probe determines the acidity of the refluxate (acidic pH <4, weakly acidic
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pH 4-7, non-acidic pH >7) [74]. There is scarce information about the
usefulness of MII-pH for detecting GERD-related NCCP. The only series
reported to date includes 75 consecutive patients with NCCP [79]; 16 (23%)
patients had abnormal acid exposure and 40 (53.3%) “pathological bolus
exposure.” Pathological bolus exposure was defined as “cases in which
reflux time was above 1.4% of the total reflux number on impedance tests”.
Fifty of 54 patients (92.6%) reported symptomatic improvement following
PPI treatment regardless of the presence of GERD [79]; whether this
improvement was due to placebo effect or acid hypersensitivity was not
clear. In summary, despite its limitations (lack of a control group), this study
suggests that the use of MII-pH might increase the diagnostic yield of
ambulatory wire pH testing, given its ability to detect patients with weakly
acidic and non-acidic GERD. Other reent studies using impedance pH mon-
itoring on medication have shown that in some patients, symptoms that
persist despite PPI, including non-cardiac chest pain, may be due to non-acid
reflux [80]. Therefore, impedance pH monitoring may be especially useful in
patients who are refractory to PPI. However, prospective, controlled studies
to confirm these observations are not available at the present time.

In summary, several tests are available for the diagnostic evaluation of
patients with NCCP including endoscopy, ambulatory reflux monitoring,
and esophageal motility. The available data suggest that the use of an initial
short course of a PPI therapeutic trial is a sensitive and specific approach to
diagnose GERD-related NCCP. Figure 9.1 summarizes our current sug-
gested approach to NCCP.

Treatment

Medical therapy

Several studies, including the previously mentioned metaanalysis, have
confirmed the empiric PPI strategy as a useful tool in the diagnosis and
treatment of patients with GERD-related NCCP [17,25,26,57,62,81-85].
For patients responding to this initial approach, it is reasonable to maintain
them on a PPI for a longer period of time. The length of therapy in GERD-
related NCCP has not been critically evaluated. In 1993, Achem et al.
showed that high doses of ranitidine (300mgt.i.d.) or omeprazole 20mg
b.i.d. for 8 weeks induced a significant chest pain improvement in patients
with NCCP, GERD and nutcracker esophagus following an open label study
[86]. The same authors published the first placebo-controlled trial assess-
ing the efficacy of PPI (omeprazole 20 mg twice daily) for 8 weeks in NCCP.
They showed a significant clinical improvement in the omeprazole group
versus the placebo [57]. These data suggest that patients with NCCP may
be treated effectively for up to 2 months. Whether patients need to be
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Cardiac work-up

S ©)
Non-cardiac Cardiac chest
chest pain pain

PPI trial Cardiac evaluation

(double dose Consider adding a PPI if
1week) associated GERD symptoms
or persistent chest pain

Long term PPI Ambulatory reflux
monitoring

Endoscopy

Taper dose based
on response

) @
PPI trial (double dose) Evaluation/treatment
of other causes of

Check compliance/schedule
(30 min before meals)
Consider alternative PPI(")
or consider an alternative
treatment for reflux (+)

NCCP

Figure 9.1 Suggested management algorithm. (*) There is no published evidence
suggesting that changing the PPI type can improve clinical outcomes. (+) There are no
trials supporting the use of alternative treatment modalities for reflux (such as agents
acting on transient lower esophageal sphincter relaxation). GERD, gastroesophageal
reflux disease; NCCP, non-cardiac chest pain; PPI, proton pump inhibitor.

maintained on a PPI for longer periods or can be gradually tapered is
unknown. There is insufficient information to provide guidelines beyond
this time. Some experts recommended tapering the dose from twice a day to
once daily and subsequently reaching the minimal dose effective to control
the symptoms [87].

There are different PPIs available but to date, only omeprazole, lansopra-
zole, and rabeprazole have been tested in NCCP. Most studies have been
done with omeprazole [57,62,81,85], given that this was the first PPI
developed, and for some time the only drug of that category that was avail-
able. However, more recent trials using other PPIs suggest that these are
also effective in relieving GERD-related chest pain [65, 83, 85]. The studies
that have evaluated the impact of chronic (>4 weeks) PPI in GERD-related
NCCP are summarized in Table 9.2.

Surgery
The outcomes of surgery in patients with GERD-related NCCP have not
been systematically studied. The available data suggest that a variable
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Table 9.2 Long-term PPI trials (24 weeks) in non-cardiac chest pain.

Author, year n  Typeof study PPl Dose Length  Response
Achem et al. 12 Open label Ranitidine or ~ 300mgt.i.d.,, 8 wks 83%

19937 [86] omeprazole 20mg/b.i.d.

Achem et al. 36 Placebo Omeprazole  20mg/b.i.d. 8 wks 81%

1997 [57] controlled omeprazole

6% placebo

Chambers etal. 23  Open label Omeprazole  40mg/d 6 wks 30%

1998 [84] (bedtime)

Xia et al. 68  Placebo Lansoprazole  30mg/d 4 wks 53%

2003 [85] controlled lansoprazole
parallel group 34% placebo

*Patients with non-cardiac chest pain and nutcracker esophagus.
Modified from Achem [12], with permission from Elsevier.
PPI, proton pump inhibitor.

percentage of patients with NCCP, ranging from 41% to 100% [88], may
respond to surgery, especially those presenting a positive symptom
association on preoperative pH monitoring [89]. However, these data
should be interpreted cautiously, given that the information available is
based mostly on chart reviews and uncontrolled studies performed in
highly specialized centers that evaluated the results of anti-reflux surgery
in patients with various extraesophageal manifestations of GERD [58,
90-92]. To date, there are no studies comparing the outcomes of medical
versus surgical treatment in patients with NCCP.

Natural history and prognosis

Williams et al. performed a follow-up study, mean 9.8 years (range 1-22
years), to compare the outcomes of patients with NCCP (n=161) and
patients with typical GERD (n=1218) [18]. The authors noted that the
term “NCCP” or another similar term such as “atypical chest pain” disap-
peared from the medical records of 96% of the patients within 2 years of
the initial evaluation. This was interpreted by the authors as a sign that
once evaluated by a cardiologist, the patients” primary care physicians
were no longer concerned by the presence of chest pain. When comparing
both cohorts of patients, they found significantly higher rates of CAD diag-
nosis and related events in the NCCP cohort and a significantly increased
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use of acid suppression drugs in the GERD group. A Kaplan—-Meier survival
curve did not show any differences in survival between cohorts. This study
suggests that patients presenting with NCCP (they did not specity the rate
of patients with GERD-related NCCP in the group) and patients with typ-
ical GERD symptoms were two separate groups with different characteris-
tics but a similar survival [18].

Eslick and Talley assessed a cohort of patients who presented to the
emergency department with chest pain (#=197) and surveyed them at
baseline, 2 (=129) and 4 years (n=91) after the initial consultation.
The cohort was divided according to the results of the initial evaluation:
those diagnosed with cardiac pain (#=71) and those with NCCP (n=126).
At the 4-year follow-up, 23 of 27 patients with cardiac chest pain and 45
of 64 with NCCP confirmed persistence of the pain. At the end of fol-
low-up, nine of 71 patients with cardiac pain had died, eight of them of
myocardial infarction. Eight of the 126 patients in the NCCP cohort
were deceased, seven of them of myocardial infarction. A multiple
regression logistic model identified only advanced age as an independent
predictor of mortality in both groups [93]. Wilhemsen et al. also reported
increased mortality rate (46%) and cardiovascular mortality (24.5%) in
a cohort of 441 patients presenting with NCCP that were followed up
longitudinally during a 16-year study in Goteborg, Sweden [94].

It is unclear from these studies whether cardiac disease was missed in
the original cohorts or developed subsequently, but the findings under-
score the need for periodic reassessment of cardiac disease in patients with
persistent unexplained pain during long-term follow-up studies.

Summary and recommendations

Non-cardiac chest pain is a common, expensive and challenging clinical
problem. GERD is frequently associated with NCCP and occurs in approx-
imately 43% of the patients. In addition, GERD can co-exist and precipi-
tate chest pain in patients with CAD. After cardiac causes of NCCP have
been objectively ruled out, a short therapeutic trial (such as 1-2 weeks) of
double-dose PPI is helpful in identifying GERD-related chest pain. Patients
with GERD-related NCCP have a high response to PPI therapy. Once
symptom improvement has been obtained, treatment is frequently
extended up to 8 weeks. Then, patients may be gradually tapered off PPI
therapy to achieve the lowest required dose (or no therapy) to sustain
symptom control. For patients failing such a trial, further testing such as
ambulatory reflux monitoring, endoscopy and motility testing (mostly to
exclude achalasia) may be needed.
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CASE STUDY

A 48-year-old business woman came to the emergency department (ED) complaining
of severe squeezing, non-pleuritic, substernal chest pain radiating to the left arm
associated with nausea. The pain lasted about 50 min and resolved spontaneously by
the time she reached the ED. She admitted to a prior history of brief recurrent episodes
of chest pain related to meals and stress. She had a history of hypertension,
hyperlipidemia and the onset of menopause 6 years earlier. Her physical exam showed
an anxious patient with a heart rate of 108 beats per minute, but was otherwise
unremarkable.

In the ED she had a normal chest x-ray, electrocardiogram, cardiac enzymes, PO,
saturation (99%), complete blood count, liver chemistries, amylase, and lipase. A stress
echo cardiogram showed questionable septum motion abnormalities. A cardiology
consultant recommended a coronary angiogram which was negative for obstructive
vessel disease. An upper endoscopy was normal. A 24-h pH study showed abnormal
acid contact time and several episodes of chest pain correlating with pH <4. The
patient was treated with omeprazole 20 mg twice daily and remained symptom free at
the 6-month follow-up visit.
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Laryngopharyngeal Reflux
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Key points

¢ Gastroesophageal reflux disease is increasingly associated with ear, nose, and throat
symptoms, including laryngitis.

¢ Laryngopharyngeal reflux can be assessed with laryngoscopy, esophagogastroduo-
denoscopy, and the use of ambulatory pH and impedance monitoring.

¢ Gastroenterology and otolaryngology specialty societies have released various
guidelines in recent years addressing diagnostic and therapeutic approaches to this
prevalent and often difficult-to-treat condition.

¢ Many uncertainties remain, including which patient subgroups might benefit from
acid suppressive therapy.

Potential pitfalls

e Laryngopharyngeal reflux symptoms may be associated with, but not necessarily always
caused by, acid reflux. It is important to distinguish between potential signs and
symptoms of laryngopharyngeal reflux and a true causal relationship with acid reflux.

¢ One must take a cautious approach in the management of laryngopharyngeal reflux
patients with an absence of any symptomatic response to aggressive acid suppression.

Introduction

Reflux of gastroduodenal contents into the laryngopharyngeal region may
cause inflammation and symptoms resulting in chronic laryngitis, often
referred to as laryngopharyngeal reflux (LPR) [1]. Reports suggest that
4-10% of patients presenting to otolaryngologists demonstrate symptoms
attributed in part to gastroesophageal reflux disease (GERD) [2]. Such
symptoms include hoarseness, sore or burning throat, chronic cough, glo-
bus, dysphagia, postnasal drip, apnea, laryngospasm, and even laryngeal
neoplasm, among other complaints (Box 10.1). Chronic laryngitis and
throat symptoms are reportedly associated with GERD in up to 60% of

Practical Manual of Gastroesophageal Reflux Disease, First Edition.
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Box 10.1 Symptoms associated with gastroesophageal reflux
laryngitis

® Hoarseness

e Dysphonia

e Sore or burning throat
o Excessive throat clearing
e Chronic cough

* Globus

* Apnea

e laryngospasm

¢ Dysphagia

e Postnasal drip

e Neoplasm

patients [2-8]. Additionally, some studies suggest an association of laryn-
geal cancer with chronic laryngeal exposure to reflux of gastroduodenal
contents [9-13]. Thus, LPR is a significant clinical issue.

The first association between GERD and laryngeal disease was suggested
by L.A. Coffin in 1903 [14] with subsequent studies suggesting a role of
gastroduodenal contents in the development of “contact ulcer” [15,16]
with patient response to antacids, dietary changes, and head of bed eleva-
tion. However, since these initial studies, the direct association between
reflux of gastroduodenal contents and laryngeal signs and symptoms has
been difficult to establish. The 2006 Montreal consensus group distin-
guished GERD symptoms between esophageal and extraesophageal syn-
dromes [17]. Extraesophageal manifestations with established associations
include chronic cough, laryngitis, and asthma, based on population-based
studies, with odds ratios (OR) of 1.3-3.0 [18-21]. However, the causal
relationship of GERD to these non-specific symptoms is not proven. More
recently, the American Gastroenterological Association (AGA) guidelines
for GERD recommended against treating for acid reflux for patients with
laryngitis or asthma who do not have concomitant typical reflux symp-
toms [18,22]. Thus, the role of “silent” reflux, extraesophageal symptoms
without concomitant heartburn or regurgitation, is controversial and divi-
sive between the gastroenterology and otolaryngology communities.

Prevalence

Gastroesophageal reflux disease is a widely prevalent condition with
significant impact on quality of life. A Gallup poll of 1000 adults with
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heartburn at least weekly conducted for the American Gastroenterology
Association found that 79% of respondents noted heartburn symptoms at
night [23]. Twenty percent reported supraesophageal symptoms 3—6 times
each week, and 43 % reported these symptoms once or twice per week. In
a population survey study, Locke et al. [19] showed that heartburn and
acid regurgitation are significantly associated with chest pain, dysphagia,
dyspepsia, and globus sensation. A subsequent Veterans Affairs (VA)-based
case—control study by El-Serag and Sonnenberg suggested that erosive
esophagitis and esophageal stricture were associated with various extra-
esophageal symptoms such as sinusitis (OR 1.60, 95% confidence interval
(CI) 1.51-1.70), pharyngitis (OR 1.48, 95% CI 1.15-1.89), aphonia (OR 1.81,
95% CI 1.18-2.80), and chronic laryngitis (OR 2.01, 95% CI 1.53-2.63),
among others [20]. The authors concluded that patients with reflux esoph-
agitis are at an increased risk of harboring a large variety of sinus, pharyn-
geal, laryngeal, and pulmonary diseases.

Laryngeal disorders have been shown to be twice as likely in patients
with esophagitis compared to those without [20]. Twenty-five percent of
patients with LPR are found to have histologic evidence of esophagitis
[24]. Thus, epidemiological studies suggest an association between reflux
disease and extraesophageal symptoms, including LPR.

Mechanisms of gastroesophageal reflux laryngitis

The two predominant pathophysiological mechanisms for LPR are direct
and indirect exposure of the larynx to injurious gastric contents. The direct
exposure is due to acid, pepsin, and bile acid exposure to the laryngopha-
ryngeal mucosa. The indirect mechanism is thought to be a result of reflux-
ate interactions with structures distal to the larynx, evoking a vagally
mediated response of bronchoconstriction [25].

The potential agents causing laryngitis may include gastric contents (acid
and pepsin) and duodenal contents (bile acids and the pancreatic enzyme
trypsin). Animal studies in the past have shown the potential of both acid
and pepsin to cause laryngeal injury [26]. The role of conjugated and
unconjugated bile and trypsin at pH values of 1-7 was investigated by
Adhami et al. who did not find histological injury to the canine larynx by
the above agents alone. However, they showed that the combination of the
bile constituents with acid and pepsin in an acidic pH caused the greatest
injury [27]. This is difficult to assess in humans, because refluxate into the
esophagus is often a mix of gastric and duodenal contents [28]. However,
these data indirectly suggest that reflux of duodenal contents into the
larynx, although it may be associated with symptoms such as regurgitation,
is less likely to cause mucosal damage unless it occurs in an acidic milieu.
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Clinical symptoms

Many patients with gastroesophageal reflux-induced chronic laryngitis pre-
sent with symptoms such as sore throat, globus, chronic cough, hoarseness,
dysphagia, apnea or postnasal drip, among other symptoms (see Box 10.1).
However, they may not present with classic GERD symptoms of heartburn
and regurgitation. A 1991 study found that of 225 patients with otolaryngo-
logical disorders having suspected GERD, only 43% reported symptoms of
heartburn or acid regurgitation [6]. Additional symptoms which may be
seen in reflux-related laryngitis include frequent throat clearing, dry mouth,
prolonged voice warm-up time (greater than 20-30min), halitosis, excess
phlegm, coated tongue, throat tickle, regurgitation of food, nocturnal
cough, difficulty breathing especially at night, aspiration, laryngospasm,
poorly controlled asthma or pneumonia [29,30].

The Reflux Symptom Index (RSI) is a validated nine-item self-adminis-
tered instrument published in 2002 to help assess the severity of LPR
symptoms at the time of diagnosis and after therapy [31]. Symptoms
assessed include throat clearing, difficulty swallowing, hoarseness, excess
throat mucus or postnasal drip, coughing after eating or lying down,
breathing difficulties or choking episodes, troublesome or annoying cough,
sensation of something sticking in the throat or a lump in the throat, and
symptoms of heartburn, chest pain or indigestion, on a scale from 0 to 5.
An RSI score greater than 12 is defined as abnormal. The RSI was once
believed to be significantly higher in untreated patients with LPR than
controls; however, more recent studies suggest that it may be of lower
clinical utility than previously believed [32]. Reliability of this instrument
may vary based on patient population and clinical setting. Additionally,
given the complexity of the symptoms and the scoring system, it is not
widely used in clinical practice.

Evaluation of the larynx

Physical examination

Physical examination of patients with suspected gastroesophageal reflux
laryngitis must be thorough, and include an examination of the head and
neck, with assessment of ears and hearing, patency of the nares, oral
cavity, temporomandibular joints, and larynx. One should also assess for
signs of systemic disease (such as hypothyroidism) or neurological impair-
ment that may manifest with symptoms affecting the throat or voice,
including Parkinson’s disease, multiple sclerosis or other conditions. When
a patient reports symptoms of vocal difficulties, laryngeal examination by
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an otolaryngologist may include an assessment of the speaking and singing
voice and strobovideolaryngoscopy [29]. Objective voice analysis can
quantify quality of voice, pulmonary function, harmonic spectral charac-
teristics, valvular efficiency of vocal folds, and neuromuscular function on
electromyography [33]. Use of flexible transnasal laryngoscopy plays a
vital role in excluding more ominous causes for patients’ laryngeal symp-
toms. Hoarseness is a symptom that can be present in patients with LPR
but also may be a symptom in vocal fold paresis, polyps, postviral
inflammatory reactions, allergies, vocal abuse, dysplasia, and cancer [34].
If hoarseness persists longer than 2 weeks, laryngoscopy is indicated [35].
Once more ominous diagnoses such as laryngeal cancer are ruled out, LPR
is often entertained as a potential contributing etiology for patients’ throat
symptoms due to laryngeal irritation often found at laryngosocopy.

Laryngeal signs
Normal laryngeal tissue has sharply demarcated landmarks with glistening
mucosa with minimal or no laryngeal edema (Plate 10.1), unlike abnormal
laryngeal findings (Plate 10.2). The epithelium of the larynx is thin and is
not adapted to accommodating injury from acid and pepsin [36]. Several
laryngeal signs are attributed to GERD, including edema, erythema, pseudo-
sulcus, ventricular obliteration, and postcricoid hyperplasia (Box 10.2) [1].
In a study reporting the results of a survey of otolaryngologists regarding
the signs used to diagnose LPR, subjective signs of laryngeal erythema and
edema were the findings most commonly employed to diagnose GERD
[37,38]. However, these signs are criticized for their lack of specificity
for GERD. Several signs of posterior laryngitis thought to be markers for
LPR are actually present in a high percentage of asymptomatic healthy

Box 10.2 Potential Laryngopharyngeal Signs Associated with
Gastroesophageal Reflux Laryngitis

e Edema and hyperemia of larynx

¢ Hyperemia and lymphoid hyperplasia of posterior pharynx (cobblestoning)

e Contact ulcers

e laryngeal polyps

Granuloma

Interarytenoid changes

Subglottic stenosis

Posterior glottic stenosis

Reinke’s edema

e Tumors
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Table 10.1 Advantages and disadvantages of methods for detecting esophageal reflux.

Method Advantages Disadvantages
Endoscopy Easy visualization of mucosal Poor sensitivity/specificity/PPV
damage/erosions Requires sedation
High cost
Laryngoscopy  No sedation required No specific laryngeal signs for reflux

pH monitoring

Impedance
monitoring

Direct visualization of the larynx
and laryngeal pathology

Easy to perform

Relatively non-invasive
Prolonged monitoring possible
Ambulatory

Easy to perform

Relatively non-invasive
Prolonged monitoring possible
Ambulatory

Overdiagnoses GERD

Catheter based

May have up to 30% false-negative rate
No pH predictors of treatment response
in LPR

Catheter based

False-negative rate unknown but most
likely similar to catheter-based pH
monitoring

Unknown clinical relevance when
abnormal on PPI therapy
Unknown importance in LPR

Measures acidic and non-acidic gas
and liquid reflux (combined with pH)

ResTech Dx-pH  Faster detection rate and faster time
to equilibrium pH than traditional

pH catheters

Unknown if clinically useful in patients
with LPR

GERD, gastroesophageal reflux disease; LPR, laryngopharyngeal reflux; PPI, proton pump inhibitor;
PPV, positive predictive value.

volunteers, raising questions about the specificity of such findings [39].
Forty-three of 50 healthy subjects (86 %) may exhibit one or more findings
considered pathognomonic of laryngeal complaints due to GERD. This
finding suggests that GERD may be overdiagnosed, as the laryngeal signs
used in clinical practice are non-specific [40]. The advantages and dis-
advantages of laryngoscopy and other diagnostic tests in detecting reflux
are shown in Table 10.1.

First described in 2001, the Reflux Finding Score (RFS) received consid-
erable attention initially as a validated sign for reflux-induced laryngeal
pathology. This instrument is an eight-item clinical severity scale based on
laryngoscopic findings including subglottic edema, vocal fold edema, dif-
fuse laryngeal edema, ventricular obliteration, erythema/hyperemia, pos-
terior commissure hypertrophy, granuloma/granulation tissue, and thick
endolaryngeal mucus, ranging from 0 to 26 [41,42]. However, similar to
the RSI, the RFS is not commonly employed in clinical practice. A recent
study found that both the RSI and RFS have poor specificity, with no
significant difference between patients and control groups [32].



160  Part 2: Gastroesophageal Reflux Disease

The variability of detecting laryngeal signs may also be affected by the
quality and sensitivity of the detection instrument. Abnormal laryngeal
signs are more likely to be suspected with flexible laryngoscopy as opposed
torigid laryngoscopy in the same individual, indicating that flexible laryngo-
scopy may be more sensitive and less specific for detecting laryngeal irrita-
tion [43]. Laryngeal signs appear to be poorly specific for identifying
gastroesophageal reflux. One study showed that lesions of the vocal fold
may represent more specific signs for LPR, exhibiting 91% specificity and
88% response to treatment with proton pump inhibitors (PPIs) [44]. The
non-specificity of laryngoscopy may also be due to poor inter- and intra-
observer variability. A randomized prospective analysis by five otolaryngo-
logists blinded to patient information of 120 video segments of rigid
fiberoptic laryngoscopy found poor interrater reliability of the laryngo-
scopic findings associated with LPR (intraclass correlation coefficient of
0.265), and intrarater reliability was extremely variable for the various
physical findings (Kendall correlation coefficients ranging from —0.121 to
0.837). Taken together, these studies suggest that accurate assessment of
laryngeal involvement with LPR is quite difficult as interpretation of
physical findings is subjective and varies among physicians.

Ambulatory pH studies

Ambulatory pH monitoring allows for detection of esophageal or hypopha-
ryngeal acid exposure. Since even healthy individuals have some reflux,
the normal values have a range with an accepted upper limit, based on
studies in healthy subjects. Up to 50 acid reflux events into the esophagus
each day may occur normally [24]. When compared to physical exam
findings, dual pH probe monitoring is reported to have superior sensitivity
and specificity [6]. A metaanalysis of 16 studies involving a total of 793
subjects who underwent 24-h pH monitoring (529 patients with LPR, 264
controls) showed that the number of pharyngeal reflux events for the con-
trol group and for LPR patients differed significantly (P <0.0001). The
authors concluded that the “upper probe gives accurate and consistent
information in normal subjects and patients with LPR” and that the acid
exposure time and number of reflux events are most important in distin-
guishing normal subjects from patients with LPR [45]. However, there is a
great degree of variability in the reported prevalence of pH abnormalities
in the literature for patients with LPR (Table 10.2). This heterogeneity may
be due to different patient populations and non-standard pH probe
placement [46]. Some investigators utilized direct laryngoscopy for probe
placement while others utilized esophageal manometry to identify the
upper and lower esophageal sphincters [1]. Current recommendations
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Table 10.2 Prevalence of abnormal pH monitoring in distal and proximal esophagus
and the hypopharynx.

Study, year Proportion ~ Number of Number of Number of Prevalence
(reference) of patients  patients with patients with patients with (%)
with LPR reflux identified  reflux reflux identified
during proximal  identified during
pH monitoring during distal hypopharyngeal

pH monitoring ~ pH monitoring

Ossakow, 43/63 NR 43 NR 68
1987 [94]

Koufman, 24/32 NR 24 7 75
1988 [2]

Wiener, 12/15 NR 12 3 80
1989 [95]

Wilson, 17/97 17 NR NR 18
1989 [96]

Katz, 1990 7/10 NR 7 7 70
[97]

Woo, 1996 20/31 20 20 NR 65
[98]

Metz, 1997 6/10 ? 6 NR 60
[99]

Vaezi, 1997 21/21 11 21 NR 100
[100]

Chen, 1998  365/735 NR 229 255 50
[101]

Havas, 10/15 NR 6 4 67
1999 [71]

Ulualp, 15/20 15 15 15 75
1999 [102]

Smit, 2001 7/15 7 3 NR 47
[103]

Ulualp, 28/39 28 28 28 72
2001 [52]

Noordzij, 29/42 NR 29 29 69
2002 [51]

Park, 2005 33/78 20 28 NR 42
[44]

Cumulative 637/1223  46% 42% 38% 52

LPR, laryngopharyngeal reflux; NR, not reported; ?, unclear how many patients tested.
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suggest that the hypopharyngeal probe be placed 1-2 cm above the upper
esophageal sphincter as determined by manometry, while the distal and
proximal pH probes be placed 5 and 15cm above the manometric lower
esophageal sphincter [1].

Initial studies of patients with suspected gastroesophageal reflux laryn-
gitis investigated the role of proximal esophageal pH probes. A 1991 study
assessed the prevalence of abnormal acid exposure on the proximal eso-
phagus in 15 patients with typical GERD (group 1), 15 patients with laryngeal
symptoms without abnormal findings on laryngoscopy (group 2), and 10
patients with both laryngeal symptoms and findings on laryngoscopy
(group 3) [47]. Increased proximal esophageal acid exposure was observed
in patients in groups 1 and 2, indicating that proximal esophageal acid
exposure may differentiate patients with laryngitis from those with typical
GERD. Measurement of hypopharyngeal pH exposure was initially used to
objectively measure laryngeal extension of reflux.

An earlier study suggested that hypopharyngeal pH assessment may be
useful when used in conjunction with findings on laryngoscopy to identify
patients whose symptoms may be related to GERD [48]. In this study, 76
patients with respiratory complaints thought to be related to GERD were
divided into three groups based on RFS and pharyngeal reflux events. The
patients were classified as RFS+if the RES was greater than 7, and pharyn-
geal reflux positive if they had greater than one episode of reflux noted
during pH assessment. Controls were found to have a significantly lower
RFS and fewer episodes of pharyngeal reflux. None of the controls had
more than one episode of pharyngeal reflux during a 24-h period. Twenty-
one patients had both an abnormal RFS and pharyngeal reflux, and these
patients also had significantly higher heartburn scores and acid exposure
in the distal esophagus. The authors concluded that agreement between
detection of pharyngeal reflux by pH monitoring and an increased RFS
greater than 7 helps establish or refute the diagnosis of GERD as an
etiology of laryngeal symptoms. When both are normal, GERD is most
likely not playing a role in a patient’s extraesophageal symptoms.

However, initial enthusiasm about the diagnostic ability of hypopharyn-
geal reflux monitoring has now been replaced by skepticism. The posi-
tioning of the hypopharyngeal pH probe is operator dependent and varies
with regard to placement via direct visualization with laryngoscopy com-
pared to measurement by manometry [49]. Artifacts commonly occur and
computer-driven interpretations must be manually reviewed [50]. Several
studies have found that positive results of pharyngeal testing do not pre-
dict a favorable response to anti-reflux therapy [51,52]. One study showed
that the degree of improvement in symptoms among 19 of 27 patients
with pharyngeal reflux was similar to the eight patients not exhibiting
pharyngeal reflux [52]. Additionally, there are no universally accepted
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diagnostic criteria for pH monitoring of the hypopharynx. The range of
normal pH values is not uniformly defined, and can vary from none to
4 pH drops less than 4 [51,53,54]. Less restrictive pH values, including a
drop in pH of 1.0 or 1.5 units instead of 2.0 units, do not differentiate
healthy volunteers from patients with suspected ENT complaints [55].

The 2008 American Gastroenterological Association (AGA) technical
review on the management of GERD suggested that the role of pH or
impedance pH monitoring in diagnosing extraesophageal reflux is contro-
versial and unproven (Table 10.3) [18]. This evidence-based technical
review concludes that the value of a negative pH or impedance pH study is
of greater clinical utility, and states “In the absence of troublesome eso-
phageal symptoms or endoscopic findings, with a failed 8-week therapeutic
trial of twice-daily PPI therapy, and with normal esophageal acid exposure
(PPI therapy withheld) on 24-hour monitoring, one has gone as far as cur-
rently possible to rule out GERD as a significant contributor to these non-
specific syndromes. Such patients should have etiologies other than GERD
explored” [18].

This conclusion is in direct contrast to guidelines published by The
American Academy of Otolaryngology-Head and Neck Surgery (AAOHNS)
Committee on Speech, Voice, and Swallowing Disorders. The authors of
the AAOHNS guidelines state that LPR can be diagnosed based on symp-
toms or laryngeal findings, but ambulatory 24-h double-probe (simulta-
neous esophageal and pharyngeal) pH assessment is considered the gold
standard diagnostic tool (see Table 10.3) [24]. They also suggested that
barium esophagraphy or esophagoscopy provide far less sensitive assess-
ments of LPR, but may be advisable for screening of the esophagus for
related pathology [6,24,56]. However, in line with the AGA guidelines,
the American College of Gastroenterology (ACG) practice guidelines sug-
gested that pH testing may not be the gold standard diagnostic test in this
group of patients (see Table 10.3) [49]. The authors refer to data indicating
that the overall pretherapy prevalence of an abnormal pH test in a
population with chronic laryngeal symptoms is 53 %, with the prevalence
of excessive distal, proximal, and hypopharyngeal acid exposure being
42%, 44%, and 38%, respectively [46], suggesting that this population
may have abnormal acid reflux exposure but not proving causality. In
support of the ACG and AGA guidelines, a placebo-controlled study of 145
patients with suspected GERD-related ENT symptoms treated with high-
dose esomeprazole or placebo for 16 weeks found that degree of symptom-
atic or laryngeal involvement was independent of pretherapy pH findings
and that neither esophageal nor hypopharyngeal acid reflux predicted a
response to PPI use [57].

In patients who remain symptomatic despite aggressive acid suppressive
therapy, recent studies suggest that non-acid reflux may play a role in their
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Table 10.3 Summary of AGA, AAOHNS, and ACG guidelines regarding pH testing and
treatment modalities for patients with suspected LPR.

American
Gastroenterological
Association Institute
Technical Review on the
Management of
Gastroesophageal Reflux
Disease, 2008 [18]

Laryngopharyngeal
Reflux: Position
statement of the
Committee on Speech,
Voice, and Swallowing
Disorders of the
American Academy of
Otolaryngology-Head
and Neck Surgery,
2002 [24]

American College of
Gastroenterology
Practice Guidelines:
Esophageal Reflux
Testing, 2007

[49]

pH testing

Treatment

Role of pH or impedance

pH monitoring in diagnosing

extraesophageal reflux is

controversial and unproven

“In the absence

of troublesome esophageal

symptoms or endoscopic
findings, with a failed
8-week therapeutic trial of

twice-daily PPI therapy, and

with normal esophageal
acid exposure (PPl therapy
withheld) on 24-hour

monitoring, one has gone as

far as currently possible to
rule out GERD as a
significant contributor to
these nonspecific
syndromes. Such patients

should have etiologies other

than GERD explore”

Empiric therapy with

twice-daily PPl for 2 months

for patients with
concomitant esophageal
GERD syndrome and
laryngitis remains a
pragmatic clinical strategy

(USPSTF grade B, quality fair)

Do not support use of

once- or twice-daily PPIs (or
H2RAs) for acute treatment
of potential extraesophageal
GERD syndromes, including

laryngitis and asthma, in

absence of esophageal GERD

Diagnosis of LPR can be
made based on
symptoms and laryngeal
findings, but ambulatory
24-h double-probe pH
assessment is considered
the gold standard
diagnostic too

IBarium esophagraphy or
esophagoscopy provide
far less sensitive
assessments of LPR, but
may be advisable for
screening of the
esophagus for related
pathology

Treatment for LPR needs
to be more aggressive
and prolonged than that
for GERD, and depends
on symptoms and
severity of LPR and on
response to therapy

Mild or intermittent LPR
symptoms can be treated
with dietary and lifestyle
changes and H2
antagonists, while the
majority of patients
require at least
twice-daily PPI (minimum

(USPSTF grade D, quality fair) of 6 months)

“The accumulating data
seriously question the
clinical usefulness of
esophageal or
hypopharyngeal pH
monitoring in the initial
evaluation of patients
with suspected
acid-related ENT
complaints”

“Studies using
impedance pH
monitoring in patients
with extraesophageal
symptoms unresponsive
to PPI therapy show little
evidence of nonacid
reflux, except in the
chronic cough patient

"

“The practical and
popular approach is an
empiric trial with a BID
PPI regimen for several
months, reserving pH
testing for patients with
persistent symptoms.
However, here again, the
results of acid pH testing
have limited clinical
utility”
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Table 10.3 (cont’'d)

American Laryngopharyngeal American College of
Gastroenterological Reflux: Position Gastroenterology
Association Institute statement of the Practice Guidelines:
Technical Review on the Committee on Speech, Esophageal Reflux
Management of Voice, and Swallowing Testing, 2007 [49]
Gastroesophageal Reflux Disorders of the

Disease, 2008 [18] American Academy of

Otolaryngology-Head
and Neck Surgery,
2002 [24]

“Step-down therapy should  Fundoplication has been
be attempted in all patients ~ shown to be effective
with extraesophageal reflux

syndromes after empirical

twice-daily PPI therapy.

Continuing maintenance PPI

therapy should be

predicated on either the

requirements of therapy for

concomitant esophageal

GERD syndromes or

extraesophageal syndrome

symptom response. In both

cases, maintenance therapy

should be with the lowest

PPl dose necessary for

adequate symptom relief”

BID, bis in die; ENT, ear, nose and throat; GERD, gastroesophageal reflux disease; H2RA, H2
receptor antagonist; LPR, laryngopharyngeal reflux; PPI, proton pump inhibitor; USPSTF, US
Preventive Services Task Force.

symptoms [58-61]. The combination of impedance and pH monitoring
allows for distinction between acid, weakly acidic, and weakly alkaline
reflux [59]. A multicenter trial using impedance pH-metry in healthy
adults developed normal values to be utilized for comparison with reflux
patients [62]. Studies assessing patients with heartburn and regurgitation
in addition to patients with extraesophageal symptoms suggest that
10-40% of patients on twice-daily PPI therapy may have persistent non-
acid reflux [60,63]. However, causation between these non-acid reflux
events and persistent symptoms is difficult to establish [28]. A recent study
found that abnormal impedance in patients on therapy predicts acid reflux
in patients off therapy [64]. It also concluded that in patients with refractory
reflux, combined impedance/pH monitoring might provide the single best
strategy for evaluating reflux symptoms. However, the clinical significance
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of abnormal impedance findings in this group of patients awaits further
study. The most recent uncontrolled surgical study in patients suspected of
having LPR found that on or off therapy impedance monitoring does not
predict LPR symptom response to fundoplication but the presence of hiatal
hernia, significant acid reflux at baseline and presence of regurgitation
concomitantly with the LPR symptom were important predictors of
symptom response [65].

The Restech Dx-pH Measurement System™ (Respiratory Technology
Corp., San Diego, CA) is a new device developed to detect acid reflux in the
posterior oropharynx [66]. A nasopharyngeal catheter is utilized to assess
pH in liquid or aerosolized droplets. A comparison of this device to the tradi-
tional pH catheters has shown faster detection rate and faster time to
equilibrium pH. A recent prospective observational study in healthy volun-
teers developed normative data for this device at pH cut-offs of 4, 5 and 6 for
the distal esophagus and oropharynx [66]. Although the initial studies with
this device in patients with LPR are encouraging [67], controlled studies are
needed to assess the future role of this new device in patients with LPR.

Managing laryngeal complications of reflux disease

Medical management

Given the poor sensitivity and specificity of diagnostic tests, empiric
treatment of suspected gastroesophageal reflux laryngitis using PPIs is
common [1]. A recent study assessed response to PPIs based on change in
24-h pH studies in 27 patients with LPR with abnormal pH studies at base-
line. Of tive patients who did not have a measurable pH response to PPI,
four reported improvements in their symptoms, highlighting poor predic-
tion of treatment response based on pH results [68]. Most trials have uti-
lized twice-daily PPIs for 3—4 months [1,69]. The primary reason for this
unapproved high-dose acid suppression is based on pH monitoring data
indicating that the chance of normalizing exposure of the esophagus to
acid in patients with chronic cough, laryngeal symptoms or asthma is 99%
with a twice-daily PPI [70]. A prospective cohort study (uncontrolled and
open label) assessed optimal PPI dose in patients with LPR, and indicated
that twice-daily PPI is more effective than daily PPI in achieving clinical
symptom response in patients with suspected LPR [44].

Although PPIs are widely used in patients with suspected LPR, high-quality
supporting evidence remains minimal at this time as most trials have
utilized small sample sizes and are uncontrolled [1,17,18,69]. Placebo-
controlled studies assessing lansoprazole, esomeprazole, pantoprazole, and
rabeprazole for 24 months’ duration have observed no significant difference
in symptoms experienced by LPR patients on placebo as compared to PPI
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(Table 10.4) [57, 71-73]. Similarly, a metaanalysis of randomized controlled
trials assessing PPI use for suspected GERD-related chronic laryngitis noted
no benefit of PPIs over placebo (Figure 10.1) [74]. On the other hand, in
support of the role of acid suppression in LPR, a more recent double-blind,
placebo-controlled trial noted a significant improvement in LPR symptoms
with 3 months of esomeprazole therapy [75]. One reason for the positive
nature of this study is that the RSI was used as one of the outcome measures
assessed. Of all symptoms queried, patients experienced the greatest
improvement in heartburn symptoms after 3 months (and less marked
improvements in hoarseness, throat clearing, coughing after meals, breathing
difficulties, and other symptoms addressed). The improvement in heartburn
symptoms had the most significant effect on the overall RSI score.

Similarly, an earlier study comparing lansoprazole with placebo in 22
patients with idiopathic chronic laryngitis noted that after 3 months, 50%
of patients in the lansoprazole group had noted resolution of symptoms,
compared to 10% of patients in the placebo group [76]. Furthermore,
another study reported that LPR patients who tested positive for H. pylori
antigen were more likely to respond to PPI than those seronegative for
H. pylori [77]. Finally, in a randomized controlled study of patients with
chief complaint of postnasal drainage, Vaezi et al. found a benefit for
treatment with PPIs, suggesting that PPIs may do more than just suppress
reflux in this group of individuals [78]. Thus, the search for the subgroup
of patients with suspected LPR or extraesophageal reflux symptoms more
likely to respond to PPI therapy continues.

The AGA guidelines advise empiric therapy with twice-daily PPI for 2
months for patients with a concomitant esophageal GERD syndrome (i.e.
typical symptoms such as heartburn) and laryngitis (US Preventive Services
Task Force (USPSTF) grade B recommendation) [18]. Their recommenda-
tions do not support the use of PPIs for acute treatment of laryngitis in the
absence of esophageal GERD (USPSTF grade D) [18]. However, the AAOHNS
position statement indicates that treatment for LPR needs to be more aggres-
sive and prolonged than that for GERD, and depends on the symptoms and
severity of LPR and on the response to therapy [24]. The AAOHNS advises
that patients with mild or intermittent symptoms of LPR can be treated with
dietary and lifestyle changes and with H2 antagonists, while the majority of
patients require at least twice-daily PPI therapy [5,6,25,41,79-84]. Some
patients require therapy with both a PPI and an H2 antagonist, and the
AAOHNS recommends the use of twice-daily PPI for a minimum of 6 months
[24,81]. The authors of the AAOHNS statement suggest that fundoplication
has been shown to be an effective treatment for LPR [85,86]. However, this
point is controversial, as discussed in the next section.

The need for chronic therapy in patients suspected of GERD-related laryn-
gitis comes from uncontrolled observational studies with small sample
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Figure 10.1 Forest plot depicting the risk ratios for studies assessing efficacy of proton
pump inhibitor (PPI) in reflux laryngitis and pooled risk ratio by random effects
method. Adapted from Qadeer ef al. [74] with permission from Blackwell Publishing.

sizes. For example, patients with LPR with concomitant GERD symptoms
may have esophagitis (12%) and Barrett’s esophagus (7%) [87,88]. Studies
suggest a possible association between chronic reflux-induced inflamma-
tion of the larynx and laryngeal cancer [13,18,34]. However, the main
purpose of maintenance use of PPIs in patients with LPR is for control of
symptoms and step-down therapy should always follow the initial empiric
trial [18]. Long-term PPI is the current practice in many patients, as
evidenced by a double-blind placebo-controlled trial finding only 21-48%
likelihood of remaining PPI free at 1 year [89]. However, evidence sup-
porting the use of long-term PPI therapy for patients with LPR is primarily
anecdotal and future studies are needed to assess appropriate duration and
use of PPI in patients with suspected LPR.

Surgical therapy

A number of uncontrolled observational studies have suggested efficacy of
anti-reflux surgery in patients with gastroesophageal reflux laryngitis. An
earlier study assessed the effect of laparoscopic Hill repair on 145 patients
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and found that after a mean follow-up of 20 months, reports of sore throat
decreased from 43% to 8% of patients. Symptoms of cough decreased
from 41% to 8%, and voice loss decreased from 25% to 11% [90].
Similarly, another study evaluated 40 patients who underwent laparo-
scopic Nissen fundoplication for complaints of reflux laryngitis. After 3
months, 79.3% of patients had decreased inflammation noted on otorhino-
laryngeal exam, and 41.4% described improvement in voice quality. After
12 months, these figures were 92.3% and 38.5%, respectively. After a
median follow-up of 42 months, 62.5% of patients reported either no
cough or mild cough or hoarseness [91].

A more recent prospective concurrent controlled study in patients with
LPR symptoms refractory to PPI therapy did not find Nissen fundoplication
to be of benefit. One year after surgery, only 10% of patients noted
improvement in laryngeal symptoms, while signs of LPR on laryngoscopy
improved in 80% of patients [92]. Recent controversy surrounds the role
of surgical fundoplication in patients with PPI-refractory symptoms who
have abnormal non-acid reflux by impedance monitoring. A retrospective
review assessed patients with chronic cough referred for fundoplication
after documentation of an association between their symptoms and reflux
disease using multichannel intraluminal impedance and pH testing. In all
six patients who underwent surgery, fundoplication was found to elimi-
nate chronic cough due to non-acid reflux [93]. In this subgroup of
patients, an uncontrolled telephone survey study suggested symptom
improvement in most patients with laparoscopic Nissen fundoplica-
tion [61]. However, controlled studies are needed before this practice can
be advocated, especially since the most recent surgical study suggests that
impedance monitoring is not a predictor of LPR symptom response to fun-
doplication [65]. Based on published data, the role of fundoplication is best
delineated in those who have a positive symptom response to PPI therapy
and caution should be exercised in referring patients who do not respond
to aggressive acid suppression, especially those with extraesophageal com-
plaints.

Summary

Gastroesophageal reflux disease is associated with laryngeal signs and
symptoms but the frequency of the association between these two entities
is not firmly established. Improvement in the specificity of laryngeal
examination would be an important goal in improving the accuracy of
diagnosis of gastroesophageal reflux laryngitis. pH or impedance pH
studies can serve as diagnostic tools in patients whose symptoms are
refractory to an empiric trial of PPIs. If these tests are normal on PPI
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Suspected gastroesophageal reflux laryngitis

A4

Empiric trial of twice-daily PPI x2 months

T

Symptoms persist Symptoms improve
A 4 A4
24-h Impedance/pH testing Titrate PPI dose down over time
Normal Abnormal
A 4 A 4
Entertain * Change PPI
alternative ¢ Ensure PPl compliance
diagnoses * Increase PP| dose
» Consider surgical options

Figure 10.2 Suggested algorithm for evaluation and treatment of suspected
laryngopharyngeal reflux. PPI, proton pump inhibitor.

therapy despite persistence of symptoms, other etiologies for abnormal
laryngeal signs and symptoms should be investigated [1]. It is prudent to
remember that patients with suspected extraesophageal GERD syn-
dromes, including those with LPR, may have GERD as a contributing
etiology but rarely as the sole cause of their complaints [18].

Based on our experiences in treating patients with reflux-suspected
chronic laryngitis, we suggest a treatment algorithm as illustrated in
Figure 10.2. Initial empiric therapy with twice-daily PPI for 2 months is a
reasonable starting point for patients with suspected GERD-related laryn-
gitis and no ominous symptoms or signs. If symptoms improve then acid
suppression should be tapered to the minimum dose for symptom control.
If symptoms persist despite twice-daily PPI therapy, diagnostic testing with
pH monitoring “off or on” PPIs or impedance pH monitoring on therapy is
recommended. In patients with normal test results, a search for an
alternative explanation for symptoms should be pursued. In the infrequent
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cases of abnormal test results on therapy, clinical judgment should be exer-
cised regarding the role of surgical fundoplication given the lack of con-
trolled studies in this area.

CASE STUDY

A 46-year-old woman presents on a referral from her ENT physician for evaluation and
treatment of her throat clearing and chronic cough. She has a history of asthma and
postnasal drip from seasonal allergies and has been treated aggressively by her
pulmonary and allergy physician for the past 3 years. She had already undergone
laryngoscopy by her ENT physician, which showed “laryngeal irritation that suggested
GERD."” The patient is on once-daily proton pump inhibitor intermittently which has
only minimally helped her symptoms. She does have heartburn and occasional
regurgitation, especially at night when in the supine position. The patient is inquiring
about undergoing fundoplication.
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Reflux-Related Cough
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Key points

¢ Gastroesophageal reflux disease is now considered to be one of the three most frequent
causes of chronic cough along with asthma and upper airways cough syndrome.

The accurate, objective detection of both gastroesophageal reflux and cough and
suitable statistical analysis are required to assess the association between the two
phenomena. The development of impedance pH monitoring with simultaneous
cough detection allows objective assessment of all types of reflux events and cough
and the use of a statistic algorithm to relate both phenomena.

Careful clinical selection of patients with suspected gastroesophageal reflux
disease-related cough is important before starting treatment. These patients might
receive either an empirical trial of double-dose proton pump inhibitor or diagnostic
reflux-cough monitoring.

Potential pitfalls

e Cough and gastroesophageal reflux disease are very common presentations in a
general population, and these two phenomena can co-exist without any causal
association.

¢ The acidity of the refluxate might be unimportant if the esophagobronchial reflex is
already sensitized. This would be one of the reasons why acid-suppressing therapy is
less effective than anti-reflux surgery.

e Empirical treatment with proton pump inhibitor double dose for at least 3 months is
widely used, but it should be noted that this strategy has not been supported by
strong scientific evidence.

Introduction

Pathological gastroesophageal reflux (GER) usually results in typical
symptoms, i.e. regurgitation and/or heartburn, but can also be associated
with extraesophageal symptoms, such as asthma, laryngitis or chronic
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cough [1]. According to the Montreal classification, gastroesophageal
reflux disease (GERD)-related cough is regarded as one of the established
extraesophageal syndromes of GERD [2].

Epidemiology

Gastroesophageal reflux disease is now considered to be one of the three
most frequent etiologies of chronic cough together with asthma and upper
airways cough syndrome (previously known as postnasal drip syndrome
[3-5]. An epidemiological association between GERD and chronic cough
has been recognized for many years and a prevalence of “reflux-related
cough” has been reported with a wide range from 5% to 41% [6-10]. This
large variation in prevalence can be due to differences in patient popula-
tions but is mainly due to the methodology used to establish the reflux-
cough association, i.e questionnaires, cough during pH-metry, symptom
responses to acid reflux therapies. Clinical awareness of GERD-related
chronic cough, both from the pneumology and gastroenterology sides, has
influenced the prevalence estimation. For example, studies published by
Irwin’s group have shown that the prevalence of GERD as the cause of
chronic cough increased from 10% in 1981 [8], to 21% in 1990 [9] to 36%
in 1998 [10].

Pathophysiology

Three main pathophysiological mechanisms have been proposed to explain
the relationship between reflux and cough: microaspiration, activation
of esophagobronchial vagal reflexes, and reflux-induced airway hyper-
sensitivity.

Microaspiration

Microaspiration can be responsible for chronic cough by stimulating cough
receptors directly. Several studies have suggested the possibility of arrival
of gastric contents into the proximal airway. Laryngeal acidification has
been demonstrated with transcutaneous pH measurements [11] and more
recently, a technique developed to study aerosolized acid in the pharynx
[12]. Microaspiration of refluxate can be demonstrated by the presence of
gastric contents in bronchoalveolar lavage fluid (BALF) and sputum and
suggested by their presence in saliva. Detection of lipid-laden macrophages
in BALF or sputum has been used as a marker for microaspiration in chil-
dren. Studies showed that lipid-laden alveolar macrophages were present
in 85% of children with chronic respiratory tract disorders and GER
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[13,14]. However, recent reports have shown that this method had low
specificity and its prevalence in adult patients with chronic unexplained
cough was unknown [15,16]. Pepsin and bile acids (BA) are currently
assessed in saliva, sputum and BALF in patients with respiratory disorders.
While pepsin and BA are clearly increased in patients with cystic fibrosis
and lung transplant [17], there is no difference in pepsin concentrations of
BALF between chronic cough patients and healthy controls [5]. Recent
studies using impedance pH monitoring failed to demonstrate increased
numbers of reflux episodes with high proximal extent in patients with
chronic cough [18,19]. The current data suggest, therefore, that micro-
aspiration is unlikely to be the most important mechanism for cough in
these patients.

Esophagobronchial reflex

Esophagus, larynx, and bronchi are all innervated by the vagal nerve. The
divergence of vagal afferent neurons in the brainstem may allow vagally
mediated reflexes from the distal esophagus by chemical or mechanical
stimuli [20]. Ing et al. reported that acid perfusion into the distal esophagus
of patients with cough and GERD significantly increased cough frequency,
when compared with saline infusion [21]. Topical esophageal anesthesia
with lidocaine blocked acid-induced cough [21]. In contrast, when the anti-
cholinergic agent ipratropium was instilled into the esophagus, there was no
effect, whilst inhaled ipratropium inhibited cough, suggesting a vagally
mediated esophagobronchial reflex. Such a reflex can be sensitized in
patients with GERD and chronic cough [22,23]. These patients have a
hypersensitive cough reflex to both capsaicin and citric acid inhalation.
Reduced cough threshold due to prolonged acid exposure in the distal
esophagus could be an important mechanism for chronic cough [24]. A low-
ered airway cough threshold becomes stimulus non-specific and any other
stimulus, not necessarily reflux, would trigger cough, i.e. cold air, stress, etc.
Interestingly, Benini ef al. demonstrated that treatment with proton pump
inhibitors (PPIs) could reverse the bronchial hypersensitivity [22].

Recent studies using multichannel intraluminal impedance pH (MII-pH)
and objective cough recordings have shown that both acid and non-acid
reflux events can be time associated with cough [18,25]. Furthermore,
equal numbers of patients may have a positive reflux-cough association
(Symptom Association Probability — SAP) with acid and non-acid reflux
events [26]. These findings suggest that the acidity of reflux might be
unimportant if the esophagobronchial reflex is already sensitized. Apart
from the reflux-cough association, recent studies have shown evidence of
cough-reflux sequences [25,26] which might result in a self-perpetuating
cycle of reflux-cough-reflux in some patients. For further complexity,
Smith et al. [26] suggested cough-induced reflux might occur by triggering
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of transient lower esophageal sphincter relaxation (TLESR). There might
be a central sensitization mechanism that cough would induce TLESR.

Taken together, the current information suggests that reflux should not
be considered as an independent single cause but rather as a contributing
factor to chronic cough [27]. Finally, it should be noted that cough and
GERD are very frequent in the general population, and these two phenomena
can co-exist without any clinical pathophysiological relationship.

Clinical management

Patients with chronic cough are managed by internists, specialists in
respiratory medicine or specialists in ear, nose, and throat (ENT) disorders.
More recently, gastroenterologists have been involved to provide or reject
evidence for the presence of gastroesophageal reflux that might or might
not be related to the patient’s cough.

A detailed anamnesis can help to identify increased reflux in patients
with cough but up to 75% of patients with GERD-related cough do not
have typical reflux symptoms (heartburn or regurgitation) [28]. There are
some useful criteria, proposed by Irwin et al., that allow identification of
patients with a higher likelihood of having GERD as a cause for cough [4]
(Box 11.1). Furthermore, Morice et al. recently proposed the Hull Airway
Reflux Questionnaire (HARQ), which is self-administered and comprises
14 items with a maximum score of 70 [29]. The questionnaire is respon-
sive to treatment; the minimum clinically significant change was estimated
to be 16 points. The authors propose that it can be used as a diagnostic
instrument in reflux-related cough [29].

Box 11.1 Criteria allowing identification of patients who are
more likely to have GERD as a cause for cough

e Chronic cough (>8 weeks)

¢ Not on angiotensin-converting enzyme inhibitor

¢ Not a present smoker or exposed to other environmental irritants

e Chest radiograph is normal (or near normal)

e Symptomatic asthma has been ruled out”

e Upper airway cough syndrome has been ruled out”

e Eosinophilic bronchitis has been ruled out”

* By appropriate tests (e.g. normal sinus computed tomography scan, negative
histamine provocation, normal sputum eosinophilia, no improvement on steroids).
Modified from Irwin [4].
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The clinical questionnaires may help the initial selection of patients.
However, to establish an association between reflux and cough is a
challenge, and depends upon the accurate detection of both GERD and
cough, and also the appropriate statistical analysis used to understand the
temporal relationship between these two phenomena. Finally, to establish
a causal relationship between reflux and cough in an individual patient,
treatment of reflux should improve cough.

Detection of reflux

Detection of reflux is described elsewhere in this book and this chapter
briefly summarizes existing technology. Traditionally, acid reflux has been
assessed in these patients using single or double pH monitoring [4]. More
recently, impedance pH monitoring has been used, because it detects both
acid and non-acid refluxes [18,25]. It can also detect presence of gas reflux
and assess proximal extent of the refluxate. Since non-acid or weakly acid
reflux can be associated with cough, impedance pH measurements might
be preferable to pH-metry in patients with suspected GERD-related cough.
Furthermore, a special catheter design can be used to detect acid and non-
acid laryngopharyngeal reflux [30]. Finally, a pharyngeal pH-metry tech-
nique, using a newly designed pH sensor, is proposed to detect aerosolized
acid (Restech Dx-pH Measurement System™, Respiratory Technology
Corp., San Diego, CA) [12].

Detection of cough

The most widely available method is using a symptom marker on the
reflux monitoring data logger, often with a study diary. This is very simple
and usetul to detect cough events, in particular during the daytime, if the
patient’s compliance is reasonably good. However, a significant number of
cough events could be missed or not recorded, especially in nocturnal
periods.

Manometric cough detection can be used during reflux monitoring
[18,25,31]. This technique adds a second thin catheter with two pressure
sensors positioned in the abdomen and thorax. Coughing provokes a typ-
ical pressure pattern. In this way, cough bursts are identified objectively
and the presence of reflux before the cough can be recognized in a prede-
termined preceding time window [18,25]. Figure 11.1 shows an example
of bursts of cough preceded by a reflux event using simultaneous
monitoring of impedance pH and intraabdominal and thoracic pressure.
More recently, microphone-based acoustic cough detection (with automatic
cough recognition software) has been used to assess patients with reflux-
related cough [26]. This method is very sensitive in detecting single cough
events and is able to identify 2-3 times more cough events than the
manometric method and 9-12 times more than patients’ reported cough [26].
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Finally, using even more advanced technology, Chang et al. [32] reported
the use of an ambulatory device to measure pH, electromyograph and
audio, designed to study reflux-cough in children.

Association between reflux and cough

Several statistical algorithms have been designed in order to analyze the
time association between reflux and symptoms [33]. The Symptom Index
(SI) has been defined as the percentage of reflux-associated symptom epi-
sodes in the total symptoms and is considered positive if >50%. The disad-
vantage of the SI is that it does not take into account the total number of
reflux episodes and symptoms. The Symptom Association Probability
(SAP) calculates the statistical relationship between symptoms and reflux
episodes using Fischer’s exact test, taking into account the number of asso-
ciated reflux-symptom episodes as well as the total number of reflux and
symptom events [34]. The SAP is considered positive when higher than
95% [33]. We and others [26] use a time window of 2min to assess the
association reflux-cough and we identified SAP-positive patients in whom
the time association might not occur by chance. It is important to stress,
however, that the SI and SAP were designed to study the relationship bet-
ween reflux and heartburn or chest pain, and not for the reflux-cough
association. The optimal time window for GERD-related cough needs
further investigation.

Finally, Hersh et al. recently reported hierarchical use of parameters from
ambulatory pH testing in predicting response to anti-reflux medical therapy
in patients with suspected GERD-related cough [35]. The study showed
that the highest likelihood of a sustained, durable response (high degree
response) to anti-reflux therapy was achieved when acid exposure time,
SAP, and SI were all positive.

Treatment

Medical treatment

If increased GER does provoke chronic cough, treatment of GERD should
improve cough. Empiric trials with PPI (without investigation of GERD)
and lifestyle modifications have been proposed by the American College of
Chest Physicians [4] and the British Thoracic Society [36]. This empiric
strategy was reported to be effective in a community-based patient
population in the US [37]. However, published studies of anti-reflux
medical treatments in patients with cough are inconsistent. Kiljander et al.,
in a prospective, double-blind, placebo-controlled trial, reported significant
improvement of cough after 8 weeks of PPI treatment (omeprazole
40mg o.d.) [38]. Ours et al. reported improvement or resolution of cough
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in 35% of patients with GERD-related cough after 12 weeks of PPI
treatment (omeprazole 40mg b.i.d.) [39]. In contrast, more recent studies
have shown no significant improvement of cough after PPI therapy
[40,41]. The most recent Cochrane review concluded that: “PPI is not effi-
cacious for cough associated with GORD symptoms in very young children
(including infants) and should not be used for cough outcomes. In adults,
there is insufficient evidence to conclude definitely that GORD treatment
with PPI is universally beneficial for cough associated with GORD. Future
paediatric and adult studies should be double-blind, randomized, con-
trolled and parallel design, using treatments for at least 2 months, with
validated subjective and objective cough outcomes” [42].

In a subgroup of patients, a possible reason for ineffective PPI therapy
could be an association between non-acid reflux and cough. Such
association can be assessed using impedance pH monitoring [18,25]. In
general, patients presenting with a positive SAP between weakly acidic
reflux and cough do not have increased numbers of weakly acidic reflux
events, suggesting the possibility of hypersensitivity to such refluxate.

A key mechanism of GER is known to be TLESR. Baclofen is a gamma-
aminobutyric acid (GABAB) agonist that reduces the number of reflux epi-
sodes by reducing the number of TLESRs. Baclofen was reported to reduce
numbers of acid and weakly acidic reflux events and also has an antitus-
sive effect by altering cough reflex [43,44]. However, baclofen is known to
have significant side-effects and patient tolerability is relatively low [45].
New GABAB agonists and other medications to reduce TLESRs and reflux
with fewer neurological side-effects are currently under development and
might be of potential benefit for GERD-related cough.

Prokinetics drugs are frequently used in GERD treatment to accelerate
gastric emptying and improve esophageal motility. Their efficacy in GERD-
related cough has not been formally tested. Azithromycin (AZI) belongs to
the group of macrolide antibiotics, which are known to have prokinetic
effects, and often used in lung transplant patients to prevent bronchiolitis
obliterans syndrome [46]. In lung transplant patients, standard esophageal
pH monitoring revealed an increased acid exposure in 70% [47,48].
Mertens et al. studied the effect of AZI on GER in lung transplant patients
and found that AZI reduced esophageal acid and volume exposure as well
as the number of proximal reflux events [49]. AZI is currently under inves-
tigation in patients with reflux-associated cough.

Surgical treatment

Fundoplication is an alternative to medical treatment for GERD. The
procedure is known to be highly effective in reducing esophageal acid
exposure time and reflux symptoms [50]. Various mechanisms are
responsible for a decrease in reflux frequency after fundoplication,
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i.e. correction of the anatomy with reduction of a hiatus hernia, reduction
in number of TLESRs, increased residual pressure during TLESRs, increased
basal LES pressure, and possible reduction in volume of refluxate [51,52].
More recently, Broeders et al. showed that fundoplication similarly con-
trolled acid and weakly acidic reflux, but gas reflux is reduced to a lesser
extent [53].

In patients with clearly demonstrated association between reflux and
cough, anti-reflux surgery would be a treatment option. To date, outcomes
of uncontrolled studies in surgical treatments are encouraging [54-59].
These studies showed that 56-100% of surgically treated patients with
cough had a positive response.

Allen and Anvari [58,59] proposed reported factors predicting good
symptom outcome after reflux surgery. The results indicated that a positive
Bernstein test, a higher preoperative cough symptom score and a good
cough response to PPI therapy were factors predicting good surgical out-
come in patients with suspected reflux-induced cough. Mainie showed
that a positive SI between non-acid reflux and cough was a good predictor
of surgical outcome [54]. Hersh et al. [35] showed that 67% of patients
who had anti-reflux surgery achieved a long-term high-degree response.
Allen and Anvari reported long-term outcomes in 528 surgically treated
patients by using a validated cough scale [59]. Over 5-year periods, they
found a decrease in the cough response from 83% (6 months post surgery)
down to 71% (5 years post surgery).

Although outcomes of uncontrolled surgical studies are encouraging,
controlled studies are absolutely necessary to define the real role of anti-
reflux surgery in GER-related cough. This is even more important when
considering surgery in patients not responding to PPI but with a positive
association between non-acid reflux and cough.

Management of patients with suspected
gastroesophageal reflux disease-related cough

Management of patients with suspected GERD-related cough is difficult
and a real challenge. In our unit we follow the management strategy pro-
posed by Galmiche et al. [60] (Figure 11.2). The first step involves careful
exclusion of other causes of cough and consideration of clinical criteria
that suggest a possible reflux-cough association (see Box 11.1).

There are two possible pathways: empirical trial with PPI and diagnostic
investigations, including high-resolution manometry and simultaneous
reflux-cough monitoring. We use a pressure-based objective cough-detecting
system to assess the temporal reflux-cough association. The SAP plays an
important role in our strategy [18,26]. The empirical strategy with PPI
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CASE STUDY

A respiratory physician referred a 47-year-old female patient who had been suffering
with chronic cough that significantly affected her quality of life. Her cough symptoms
were more frequent during the day. She was a non-smoker and investigations excluded
asthma and upper airway syndrome. High-resolution manometry showed intermittent
hypotensive peristalsis. Simultaneous 24-h impedance pH and cough monitoring “off”
PPI showed increased acid exposure (9.2% day, 0.9% night) with positive SAP between
cough and acid reflux. The patient had already had an unsuccessful empirical PPI trial
but only with single dose. PPl double-dose therapy was initially effective for 3 weeks,
but her cough reoccurred and became troublesome. Simultaneous 24-h impedance pH
and cough monitoring “on” PPl showed reasonable gastric acid suppression, but
positive SAP between cough and weakly acidic reflux (Figure 11.3). The patient was
referred to a gastrointestinal surgeon to discuss possible anti-reflux surgery. She decided
to have surgery and symptoms improved significantly (6 months post surgery).

double dose for at least 3 months is simple and widely used, but it should
be noted that this strategy has not been supported by strong scientific evi-
dence. When the empirical trial of PPI is successful, patients should stop
taking PPI for further symptom evaluation. If symptoms relapse, main-
tenance PPI therapy or anti-reflux surgery can be considered but reflux
and cough monitoring prior to surgery is strongly recommended.

When the empirical trial of PPI fails, patients should move on to the
investigation strategy, including reflux and cough monitoring. We perform
high-resolution manometry to assess esophageal motility and prokinetic
agents can be added if esophageal hypomotility is associated with liquid
retention and proximal retrograde flow (as detected with impedance).
Reflux-cough monitoring is performed “off” PPI, with special emphasis
given to analyzing the total esophageal acid exposure, a severe supine acid
reflux pattern and a temporal relationship between cough and acid reflux
episodes at this stage. In patients without evidence of GERD, further inves-
tigations to identify underlying problems other than reflux should be per-
formed. Patients with increased esophageal acid exposure and/or positive
SAP for acid reflux will receive PPI double dose. If the PPI trial fails to
improve cough, a new reflux-cough monitoring is performed “on” PPL
This can identify patients with residual acid reflux (in spite of PPI) or
patients with non-acid reflux-related cough.

Summary

Gastroesophageal reflux disease is considered to be one of the three most
frequent etiologies of chronic cough along with asthma and upper airways
cough syndrome. Different mechanisms can be responsible for GERD-related
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cough, i.e. microaspiration, esophagobronchial reflex and central sensitization
of the cough reflex [26]. The diagnosis and management of reflux-related
cough are a difficult challenge. The development of impedance pH moni-
toring with simultaneous cough detection allows a more objective
assessment of all types of reflux events and cough [18,26]. Empirical PPI
treatment is widely used. The response rate to PPI treatment appeared to
be rather poor. Studies have suggested that acidity of the refluxate is not
critical when the esophagobronchial reflex has already been sensitized,
which is one of the reasons for failed acid-suppressing treatments. Anti-
reflux surgery has been performed successfully on a group of patients with
GERD-related cough in uncontrolled trials. However, controlled, prospec-
tive studies are necessary to confirm the role of anti-reflux surgery in the
management of GERD-related cough.

Management strategies for patients with suspected GERD-related cough
include empirical PPI trial and reflux-cough investigation. In our unit,
simultaneous monitoring of reflux and cough “off” PPI is performed first.
Evidence of GERD and SAP between reflux and cough are important
parameters for managing patients further. For patients who do not respond
to double-dose PPI trial, simultaneous reflux and cough monitoring is
repeated “on” PPI. This identifies patients with a positive SAP between
weakly acidic reflux and cough, or patients with PPI resistance.
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Key points

o Approximately half the patients with gastroesophageal reflux disease report
heartburn that awakens them from sleep during the night.

¢ Nighttime reflux has been more commonly associated with gastroesophageal reflux
disease complications.

¢ Gastroesophageal reflux disease and sleep demonstrate a bidirectional relationship.

¢ Nighttime gastroesophageal reflux occurs primarily after patients’ arousal from sleep.

e Sleep deprivation due to gastroesophageal reflux disease is markedly improved after
treatment with a proton pump inhibitor.

Potential pitfalls

¢ Nighttime reflux has not been clearly defined in the literature, and may not necessarily
denote reflux during sleep (it may reflect reflux while recumbent but awake).

e [t is very unusual for gastroesophageal reflux disease patients to have nighttime
reflux alone.

¢ Gastroesophageal reflux may still be associated with awakening from sleep, even if
patients report no gastroesophageal reflux disease-related symptoms.

e Proton pump inhibitor therapy has been shown to improve sleep quality using
subjective but not objective tools.

Introduction

Gastroesophageal reflux disease (GERD) is a chronic disorder and the most
common disease that affects the esophagus. A population-based study
estimated that 20% of the US adult population experience GERD-related
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Figure 12.1 The bidirectional relationship between gastroesophageal reflux disease
(GERD) and sleep.

symptoms at least once a week [1]. GERD can lead to esophageal mucosal
injury in a subset of patients as well as bothersome symptoms, such as
heartburn and acid regurgitation, that may affect patients’ reported quality
of life.

Gastroesophageal reflux (GER) may occur during both daytime and
nighttime periods [2]. Studies have demonstrated that up to 79% of GERD
patients experience nighttime symptoms. Of all GERD patients, 65% expe-
rience both nighttime and daytime symptoms [3-6]. It has been estimated
that 13% of GERD patients experience nighttime symptoms only. Of the
patients with nocturnal heartburn, 75% reported that the symptoms
affected their sleep, and 40% stated that symptoms affected their ability to
function the following day.

Recent studies have suggested a bidirectional relationship between
GERD and sleep. GERD has been shown to adversely affect sleep by awak-
ening patients from sleep during the night or more commonly by leading
to multiple short amnestic arousals, resulting in sleep fragmentation. At
the same time, sleep deprivation per se can adversely affect GERD by
enhancing perception of intraesophageal acid (esophageal hypersensi-
tivity) and potentially by increasing esophageal acid exposure [7]. In fact,
there is a potential “vicious cycle” in which GERD leads to poor quality of
sleep, which then in turn enhances perception of intraesophageal stimuli
that further exacerbates GERD (Figure 12.1) [8].

Nighttime reflux has been demonstrated to be associated with a more
aggressive presentation of GERD (erosive esophagitis, complications of
GERD, Barrett’s esophagus, and adenocarcinoma of the esophagus) [9-15].
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In addition, these patients have a higher prevalence of oropharyngeal,
laryngeal, and pulmonary manifestations [12, 16]. Poor quality of sleep
and a variety of sleep disturbances have been recently added to the growing
list of extraesophageal manifestations of GERD [17]. Most importantly, the
overall quality of life of patients with nighttime heartburn appears to be
significantly worse than the quality of life of patients with daytime heart-
burn only [5].

Sleep

There is growing evidence that sleep has an important role in maintaining
good health. However, at the same time there is evidence that average
nightly sleep duration has declined by 2h in the last century and that
many people sleep no more than 5-6h instead of the needed 7-8h per
night [18]. Approximately 20% of the population regularly experiences fits
of irresistible daytime sleepiness, 10-15% have severe or chronic insomnia,
and 50-60% of older people report sleep abnormalities.

Sleep deprivation has a profound impact on people’s quality of life and
has far-reaching implications on subjects” mental and physical health.
Sleep deprivation makes people prone to accidents, more irritable, and
often listless. It leads to decreased creativity and enthusiasm, memory
impairment, and limited comprehension and attention span. In addition,
it has been associated with psychiatric disorders, mood impairment,
dementia, heart disease, metabolic disorder, and reduced immune
function. Recently, studies have shown that sleep deprivation can lead to
glucose intolerance, diabetes mellitus, and obesity. Sleep should be con-
sidered as one of the pillars of good health, equivalent to diet and
exercise.

Polysomnography (PSG) has traditionally been considered the gold stan-
dard for objectively assessing sleep. Sleep is scored as non-rapid eye
movement (NREM) and rapid eye movement on the basis of the electro-
encephalogram (EEG) component of PSG. NREM accounts for 75-80% of
total sleep time in normal human adults and consists of three stages. Stage
N1 involves transition of EEG from alpha-waves (frequently seen in
drowsy state or during quiet wakefulness with eyes closed and having a
frequency of 8-13Hz) to theta-waves (frequency 4-7Hz) along with
significant changes in respiration, heart rate, and cerebral blood flow. Stage
N2 is a deeper sleep stage characterized by low-amplitude background
superimposed with two morphologically distinct waveforms: sleep spindles
(11-16 Hz) and K-complexes. Stage N3 or slow-wave sleep is characterized
by delta-waves (0.5-2Hz) and is considered to be the deepest stage of
sleep. Beta-waves are seen during awake and alert stages.
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Epidemiology

Nighttime heartburn or regurgitation has long been used as a clinical
marker for nocturnal reflux. Unfortunately, the literature is devoid of a
widely accepted definition for nighttime heartburn. More disconcerting is
the fact that almost all studies assessing the prevalence or therapeutic
response of patients with nighttime heartburn lacked a clear definition of
nocturnal GERD [1,3,19,20]. Farup et al. offered the following definition
of nighttime GERD: nocturnal awakening by GERD symptoms; nocturnal
awakening caused by coughing or choking, regurgitation of fluid or food,
and acidic/bitter taste; GERD symptoms while in the supine position; and
morning awakening secondary to GERD symptoms [21]. This is an
inclusive definition that may include patients who experience GERD-
related symptoms in the supine position while still awake. In contrast, Fass
et al. suggested that nighttime heartburn should be defined as heartburn
that awakens patients from sleep during the night [22]. While this is a
much more restrictive definition, it underscores the importance of having
GERD-related symptoms during sleep physiology.

Overall, the epidemiology of nocturnal gastroesophageal reflux is not
well studied. According to a Gallup poll in which 1000 subjects with GERD
completed the survey, 75% of the participants reported that GERD symp-
toms affected their sleep, and 63% believed that heartburn negatively
affected their ability to sleep well [19]. Additionally, 42% stated that they
were unable to sleep through a full night, 39% had to take naps during the
day, and 34% were sleeping in a seated position. Interestingly, 27% reported
that their heartburn-induced sleep disturbances kept their spouse from
having a good night’s sleep. The prevalence of sleep disturbances among
respondents increased with increase in frequency of the nighttime heart-
burn episodes during the week. In a study by Farup et al., 74% of subjects
with frequent GERD symptoms reported nocturnal GERD symptoms [21].
In contrast, Locke et al. found in a community-based survey that 47% and
34% of GERD sufferers reported nocturnal heartburn and nocturnal acid
regurgitation, respectively [1]. However, in the first two studies, only 57%
and 54% of the patients, respectively, reported heartburn that awakened
them from sleep during the night. Fass et al., in a large prospective, cohort
study of subjects evaluated for sleep disturbances, demonstrated that
24.9% reported heartburn during sleep [22]. Recently, it was demonstrated
that heartburn that awakens patients from sleep during the night is highly
predictive for GERD [23]. This effect was further accentuated in morbidly
obese subjects.

In general, sleep disturbances in patients with GERD are poorly recog-
nized and rarely elicited during clinic visits despite the significant impact of
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these disturbances on patients’ quality of life and perception of the severity
of their disease. When 759 patients with non-erosive reflux disease
(NERD), who were enrolled in the esomeprazole (Nexium) clinical trial
program, were assessed by a quality-of-life tool for “sleep disturbances
for at least some of the time” (score<4), 50% reported that symptoms of
GERD were responsible for difficulties in getting a good night’s sleep [24].
Other indicators of sleep disturbances were “feeling tired/worn out due
to lack of sleep” (42%), “failure to wake up feeling fresh/rested” (41%),
“having trouble falling asleep” (40%), and “heartburn/acid regurgitation
waking the patient and preventing him/her from falling asleep” (35%)
[24]. Additionally, nocturnal reflux may present with nighttime cough,
wheezing, sore throat, choking, and other symptoms [25]. In one series, it
was demonstrated that patients with nighttime heartburn were more likely
to report wheezing (odds ratio (OR) 2.5), breathlessness at rest (OR 2.8),
and nocturnal breathlessness (OR 2.9). These subjects also had increased
peak flow variability compared with subjects without gastroesophageal
reflux [26]. Furthermore, insomnia, repeated awakening during the night,
snoring, tossing and turning, and even nightmares have all been related to
nocturnal GER.

A recent national patient-reported survey quantified the effects of GERD
symptoms on sleep difficulties and their effects on outcomes [27]. Of
11,685 survey respondents with GERD, 88.9% experienced nighttime
symptoms, 68.3% sleep difficulties, 49.1% difficulty initiating asleep
(induction symptoms), and 58.3% difficulty maintaining sleep (mainte-
nance symptoms). Respondents with nighttime GERD symptoms were
more likely to experience sleep difficulties (OR 1.53) and difficulties with
induction (OR 1.43) and maintenance (OR 1.56) of sleep (P <0.001 for
all). Sleep difficulties were associated with a 5.5% increase in overall work
impairment, and reductions of 3.1 and 3.6 points in Short Form (SF)-8
physical and mental summary scores, respectively.

Gastroesophageal physiology during sleep

The accentuated noxious effects of nocturnal reflux are driven primarily
by decrease in saliva production, swallowing rate, primary and secondary
esophageal peristalsis, gastric emptying, and conscious perception of reflux
events (Box 12.1) [2]. The normal esophageal defense mechanisms are
pivotal for preventing mucosal injury during acid reflux events.

Sleep impairs esophageal acid clearance in both GERD patients and
healthy controls [28]. It has been shown that the clearance time is signifi-
cantly prolonged when sleep was maintained compared with the awak-
ening period. Overall, acid clearance occurs predominantly in association
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Box 12.1 Physiological changes during sleep that affect
gastroesophageal reflux

e Decreased salivary secretion and flow

e Decreased swallowing rate

e Decreased primary esophageal peristalsis

e Decreased secondary esophageal peristalsis

e Decreased upper esophageal sphincter pressure

o Decreased perception of intraesophageal stimuli

with arousals from sleep. Furthermore, esophageal clearance time during
sleep remains prolonged regardless of the pH or the volume of the reflux-
ate [29,30]. Sleep, but not body position, is a significant factor for acid
migration to the proximal esophagus for even minute volumes of acid
reflux and markedly prolongs acid clearance [31].

In the awake state, the contact of esophageal mucosa with acid produces
a response characterized by enhanced salivary bicarbonate secretion and
flow and increased swallowing frequency. These physiological responses
serve to propel the refluxate aborally from the distal esophagus into the
stomach as well as neutralizing the pH of the esophageal lumen. However,
during sleep, salivary secretion and flow are virtually absent [32] and the
swallowing frequency is markedly reduced from 25 per hour during the
awake state to approximately five per hour during sleep [33].

Upper esophageal sphincter (UES) pressure progressively declines with
deeper stages of sleep, resulting in an increased risk of reflux that can reach
the larynx, pharynx, and pulmonary system [34,35]. Transient lower
esophageal sphincter (LES) relaxation and gastroesophageal reflux occur
primarily during transient arousals from sleep or when the subjects are
tully awake [36]. Furthermore, acid reflux events may occur during either
prolonged awake periods or brief arousals [37]. Overall, LES basal pressure
is not affected during sleep.

Esophageal acid clearance and airway protection are dependent on
secondary esophageal peristalsis and the esophago-upper esophageal
sphincter contractile reflex (EUCR) [38-40]. The rate of secondary
esophageal peristalsis (defined as non-deglutitive esophageal peristalsis ini-
tiated by esophageal distension) [41] decreases progressively with deeper
sleep stages and is absent during slow-wave sleep [42,43]. EUCR is a reflex
contraction of the UES in response to esophageal distension [38]. Bajaj
et al. evaluated EUCR and secondary esophageal peristalsis elicitation in 13
normal subjects during different sleep stages [44]. EUCR and secondary
esophageal peristalsis were elicited by infusion of small volumes of water
into the proximal esophagus after sleep confirmation by polysomnography.
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It was possible to elicit EUCR and secondary esophageal peristalsis during
stage 2 and REM sleep. Their activation occurred before arousal and helped
clear the esophagus. However, during slow-wave sleep (stages 3 and 4),
EUCR and secondary peristalsis could not be triggered. Instead, the infusion
induced arousal and coughing. During these sleep stages, esophageal
clearance occurred only during arousals by swallow-induced primary
peristalsis.

There is also evidence that gastric emptying is significantly slower for
solid food during late evening hours [45]. A decrease in the frequency of
gastric slow wave was noted during non-REM sleep, which returned to
normal during REM sleep [46]. These sleep changes in gastric emptying
may promote nighttime reflux, although their effect was not specifically
studied in GERD patients.

Sleep is an altered state of consciousness, resulting in reduced percep-
tion of visceral events. Consequently, conscious-dependent defensive
behavior against gastroesophageal reflux (antacid consumption, assuming
the upright position, initiating a swallow, etc.) is markedly affected during
this period [47].

Pathophysiology of nocturnal gastroesophageal
reflux disease

Acid reflux episodes are traditionally divided into upright and recumbent
reflux. It has been noted that acid reflux during the upright period tends to be
more frequent but of shorter duration. In contrast, acid reflux during recum-
bency is commonly less frequent but of longer duration [48]. Early studies
suggested that acid reflux was significantly more frequent during the first half
of the recumbent period compared with the second half [49]. However, there
was no attempt in these studies to distinguish between the recumbent-awake
and the recumbent-asleep periods. Thus, it was unclear if sleep induction or
the early sleep period is associated with increase in acid reflux.

In a study by Dickman et al., the authors compared the principal charac-
teristics of acid reflux events during upright, recumbent-awake, and
recumbent-asleep periods [50]. Recumbent-awake and recumbent-asleep
periods were estimated by using patients as well as their spouses or other
family members in documenting the time they went to bed at night, time
they fell asleep and time they woke up. The authors demonstrated that the
mean percentage of total time pH <4, frequency of acid reflux events, and
number of sensed reflux events were similar in the upright and recum-
bent-awake periods but were significantly higher than those in the recum-
bent-asleep period. The authors concluded that, due to similar reflux
patterns in the upright and recumbent-awake periods, pH data analysis
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should be divided into awake and asleep periods rather than upright and
recumbent periods. The results of this study have been further supported
by a recently published study demonstrating that the recumbent period is
heterogeneous and clearly divided into recumbent-awake and recumbent-
asleep periods [51]. The percent total time pH <4, the mean number of
acid reflux events, and the number of symptoms associated with reflux
events were significantly greater in the recumbent-awake period com-
pared with the recumbent-asleep period.

The nighttime period is heterogeneous regarding the frequency of reflux
events. Dickman et al. demonstrated that esophageal acid exposure was the
highest during the first 2h of sleep [52]. This was further accentuated in
patients with Barrett’s esophagus compared to those with erosive esopha-
gitis or NERD with an abnormal pH test. Patients with Barrett’s esophagus
had the highest esophageal acid exposure parameters throughout the sleep
period. The increase in esophageal acid exposure during the first hours
of sleep is likely to be driven, amongst others, by short dinner-to-bed time.
It has been shown that dinner-to-bed time less than 3h significantly
increased the risk of subjects experiencing gastroesophageal reflux regard-
less of their phenotypic presentation of GERD (erosive esophagitis or
NERD) [53]. A study by Piesman et al. also demonstrated that a meal con-
sumed 2h before going to bed was significantly more associated with
recumbent reflux compared to a meal consumed 6 h prior to bed time [54].
The presence of hiatal hernia, higher Body Mass Index (BMI), and having
erosive esophagitis increased the likelihood of developing recumbent
reflux. Other factors like alcohol and/or carbonated beverage consump-
tion, and use of benzodiazepines at bed time have all been shown to
increase the risk for reported heartburn during sleep time [22,55].

Underlying mechanisms for sleep disturbances

The two pivotal underlying mechanisms for reduced quality of sleep and
sleep disturbances in patients with GERD are heartburn that awakens
patients from sleep during the night and short, amnestic arousals that lead
to sleep deprivation. Whilst nighttime heartburn has been perceived by
many investigators as the most important underlying mechanism for sleep
disturbances in GERD patients, recent studies have shown that acid reflux
events are more commonly encountered and often associated with short,
amnestic arousals. These arousals usually last 30 sec and tend to occur dur-
ing an acid reflux event. Most of the arousals occurred during stage 2 of
sleep and rarely during the REM period. When assessing the risks for
injury to the esophagus in patients who awake with heartburn versus
those with short arousals in response to an acid reflux event, the former
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Table 12.1 Different esophageal physiological responses to gastroesophageal reflux
during sleep (waking up with heartburn versus short, amnestic arousals).

Waking up with heartburn Short, amnestic arousals

Initiating swallows
Saliva production
Primary peristalsis
Gravitation

Esophageal acid contact time

R T S
e T T S RS

Acute antireflux therapy

Reproduced from Fass R. J Clin Gastroenterol 2007;41 (Suppl 2):5154-5159, with permission
from Lippincott Williams & Wilkins.

appears to have an important defensive etffect. Patients who awake with
heartburn can initiate swallows and thus primary peristalsis, deliver saliva
to the distal portion of the esophagus, and consume anti-reflux treatment
with an acute ameliorating effect (e.g. antacids, Gaviscon, over-the-counter
H2 receptor antagonists). In contrast, patients who respond to gastro-
esophageal reflux with only short arousal will be unable to activate these
vital esophageal defense mechanisms. leading to prolonged esophageal
acid contact time and possibly esophageal mucosal injury (Table 12.1).
Surprisingly, there is no difference in relation to the effect on sleep quality
between patients with NERD and those with erosive esophagitis [56].

As previously mentioned, the importance of the recumbent position for
gastroesophageal reflux was previously suggested. However, none of the
aforementioned studies utilized any technique to determine if the reflux
occurred primarily during the recumbent-awake or recumbent-asleep
periods. Actigraphy is a validated technique that has been shown to be
highly comparable to a polysomnographic study in determining sleep
duration and awakening in many conditions [57]. The actigraph, a watch-
like device worn on the patient’s non-dominant wrist, records motion with
an accelerometer (Figure 12.2). Subsequently, stored digital information is
downloaded and analyzed by proprietary software to yield periods of qui-
escence that can be inferred as sleep time. Thus, actigraphs can be used to
estimate the timing and duration of sleep as well as identifying periods of
wakefulness. A novel analysis software (FRIM® analysis) superimposes
simultaneously recorded actigraphy raw data over pH-collected data
matched by time. For the first time, the new, color-coordinated integrated
analysis allows determination of all pH parameters during the awake and
asleep periods in addition to the traditional recuambent and upright periods.
The integrative analysis can objectively determine recumbent-awake and
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Figure 12.2 The actigraph is a watch-like device that is worn on the non-dominant
wrist and records motion with an accelerometer that is stored digitally in the device
(Basic Motionlogger, manufactured by Ambulatory Monitoring Inc., Ardsley, NY, USA).
Reproduced from Hershcovici et al. [58], with permission from Nature Publishing
Group.

recumbent-asleep time, frequency and duration of conscious awakenings
during sleep, the relationship between conscious awakenings during sleep
and reflux events, the relationship between GERD-related symptoms and
conscious awakenings, and the presence of patients’ recall bias (inaccurate
reporting of recumbent and upright information) [58]. Using this analysis
software, the principal characteristics of reflux during the recumbent-
awake and recumbent-asleep periods were recently reassessed [59-62].
Most acid reflux events observed during the early part of the recumbent
period occurred during the recumbent-awake period [62]. There was a
significant reduction in the number of acid reflux events during the
corresponding recumbent-asleep period. This study suggests that the
recumbent-awake period is more commonly associated with increased
acid reflux events and symptom reports compared with the recumbent-
asleep period, which further supports the need to separate the two periods
during esophageal function analysis.

Overall, the recumbent-awake period was noted to be of substantial
duration. The mean duration of acid reflux events was similar among the
various periods (upright, recumbent-awake, and recumbent-asleep) [59].
However, within the recumbent-asleep period, some of the acid reflux
events occurred during conscious awakenings and others during sleep. The
mean duration of an acid reflux event that occurred during sleep was sig-
nificantly longer than the mean duration of an acid reflux event that
occurred during a conscious awakening (Figure 12.3). The results of this
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Figure 12.3 Duration of acid reflux events during sleep and during conscious
awakenings. In this example, the “A” reflux event during sleep is typically long.
However, the “B” reflux event, occurring during conscious awakenings, appears to
be of very short duration, comparable to reflux events during the upright (white
background) or recumbent-awake “C” periods. Reproduced from Poh et al. [59] with
permission from Elsevier.

study demonstrated that reflux events during the recumbent-asleep period
were heterogeneous and that their principal characteristics were dependent
upon whether the patient was asleep or consciously awake during the
reflux event.

The relationship between acid reflux events and conscious awakenings
in GERD patients was further assessed using the integrated actigraphy and
pH program [61]. Interestingly, 76% of the patients reported at least one
conscious awakening, and 47% of the conscious awakenings were associ-
ated with acid reflux events. However, only 18% of the conscious awaken-
ings associated with acid reflux events were also associated with
GERD-related symptoms (Figure 12.4). Furthermore, in 83% of the reflux-
associated awakenings, the awakening preceded the reflux event. Acid
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Figure 12.4 The relationship between conscious awakenings and acid reflux events
as well as symptoms in the GERD group (#=39). (a) The left pie demonstrates the
percentage of conscious awakenings with (purple) and without (gray) acid reflux.
The right pie depicts the percentage of symptomatic (purple) and asymptomatic (gray)
conscious awakenings associated with acid reflux events. (b) The overall percentage
of conscious awakenings associated with (purple) or without (gray) acid reflux events
and GERD-related symptoms. Reproduced from Poh et al. [61] with permission from
Elsevier.

reflux events occurring after awakening were significantly shorter than
those that preceded an awakening (occurred during sleep) [63].

The integrated actigraphy and pH testing analysis also allowed the eval-
uation of acid reflux events that occur during the transition between sleep
and awakening [60]. In this study, almost half of the patients experienced
an acid reflux event within 20 minutes after waking up in the morning.
This is in contrast to only 18% of the patients who experienced a reflux
event during the hour of sleep prior to awakening in the morning
(Figure 12.5). While changes in body position may potentially explain
these reflux events, the actigraphy-based analysis demonstrated that the
reflux events were still documented immediately after waking up in the
morning by 42% of the patients who remained recumbent after waking up.

Several recent studies were unable to demonstrate differences in sleep
architecture (i.e. the patterning of sleep stages and quantification of sleep
stages throughout the night), including conventional sleep stage summaries
and sleep efficiency (i.e. the percentage of time during the night spent
asleep) when comparing the different phenotypes of GERD or when anti-
reflux treatment has been instituted [64, 65]. However, it has been demon-
strated that spectral analysis of sleep in patients with erosive esophagitis is
characterized by a shift in the electroencephalogram (EEG) power spectrum
toward higher frequencies compared to patients with functional heartburn
(having classic GERD-related symptoms but no reflux events) [65]. The
presence of delta activity in the sleep EEG indicates the density of low-
frequency slow waves and is considered an established indicator of sleep
homeostasis. Consequently, the lower delta-power and higher alpha-power
in subjects with erosive esophagitis suggests a specific sleep physiological
difference in this group compared with those with functional heartburn.
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Figure 12.5 Percentage of gastro-oesophageal reflux disease (GERD) patients with acid
reflux events in the three evaluative time periods (1 h prior to and 10min and 20 min
after waking up in the morning). Reproduced from Poh ef al. [60] with permission from
Blackwell Publishing.

Sleep deprivation and gastroesophageal
reflux disease

In order to explore the mechanism of the association between sleep depri-
vation and GERD, Schey et al. exposed 10 healthy subjects and 10 GERD
patients to sleep deprivation (<3h) and normal sleep (=7 h) [7]. The
authors were able to demonstrate that after sleep deprivation, subjects
were significantly more sensitive to esophageal acid perfusion than after a
good night'’s sleep. This study clearly showed that sleep deprivation is likely
an important central factor that can exacerbate GERD symptoms by
enhancing perception of intraesophageal stimuli.

In another study it was demonstrated that sleep deprivation per se can
precipitate acid reflux and even result in an abnormal pH test in normal
subjects [66]. In this study, a total of 11 normal subjects without evidence
of GERD were randomized to either sleep deprivation protocol (4 h of sleep
on two consecutive nights) or good sleep protocol (at least 7h of sleep on
two consecutive nights). The mean percentage total time pH <4 was signif-
icantly higher after bad sleep compared to good sleep (5.6 versus 2.3,
P <0.05). Mean percentage upright and recumbent time pH <4 were also
higher after bad sleep compared to good sleep (4.6 versus 1.9 and 5.5
versus 2.6, respectively, P <0.05). Five (45.5%) of the normal subjects
developed an abnormal pH test after sleep deprivation (>4.2%). All pH
tests after good sleep were within the normal range.
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The aforementioned information suggests that sleep deprivation per se
may adversely atfect GERD through two mechanisms. The first is increased
esophageal sensitivity and the second is increased esophageal acid
exposure. The latter is likely due to increased food consumption observed
in sleep-deprived subjects.

Gastroesophageal reflux disease and obstructive
sleep apnea

Obstructive sleep apnea (OSA) is a breathing disorder that occurs during
sleep in which the patient experiences respiratory pauses lasting at least
10sec and occurring at least five times per hour of sleep [67]. OSA is char-
acterized by excessive daytime sleepiness, snoring, repeated episodes of
upper airway obstruction during sleep, and nocturnal hypoxemia leading
to memory problems, irritability, and depression.

The exact association between OSA and GERD remains controversial.
Kerr ef al. have demonstrated that precipitous drops in pH were frequently
preceded by arousal (98.4%), movement of the patient (71.9%), and swal-
lowing (80.4%) [68]. In this case, arousal is theorized to be caused by
increased ventilatory effort [69]. Arousal and movement may trigger gas-
troesophageal reflux by causing transient alteration in the pressure gra-
dient across the LES. Additionally, the lowered intrathoracic pressure that
accompanies OSA may by itself predispose the patient to gastroesophageal
reflux by exacerbating the LES pressure gradient. A recent physiological
investigation using concurrent high-resolution manometry, intraluminal
impedance + pH sensor, and polysomnography was performed in order to
evaluate physiological mechanisms for reflux in patients with OSA [70].
The study demonstrated that despite a decrease in esophageal body
pressure during OSA events, compensatory changes in UES and gastro-
esophageal junction pressure prevented reflux. Specifically, crural
diaphragm contractions became increasingly vigorous, augmenting the
anti-reflux barrier and preventing reflux during OSA events.

Investigators have suggested that GERD is associated with OSA and that
there might be a potential causal link between the two disorders.
Continuous positive airway pressure (CPAP) that has been shown to
improve breathing mechanics also improved GERD parameters in patients
with OSA. In one study, Tawk et al. investigated 16 patients with both OSA
and GERD [71]. Nasal CPAP treatment (titrated to reduce the Apnea-
Hypopnea Index (AHI) to <10/h) was found to normalize the esophageal
acid exposure in 81% and reduce the mean percentage esophageal acid
exposure time from 12.4% before CPAP to 6.8% on CPAP. In another study,
treatment with nasal CPAP showed dramatic reduction in the esophageal
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acid exposure (the mean percentage time pH <4 dropped significantly
from 6.3+2.1 to 0.1+0.1%) by elevating intrathoracic pressure [68].
Thirty-seven of the 52 reflux events which occurred during sleep, either an
apnea or a hypopnea, were found prior to the event.

Recent studies have failed to demonstrate a causal relationship between
OSA and GERD. In a study of 15 patients with OSA, Penzel et al. found that
in 37 of 52 reflux events that occurred during sleep, either apnea or hypop-
nea was documented prior to the reflux event [72]. The sequence in time
did not prove a causal relationship between the respiratory and reflux
events. In another study, 24-h esophageal pH monitoring was performed
in 16 patients with OSA [73]; 80% of the patients had abnormally high
esophageal acid exposure time. However, there was no relationship bet-
ween the number of reflux episodes and the severity of OSA nor a time
association between reflux and OSA episodes. Patients subjectively
reported that the quality of sleep was affected by the severity of GERD;
however, objective correlation between OSA and GERD was lacking.
Another study concluded that both conditions are common entities sharing
similar risk factors but may not be causally linked [74]. OSA is not influ-
enced by severity of GERD. Additionally, objective measures of disordered
sleep had stronger association with age, smoking, and alcohol use than
with GERD in men and stronger association with age and BMI than with
GERD in women [74]. Similarly, a study by Kim et al. could not find a rela-
tionship between OSA and GERD symptoms among 123 patients referred
to a sleep disorders center [75]. Furthermore, there was no relationship
between the severity of OSA and the likelihood of GERD symptoms.

Silent reflux and sleep

It is highly plausible that patients who experience silent reflux might be
recognized by the presence of sleep abnormalities, despite lack of reports of
typical or atypical manifestations of GERD. Recent studies have shown
that even in patients without nighttime heartburn, GER may result in
sleep disturbances and reports of reduced quality of sleep [76]. Short,
amnestic, reflux-related awakenings are not uncommon in patients with
nocturnal GER, resulting in sleep fragmentation and thus poor quality of
sleep [77]. In addition, conscious awakenings from sleep during the night
associated with acid reflux events are commonly asymptomatic [61].
Hence, sleep abnormalities and reports of poor quality of sleep could
potentially be the sole presentation of silent GERD. In a study, 81 subjects
with documented sleep abnormalities and without heartburn were evalu-
ated by two simultaneous polysomnographic sleep studies and pH testing,
separated by an interval of 10-21 days [78]. They were compared with
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39 normal subjects. The mean acid exposure time was significantly higher
(3.76 versus 0.56%) among the disturbed-sleep group than the normal
sleepers. The disturbed-sleep group required significantly longer time to
fall asleep, had less total sleep time, increased wake time after sleep onset,
and less deep sleep. There was no significant difference between the study
groups with regard to the frequency of arousal responses. The authors
speculated that silent reflux may be the cause of sleep disturbances in indi-
viduals with unexplained sleep disorders. This study illuminates an area
that has been rarely evaluated in the past: sleep disturbances as the sole
presentation of GERD. The presence of sleep disturbances and poor quality
of sleep could be the necessary clinical clues for diagnosing patients with
silent GERD. Further studies are needed to assess the predictive value of
sleep abnormalities or poor quality of sleep for silent GERD.

Therapeutic approach

Overall, therapeutic studies using proton pump inhibitors (PPI) have
shown good control of nighttime heartburn. The timing of PPI dosing may
be important for the control of nighttime GERD-related symptoms.
Recently, the effect of different dosing regimens of esomeprazole on day-
time and nighttime intragastric pH was evaluated [79]. Esomeprazole
40mg twice daily (morning and evening) provided the best nighttime
intragastric pH control (81.0%) followed by esomeprazole 40mg prior to
dinner (70.6%) (Table 12.2).

A number of studies have examined the effects of anti-reflux therapy on
sleep quality as assessed by subjective or objective parameters. In an open
label trial, Chand et al. treated 18 erosive esophagitis patients with esome-
prazole 40mg once daily for 8 weeks [80]. The authors were only able to
document improvement in subjective reports of sleep quality using the
Pittsburg Sleep Quality Questionnaire. In a study by Johnson et al., 262
patients with moderate-to-severe nighttime heartburn and GERD-related
sleep disturbances received esomeprazole 20mg or placebo each morning
for 4 weeks [81]. Patients receiving esomeprazole achieved significantly
greater nighttime heartburn relief than those receiving placebo (34.3%
versus 10.4%, P<0.001). Sleep quality (assessed by the Pittsburg Sleep
Quality Questionnaire), work productivity, and regular daily activities also
significantly improved with esomeprazole.

Other studies examined improvement in sleep quality by both objective
and subjective parameters. In one study, 42 subjects were randomized to
receive either placebo or rabeprazole 20mg twice daily for 1 week [64].
Subsequently, the patients were crossed over to the other arm. Whilst
rabeprazole significantly reduced reflux-related parameters, there was no
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difference between the drug and placebo in objective polysomnographic
measurements (percentage sleep efficiency, percentage slow-wave sleep,
percentage REM sleep, and arousals per hour). However, during rabepra-
zole treatment patients reported a significantly better quality of sleep and
reduced mean number of remembered awakenings. The authors con-
cluded that in GERD patients, anti-reflux treatment improves subjective
and not objective sleep parameters. In contrast, Dimarino et al. demon-
strated that in subjects with documented abnormal pH testing and reports
of sleep disorders, standard-dose omeprazole reduced acid reflux-related
arousals and awakenings, improved sleep efficiency, increased REM sleep,
and increased total sleep time [82]. In a large study that included 635
patients with GERD and reduced quality of sleep, treatment with esome-
prazole 40mg or 20mg daily markedly improved sleep by reducing
(83.2-84.1%) the number of days with GERD-associated sleep disturbances
[81]. Additionally, both pantoprazole 40 mg daily and esomeprazole 40 mg
daily improved sleep in GERD patients with documented sleep distur-
bances on the ReQuest™ questionnaire [83].

The efficacy and safety of dexlansoprazole medium release (MR) in
controlling daytime and nighttime GERD-related symptoms in patients
with NERD were evaluated in a 4-week, double-blind, placebo-controlled
trial [27]. A total of 947 NERD patients were randomized to dexlansopra-
zole MR 30mg, 60mg, or placebo once daily. The percentage of nights
without heartburn was significantly higher in patients receiving dexlanso-
prazole MR 60 and 30mg versus placebo (80.8% and 76.9% versus 51.7%,
respectively, P<0.00001). A subsequent study specifically evaluated the
efficacy of dexlansoprazole MR 30 mg in relieving nocturnal heartburn
and GERD-related sleep disturbances [84]. A total of 305 patients with
frequent, moderate-to-severe nocturnal heartburn and associated sleep
disturbances were randomized in a double-blind fashion to receive dexlan-
soprazole MR 30mg or placebo once daily for 4 weeks. Dexlansoprazole
MR 30mg (n=152) was superior to placebo (7=153) in median percentage
of nights without heartburn (73.1 versus 35.7%, respectively, P<0.001)
and in the percentage of patients with relief of nocturnal heartburn and
GERD-related sleep disturbances (47.5 versus 19.6%, 69.7 versus 47.9%,
respectively, P<0.001) (Figure 12.6). Treatment with dexlansoprazole MR
led to significantly greater improvement in sleep quality and work produc-
tivity and decreased nocturnal symptom severity.

Several studies specifically evaluated the effect of anti-reflux medical
treatment on intragastric pH but without correlation with clinical end-
points, like healing or symptom improvement. Immediate-release (IR)
omeprazole, a non-enteric-coated omeprazole mixed with sodium bicar-
bonate, has been shown in several studies to rapidly control nighttime
gastric pH and significantly decrease nocturnal acid breakthrough compared
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Figure 12.6 Median percentage of nights without heartburn, by baseline nocturnal
heartburn severity. P<0.001 for overall comparison between treatment groups.
Reproduced from Fass et al. [84] with permission from Blackwell Publishing.

to esomeprazole, lansoprazole, and pantoprazole [85,86]. A recent study
claimed that single-dose rabeprazole increased nighttime intragastric pH
significantly higher than single-dose pantoprazole [87]. Again, there was
no clinical correlation with these pharmacodynamic findings. Studies eval-
uating the value of adding a histamine 2 receptor antagonist (H2RA) at
bedtime to patients who failed PPI twice daily produced conflicting results
[88,89]. We are still missing a prospective, randomized, placebo-controlled
trial that assesses the role of adding H2RA at bedtime in patients who failed
PPI twice daily. It is likely that only a subset of these subjects will respond
to such a therapeutic strategy. Lastly, patients who require more than one
PPI daily to control symptoms demonstrate increase in non-acidic reflux
that also occurs during the night [90].

Although generally, PPIs are efficient in the control of nighttime heart-
burn, there are still patients with predominant nighttime GERD-related
symptoms while on twice-daily PPI therapy. It has been hypothesized that
nocturnal acid breakthrough (NAB) (defined as the presence of gastric pH
<4 for at least 1 h during the night) is the underlying pathophysiological
mechanism responsible for refractory nighttime GERD [91]. However,
studies have shown that NAB events do not demonstrate a temporal rela-
tionship with reflux-related symptoms. Furthermore, 71% of the patients
with GERD who did not respond to twice-daily PPI experienced NAB, but
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only 36% showed a correlation between symptoms and NAB [92].
Furthermore, no relationship between NAB and nocturnal heartburn has
ever been established.

The effect of anti-reflux surgery on sleep was evaluated in a small
number of GERD patients [93]. The authors primarily demonstrated
improvement in subjective reports of quality of sleep but with very little
difference in objective sleep parameters between baseline and post fundo-
plication. There was a significant increase in the fraction of the night spent
in deeper sleep (49.61 versus 58.3%, P=0.022).

Another way to treat nighttime heartburn is by addressing sleep. The
effect of insomnia treatment on nocturnal GERD was recently examined.
Gagliardi et al. administered zolpidem 10mg or placebo to 16 reflux patients
and eight control subjects in a cross-over design [94]. Polysomnography
combined with esophageal pH testing was performed during each treatment
arm to assess nocturnal acid exposure and sleep arousals. Zolpidem was
not associated with a significant change in the number of acid reflux events
in each group. However, reflux events were associated with arousal or
awakening for 40% of the time when zolpidem was administered com-
pared with 89% when subjects received placebo (P<0.01). This lack of an
arousal response with zolpidem waned after the first 3h post drug
administration. Zolpidem significantly increased the esophageal acid
clearance times for individual acid reflux events (P<0.05). The results of
this study indicate that hypnotic therapy with zolpidem prolongs nocturnal
esophageal acid clearance time, probably secondary to the inhibition of the

CASE STUDY

A 48-year-old woman, mother of three and busy social worker, is seen by her primary
care physician for heartburn that has affected her for the last 4 years. The patient
reports almost daily symptoms, primarily after meals and about 3—-4 times a week
heartburn that awakens her from sleep during the night. Symptoms have worsened in
the last 6 months. Besides high blood pressure, which is treated with a calcium channel
blocker, the patient’s medical history is otherwise unremarkable. The patient’s BMl is 30.
She is usually very busy during working hours and tends to eat outside her working
place. A recent upper endoscopy was unremarkable. The patient is initiated on one PPI
per day, taken 30 min before breakfast. Whilst her daytime symptoms completely
resolve, breakthrough GERD symptoms during sleep continue to affect her, up to three
times a week. A weight loss program is recommended, in addition to other lifestyle
modifications. However, the patient is unable to lose weight and continues to report
nighttime breakthrough GERD-related symptoms. The patient is instructed to avoid
going to bed less than 3 h after the last meal of the day. In addition, she is
recommended to eliminate her recumbent-awake period and avoid falling asleep in the
right decubitus or supine positions. However, only the introduction of a second PPI
30min before dinner results in complete resolution of her breakthrough symptoms
during sleep.
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centrally mediated sleep arousal acid clearance mechanisms. However, the
conclusions of this study should be addressed with caution due to the small
number of patients evaluated. Moreover, these conclusions may be irrele-
vant to other classes of hypnotics. Further studies are necessary to evaluate
the effect of hypnotic medication on nighttime GERD-related symptoms.

Summary

Nocturnal heartburn is very common, affecting most of the patients with
GERD. However, patients may not report nocturnal symptoms, unless spe-
cifically asked. In a subset of GERD patients nocturnal symptoms may not
be present, but patients may display other manifestations of nocturnal gas-
troesophageal reflux such as nighttime choking, cough, and wheezing as
well as sleep disturbances. The latter may be the sole manifestation of
GERD, even in patients who do not report nighttime awakenings due to
heartburn.

The recent introduction of the integrated pH testing and actigraphy data
analysis program offers better separation of the recumbent-awake and
recumbent-asleep periods. Studies using this technique have shown that
sleep, and not recumbency, has a greater impact on gastroesophageal reflux
during the night. The physiological studies are further supported by clinical
trials demonstrating that gastroesophageal reflux characteristics during the
recumbent-awake period are similar to those in the upright rather than the
recumbent-asleep period. Overall, proton pump inhibitors appear to be an
effective therapeutic modality in controlling nocturnal heartburn symp-
toms and reports of sleep disturbances in most heartburn sufferers.
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CHAPTER 13
Aerophagia and Belching

Albert J. Bredenoord

Department of Gastroenterology, Academic Medical Centre, Amsterdam, The Netherlands

Key points

¢ Two types of belching can be distinguished: gastric and supragastric belching. Both
can be detected with impedance monitoring.

e Excessive belching is a behavior disorder in which patients have episodic high-
frequency supragastric belching.

o Excessive belching can be treated with speech therapy or behavior therapy.

e Aerophagia is a rare disorder in which too much air is ingested, and the accumulation
of air in the stomach and intestines causes abdominal distension and bloating.

¢ In aerophagia, impedance monitoring shows excessive air swallowing and on a plain
abdominal radiograph, distended bowel loops but no air—fluid levels are seen.

¢ Aerophagia can be treated with lifestyle measures such as avoidance of carbonated
drinks and smoking cessation, and with speech therapy.

Potential pitfalls

Excessive belching should be differentiated from other disorders accompanied by belching:
¢ gastroesophageal reflux disease

¢ aerophagia

e functional dyspepsia

e irritable bowel syndrome

e acute pancreatitis

¢ cholecystolithiasis

e peptic ulcer disease.

Aerophagia should be differentiated from other disorders accompanied by gas-related
symptoms:

e excessive belching

e functional dyspepsia

e irritable bowel syndrome

e bacterial overgrowth

e paralytic or mechanical ileus

e constipation

e lactose intolerance.
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Introduction

In normal conditions, a certain volume of air or gas is present in the various
compartments of the gastrointestinal tract such as the stomach, intestines
and colon, as can be seen in abdominal radiographs. With every swallow,
air enters the esophagus and is transported towards the stomach along
with the peristaltic wave in the esophagus. Depending on position, gastric
and antroduodenal motility and presence of other intragastric factors, this
intragastric air is eventually transported towards the small bowel or leaves
the stomach through belching. Gas can also be released intragastrically
from ingested foods and drinks, such as beverages containing carbon
dioxide. In the small intestine and colon, gas is usually the result of bacte-
rial fermentation of luminal contents. Most intragastric gas escapes the
gastrointestinal tract proximally in the form of belches and most intestinal
and colonic gas leaves the body in the form of flatus.

Although the presence of some gastrointestinal air is thus normal, very
large volumes of gastrointestinal gas may lead to symptoms such as bloat-
ing and abdominal distension. When this is thought to be related to exces-
sive air swallowing, this disorder is referred to as aerophagia, which in
Greek means “air eating.” Aerophagia can be accompanied by excessive
belching, but excessive belching can also occur as an isolated symptom or
in combination with gastroesophageal reflux disease (GERD) and functional
dyspepsia.

In this chapter we review the pathophysiology, diagnosis, and treatment
of aerophagia and excessive belching and will describe how these syn-
dromes differ from GERD.

Air swallowing and belching

Belching is usually defined as audible escape of air or gas from the esoph-
agus into the throat. Mostly, this air has reached the esophagus from the
stomach (gastric belch), but not necessarily so. The air can also come from
the throat, reach the esophagus and be expelled from the esophagus in a
retrograde direction again. This is referred to as supragastric belching, as
the air does not originate from the stomach and does not reach the stomach
at all.

Thus, with each swallow, a certain volume of air is ingested [1]. The
swallowed air mixed with swallowed saliva and food is pushed towards the
stomach by the peristaltic contraction wave and the swallowed mixture
moves through the relaxed lower esophageal sphincter (LES) and falls into
the stomach [2]. Relaxation of the proximal stomach upon arrival of the
bolus ensures accommodation of the swallowed volume without an
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increase in gastric pressure (receptive relaxation). The ingested air
accumulates in the proximal stomach.

When gas or air is swallowed in a soluble state, such as during con-
sumption of carbonated beverages, the gas is released in the stomach and
the law of gravity means that it will accumulate in the highest part of the
stomach, which is the proximal stomach. This results in dilation of the
proximal stomach and subsequent activation of the vagal nerve through
stretch receptors in the gastric wall [3-5]. Activation of the dorsal motor
nucleus of the vagal nerve activates efferent nerves that follow the vagal
and phrenic nerves and result in relaxation of the LES and crural part
of the diaphragm [6]. This reflex is called a spontaneous or transient
LES relaxation (TLESR) as it is not initiated by a swallow, in contrast to
swallow-induced LES relaxations. It is now possible for the intragastric air
to escape from the stomach and this air will reach the esophageal body.
Rapid dilation of the esophageal body, such as occurs with gaseous reflux,
will be followed by relaxation of the upper esophageal sphincter and the
intraesophageal content can now escape [7, 8]. It is thought that the
velocity and volume of the reflux are important as a slower and larger
dilation of the esophageal body, as caused by liquid reflux, will trigger
secondary peristalsis, which will push the refluxed material back to the
stomach [9].

The escape of air out of the esophagus often causes vibrations of pharyn-
geal and laryngeal structures and can therefore be audible, but this is not
necessarily so. Belching is thus not always audible. In the upright position,
the highest point of the stomach is the proximal stomach. However, in the
supine position, this is not the case and the majority of stretch receptors in
the proximal stomach will not be activated by the swallowed air. Swallowed
air will thus not activate the gastric venting reflex and less belching will
occur [10]. Swallowed air is more likely to reach the intestines in a recum-
bent subject.

Belching and reflux

In patients with GERD, belching is a frequent symptom [11]. TLESRs are
the underlying mechanism of the majority of both liquid and gas reflux
episodes and therefore reflux and belching occur through the same mech-
anism. When one considers a TLESR mainly as a belch reflex, a consequence
would be to consider liquid reflux during TLESRs as an unwanted side-
effect of this reflex. Indeed, it has been suggested that liquid reflux is
secondary to reflux of gas during a TLESR [12]. From this, it would follow
that venting of gastric gas would facilitate acid reflux. With impedance
monitoring, transport of gas and liquid in the esophagus can be monitored
and with this technique it has been shown that most reflux episodes indeed
consist of both a liquid and gaseous component [13].
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However, when studying the onset of reflux episodes in patients with
GERD, it was observed that liquid followed gas reflux just as frequently as
gas followed liquid reflux. This does not support the hypothesis that liquid
reflux simply follows gastric venting of air. Furthermore, with impedance
monitoring, a accurate estimation can be made of whether a swallow con-
tains a significant volume of air (air swallow) or whether little air is present
(Figure 13.1). With this technique, we have studied the relationships bet-
ween the frequency of air swallowing, the size of the intragastric air bubble,
the occurrence of belching, and acid reflux in patients with GERD and
healthy volunteers [14,15]. Both the size of the intragastric air bubble and
the number of belches were found to be related to the frequency of air
swallowing. This implies that more air swallowing leads to more intragas-
tric air and more belching. However, we did not find a relationship bet-
ween the occurrence of acid reflux and air swallowing, indicating that the
intake of air is not related to reflux of acidic liquids. Also, no relationship
was found between the occurrence of acid reflux and the size of the intra-
gastric air bubble or the number of belches.

From this it follows that belching and reflux of liquids are not related, at
least not directly. A consistent finding, however, is that GERD patients
swallow air more often and belch more frequently than asymptomatic
controls [14,16,17]. Treatment with a proton pump inhibitor (PPI) reduces
the number of swallows in patients with reflux-related symptoms but not
in other subjects. Perhaps the unpleasant sensation of heartburn stimu-
lates patients to swallow more and take larger gulps with swallowing [16].
Other explanations for excessive belching in patients with GERD are avail-
able. Some patients with GERD report heartburn during reflux episodes of
pure gas reflux [18]. It is possible that gastroesophageal reflux of gas causes
significant distension of the esophageal body which subsequently can
trigger heartburn and chest pain [19,20].

Evaluation and management of belching

in gastroesophageal reflux disease patients

There is no guideline or evidence-based approach for the evaluation and
management of symptoms of belching in patients with GERD. Ambulatory
pH impedance monitoring can confirm the diagnosis of GERD and show
increased air swallowing and gaseous reflux. It can also help to distinguish
between excessive supragastric belching and regular gastric belching.
However, if belching is not excessive and the diagnosis of GERD has been
established, no additional testing is required.

Regarding treatment, it seems sensible to advise patients to eat more
slowly, reduce the intake of beverages containing carbon dioxide, avoid
chewing gum, and stop smoking. Since air swallowing and belching can be
secondary to heartburn, a logical first step in medical treatment is to initiate
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test treatment with a PPI. Anti-reflux surgery will reduce the frequency of
belching but will induce symptoms of bloating and abdominal distension
because of the inability to belch and is therefore relatively contraindicated.
A similar effect is likely to result from pharmacological inhibition of TLESRs
such as can be induced with the gamma-amino butyric acid (GABA) B
receptor agonist baclofen [21].

Belching and functional dyspepsia

Patients with functional dyspepsia often complain of frequent belching.
Indeed, these patients swallow air more frequently and have more belches
compared to controls, as measured on 24-h impedance monitoring
[22-24]. Tt is suggested that the increased belching frequency is secondary
to the observed increase in air swallowing, and in line with GERD, this is a
reaction to unpleasant gastrointestinal sensations. Increased belching in
organic painful disorders such as acute pancreatitis, peptic ulcer disease,
and cholecystolithiasis can also be the result of a reaction to abdominal
pain, but this has not been studied so far. In these disorders, one should
therefore focus on pain relief and it is likely that the increased prevalence
of belching will respond as well.

Isolated excessive belching

Occasionally, patients complain of isolated excessive belching. These
patients can belch loudly and repetitively, up to several times a minute, and
often demonstrate this in the clinic during consultation. Reflux symptoms
and dyspepsia can be present as well but these symptoms are generally not
predominant and not spontaneously mentioned by the patient. Isolated
excessive belching is accompanied by a pronounced reduction in health-
related quality of life, particularly in the domains of social functioning and
mental health, which can be explained by the social isolation related to
excessive belching. Although it has been suggested that personality and
psychiatric disorders are common in these patients, there is little evidence
for the presence of depression and anxiety in the majority [25,26].

The belching pattern in patients with isolated excessive belching is dis-
tinct from belches in healthy subjects and belches in patients with GERD
and other disorders. As mentioned above, normally a belch is the result of
the escape of gas from the stomach through the esophagus to the throat,
the so-called “gastric belch” (Figure 13.2a). The frequency of these gastric
belches is not increased in patients with isolated excessive belching.
However, they demonstrate an increase in so-called “supragastric belches”
which are belches that result from a rapid inflow of air from the pharynx
into the esophagus where it is expelled again in the oral direction within a
second [27]. The air thus does not originate from the stomach and does
not reach the stomach and therefore these belches are referred to as
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“supragastric” or “esophageal” belches [28]. These belches are not the
result of air swallowing; instead, the mechanism of belching is different
and does not initiate the peristaltic contraction that usually follows
swallowing. First, air is injected into the esophagus through contraction of
pharyngeal muscles or suction into the esophagus through contraction of
the diaphragm with opening of the upper esophageal sphincter. After the
air has entered the esophageal body, straining is initiated to expel the
trapped air in a retrograde direction (Figure 13.2b). While this behavior
can be performed intentionally, it is currently believed that patients with
isolated excessive belching have somehow lost control of their belching
behavior. It thus seems that belching behavior, often initiated purposely to
relieve sensations of bloating, becomes involuntary and excessive.

Impedance monitoring can be used to demonstrate supragastric belches
and confirm the diagnosis of isolated excessive belching. When this is
combined with esophageal manometry, the mechanism of air introduction
into the esophagus (injection or suction) can be visualized as well but this
is not required to make a diagnosis.

Sometimes this disorder of excessive belching is referred to as aerophagia,
which in Greek means “air eating.” However, since the air is not “eaten”
or swallowed, this is not a correct term for this disorder. In the Rome III
criteria, a distinction has been made between excessive belching and true
aerophagia, in which air is really swallowed and transported to the stomach
and more distally to the intestines [29].

As mentioned above, it is thought that excessive belching is a behavior
disorder, and that patients have somehow lost control over an initially
voluntary action. One hypothesis is that patients initially used supragastric
belching as a futile effort to vent gastric air, for example to relieve symp-
toms of bloating. The patients who consult for excessive belching have lost
control over this behavior. This is supported by a study in which the effect
of distraction and stimulation on the frequency of belching was investi-
gated [30]. When the patients were unaware of being monitored, the
frequency of belching was significantly lower than during the period
after which they were informed of being measured. During distraction,
the frequency of belching decreased again. This study thus supports the
hypothesis that suction and injection of air into the esophagus during
supragastric belching is a behavior disorder.

Evaluation and management of isolated excessive belching.

Excessive belching disorder can be a clinical diagnosis, based on the history
and observation of excessive belching in the clinic. In the presence of other
symptoms such as dysphagia, gastroscopy can be useful to exclude other
diseases. In the case of diagnostic uncertainty, impedance monitoring can
be helpful to distinguish between gastric and supragastric belching.
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| Symptoms of excessive belching |

v

Yes
| Alarm symptoms |—>| Upper endoscopy |

No

v

| 24-h pH-impedance test I Pathological reflux » Treat reflux

Frequent supragastric belching

A

Speech therapy
and/ or behavior
therapy

Figure 13.3 Algorithm for excessive belching.

Therapy for excessive (supragastric) belching is difficult and little evidence
exists to support the various treatment strategies reported in the literature.
We suggest the following approach (Figure 13.3), in which reassurance
by explaining the cause of belching is the first step. In addition to this,
some physicians demonstrate to patients that they can belch intentionally
themselves, in order to show the patients that supragastric belching can be
controlled [31]. A second step would be behavior therapy, given that
excessive belching is suggested to be a behavior disorder. During behavior
therapy, it is explained to patients that excessive belching is a self-induced
learned behavior and that it is therefore possible to gain control of this
behavior again [32, 33].

Speech therapy may be an alternative to behavior therapy. After a
laryngectomy, it becomes impossible to speak as the vocal cords are resected.
These patients are taught to speak by means of belching which is called
esophageal speech. In order to learn to belch intentionally, speech therapists
teach these patients the above described suction and injection methods
[34]. As it is possible to use speech therapy to teach laryngectomized
patients to perform supragastric belches, it would perhaps also be possible
for patients with excessive belching to “unlearn” this behavior. We referred
11 patients to a speech therapist who is familiar with the concept of supra-
gastric belching [35]. A visual analog scale completed before and after 10
sessions of therapy showed that patients significantly benefitted from this
therapy. Six patients reported a large decrease in symptoms and four
reported a modest decrease.

Prescription of gas-reducing drugs such as simethicone and dimethicone
seems not useful for the treatment of excessive belching given that the
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volume of gastrointestinal gas is not thought to play a role in excessive
supragastric belching. Therefore, avoiding beverages containing gas is not
very helpful either. Anecdotal reports describe promising results with
hypnosis and biofeedback therapy [36,37]. In cases where excessive
belching is secondary to a psychiatric disorder, it seems advisable to treat this
first [38].

Inability to belch

The importance of the belch reflex is illustrated by the consequences that
follow the inability to belch that can occur in certain situations. During
anti-reflux surgery such as a Nissen fundoplication, the gastric fundus is
wrapped around the distal esophagus. This makes dilation by air of the
proximal stomach impossible and results in a very large reduction of the
TLESR frequency. Sometimes, belching will become completely impossible
[39-41]. This results in the desired reduction of reflux episodes but also in
an unwanted total reduction of the capacity of the stomach to vent exces-
sive intragastric air, which results in bloating, abdominal distension and
increased flatulence (see Chapter 6).

It has been shown that a self-reported ability to belch does not guarantee
that a patient can truly vent gastric air [42]. Often, symptomatic patients
develop supragastric belching in a futile effort to evacuate gastric air and to
find relief of their symptoms, and gastric belches do not occur. It also hap-
pens that patients report that belching has become impossible after surgery
but impedance monitoring shows a reduced rate but not total absence of
gastric belching. Only the presence or absence of gaseous gastroesophageal
reflux found with impedance monitoring is reliable in making a diagnosis
here. Treatment of these symptoms is difficult and pneumatic dilation is
not effective. In very severe cases dismantling of the fundoplication wrap
can be required.

Aerophagia

Aerophagia is the syndrome in which patients swallow air in too frequent
and/or in too large quantities, resulting in an excessive volume of gas in
the stomach, small bowel, and colon. Extreme aerophagia, even with fatal
consequences, has been reported in mentally retarded children but aero-
phagia also occurs in otherwise healthy adults [43,44]. Usually, symptoms
of abdominal distension, bloating, abdominal pain, flatulence, and belch-
ing are reported. A high percentage of patients suffer from constipation,
although it is unclear how this is related to the aerophagia. On plain
abdominal radiographs, a large volume of gas is seen in the gastrointestinal
tract in the absence of airfluid levels or other signs of ileus [29] (Figure 13.4).
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Figure 13.4 Abdominal radiograph of a patient with aerophagia showing a large
volume of intestinal air but no air-fluid levels.

Evaluation and management of aerophagia

A diagnosis of aerophagia can be made with esophageal impedance moni-
toring, in which excessive air swallowing and a high frequency of gastric
belching are observed but no supragastric belching [45]. Sometimes, the
onset of the air swallowing in aerophagia is acute and transient, for
example induced by an emotional event [46]. Not infrequently, patients
with such episodes undergo multiple exploratory laparotomies, driven by
the suspicion that an ileus or acute abdomen is present.

Similar to excessive belching, an evidence-based treatment approach is
lacking. A logical treatment for these patients would be speech therapy, with
a different approach compared to the patients with excessive supragastric
belching. The aim of therapy for patients with aerophagia would be to
reduce the frequency of air swallowing, in contrast to the intended reduction
of supragastric belches in patients with excessive belching. Although avoid-
ing gas-containing beverages will not solve the underlying disorder, it may
help to reduce the volume of intraintestinal gas and alleviate symptoms.
Drugs such as simethicone and dimethicone reduce the surface tension and
therefore reduce gas formation in the intestines. These drugs can thus theo-
retically be helpful in patients with true aerophagia, although this has never
been tested in a systematic way. Furthermore, since smoking is suggested to
increase air swallowing, it is advisable to stop this habit (Figure 13.5).
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| Symptoms suggestive of aerophagia |

* Normal -
| Abdominal radiograph Dyspepsia, IBS

v

Large volume of air in intestines
Normal
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lleus? | 24hr pH-impedance test Ii

Excessive air swallowing

CT scan, etc Aerophagia

Treatment: lifestyle measures,
speech therapy

‘

Figure 13.5 Algorithm for aerophagia. CT, computed tomography; IBS, irritable bowel
syndrome.

Besides patients with true aerophagia, intestinal gas can cause symptoms
of distension and bloating in other subjects. In 90% of patients with
irritable bowel syndrome, bloating and abdominal distension are reported.
It has been suggested that at least part of this problem is caused by intestinal
air [47,48]. An increased volume of air, hypersensitivity to intestinal
distension and a different distribution of intestinal air are found. The
underlying mechanisms are heterogeneous and differences in intestinal
transit, sensitivity, food intolerance, bacterial overgrowth, and sugar mal-
absorption are suggested to play a role [47,49]. Air swallowing is not
suspected to play an important role in irritable bowel syndrome and speech
therapy is thus not useful for these patients.

Summary

Belching is a physiological phenomenon and is defined as sometimes audible
gastroesophagopharyngeal reflux of gas. Belching is only pathological when
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it becomes bothersome or excessive. Excessive belching is a common
symptom, which is often seen in patients with functional dyspepsia,
choledocholithiasis, and GERD. In these disorders, other symptoms are
usually predominant. A small group of patients complain of isolated excessive
and repetitive belching. These patients suffer from a behavior disorder, as
they involuntary apply suction or inject air into the esophagus from the
pharynx and expel this air immediately afterwards in a retrograde direction.
This behavior is called supragastric belching and can be treated by a
well-informed speech pathologist.

Although the presence of intestinal gas plays a role in various disor-
ders, including irritable bowel disorder, the term “aerophagia” should
only be used for patients with objectively demonstrable excessive air
swallowing and excessive amounts of intestinal gas visualized on a plain
abdominal radiograph. The primary symptoms of patients with aero-
phagia are bloating and abdominal distension, while belching is less pre-
dominant. It is important to differentiate aerophagia from a mechanical
or paralytic ileus, and avoid unnecessary surgery in these patients.
Treatment of aerophagia is with speech therapy and the prognosis is
generally good.

CASE STUDY

A 43-year-old office worker presented at our outpatient clinic with symptoms of
episodic belching. He mentioned that these belch attacks never occurred during work
time but mostly started when he was driving home after work. He admitted that he
considered his job very stressful, although he denied a direct relationship between
stress and his symptoms. There was some epigastric fullness as well but no heartburn,
regurgitation or dysphagia. A few years ago he was diagnosed with fibromyalgia but
further history was negative.

The patient’s general practitioner prescribed omeprazole 20 mg and domperidone
but both were not considered very useful by the patient and he took these medicines
only occasionally. A recently performed upper endoscopy was negative and an
ultrasound scan of the abdomen revealed no abnormalities.

The patient underwent an ambulatory 24-h impedance pH monitoring test which
revealed a physiological esophageal acid exposure time (time pH <4=3.1%) and no
statistical relationship between his symptoms and acid or weakly acidic reflux.
However, manual analysis of the tracings showed several periods with repetitive
supragastric belching. In total, more than 100 supragastric belches were detected in
a 2-h period.

The patient was diagnosed with excessive supragastric belching and referred to a
dedicated speech therapist. Although he gained more control over his belching
behavior in the following months, there was no complete resolution of the belching
episodes.
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Key points

¢ Gastroesophageal reflux disease may induce structural and physiological changes
in the esophagus which can cause dysphagia.

e [nitial evaluation requires thorough history and physical examination in order to
identify the etiology of dysphagia.

¢ Esophagogastroduodenosopy allows direct visual inspection of the esophageal lumen
and mucosa, localization of mechanical obstruction, and therapeutic and diagnostic
interventions.

e Barium esophagram and esophageal manometry are often necessary for diagnosis
of motility and structural causes of dysphagia not identified by
esophagogastroduodenosopy.

¢ Once the underlying cause of dysphagia has been treated, it is important for the
patient to remain on treatment to control reflux and prevent recurrence.

Potential pitfalls

e Failing to distinguish between oropharyngeal and esophageal dysphagia, as
gastroesophageal reflux disease is a common cause of the latter but not the former.

e Failing to pursue further testing by esophagram or manometry when esophagogas-
troduodenosopy is normal, as endocopy may miss proximal structural or motility
causes of dysphagia.

e Assuming that therapeutic failure of any single proton pump inhibitor or H2 blocker
medication for treatment of gastroesophageal reflux disease means that other similar
drugs will not work. Many patients will respond favorably to other drugs in these

medication classes.
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Edited by Marcelo E Vela, Joel E. Richter and John E. Pandolfino.
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Introduction

Gastroesophageal reflux disease (GERD) is caused by the retrograde flow
of stomach contents into the body of the esophagus caused by chronic
hypotension or by transient relaxation or effacement of the lower esopha-
geal sphincter. GERD may cause inflammation of the esophagus leading to
the typical symptoms of heartburn and acid regurgitation. Some patients
with GERD may also develop difficulty with swallowing. Dysphagia refers
to the sensation of difficult passage of organic materialfrom the mouth
to the stomach. The word “dysphagia” can be traced from the root origins
of the Greek words “dys” meaning “difficulty” and “phagia” meaning “to
eat.” The sensations described by patients encompass a wide variety of com-
plaints ranging from inability to transfer material from the mouth into the
pharynx or esophagus to feeling that food is “getting stuck” in the esoph-
agus. There is also a wide range of co-existing symptoms which may occur
with dysphagia such as immediate regurgitation, pain with swallowing
(odynophagia), heartburn, or weight loss.

It is estimated that 5-8% of the general population over the age of
50 years may experience dysphagia but the incidence continues to increase
with age, as up to 50-60% of patients in nursing homes and other chronic
care facilities report this symptom [1]. Dysphagia should be considered as
an alarm symptom warranting immediate evaluation, primarily to exclude
a malignant etiology.

Dysphagia can be classified into two main types: oropharyngeal and
esophageal. Oropharyngeal dysphagia, also known as “transfer dysphagia,”
refers to an abnormality in the delivery of oral contents to the proximal
esophagus. For adequate bolus transfer from mouth to esophagus, the bolus
must pass across a relaxed upper esophageal sphincter via coordinated
contractile movements of the pharynx. Symptoms of oropharyngeal dys-
phagia occur almost immediately after swallowing. Patients may describe
sensations due to abnormalities of the oral phase (food spillage, drooling)
or the pharyngeal phase which may include failure to protect the airway
(choking, coughing, gagging). They are also often able to localize the area
of the neck or pharynx as the region of their difficulties. The presence of
oropharyngeal dysphagia warrants careful structural and neurological
evaluation. Residual neurological deficits following a cerebrovascular
accident are often the cause of oropharyngeal dysphagia although cranial
nerve palsies, myositis, amyotrophic lateral sclerosis (ALS), Parkinson’s
disease, and muscular dystrophies also remain in the differential diagnosis.
With symptoms of regurgitation of undigested food, halitosis, and aspira-
tion, structural abnormalities such as Zenker’s diverticulum must also be
considered [2].
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Esophageal dysphagia refers to difficulty swallowing that is attributable
to dysfunction or obstruction within the body of the esophagus. Mechanical
causes or motility abnormalities most often lead to this type of dysphagia.
This chapter focuses on evaluation and management of GERD-related
causes of esophageal dysphagia.

Evaluation

The first and most important aspect in the evaluation of dysphagia is the
patient history. It is imperative to enquire about whether the dysphagia
is (a) for liquids, solids or both; (b) intermittent or progressive; (c) oropha-
ryngeal as opposed to esophageal. As previously discussed, oropharyngeal
dysphagia is usually described as an immediate difficulty of initiating a
swallow localized to the pharyngeal region and characterized by choking,
coughing or gagging. On the other hand, esophageal dysphagia is more
commonly described as the sensation of the bolus “getting stuck behind
the breastbone” (in the esophagus) moments after initiating a swallow.
Once esophageal dysphagia is suspected, the type of food producing
symptoms should be ascertained. Dysphagia caused by solids is largely
attributable to mechanical obstructions whereas dysphagia to solids and/
or liquids is more commonly associated with motility disorders. Next, the
temporal relationship or progression of symptoms must be determined.
Intermittent dysphagia for solids and liquids may be indicative of a motility
disorder such as ineffective esophageal motility (IEM), diffuse esophageal
spasm (DES) or nutcracker esophagus. Progressive dysphagia with weight
loss, regurgitation, and aspiration is a constellation of symptoms seen with
motility disorders such as achalasia, which is not associated with GERD.
Determining the location of a mechanical obstruction by the patient’s
description of symptoms is not very accurate. In general, patient perception
of obstruction located down the sternum has good localization with a
disorder involving the distal esophagus whereas perceived obstruction
at or above the suprasternal notch may represent referred sensation from
an obstruction anywhere from the pharynx to the distal esophagus [3].
Esophageal rings and webs produce intermittent dysphagia to solids.
Progressive solid food dysphagia is encountered with strictures, esophageal
and gastric cardia cancers, and occasionally with esophagitis. Esophageal
and gastric cardia cancers may be differentiated from strictures in that the
solid food dysphagia which occurs with malignancy is often quite rapid in
onset, progressive, and associated with marked weight loss. The presence
of heartburn may also be helpful in identifying the etiology of dysphagia.
Progressive solid dysphagia in a patient with long history of heartburn may
be found with both peptic stricture and erosive esophagitis. Eosinophilic
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esophagitis may be the cause of dysphagia in a young adult which may
also present with an initial symptom of food impaction [4].

After the history and physical examination have identified possible
causes of dysphagia, the next diagnostic tool must be selected.
Esophagogastroduodenoscopy (EGD) is the initial test of choice for esophageal
dysphagia in that it allows thorough inspection of the esophagus and mucosa,
localization of possible mechanical obstruction, and diagnosticand therapeutic
interventions. If EGD is negative, further evaluation includes barium esopha-
gram to rule out subtle causes of obstruction such as rings or webs which may
be missed during endoscopic evaluation, along with esophageal manometry
to investigate dysmotility. Barium esophagram may also be the preferred
initial test in patients with a clinical presentation suggestive of a proximal
esophageal lesion (such as previous laryngeal surgery/cancer, Zenker’s
diverticulum, radiation therapy) or a complex stricture (radiation exposure
or caustic injury), as in these cases EGD may be safer once the expected
anatomy is delineated by the esophagram. In addition, esophagram findings
consistent with achalasia in a patient with history suggestive of this disorder
would also warrant an esophageal manometric evaluation for diagnostic
confirmation prior to proceeding to EGD. Computed tomographic (CT) and
endoscopic ultrasound (EUS) studies may also be of diagnostic benefit in the
evaluation of esophageal and gastric cancers (Figure 14.1).

GERD-related esophageal dysphagia

Solids & Solids
liquids only
Motility problem Structural problem
Heartburn & Acute Intermittent Progressive
regurgitation l l
l l GERD >50
Progressive Intermittent sx’s years

l l Lo

Scleroderma IEM Esophagitis Rings & webs Stricture Cancer

Barium

esophagram &
manometry

Figure 14.1 Evaluation of esophageal dysphagia. EGD, esophagogastroduodenoscopy;
GERD, gastroesophageal reflux disease; IEM, ineffective esophageal motility.
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Causes of dysphagia associated with
gastroesophageal reflux disease

All GERD-associated causes of dysphagia fall into the category of esopha-
geal dysphagia and the differential diagnosis is as follows.

e Peptic strictures

e Rings and webs

¢ Esophageal adenocarcinoma

¢ Esophagitis (erosive and eosinophilic)

e Ineffective esophageal motility (IEM)

e Scleroderma

Peptic stricture

An esophageal peptic stricture is usually a short, focal, and straight
narrowing of the esophageal lumen located near the gastroesophageal
(GE) junction (Figure 14.2). Although strictures may be produced as a
result of many different injuries such as caustic, pill or radiation-induced
damage, the vast majority occur as a consequence of long-standing GERD.
Approximately 4-20% of patients with GERD undergoing endoscopy are
found to have peptic stricture. With the current widespread use of proton
pump inhibitors (PPIs), the prevalence of peptic strictures has decreased
[5]. The mechanism of stricture formation centers on collagen deposition
which occurs during the healing phase of esophageal injury. As acid gastric
contents move past the GE junction, they damage the columnar esopha-
geal mucosa, producing an inflammatory state. After this initial injury,
collagen is deposited during the healing phase. As healing continues, the
esophageal mucosa narrows as the collagen fibers contract to form a peptic
stricture. Conditions which may increase the incidence of GERD such as
scleroderma, Zollinger—Ellison syndrome, and Heller myotomy in achalasia
patients as well as increased age and long duration of GERD symptoms
increase the overall incidence of peptic strictures [6].

The most common symptom of peptic stricture is dysphagia. Dysphagia
occurs as the esophageal lumen narrows to <13 mm [7]. Patients fre-
quently first experience solid food dysphagia which may progress to liquid
dysphagia and possible food impaction if acid control is not obtained. As
stricture formation is most commonly associated with long- standing
GERD, patients will usually have a history of chronic heartburn, indiges-
tion or acid regurgitation. The initial diagnostic test should be EGD as it
enables visual inspection and localization of the injury. This test may
also provide the opportunity for treatment through balloon or bougie
dilation, which may be repeated if an optimal diameter and symptomatic
relief are not achieved after a single dilation. Barium esophagram or
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Figure 14.2 Midesophageal peptic
stricture.

CT studies may also be of diagnostic utility but they do not provide the
benefit of dilation therapy.

Treatment of simple peptic strictures is a two-fold approach which
includes endoscopic dilation along with pharmacological acid suppression
to maintain healing and prevent recurrence. The pharmacological and
surgical treatments for GERD are discussed elsewhere in this book.
Dilation may be performed by bougie or balloon-type dilators. Subtypes of
mechanical bougie dilators include the Maloney and Savary-Gilliard dila-
tors. The Maloney dilator is tapered and comes in various sizes, and does
not require passage over a guidewire. The Savary-Gilliard dilator is the
most widely used dilator which is also tapered and available in multiple
sizes but does require passage over a guidewire. Both types of mechanical
dilators allow for both longitudinal and radial force to be applied to the
stricture for stretching [8].

Balloon dilators are passed through the endoscope or over the guidewire
but only provide for radial force to be applied to the stricture. The so-called
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Figure 14.3 Schatzki’s ring.

“rule of three” is commonly used in clinical practice as a means of reducing
the risk of dilation-related esophageal perforation. Typically, mechanical
dilation should be limited to the use of no more than three successively
larger dilators, starting with the balloon or bougie size to which resistance
is encountered. Dilation sessions may be repeated weekly if the patient
remains symptomatic. More complex strictures are often related to condi-
tions such as esophageal tumors, radiation injury, and tracheoesophageal
fistula, and may require further intervention such as esophageal stenting,
incisional therapy or surgery [9].

Rings and webs

Esophageal rings and webs are thin structures which traverse the
esophageal lumen, potentially impeding bolus transit. Rings may be
either mucosal or muscular, solitary or multiple. The most common GERD-
associated phenomenon of this category is the solitary, mucosal ring first
described by Richard Schatzki in the 1950s (Figure 14.3). Schatzki’s rings
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are thin, webbed structures found in the lower esophageal region at the
squamocolumnar junction [10]. They are evident in 6-14% of barium
esophagrams but may account for >15% of cases of esophageal dysphagia.
Rings do not commonly cause dysphagia until the ring diameter constricts
to <13 mm. The pathogenesis leading to the formation of these rings is
not entirely clear, but GERD may play a role as reduction in esophageal
acid exposure in conjunction with dilation procedures has been shown to
decrease the risk of recurrence in several studies. Some investigators
propose a congenital origin as opposed to that of reactive formation in the
setting of chronic GERD. In either case, treatment entails either bougie
or balloon dilation along with acid suppressive therapy [11]. Eosinophilic
esophagitis may present clinically in a somewhat similar fashion to a
Schatzki’s ring, but usually multiple rings are present throughout the
esophagus [12].

Esophageal webs are web-like structures more commonly found in
the proximal esophagus or the hypopharyngeal region. Their origin is less
clear than that of esophageal rings. Plummer Vinson syndrome is an entity
found in middle-aged women with a triad of symptoms including iron
deficency anemia, glossitis, and dysphagia due to an esophageal web.
Possible correlation of esophageal webs with GERD is unclear. Similar to
esophageal rings, the mainstay of treatment is esophageal dilation [13].

Esophageal adenocarcinoma

Esophageal and gastric cardia adenocarcinomas are GERD-associated
malignancies which cause esophageal dysphagia. Although squamous cell
carcinoma is still the most common type of esophageal cancer worldwide,
the increasing incidence of adenocarcinoma has led to it becoming the
most common esophageal cancer in the Western world. The incidence
among white men of 5.69 per 1000,000 person-years in 2000-2004
represents a greater than four-fold increase since the mid-1970s [14].

The pathogenesis of adenocarcinoma involves many steps of transfor-
mation which may be attributable to a number of risk factors. These
include GERD, obesity, and smoking, as well as race and genetic background
as esophageal adenocarcinoma is most common in white males. However,
a study of greater than 300 patients with esophageal adenocarcinoma and
a similar number of age- and gender-matched controls revealed GERD to
be the strongest single risk factor for adenocarcinoma [15]. Although the
precise mechanism of carcinogenesis is yet to be fully determined, the
initial step involves the metaplastic change known as Barrett’s esophagus.
This term refers to the transformation of the normal stratified squamous
epithelium of the esophagus into intestinal columnar cells. The squamous
cells at or near the gastroesophageal junction are damaged by chronic
exposure to gastric acid refluxed into the esophagus, and the damaged
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cells are replaced by aberrantly differentiating squamous cells [16].
Adenocarcinoma manifests once these metaplastic cells neoplastically
proliferate after genetic changes are made to their DNA. Such changes
are thought to occur due to upregulation and activation of protooncogenes
or downregulation of tumor suppressor genes [17].

Unfortunately, many such tumors do not present clinically until they
have grown substantially. Rapidly progressive solid dysphagia with
accompanying weight loss and tumor-induced cachexia may be an all too
common initial presentation. Despite the fact that GERD has been found to
be the biggest independent risk factor for the development of esophageal
adenocarcinoma, more than 50% of patients diagnosed with this tumor
type exhibit no symptoms of GERD [18]. Diagnosis can be suggested with
radiographic studies such as barium esophagram or CT imaging, but con-
firmatory tissue diagnosis is necessary via endoscopy with biopsies. Once
tissue diagnosis has been confirmed, staging of the cancer is undertaken
with CT imaging and EUS which provide further detail regarding the depth
of tumor invasion. EUS may also allow for fine needle aspiration of
suspicious-appearing lymph nodes of metastatic potential. Treatment options
vary greatly dependent upon the tumor’s stage at the time of diagnosis.

Endoscopic therapeutic approaches are reasonable in cases of esopha-
geal cancer which does not reach the submucosa. In such cases, modalities
used to treat Barrett’s esophagus such as endoscopic mucosal resection
(EMR), radiofrequency ablation or cryoablation may be appropriate. Once
the depth of the lesion involves the submucosa (T1), esophagectomy is
likely necessary although EMR may be used in selected cases. Once tumor
depth reaches the muscularis propria (T2) or adventitia (T3), esophagec-
tomy is required [19]. Any patient with TI-T3 tumors being treated
with resection should also be considered for chemoradiation therapy
with medications most commonly including cisplatin and 5-fluorouracil.
The role of curative chemoradiation therapy is controversial and currently
reserved for patients thought to be poor surgical candidates due to
co-morbidities or inoperable type lesions. Patients with locoregional lym-
phatic involvement are often treated with neoadjuvant chemoradiation
therapy before being restaged and considered for surgery. Chemoradiation
and palliation therapy are most common in patients with metastatic
disease given their poor overall prognosis, with 5-year survival rate being
less than 3% [20].

Esophagitis

Esophagitis refers to the inflammatory changes of the esophageal mucosa
in response to a noxious stimulus. In erosive esophagitis, squamous esoph-
ageal cells lose their ability to regulate their intracellular pH as they are
exposed to acidic gastric secretions. As they acidify, they lose the ability to
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regulate volume, leading to cellular edema and eventual nec