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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. 

fpref.indd   ix 11/15/2012   2:47:28 AM



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       
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Practical Manual of Gastroesophageal Reflux Disease, First Edition.

Edited by Marcelo F. Vela, Joel E. Richter and John E. Pandolfino.

© 2013 John Wiley & Sons, Ltd. Published 2013 by John Wiley & Sons, Ltd.

CHAPTER 1

       Gastroesophageal Reflux 
Disease:   Pathophysiology 
      Pim W.   Weijenborg,       Boudewijn F.   Kessing, 
and       André J.P.M.   Smout    
    Department of Gastroenterology and Hepatology  ,   Academic Medical Center  , 

   Amsterdam  ,  The Netherlands   

         Key points 
•    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 
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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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Chapter 1: Gastroesophageal Reflux Disease: Pathophysiology  5

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. 

Diaphragm

Lower
esophageal
sphincter

(a) (b)

Z-line

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

morphology. (b) Hiatus hernia. 
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6  Part 1: Gastroesophageal Reflux Disease Overview

 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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Chapter 1: Gastroesophageal Reflux Disease: Pathophysiology  7

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 recumbent 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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8  Part 1: Gastroesophageal Reflux Disease Overview

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 (CBR1) 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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Chapter 1: Gastroesophageal Reflux Disease: Pathophysiology  9

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 2 cm 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 

TLESRs, 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 > 30 kg/m 2  

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 25 kg/m 2  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 75 min 

   [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 μm) is at least twice that in healthy controls (0.45–

0.56 μm)    [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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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 vivo , 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 

 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. 

(a) (b)
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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. TRPV1, 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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CHAPTER 2

       Gastroesophageal Reflux Disease:  
 Epidemiology, Impact on Quality 
of Life, and Health Economic 
Implications 
      Nimish   Vakil    
   University of Wisconsin School of Medicine and Public Health ,   Madison ,  WI ,  USA   

         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.  
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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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    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 

Esophageal syndromes

Syndromes with
esophageal injury

1.Pharyngitis
2.Sinusitis
3.Idiopathic
   pulmonary
   fibrosis
4.Recurrent
   otitis media

1.Reflux cough syndrome

2.Reflux laryngitis syndrome

3.Reflux asthma syndrome

4.Reflux dental erosion
   syndrome

1.Reflux esophagitis

2.Reflux stricture

3.Barrett’s
   esophagus

4.Esophageal
   adenocarcinoma

Symptomatic
syndromes

1.Typical reflux
   syndrome

2.Reflux chest
   pain
   syndrome

Extraesophageal
syndromes

Established
associations

Proposed
associations

GERD is a condition that develops when the reflux of gastric content
causes troublesome symptoms or complications

 Figure 2.1     The Montreal definition and classification of GERD. Reproduced from Vakil 

 et al .    [1]  with permission from Blackwell Publishing. 

c02.indd   28 11/15/2012   2:33:56 AM



Chapter 2: Epidemiology, Impact on Quality of Life, and Health  29

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-specific 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. 

120

100

80

60

40

22
1

(n = 1039)(n = 194)(n = 136) (n = 32) (n = 10) (n = 7) (n = 2)
2 3

Heartburn severity (GSRS score)

Individual score Linear regression

4 5 6 7
Worst possible

score

W
el

l-b
ei

ng
(P

G
W

B
 s

co
re

)

Best possible
score

98

132

(a)

105.6 97.7 90.6 83.9

Mean

71.2 64.0 77.8

120

100

80

60

40

22
1

(n = 1113)(n = 173)(n = 102) (n = 19) (n = 7) (n = 4) (n = 2)
2 3

Acid regurgitation severity (GSRS score)

Individual score Linear regression

4 5 6 7
Worst possible

score

W
el

l-b
ei

ng
(P

G
W

B
 s

co
re

)

Best possible
score

98

132

(b)

105.5 95.0 87.1 69.8

Mean

74.5 78.0 72.5

c02.indd   32 11/15/2012   2:33:57 AM



Chapter 2: Epidemiology, Impact on Quality of Life, and Health  33

   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 

20 mg 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 20 mg or omeprazole 20 mg 

were randomized to receive esomeprazole 20 mg 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 effective 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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CHAPTER 3

       Overview of the Tools for the 
Diagnosis of Gastroesophageal 
Reflux Disease  
    Nicolas A.   Villa   and       Marcelo F.   Vela    
   Section of Gastroenterology ,  Baylor College of Medicine, and Michael E. DeBakey 

VA Medical Center ,   Houston ,  TX ,  USA   

         Key points 
•    Endoscopy is indicated when there are alarm features such as dysphagia, weight loss, 

and anemia. 

•  The presence of erosive esophagitis on endoscopy provides robust evidence of 

gastroesophageal reflux disease, but endoscopy is normal in the majority of patients. 

•  Ambulatory reflux monitoring is the gold standard for diagnosing gastroesophageal 

reflux disease. 

•  In 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] . 
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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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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 

 Table 3.1   Advantages and disadvantages of diagnostic tests for gastroesophageal 

reflux disease. 

Test Advantages Disadvantages    

Proton pump inhibitor 

test

 •   Simple 

 •  Widely available 

 •  Non-invasive  

 •   PPI dose and duration not 

standardized 

 •  Definition of response not 

standardized 

 •  Low sensitivity and specificity  

Endoscopy  •   Provides robust diagnosis when 

erosive esophagitis is present 

 •  Can diagnose and treat 

 complications such as stricture 

 •  Can exclude non-GERD disorders  

 •   Invasive 

 •  Normal in two-thirds of GERD 

patients  

Reflux monitoring

 Catheter-based pH  •   Measures esophageal acid 

exposure, the gold standard for 

GERD diagnosis  

 •   Catheter discomfort may limit 

activities 

 •  Cannot detect non-acid reflux 

 •  Study restricted to 24 h  

 Wireless pH  •   Measures esophageal acid 

exposure, the gold standard 

for GERD diagnosis 

 •  Better tolerability 

 •  Prolonged monitoring (up to 96 h)  

 •   More costly than catheter-based 

techniques 

 •  Requires endoscopy for 

placement 

 •  Cannot detect non-acid reflux  

 Impedance pH  •   Measures esophageal acid 

exposure, the gold standard for 

GERD diagnosis 

 •  Can detect non-acid reflux  

 •   Catheter discomfort may limit 

activities 

 •  Study restricted to 24 h 

 •  Analysis of tracings more 

laborious than pH alone  

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

  Box   3.1   Los Angeles classification of esophagitis    [15]   
   Grade A : one or more mucosal breaks no longer than 5 mm, that do not extend 
between the tops of two mucosal folds 
  Grade B : one or more mucosal breaks longer than 5 mm 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  
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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 5 cm 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 5 min, 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 ≥ 7). 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 2 cm 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 SI 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 events × 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 2 × 2 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  
    Sabine   Roman  and      Peter J.   Kahrilas    
   Division of Gastroenterology ,  Northwestern University ,   Chicago ,  IL ,  USA   

         Key points 
•    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. 

•  The therapeutic gain with reflux inhibitors (gamma-amino butyric acid B agonists) is 

modest for typical gastroesophageal reflux disease symptoms. 

•  Reducing visceral hypersensitivity should be considered in patients with persistent 

heartburn or chest pain despite proton pump inhibitor treatment.  

       Potential pitfalls 
 •    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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 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 

Abnormal in number,
composition, or
volume refluxed

Reflux
events

Acidity of
gastric juice

Acid
clearance

×

×

Epithelial injury,
hypersensitivity: central

and/or peripheral

Symptom
triggers

≈

≈Symptom
modulators

Prolonged on basis
of hiatal hernia or
weak peristalsis

Tissue
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Not a primary
abnormality of
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 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. 
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attributable to the effects of a hiatal hernia or weak peristalsis    [3] . Although 

pharmaceutical therapies have minimal effect 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:

 •   avoid food that may lead to reflux presumably by relaxing the lower 

esophageal sphincter (coffee, alcohol, chocolate, fatty foods) 

 •  avoid acidic foods that may precipitate heartburn by a direct irritative 

effect on the esophageal mucosa (citrus, carbonated drinks, spicy foods) 

 •  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 
2
 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 
2
 RAs in 

healing esophagitis and in relieving heartburn    [9,10] . Similarly, H 
2
 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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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 

0%

Chronic cough (improved)

Hoarseness (improved)

Chest pain (50% relief)

Regurgitation relief

Heartburn relief

Esophagitis healing

GERD (–)

GERD (–pH)
GERD (+pH)

NERD
Esophagitis

Mild

Placebo Therapeutic gain

Servere

25% 50% 75% 100%

 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 benefit of PPI versus placebo 

   [48] . GERD,  gastroesophageal reflux disease; NERD, non-erosive reflux disease. 
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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 
B
  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 
B
   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 
B
  agonist, has 

been shown to decrease postprandial TLESRs    [18] . Preliminary studies 

have also shown GABA 
B
  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 
B
  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 15 mg was 

more effective than lansoprazole 15 mg 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 33 kg/m 2 ). 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 24 h. During the recording, the patient reported 52 symptom-events (mainly 
belching) and the symptom association probability was 100%. Treatment with 
baclofen 10 mg 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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     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 

Adjust PPI therapy to the lowest
dose that maintains symptom relief

Consider surgery if intolerant of PPIs

Consider on-demand therapy if
symptoms are mild or moderate

Consider
alternative
diagnosis

Absence of
response

Incomplete
response

Complete
response

PPI
therapy

Persistent regurgitation:
Consider fundoplication

Add on therapy:
Medical reflux inhibition?
Reducing visceral hypersensitivity?

Visceral hypersensitivity?
low-dose antidepressant,
acupuncture, hypnotherapy

Proven GERD
Change PPI?
Medical reflux inhibition?

 Figure 4.3     Management algorithm for GERD treatment. GERD, gastroesophageal 

reflux disease; PPI, proton pump inhibitor. 
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than for healing esophagitis. When the PPIs are not well tolerated or 

ineffective, alternative treatment should be tested. H 
2
 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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CHAPTER 5

       Gastroesophageal Reflux Disease 
Treatment:   Side-Effects and 
Complications of Acid 
Suppression 
      David A.   Johnson    
   Department of Gastroenterology ,  Eastern Virginia School of Medicine ,   Norfolk ,  VA ,  USA   

         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. 

•  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. 

 •  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 
12

 . 

  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.  In 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, 

this has been revised 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% CIs 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 12   
 Gastric acid also facilitates the release of vitamin B 

12
  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 
12

     [2] . 

 Studies which have examined the potential association between 

long-term PPI use and vitamin B 
12

  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-

file 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 PPI use (OR 1.36, 95% CI 1.12–1.65). 

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 PPI. 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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CHAPTER 6

       Gastroesophageal Reflux 
Disease Treatment:   Side-Effects 
and Complications of 
Fundoplication 
      Joel E.   Richter    
   Division of Digestive Diseases and Nutrition, and Joy M. Culverhouse Center for Esophageal 

Diseases ,  University of South Florida ,   Tampa ,  FL ,  US   

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

should be warned about these complications. 

•  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%. 

•  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. 

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

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

chest, slipped fundoplication, tight fundoplication, paraesophageal hernia, and 

malposition of the fundoplication. 

•  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.  
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      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. 

       Potential pitfalls 
 •    Anti-reflux surgery is never an emergency procedure. All patients should be carefully 

evaluated prior to surgery. 

 •  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.  
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    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, 

  Box   6.1   Prevalence of medical and surgical complications of 
anti-reflux surgery  
•     Mortality (< 30 days): 1% or less 

•  Perioperative and immediate postoperative morbidity: 8–17% 

•  Open conversion rate: 0–24% 

•  Early postoperative complications:

 °   bowel perforation: 0–4% 

 °  bleeding and splenic injury: < 1% 

 °  pneumothorax: 0–10% 

 °  severe postoperative nausea and vomiting: 2–5%  

•   Late postoperative complications:

 °   gas-bloat syndrome: 1–85% 

 °  dysphagia:

  early: 10–50% 

 late: 3–24%  

 °   diarrhea: 18–33% 

 °  recurrent heartburn: 10–62%  

•   Need for revisional surgery:

 °   laparoscopic Nissen fundoplication: 0–15% 

 °  laparoscopic Toupet fundoplication: 4–10%      
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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:

 •   inability of the surgically altered gastroesophageal junction to relax in 

response to gastric distension 

 •  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 

 •  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 13 mm 

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 ≥10 mmHg    [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]  identified, 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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      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 

Type IA Type IB

Type II Type III

 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. 
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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 

benefit 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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CHAPTER 7

       Evaluation and Management 
of Refractory Gastroesophageal 
Reflux Disease  
    John E.   Pandolfino  and      Sabine   Roman    
   Division of Gastroenterology ,  Northwestern University ,   Chicago ,  IL ,  USA   

         Key points 
 •    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.  

 •   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 
 •    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 .

 •   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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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 

 Table 7.1   Phenotypes of PPI non-responders based on physiological testing. 

Phenotype 1 Phenotype 2 Phenotype 3 Phenotype 4

Persistent acid 

reflux

Non-acid reflux Functional overlap 

with GERD

Functional 

heartburn    

Acid esophageal 

exposure  off  PPI   * 
 +  +  + −

Acid esophageal 

exposure  on  PPI   * 

 + − − −

Excessive number of 

reflux events with 

impedance  on  PPI

 + /−  + /−  + −

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.   
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 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 21.4 kg/m 2 . No hiatal hernia was seen on 
esophagogastroduodenscopy. Two small tongues of pink mucosa extending 1 cm 
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 PPI 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 PPI 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. 

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 
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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 PPI non- 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 (48–96 h) 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 benefit 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 40 mg). 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 
B
 ) receptor agonist, is a potential add-on 

treatment for patients with persistent symptomatic reflux events despite 

PPI. It decreases the number of postprandial acid and non-acid reflux 

events    [24] . The dose of 20 mg 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 
B
  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 
B
  

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  hyperal gesia 

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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CHAPTER 8

       Functional Heartburn  
    Stanislas Bruley des   Varannes,   1      Frank   Zerbib,   2   and 
   Jean-Paul   Galmiche   1   
   1   Institut des Maladies de l ’ Appareil Digestif ,  Centre Hospitalier Universitaire de Nantes , 

  Nantes ,  France   

  2   Département de Gastroentérologie ,  CHU de Bordeaux and Centre Hospitalier Saint André 

de Bordeaux ,   Bordeaux ,  France   

         Key points 
 •    The diagnostic criteria of functional heartburn according to the ROME III 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). 

 •  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 
 •    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. 

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

 •   Presence for at least 3 months, with onset at least 6 months before diag-

nosis, of burning retrosternal discomfort or pain; and 

 •  Absence of evidence that gastroesophageal acid reflux is the cause of 

symptom; and 

 •  Absence of histopathology-based esophageal motility disorders.  

Pain modulators
Behavioral therapies

Heartburn with no
esophagitis at endoscopy

Excessive esophageal
acid exposure time

Normal esophageal
acid exposure time

Symptom-reflux 
association present

Symptom-reflux 
association absent

Favorable response
to PPI trial

Unsatisfactory response
to PPI trial

Presumptive diagnosis of NERD-related heartburn Functional heartburn

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. 
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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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 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. 
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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) 23 kg/m 2 ). 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 PPI 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 10 mg 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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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 

Central

Psychiatric comorbidity

Stress
Sleep?

Peripheral

Intraduodenal fat

Heartburn
+

+

Acid exposure

Pathological Physiological

 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. 
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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 8.4     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. 
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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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 Figure 8.5     Scatter plot of mean intercellular space diameter (ISD) in μm for the three 

study groups. GERD, gastroesophageal reflux disease. Reproduced from Vela  et al . [39] 

with permission from Blackwell Publishing. 
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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 II 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 “off” 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 

(5 mg t.i.d.) plus omeprazole (10 mg 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.  
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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 ( n  = 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 al . 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 

≥ 75%, 94% for a SI ≥ 25%) but very insensitive (32% for a SI ≥ 25%, 46% 

for a SI ≥ 75%)    [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 

10 mL 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 (≥ 9 mL)    [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 ( n  = 12). They found that, com-

pared to baseline, acid perfusion significantly reduced the first perception 

(median value 15 mmHg versus 8 mmHg,  P  = 0.05) and pain threshold 

(32.5 versus 26.5 mmHg,  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 ( n  = 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 (20 mg 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 

68 sec), 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 29 sec) 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 ( n  = 321)    [40] . Budzynski  et al . 

performed a double-blind, cross-over, placebo-controlled trial to evaluate 

the effect of acid reduction therapy (omeprazole 20 mg 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 ( n  = 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 40 mg morning and 20 mg 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 20 mg 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 affect 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 (30 min 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 

48 h over the traditional 24-h monitoring    [77] . They performed a chart 

review of 62 patients with NCCP refractory to PPI who underwent 48-h 

wireless pH monitoring and evaluated the AET, the SI and the GPE at 24 

and 48 h. 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 (300 mg t.i.d.) or omeprazole 20 mg 

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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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 

Chest pain

Cardiac work-up

Long term PPI

Taper dose based 
on response 

PPI trial (double dose)

Check compliance/schedule
(30 min before meals)

Consider alternative PPI(*)

or consider an alternative 
treatment for reflux (+)

Evaluation/treatment 
of other causes of 

NCCP

Cardiac evaluation

Consider adding a PPI if 
associated GERD symptoms 
or persistent chest pain

Cardiac chest 
pain

+ –

+ –

Ambulatory reflux 
monitoring 

Endoscopy

Non-cardiac
chest pain

PPI trial

(double dose
1week)

+–

 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. 
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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 

 Table 9.2   Long-term PPI trials (≥ 4 weeks) in non-cardiac chest pain. 

Author, year  n Type of study PPI Dose Length Response    

Achem  et al . 

1993   *      [86]  

12 Open label Ranitidine or 

omeprazole

300 mg t.i.d., 

20 mg/b.i.d.

8 wks 83%

Achem  et al . 

1997    [57] 

36 Placebo 

controlled

Omeprazole 20 mg/b.i.d. 8 wks 81% 

omeprazole

 6% placebo 

Chambers  et al . 

1998    [84] 

23 Open label Omeprazole 40 mg/d

 (bedtime) 

6 wks 30%

Xia  et al . 

2003    [85] 

68 Placebo 

controlled

 parallel group 

Lansoprazole 30 mg/d 4 wks 53% 

lansoprazole

 34% placebo 

       *  Patients with non-cardiac chest pain and nutcracker esophagus. 

   Modified from Achem [12], with permission from Elsevier. 

   PPI, proton pump inhibitor.   
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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 specify 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 ( n  = 197) and surveyed them at 

baseline, 2 ( n  = 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 ( n  = 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 Göteborg, 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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CHAPTER 10

       Laryngopharyngeal Reflux  
    Robert T.   Kavitt and       Michael F.   Vaezi    
   Division of Gastroenterology, Hepatology, and Nutrition,   Vanderbilt University Medical Center , 

  Nashville,   TN,   USA   

         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 
 •    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 

c10.indd   154 11/15/2012   2:28:04 AM



Chapter 10: Laryngopharyngeal Reflux  155

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 

  Box   10.1   Symptoms associated with gastroesophageal reflux 
laryngitis  
•     Hoarseness 

•  Dysphonia 

•  Sore or burning throat 

•  Excessive throat clearing 

•  Chronic cough 

•  Globus 

•  Apnea 

•  Laryngospasm 

•  Dysphagia 

•  Postnasal drip 

•  Neoplasm    
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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 20–30 min), 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  
•     Edema and hyperemia of larynx 

•  Hyperemia and lymphoid hyperplasia of posterior pharynx (cobblestoning) 

•  Contact ulcers 

•  Laryngeal polyps 

•  Granuloma 

•  Interarytenoid changes 

•  Subglottic stenosis 

•  Posterior glottic stenosis 

•  Reinke ’ s edema 

•  Tumors    
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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] . 

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

Method Advantages Disadvantages    

Endoscopy Easy visualization of mucosal 

damage/erosions

Poor sensitivity/specificity/PPV

 Requires sedation 

 High cost 

Laryngoscopy No sedation required

 Direct visualization of the larynx 

and laryngeal pathology 

No specific laryngeal signs for reflux

 Overdiagnoses GERD 

pH monitoring Easy to perform

 Relatively non-invasive 

 Prolonged monitoring possible 

 Ambulatory 

Catheter based

 May have up to 30% false-negative rate 

 No pH predictors of treatment response 

in LPR 

Impedance 

monitoring

Easy to perform

 Relatively non-invasive 

 Prolonged monitoring possible 

 Ambulatory 

 Measures acidic and non-acidic gas 

and liquid reflux (combined with pH) 

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 

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.   
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 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 

to rigid 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 

c10.indd   160 11/15/2012   2:28:05 AM



Chapter 10: Laryngopharyngeal Reflux  161

 Table 10.2   Prevalence of abnormal pH monitoring in distal and proximal esophagus 

and the hypopharynx. 

Study, year 

(reference)
Proportion 

of patients 

with LPR

Number of 

patients with 

reflux identified 

during proximal 

pH monitoring

Number of 

patients with 

reflux 

identified 

during distal 

pH monitoring

Number of 

patients with 

reflux identified 

during 

hypopharyngeal 

pH monitoring

Prevalence 

(%)    

Ossakow, 

1987    [94] 

43/63 NR 43 NR 68

Koufman, 

1988    [2] 

24/32 NR 24 7 75

Wiener, 

1989    [95] 

12/15 NR 12 3 80

Wilson, 

1989    [96] 

17/97 17 NR NR 18

Katz, 1990 

   [97] 

7/10 NR 7 7 70

Woo, 1996 

   [98] 

20/31 20 20 NR 65

Metz, 1997 

   [99] 

6/10 ? 6 NR 60

Vaezi, 1997 

   [100] 

21/21 11 21 NR 100

Chen, 1998 

[101]

365/735 NR 229 255 50

Havas, 

1999    [71] 

10/15 NR 6 4 67

Ulualp, 

1999    [102] 

15/20 15 15 15 75

Smit, 2001 

   [103] 

7/15 7 3 NR 47

Ulualp, 

2001    [52] 

28/39 28 28 28 72

Noordzij, 

2002    [51] 

29/42 NR 29 29 69

Park, 2005 

   [44] 

33/78 20 28 NR 42

 Cumulative  637/1223  46 %  42 %  38 %  52 

       LPR, laryngopharyngeal reflux; NR, not reported; ?, unclear how many patients tested.   

c10.indd   161 11/15/2012   2:28:05 AM



162  Part 2: Gastroesophageal Reflux Disease

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 15 cm 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 RFS 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 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 (PPI 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” 

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

l Barium esophagraphy or 

esophagoscopy provide 

far less sensitive 

assessments of LPR, but 

may be advisable for 

screening of the 

esophagus for related 

pathology 

“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” 

Treatment Empiric therapy with 

twice-daily PPI 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 

(USPSTF grade D, quality fair) 

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 

of 6 months) 

“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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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 

 “Step-down therapy should 

be attempted in all patients 

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 

PPI dose necessary for 

adequate symptom relief” 

 Fundoplication has been 

shown to be effective 

       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.   

Table 10.3 (cont’d)

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]
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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 five 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 2–4 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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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 

Favors PPIs
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10 1001.1
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Langevin

El–Serag
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Noordzij

Havas

Steward

Vaezi

Wo

Favors placebo
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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  et al .    [74]  with permission from Blackwell Publishing. 
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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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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 

Suspected gastroesophageal reflux laryngitis

Empiric trial of twice-daily PPI ×2 months

Symptoms persist Symptoms improve

24-h Impedance/pH testing Titrate PPI dose down over time

Normal Abnormal

Entertain
alternative
diagnoses

• Change PPI

• Ensure PPI compliance

• Increase PPI dose

• Consider surgical options

 Figure 10.2     Suggested algorithm for evaluation and treatment of suspected 

laryngopharyngeal reflux. PPI, proton pump inhibitor. 
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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.   
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CHAPTER 11

       Reflux-Related Cough  
    Etsuro   Yazaki,       Ryuichi   Shimono, and       Daniel   Sifrim    
   Wingate Institute for Neurogastroenterology, Barts and the London School of Medicine 

and Dentistry, and GI Physiology Unit ,  Royal London Hospital ,   London ,  UK   

         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 
 •    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. 

 •  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 

c11.indd   179 11/15/2012   2:50:03 AM



180  Part 2: Gastroesophageal Reflux Disease

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  et 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  
•     Chronic cough (> 8 weeks) 

•  Not on angiotensin-converting enzyme inhibitor 

•  Not a present smoker or exposed to other environmental irritants 

•  Chest radiograph is normal (or near normal) 

•  Symptomatic asthma has been ruled out   *  

•  Upper airway cough syndrome has been ruled out   *  

•  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 useful 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 2 min 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 

40 mg 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 40 mg 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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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” PPI. 

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 

 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. PPI 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” PPI 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). 
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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. 

   References 

1     Richter   JE  .  Review article: extraoesophageal manifestations of gastro-oesophageal 

reflux disease .  Aliment Pharmacol Ther   2005 ; 22 (Suppl 1): 70 – 80 .  

2     Vakil   N  ,   van   Zanten   SV  ,   Kahrilas   P  ,   Dent   J  ,   Jones   R  ,   Group   GC  .  The Montreal defini-

tion and classification of gastroesophageal reflux disease: a global evidence-based 

 consensus .  Am J Gastroenterol   2006 ; 101 ( 8 ): 1900 – 20 ; quiz 43.  

3     Pratter   MR  .  Chronic upper airway cough syndrome secondary to rhinosinus diseases 

(previously referred to as postnasal drip syndrome): ACCP evidence-based clinical 

practice guidelines .  Chest   2006 ; 129 ( 1 Suppl ): 63S – 71S .  

4     Irwin   RS  .  Chronic cough due to gastroesophageal reflux disease: ACCP evidence-

based clinical practice guidelines .  Chest   2006 ; 129 (1 Suppl): 80S – 94S .  

5     Smith   J  ,   Woodcock   A  ,   Houghton   L  .  New developments in reflux-associated cough . 

 Lung   2010 ; 188 (Suppl 1): S81 – 6 .  

6     Marchesani   F  ,   Cecarini   L  ,   Pela   R  ,   Sanguinetti   CM  .  Causes of chronic persistent cough 

in adult patients: the results of a systematic management protocol .  Monaldi Arch 

Chest Dis   1998 ; 53 ( 5 ): 510 – 14 .  

7     Palombini   BC  ,   Villanova   CA  ,   Araújo   E  ,  et al .  A pathogenic triad in chronic cough: 

asthma, postnasal drip syndrome, and gastroesophageal reflux disease .  Chest  

 1999 ; 116 ( 2 ): 279 – 84 .  

8     Irwin   RS  ,   Corrao   WM  ,   Pratter   MR  .  Chronic persistent cough in the adult: the spec-

trum and frequency of causes and successful outcome of specific therapy .  Am Rev 

Respir Dis   1981 ; 123 ( 4 Pt 1 ): 413 – 17 .  

c11.indd   191 11/15/2012   2:50:11 AM



192  Part 2: Gastroesophageal Reflux Disease

9     Irwin   RS  ,   Curley   FJ  ,   French   CL  .  Chronic cough. The spectrum and frequency of 

causes, key components of the diagnostic evaluation, and outcome of specific therapy . 

 Am Rev Respir Dis   1990 ; 141 ( 3 ): 640 – 7 .  

10     French   CL  ,   Irwin   RS  ,   Curley   FJ  ,   Krikorian   CJ  .  Impact of chronic cough on quality of 

life .  Arch Intern Med   1998 ; 158 ( 15 ): 1657 – 61 .  

11     Ledson   MJ  ,   Wilson   GE  ,   Tran   J  ,   Walshaw   MJ  .  Tracheal microaspiration in adult cystic 

fibrosis .  J Roy Soc Med   1998 ; 91 ( 1 ): 10 – 12 .  

12     Sun   G  ,   Muddana   S  ,   Slaughter   JC  ,  et al .  A new pH catheter for laryngopharyngeal 

reflux: normal values .  Laryngoscope   2009 ; 119 ( 8 ): 1639 – 43 .  

13     Ahrens   P  ,   Noll   C  ,   Kitz   R  ,   Willigens   P  ,   Zielen   S  ,   Hofmann   D  .  Lipid-laden alveolar mac-

rophages (LLAM): a useful marker of silent aspiration in children .  Pediatr Pulmonol  

 1999 ; 28 ( 2 ): 83 – 8 .  

14     Parameswaran   K  ,   Anvari   M  ,   Efthimiadis   A  ,   Kamada   D  ,   Hargreave   FE  ,   Allen   CJ  . 

 Lipid-laden macrophages in induced sputum are a marker of oropharyngeal reflux 

and possible gastric aspiration .  Eur Respir J   2000 ; 16 ( 6 ): 1119 – 22 .  

15     Köksal   D  ,   Ozkan   B  ,   Simşek   C  ,   Köksal   AS  ,   Aǧaçkýran   Y  ,   Saşmaz   N  .  Lipid-laden alve-

olar macrophage index in sputum is not useful in the differential diagnosis of 

pulmonary symptoms secondary to gastroesophageal reflux .  Arch Med Res  

 2005 ; 36 ( 5 ): 485 – 9 .  

16     Krishnan   U  ,   Mitchell   JD  ,   Tobias   V  ,   Day   AS  ,   Bohane   TD  .  Fat laden macrophages in 

tracheal aspirates as a marker of reflux aspiration: a negative report .  J Pediatr 

Gastroenterol Nutr   2002 ; 35 ( 3 ): 309 – 13 .  

17     Blondeau   K  ,   Mertens   V  ,   Vanaudenaerde   BA  ,  et al .  Gastro-oesophageal reflux and 

gastric aspiration in lung transplant patients with or without chronic rejection .  Eur 

Respir J   2008 ; 31 ( 4 ): 707 – 13 .  

18     Blondeau   K  ,   Dupont   LJ  ,   Mertens   V  ,   Tack   J  ,   Sifrim   D  .  Improved diagnosis of gastro-

oesophageal reflux in patients with unexplained chronic cough .  Aliment Pharmacol 

Ther   2007 ; 25 ( 6 ): 723 – 32 .  

19     Smith   JA  ,   Abdulqawi   R  ,   Houghton   LA  .  GERD-related cough: pathophysiology and 

diagnostic approach .  Curr Gastroenterol Rep   2011 ; 13 ( 3 ): 247 – 56 .  

20     Irwin   RS  ,   Zawacki   JK  ,   Curley   FJ  ,   French   CL  ,   Hoffman   PJ  .  Chronic cough as the sole 

presenting manifestation of gastroesophageal reflux .  Am Rev Respir Dis  

 1989 ; 140 ( 5 ): 1294 – 300 .  

21     Ing   AJ  ,   Ngu   MC  ,   Breslin   AB  .  Pathogenesis of chronic persistent cough associated 

with gastroesophageal reflux .  Am J Respir Crit Care Med   1994 ; 149 ( 1 ): 160 – 7 .  

22     Benini   L  ,   Ferrari   M  ,   Sembenini   C  ,  et al .  Cough threshold in reflux oesophagitis: 

influence of acid and of laryngeal and oesophageal damage .  Gut   2000 ; 46 ( 6 ):

 762 – 7 .  

23     Javorkova   N  ,   Varechova   S  ,   Pecova   R  ,  et al .  Acidification of the oesophagus acutely 

increases the cough sensitivity in patients with gastro-oesophageal reflux and chronic 

cough .  Neurogastroenterol Motil   2008 ; 20 ( 2 ): 119 – 24 .  

24     Benini   L  ,   Ferrari   M  ,   Talamini   G  ,   Vantini   I  .  Reflux associated cough is usually not 

associated with reflux: role of reduced cough threshold .  Gut   2006 ; 55 ( 4 ): 583 ; author 

reply 584.  

25     Sifrim   D  ,   Dupont   L  ,   Blondeau   K  ,   Zhang   X  ,   Tack   J  ,   Janssens   J  .  Weakly acidic reflux in 

patients with chronic unexplained cough during 24 hour pressure, pH, and imped-

ance monitoring .  Gut   2005 ; 54 ( 4 ): 449 – 54 .  

26     Smith   JA  ,   Decalmer   S  ,   Kelsall   A  ,  et al .  Acoustic cough-reflux associations in chronic 

cough: potential triggers and mechanisms .  Gastroenterology   2010 ; 139 ( 3 ): 754 – 62 .  

27     Kahrilas   PJ  .  Chronic cough and gastroesophageal reflux disease: new twists to the 

riddle .  Gastroenterology   2010 ; 139 ( 3 ): 716 – 18 .  

c11.indd   192 11/15/2012   2:50:11 AM



Chapter 11: Reflux-Related Cough  193

28     Irwin   RS  ,   French   CL  ,   Curley   FJ  ,   Zawacki   JK  ,   Bennett   FM  .  Chronic cough due to gas-

troesophageal reflux. Clinical, diagnostic, and pathogenetic aspects .  Chest   2009 ; 136 (5 

Suppl): e30 .  

29     Morice   AH  ,   Faruqi   S  ,   Wright   CE  ,   Thompson   R  ,   Bland   JM  .  Cough hypersensitivity 

syndrome: a distinct clinical entity .  Lung   2011 ; 189 ( 1 ): 73 – 9 .  

30     Maldonado   A  ,   Diederich   L  ,   Castell   DO  ,   Gideon   RM  ,   Katz   PO  .  Laryngopharyngeal 

reflux identified using a new catheter design: defining normal values and excluding 

artifacts .  Laryngoscope   2003 ; 113 ( 2 ): 349 – 55 .  

31     Paterson   WG  ,   Murat   BW  .  Combined ambulatory esophageal manometry and dual-

probe pH-metry in evaluation of patients with chronic unexplained cough .  Dig Dis 

Sci   1994 ; 39 ( 5 ): 1117 – 25 .  

32     Chang   AB  ,   Connor   FL  ,   Petsky   HL  ,  et al .  An objective study of acid reflux and cough 

in children using an ambulatory pHmetry-cough logger .  Arch Dis Child   2011 ; 

 96 ( 5 ): 468 – 72 .  

33     Bredenoord   AJ  ,   Weusten   BL  ,   Smout   AJ  .  Symptom association analysis in ambulatory 

gastro-oesophageal reflux monitoring .  Gut   2005 ; 54 ( 12 ): 1810 – 17 .  

34     Weusten   BL  ,   Roelofs   JM  ,   Akkermans   LM  ,   Van Berge-Henegouwen   GP  ,   Smout   AJ  . 

 The symptom-association probability: an improved method for symptom analysis of 

24-hour esophageal pH data .  Gastroenterology   1994 ; 107 ( 6 ): 1741 – 5 .  

35     Hersh   MJ  ,   Sayuk   GS  ,   Gyawali   CP  .  Long-term therapeutic outcome of patients under-

going ambulatory pH monitoring for chronic unexplained cough .  J Clin Gastroenterol  

 2010 ; 44 ( 4 ): 254 – 60 .  

36     Morice   AH  ,   McGarvey   L  ,   Pavord   I  ,  British Thoracic Society Cough Guideline Group. 

Recommendations for the management of cough in adults .  Thorax   2006 ; 61 (Suppl 

1): i1 – 24 .  

37     Poe   RH  ,   Kallay   MC  .  Chronic cough and gastroesophageal reflux disease: experience 

with specific therapy for diagnosis and treatment .  Chest   2003 ; 123 ( 3 ): 679 – 84 .  

38     Kiljander   TO  ,   Salomaa   ER  ,   Hietanen   EK  ,   Terho   EO  .  Chronic cough and gastro-

oesophageal reflux: a double-blind placebo-controlled study with omeprazole .  Eur 

Respir J   2000 ; 16 ( 4 ): 633 – 8 .  

39     Ours   TM  ,   Kavuru   MS  ,   Schilz   RJ  ,   Richter   JE  .  A prospective evaluation of esophageal 

testing and a double-blind, randomized study of omeprazole in a diagnostic and 

therapeutic algorithm for chronic cough .  Am J Gastroenterol   1999 ; 94 ( 11 ): 3131 – 8 .  

40     Poe   RH  ,   Harder   RV  ,   Israel   RH  ,   Kallay   MC  .  Chronic persistent cough. Experience in diag-

nosis and outcome using an anatomic diagnostic protocol .  Chest   1989 ; 95 ( 4 ): 723 – 8 .  

41     Shaheen   NJ  ,   Crockett   SD  ,   Bright   SD  ,  et al .  Randomised clinical trial: high-dose acid 

suppression for chronic cough – a double-blind, placebo-controlled study .  Aliment 

Pharmacol Ther   2011 ; 33 ( 2 ): 225 – 34 .  

42     Chang   AB  ,   Lasserson   TJ  ,   Gaffney   J  ,   Connor   FL  ,   Garske   LA  .  Gastro-oesophageal 

reflux treatment for prolonged non-specific cough in children and adults .  Cochrane 

Database Syst Rev   2011 ; 1 : CD004823 .  

43     Vela   MF  ,   Tutuian   R  ,   Katz   PO  ,   Castell   DO  .  Baclofen decreases acid and non-acid post-

prandial gastro-oesophageal reflux measured by combined multichannel intralumi-

nal impedance and pH .  Aliment Pharmacol Ther   2003 ; 17 ( 2 ): 243 – 51 .  

44     Dicpinigaitis   PV  ,   Grimm   DR  ,   Lesser   M  .  Baclofen-induced cough suppression in 

cervical spinal cord injury .  Arch Phys Med Rehabil   2000 ; 81 ( 7 ): 921 – 3 .  

45     Lehmann   A.    GABAB receptors as drug targets to treat gastroesophageal reflux dis-

ease .  Pharmacol Ther   2009 ; 122 ( 3 ): 239 – 45 .  

46     Trulock   EP  ,   Edwards   LB  ,   Taylor   DO  ,  et al .  Registry of the International Society for 

Heart and Lung Transplantation: twenty-third official adult lung and heart–lung 

transplantation report –2006 .  J Heart Lung Transplant   2006 ; 25 ( 8 ): 880 – 92 .  

c11.indd   193 11/15/2012   2:50:11 AM



194  Part 2: Gastroesophageal Reflux Disease

47     Benden   C  ,   Aurora   P  ,   Curry   J  ,   Whitmore   P  ,   Priestley   L  ,   Elliott   MJ  .  High prevalence of 

gastroesophageal reflux in children after lung transplantation .  Pediatr Pulmonol  

 2005 ; 40 ( 1 ): 68 – 71 .  

48     D’Ovidio   F  ,   Mura   M  ,   Ridsdale   R  ,  et al .  The effect of reflux and bile acid aspiration on 

the lung allograft and its surfactant and innate immunity molecules SP-A and SP-D . 

 Am J Transplant   2006 ; 6 ( 8 ): 1930 – 8 .  

49     Mertens   V  ,   Blondeau   K  ,   Pauwels   A  ,  et al .  Azithromycin reduces gastroesophageal 

reflux and aspiration in lung transplant recipients .  Dig Dis Sci   2009 ; 54 ( 5 ): 972 – 9 .  

50     Draaisma   WA  ,   Rijnhart-de Jong   HG  ,   Broeders   IA  ,   Smout   AJ  ,   Furnee   EJ  ,   Gooszen   HG  . 

 Five-year subjective and objective results of laparoscopic and conventional Nissen 

fundoplication: a randomized trial .  Ann Surg   2006 ; 244 ( 1 ): 34 – 41 .  

51     Lindeboom   MA  ,   Ringers   J  ,   Straathof   JW  ,   van   Rijn   PJ  ,   Neijenhuis   P  ,   Masclee   AA  . 

 Effect of laparoscopic partial fundoplication on reflux mechanisms .  Am J Gastroenterol  

 2003 ; 98 ( 1 ): 29 – 34 .  

52     Bredenoord   AJ  ,   Draaisma   WA  ,   Weusten   BL  ,   Gooszen   HG  ,   Smout   AJ  .  Mechanisms of 

acid, weakly acidic and gas reflux after anti-reflux surgery .  Gut   2008 ; 57 ( 2 ): 161 – 6 .  

53     Broeders   JA  ,   Bredenoord   AJ  ,   Hazebroek   EJ  ,   Broeders   IA  ,   Gooszen   HG  ,   Smout   AJ  . 

 Effects of anti-reflux surgery on weakly acidic reflux and belching .  Gut   2011 ;

 60 ( 4 ): 435 – 41 .  

54     Mainie   I  ,   Tutuian   R  ,   Agrawal   A  ,  et al .  Fundoplication eliminates chronic cough due to 

non-acid reflux identified by impedance pH monitoring .  Thorax   2005 ; 60 ( 6 ): 521 – 3 .  

55     Mainie   I  ,   Tutuian   R  ,   Agrawal   A  ,   Adams   D  ,   Castell   DO  .  Combined multichannel intra-

luminal impedance-pH monitoring to select patients with persistent gastro-oesopha-

geal reflux for laparoscopic Nissen fundoplication .  Br J Surg   2006 ;

 93 ( 12 ): 1483 – 7 .  

56     So   JB  ,   Zeitels   SM  ,   Rattner   DW  .  Outcomes of atypical symptoms attributed to gastro-

esophageal reflux treated by laparoscopic fundoplication .  Surgery   1998 ; 124 ( 1 ):

 28 – 32 .  

57     Irwin   RS  ,   Zawacki   JK  ,   Wilson   MM  ,   French   CT  ,   Callery   MP  .  Chronic cough due to 

gastroesophageal reflux disease: failure to resolve despite total/near-total elimination 

of esophageal acid .  Chest   2002 ; 121 ( 4 ): 1132 – 40 .  

58     Allen   CJ  ,   Anvari   M  .  Preoperative symptom evaluation and esophageal acid infusion 

predict response to laparoscopic Nissen fundoplication in gastroesophageal reflux 

patients who present with cough .  Surg Endosc   2002 ; 16 ( 7 ): 1037 – 41 .  

59     Allen   CJ  ,   Anvari   M  .  Does laparoscopic fundoplication provide long-term control of 

gastroesophageal reflux related cough?   Surg Endosc   2004 ; 18 ( 4 ): 633 – 7 .  

60     Galmiche   JP  ,   Zerbib   F  ,   Bruley   des   Varannes S  .  Review article: respiratory manifesta-

tions of gastro-oesophageal reflux disease .  Aliment Pharmacol Ther   2008 ; 27 ( 6 ):

 449 – 64 .    

c11.indd   194 11/15/2012   2:50:11 AM



195

Practical Manual of Gastroesophageal Reflux Disease, First Edition.

Edited by Marcelo F. Vela, Joel E. Richter and John E. Pandolfino.

© 2013 John Wiley & Sons, Ltd. Published 2013 by John Wiley & Sons, Ltd.

CHAPTER 12

       Relationship between 
Gastroesophageal Reflux 
Disease and Sleep  
    Tiberiu   Hershcovici  and      Ronnie   Fass    
   Neuroenteric Clinical Research Group, Section of Gastroenterology, Department of Medicine , 

 Southern Arizona VA Health Care System and University of Arizona School of Medicine , 

  Tucson  ,   AZ  ,   USA   and Division of Gastroenterology and Hepatology, MetroHealth Medical Center, 

Case Western Reserve University, Cleveland, OH, USA   

         Key points 
 •    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. 

 •  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). 

 •  It 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. 

 •  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 

c12.indd   195 11/15/2012   2:49:43 AM



196  Part 2: Gastroesophageal Reflux Disease

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] . 

Alter

Sleep

DecreaseDecrease

Increase

Increase

Increase

Esophageal
physiology

GERD

 Figure 12.1     The bidirectional relationship between gastroesophageal reflux disease 

(GERD) and sleep. 
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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 2 h in the last century and that 

many people sleep no more than 5–6 h instead of the needed 7–8 h 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 8–13 Hz) to theta-waves (frequency 4–7 Hz) 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 (0.5–2 Hz) 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 

c12.indd   199 11/15/2012   2:49:44 AM



200  Part 2: Gastroesophageal Reflux Disease

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 

fully 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. 

  Box   12.1   Physiological changes during sleep that affect 
 gastroesophageal reflux  
•     Decreased salivary secretion and flow 

•  Decreased swallowing rate 

•  Decreased primary esophageal peristalsis 

•  Decreased secondary esophageal peristalsis 

•  Decreased upper esophageal sphincter pressure 

•  Decreased perception of intraesophageal stimuli    
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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 2 h 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 3 h 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 2 h 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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appears to have an important defensive effect. 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 recumbent and upright periods. 

The integrative analysis can objectively determine recumbent-awake and 

 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  ↓  ↑ 

Acute antireflux therapy  ↑  ↓ 

       Reproduced from    Fass   R.      J Clin Gastroenterol   2007 ; 41  ( Suppl 2 ): S154 – S159  , with permission 

from Lippincott Williams & Wilkins.   
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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 

 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. 
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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 12.3     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. 
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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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n= 54
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n= 104n= 104

 Figure 12.4     The relationship between conscious awakenings and acid reflux events 

as well as symptoms in the GERD group ( n  = 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. 
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   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 (< 3 h) 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 7 h 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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 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 10 min and 20 min 

after waking up in the morning). Reproduced from Poh  et al .    [60]  with permission from 

Blackwell Publishing. 
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 The aforementioned information suggests that sleep deprivation  per se  

may adversely affect 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 

10 sec 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  et 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 

40 mg twice daily (morning and evening) provided the best nighttime 

intragastric pH control (81.0%) followed by esomeprazole 40 mg 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 40 mg 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 20 mg 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 20 mg 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 40 mg or 20 mg 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 30 mg, 60 mg, or placebo once daily. The percentage of nights 

without heartburn was significantly higher in patients receiving dexlanso-

prazole MR 60 and 30 mg 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 30 mg or placebo once daily for 4 weeks. Dexlansoprazole 

MR 30 mg ( n  = 152) was superior to placebo ( n  = 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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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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 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. 
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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 10 mg 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 3 h 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 BMI 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 
30 min 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. 

 •  Excessive belching is a behavior disorder in which patients have episodic high- 

frequency supragastric belching. 

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

 •  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 

 •  functional dyspepsia 

 •  irritable bowel syndrome 

 •  acute pancreatitis 

 •  cholecystolithiasis 

 •  peptic ulcer disease.  

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

symptoms:

 •   excessive belching 

 •  functional dyspepsia 

 •  irritable bowel syndrome 

 •  bacterial overgrowth 

 •  paralytic or mechanical ileus 

 •  constipation 

 •  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] . It 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   13.2  a). 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   13.2  b). 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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 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 

Symptoms of excessive belching

Alarm symptoms Upper endoscopy
Yes

No

24-h pH-impedance test

Frequent supragastric belching

Pathological reflux
Treat reflux

Speech therapy
and/ or behavior

therapy

 Figure 13.3     Algorithm for excessive belching. 
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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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       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  ). 

 Figure 13.4     Abdominal radiograph of a patient with aerophagia showing a large 

volume of intestinal air but no air–fluid levels. 
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      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 

Symptoms suggestive of aerophagia

Abdominal radiograph Dyspepsia, IBS
Normal

Air–fluid levels

Large volume of air in intestines

Absent Present 

24hr pH-impedance testIleus?

CT scan, etc Aerophagia

Excessive air swallowing

Normal

Treatment: lifestyle measures,
speech therapy

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

syndrome. 
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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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CHAPTER 14

       Dysphagia and Gastroesophageal 
Reflux Disease  
    Donald O.   Castell   1   and    Erick R.   Singh   2   
   1   Esophageal Disease Program ,  Medical University of South Carolina ,   Charleston ,  SC ,  USA   

  2   Section of Gastroenterology and Hepatology ,  Georgia Health Sciences University , 

  Augusta ,  GA ,  USA   

         Key points 
 •    Gastroesophageal reflux disease may induce structural and physiological changes 

in the esophagus which can cause dysphagia. 

 •  Initial 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. 

 •  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 
 •    Failing to distinguish between oropharyngeal and esophageal dysphagia, as 

gastroesophageal reflux disease is a common cause of the latter but not the former. 

 •  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. 

 •  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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      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 diagnostic and 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 &
liquids

Solids 
only

IEMScleroderma StrictureRings & webs CancerEsophagitis

Structural problemMotility problem

Progressive Intermittent

Acute Intermittent ProgressiveHeartburn &
regurgitation

GERD 
sx’s

> 50 
years

Barium
esophagram &

manometry

EGD

 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.

 •   Peptic strictures 

 •  Rings and webs 

 •  Esophageal adenocarcinoma 

 •  Esophagitis (erosive and eosinophilic) 

 •  Ineffective esophageal motility (IEM) 

 •  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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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 

 Figure 14.2     Midesophageal peptic 

stricture. 
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“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 

 Figure 14.3     Schatzki ’ s ring. 

c14.indd   245 11/15/2012   2:49:08 AM



246  Part 2: Gastroesophageal Reflux Disease

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 T1–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 necrosis    [21] . 

However, GERD-induced esophagitis seems less dependent upon the 

acidity of the reflux than the persistent exposure of the esophageal 

mucosa to the acidified medium    [22] . Initial symptoms of erosive esopha-

gitis include heartburn, acid regurgitation or bitter taste. Interestingly, 

the presence of dysphagia is not an accurate clinical predictor of disease 

severity. However, persistence of dysphagia despite PPI therapy does likely 

indicate therapeutic failure    [23] . The treatment of erosive esophagitis 

through pharmacological acid suppression is covered elsewhere in this 

book (see Chapter XX). 

 Another form of esophagitis linked with dysphagia, especially in the 

young, is eosinophilic esophagitis. This was first described in the late 1970s 

with presenting symptoms such as heartburn, regurgitation, and vomiting 

in children, but more commonly presenting in adults with symptoms of 

dysphagia and food impaction. Diagnosis requires biopsy evidence of >15 

eosinophils per high-power field. Endoscopic findings may include mul-

tiple esophageal rings, longitudinal furrows, white spots, and mucosal 

 friability. 

 Although the exact pathophysiological cause of this disease is unknown, 

eosinophilic esophagitis is thought to be an antigenic response to food or 

air-borne allergens    [24] . The exclusion of GERD as a cause of esophagitis is 

a common preliminary stage in the diagnosis of eosinophilic esophagitis. 

However, many patients are placed on acid-suppressive regimens with 

high-dose PPI initially in their treatment course. Favorable responses to 

these trials suggest there may be some relationship between GERD and 

eosinophilic esophagitis    [25] . Eosinophilic esophagitis is discussed else-

where in this book (see Chapter XX). 

   Motility disorders 
 In addition to the structural causes of esophageal dysphagia, several 

motility disorders related to GERD are also known to contribute to dys-

phagia (Plate 14.1). Ineffective esophageal motility (IEM) is an entity in 

which the lower esophageal smooth muscle contracts in a hypotensive 

manner. More specifically, it is manometrically defined as an esophagus in 

which 50% or more liquid swallows are found to have amplitude < 30 

mmHg at positions located 5 or 10 cm above the lower esophageal sphincter 

(LES)    [26] . 

 Many studies have shown an association between GERD and IEM. Ho 

 et al . reported the overall prevalence of IEM in a group of 89 GERD patients 

as 49%, with these patients also exhibiting abnormal esophageal acid 

exposure compared to GERD patients without motility disorder    [27] . The 

causal relationship as to whether long-standing GERD predisposes the 

lower esophageal body to continuous injury, prompting the hypotensive 
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contractions found in IEM, or whether the hypotensive contractions of 

IEM contribute to poor acid clearance and worsened symptoms of GERD is 

unclear. In either case, patients with IEM often complain of dysphagia, 

regurgitation, and chronic heartburn. 

 The mainstays of therapy consist of two options. First, maximal acid 

 suppression is attempted in the hope that the lower esophageal smooth 

muscle may produce higher amplitude contractions as GERD-induced 

injury decreases. Second, several drugs have been utilized to preferentially 

augment the hypotensive contractions. Richter  et al . first showed that 

intravenous injection of the short-acting acetylcholinesterase inhibitor 

edrophonium increased LES resting pressure and distal esophageal 

 amplitudes    [28] . Humphries and Castell showed a similar effect in healthy 

volunteers when given the direct muscarinic agonist bethanechol orally 

   [29] . Given these observations, Blonski  et al . evaluated the use of oral 

bethanechol, buspirone, and the longer acting oral acetylcholinesterase 

inhibitor pyridostigmine amongst 10 healthy volunteers    [30] . All three 

agents had a pro-motility effect, with pyridostigmine seeming to show the 

most potential to preferentially improve contractility and LES tone. 

Although further studies regarding the use of the cholinergic agents are 

necessary, potential therapy with cholinergic agents such as bethanechol 

and pyridostigmine in IEM patients may be considered    [30] . 

 Another motility disorder in which hypotensive or absent contractions 

of the esophagus may contribute to dysphagia is scleroderma (Plate 14.2). 

Up to 75% of patients with systemic scleroderma are known to have 

 esophageal dysfunction, and approximately 50% of these patients are symp-

tomatic    [31] . Manometric findings commonly found in a scleroderma esoph-

agus include absent or greatly diminished contractile waves in the  lower 

esophageal smooth muscle and decreased tone of the lower  esophageal 

sphincter. The mechanism of dysfunction is likely due to replacement of 

smooth muscle fibers with collagen and fibrosis, or  neuronal abnormalities 

contributing to an absent smooth muscular contractile and  resting tonic 

response. The diminished resting tone of the LES contributes to the presence 

of GERD  in patients with scleroderma. This hypotensive LES allows acid 

gastric contents to reflux into the esophageal body,  predisposing these 

patients to esophagitis, stricture formation, ulcers, and possible worsening of 

already prevalent motility abnormalities    [32] . Patients may complain of 

heartburn, dysphagia, acid regurgitation or respiratory symptoms. 

 Unlike patients with IEM, scleroderma patients with abnormal 

 peristalsis  have been found to have no response to methacholine (a 

 cholinergic agonist) or edrophonium (a cholinesterase inhibitor) which 

increased contraction amplitudes in scleroderma patients with intact 

 peristalsis    [33] . This absence of response strengthens the belief that a 

 dysfunctional neuronal axis may be the basis of dysphagia. 
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 The treatment of dysphagia in scleroderma patients may be particularly 

frustrating due to the lack of therapeutic options. At the current time, 

treatment consists of maximal pharmacological acid suppression. 

Fundoplication aimed at augmenting the weakened LES may be counter-

productive and generally not recommended, as successful anti-reflux 

 surgery may prevent GERD but may contribute to worsened dysphagia 

since the hypotensive esophageal smooth muscle may not be able to pro-

duce propulsive forces great enough to overcome the resistance produced 

by fundoplication.   
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CHAPTER 15

       Eosinophilic Esophagitis: 
  Interactions with 
Gastroesophageal Reflux Disease 
      Kumar   Krishnan   and       Ikuo   Hirano    
   Division of Gastroenterology, Feinberg School of Medicine, and Northwestern University , 

  Chicago ,  IL ,  USA   

         Key points 
 •    Suspect eosinophilic esophagitis in younger males with a history of atopy who 

present with recurrent dysphagia. Heartburn and atypical chest pain are additional 

symptoms. 

 •  A significant proportion of patients with esophageal eosinophilia may respond 

symptomatically and histologically to a trial of proton pump inhibitor therapy. 

 •  Given the prevalence of gastroesophageal reflux disease in the general population, 

invariably a significant proportion of patients with eosinophilic esophagitis will have 

gastroesophageal reflux disease defined by symptoms or abnormal pH testing. 

 •  Eotaxin-3 expression, eosinophil degranulation proteins and gene expression patterns 

may be useful biomarkers in the diagnosis of eosinophilic esophagitis.  

       Potential pitfalls 
 •    Heartburn in the absence of dysphagia is a less common complaint of adult patients 

with eosinophilic esophagitis. 

 •  In a patient with suspected eosinophilic esophagitis who responds to proton pump 

inhibitor therapy, it remains to be determined whether the response is indicative of a 

gastroesophageal reflux disease pathogenesis or proton pump inhibitor-responsive 

form of eosinophilic esophagitis. 

 •  pH testing cannot reliably distinguish eosinophilic esophagitis from gastroesophageal 

reflux disease-related esophageal eosinophilia given the complex nature of these two 

conditions. The predictive value of negative or positive pH testing in eosinophilic 

esophagitis has not been established. 

 •  Symptoms, reflux testing and even histology can sometimes be misleading in 

distinguishing eosinophilic esophagitis from gastroesophageal reflux disease as there 

is no gold standard diagnostic test.  
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      Introduction 

 Eosinophilic esophagitis (EoE) is an increasingly recognized entity amongst 

both children and adults that is conceptually defined as a chronic, immune/

antigen-mediated disease characterized clinically by symptoms related 

to  esophageal dysfunction and histologically by eosinophil-predominant 

inflammation    [1] . The association between gastroesophageal reflux 

(GERD) and EoE has been the source of growing interest. This interest 

stems from observations that EoE patients have symptom profiles that can 

mimic GERD    [2–4] , eosphageal eosinophilia is seen in both EoE and GERD 

   [5–7] , and treatment for GERD may lead to improvement in patients with 

suspected EoE    [8,9] . This chapter will focus on the clinical characteristics 

of EoE, interactions between GERD and EoE, and evidence for treating 

GERD in patients with suspected EoE. 

   Clinical, endoscopic, and manometric manifestations 

  Clinical presentation 
 The typical clinical symptoms of EoE in adults are dysphagia and food 

 impaction    [10] . It has been reported that 30–50% of food impaction cases 

in adults are the result of EoE    [11] . In larger adult series, 80–90% of EoE 

patients presented with dysphagia while 20–30% reported heartburn. 

When  present, heartburn is usually not a dominant or frequent primary 

complaint in EoE. In addition, failure to thrive, abdominal pain, nausea 

and vomiting are  frequently reported in children with EoE, but are 

uncommon in adults. In pediatrics, a reflux-type phenotype is common, 

with many children presenting with refractory reflux. This is not the case 

in adults in whom prospective studies have demonstrated esophageal 

eosinophilia in only 1–4% of patients with reflux symptoms unresponsive 

to proton pump inhibition (PPI). 

 Eosinophilic esophagitis is a disease with a strong male predominance, 

with most series reporting 75% of afflicted children and adults being 

male    [12] . Between 28% and 86% of adults with EoE also carry a history 

of allergic disease, including atopic dermatitis, allergic rhinitis, and asthma. 

Abnormal positive skinprick testing or antigen-specific serum immuno-

globulin (Ig)E can be demonstrated in the majority of EoE patients but 

the clinical significance of such testing in the pathogenesis of EoE remains 

uncertain    [13] . While esophageal eosinophilia is a hallmark of this dis-

ease, peripheral eosinophilia is seen in only 10–50% of patients, with a 

majority of cases revealing only modest increase (<2 times the upper limit 

of normal) in blood eosinophilia    [10] . Interestingly, marked peripheral 
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 eosinophilia in patients with EoE has been reported to correlate with 

 disease activity    [14,15] . 

   Endoscopic findings 
 Endoscopically, there are esophageal signs commonly associated with EoE 

(Plate 15.1)    [15] . These include concentric rings, longitudinally oriented, 

linear furrows, white exudates or plaques, mucosal pallor or edema, and 

esophageal strictures. While evident in the majority of patients, the endo-

scopic findings are not specific to EoE    [10] . A recent study demonstrated 

reasonably good interobserver agreement for a classification and grading 

system for the endoscopically identified, esophageal features of EoE 

(Table     15.1 )    [15] . High-frequency, endoscopic ultrasonography in small 

series revealed expansion of the mucosa and submucosa in patients with 

EoE, as well as thickening of the muscularis propria    [16,17] . Investigations 

have recently demonstrated significantly diminished esophageal 

 Table 15.1   Classification and grading system for the endoscopic assessment of 

esophageal features of eosinophilic esophagitis. 

Gastroesophageal reflux disease Eosinophilic esophagitis    

Dominant symptom Heartburn Dysphagia

Food impaction Uncommon Common

Gender M = F Male predominant (75%)

Atopic history Normal 70%

Endoscopy Non-erosive reflux disease

 Erosive esophagitis 

 Barrett ’ s esophagus 

Rings

 Longitudinal furrows 

 Exudates/plaques 

Histology < 7 eos/hpf

 Basal cell hyperplasia 

 Rete peg elongation 

 Dilated intercellular spaces 

≥15 eos/hpf

 Basal cell hyperplasia 

 Rete peg elongation 

 Dilated intercellular spaces 

 Eosinophilic microabscess 

 Superficial layering 

of eosinophils 

 Subepithelial fibrosis 

Biomarkers Increased distal esophageal

 acid exposure 

 ? E-cadherin cleaved 

 products 

Eotaxin-3

 Eosinophil peroxidase 

Primary treatment Antacids,  H2 receptor antagonist, 

 proton pump inhibition 

Topical steroids, 

 elimination diet 
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 distensibility in patients with EoE    [18] . Reduced distensibility may be an 

 important determinant of impaired bolus transit and dysphagia in EoE. 

    Manometric findings 
 There has been considerable investigation into the effect of EoE on 

 esophageal motility. Esophageal dysmotility has been suggested to account 

for the apparent dissociation between symptoms of dysphagia and the 

presence of endoscopically evident esophageal strictures. Eosinophil-

derived proteins may affect enteric neurons and esophageal smooth muscle 

function. Investigations using high-resolution manometry with pressure 

topography demonstrated that the majority of manometric abnormalities 

identified in EoE are non-specific and overlap significantly with features 

identified in GERD    [18] . Weak and failed peristalsis are frequent findings 

on high-resolution manometry in both GERD and EoE    [19] . Increased 

esophageal pressurization patterns were identified in 36% of EoE patients 

and only 12% of GERD patients and may reflect reduced wall compliance. 

Pediatric investigation using prolonged esophageal manometry also reveals 

increased frequency of ineffective peristalsis compared to GERD controls 

   [20] . In addition to impaired circular muscle function, as measured by 

esophageal manometry, Korsapati  et al . reported dysfunction in longitudinal 

muscle function in patients with EoE    [21] . Specifically, EoE patients 

 demonstrated decreased amplitude and duration of longitudinal muscle 

contraction during swallows with dissociation between the timing of 

circular muscle and longitudinal muscle contractions    [21] . Longitudinal 

muscle dysfunction is a potential mechanism for dysphagia in some 

patients with EoE. However, it remains unclear as to whether the reduced 

longitudinal muscle function is the result of a motility defect or increased 

tissue stiffness related to esophageal mural fibrosis. 

    Diagnosis of eosinophilic esophagitis 

 The presence of eosinophils within the esophagus is pathological but not 

specific for any particular disease state. There are many causes of esopha-

geal eosinophilia, including EoE, GERD, parasitic infection, inflammatory 

bowel disease, autoimmune disorders, neoplasia, drug hypersensitivity, and 

caustic injury    [22] . Currently, there is no single test for the diagnosis of 

EoE. Consensus recommendations suggest that EoE is a clinicopathological 

diagnosis that incorporates symptoms of esophageal dysfunction together 

with markers of eosinophil-predominant inflammation, with 15 eosino-

phils per high-power field (hpf) considered the minimum threshold for 

the  diagnosis    [1] . Characteristic endoscopic signs raise the suspicion of 

EoE  in  the appropriate clinical context, but are not a requirement (see 
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Table    15.1 )    [15] . With the exception of GERD, most other secondary causes 

of esophageal eosinophilia can be excluded through a careful clinical 

 history and endoscopic examination. 

 Histologically, there are no pathognomonic features of EoE, but several 

findings have been strongly associated with the diagnosis. The number of 

eosinophils required to consider the diagnosis has been an area of debate. 

It is important to note that most studies rely on highest number of eosino-

phils per hpf, and not average number per hpf    [23–25] . There is no study 

defining the optimal threshold number of eosinophils per hpf for EoE, 

although the consensus recommendations suggest a minimum threshold 

of 15/hpf. Higher concentrations of eosinophils may increase the  diagnostic 

specificity for EoE at the expense of sensitivity. Eosinophil micro abscesses 

defined by a cluster of more than four eosinophils, superficial layering of 

eosinophils, eosinophil degranulation, and subepithelial fibrosis have been 

suggested to distinguish EoE from GERD in a few small studies    [11,26] . 

Basal zone hyperplasia, rete peg elongation, and dilated intercellular 

spaces  have been associated with EoE, but are also common histological 

findings in GERD    [10,11,24,26] . 

   Distinguishing gastroesophageal reflux disease 
from eosinophilic esophagitis 

 Perhaps the most challenging aspect of the diagnosis of EoE is the ability 

to distinguish it from GERD (Box    15.1 ). Interestingly, esophageal eosino-

philia was characteristically associated with GERD in the 1980s    [6,27] . 

In these early reports, the presence of esophageal eosinophilia correlated 

with increased esophageal acid exposure and was primarily noted to be 

in the distal esophagus. In the early 1990s, reports from adult and pedi-

atric  centers described a cohort of patients with esophageal eosinophilia 

in the absence of GERD    [24,28,29] . Interestingly, the adult studies 

revealed a phenotype distinct from that typically seen in GERD. Male 

predominance and history of atopy were pronounced in comparison to 

patients with GERD. Symptom presentations were dominated by dys-

phagia and food impaction, rather than heartburn and regurgitation. 

Endoscopic findings were not those of erosive esophagitis, and instead 

revealed concentric rings,  exudates, and furrows    [15] . In addition, the 

degree of esophageal eosinophilia was markedly higher compared to that 

typically associated with GERD. Most importantly, the patients studied 

had either normal pH testing or had  symptoms and histopathology 

despite acid suppressive therapy. 

  As clinical recognition and the prevalence of EoE in adults began to 

increase, further investigation supported the notion that EoE is distinct 
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from GERD. It was previously thought that eosinophil count alone was 

sufficient to distinguish EoE from GERD, as early reports revealed that 

most patients with GERD-related eosinophilia seldom had peak eosino-

phil counts >10/hpf    [26,30] . The utility of the eosinophil count in distin-

guishing EoE from GERD has recently been challenged. A small case 

series described three young adults with symptoms and histopathology 

consistent with EoE but responsive to PPI therapy. Larger, retrospective 

pediatric and adult studies have confirmed this observation, noting a 

28–40% histological response rate after PPI therapy    [31–33] . A prospec-

tive study by Molina-Infante  et al . identified 35 adults with esophageal 

eosinophilia, of whom 75% responded histologically to a 6-week course 

of PPI therapy    [8] . 

 A variety of histological features have been investigated to help 

 distinguish GERD from EoE. Perhaps the most conceptually attractive 

  Box   15.1   Comparison of features of gastroesophageal reflux 
disease and eosinophilic esophagitis  
  Major features 
 Fixed rings (also referred to as concentric rings, corrugated esophagus, corrugated 
rings, ringed esophagus, trachealization)

  Grade 0: None 

 Grade 1: Mild – subtle circumferential ridges 

 Grade 2: Moderate – distinct rings that do not impair passage of a standard diagnostic 

 adult endoscope (outer diameter 8–9.5 mm) 

 Grade 3: Severe – distinct rings that do not permit passage of a diagnostic endoscope  

  Exudates (also referred to as white spots, plaques)
  Grade 0: None 

 Grade 1: Mild – lesions involving less than 10% of the esophageal surface area 

 Grade 2: Severe – lesions involving greater than 10% of the esophageal surface area  

  Furrows (also referred to as vertical lines, longitudinal furrows)
  Grade 0: Absent 

 Grade 1: Present  

  Edema (also referred to as decreased vascular markings, mucosal pallor)
  Grade 0: Absent. Distinct vascularity present 

 Grade 1: Loss of clarity or absence of vascular markings  

  Stricture
  Grade 0: Absent 

 Grade 1: Present (include estimate of inner diameter of stricture)  

    Minor features 
 Crepe paper esophagus (mucosal fragility or laceration upon passage of diagnostic 
endoscope but not after esophageal dilation)

  Grade 0: Absent 

 Grade 1: Present    
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 histological feature distinguishing EoE from GERD is the presence of 

proximal eosinophilia, the reason being that reflux and reflux-associated 

injury typically predominantly affect the distal esophagus. Recent investi-

gations have compared the frequency of proximal esophageal eosinophila 

in patients with EoE compared to those with GERD. In one study, 70% of 

patients with EoE were noted to have a greater degree of eosinophilia in 

the proximal esophagus compared to the distal, whereas this was not seen 

in any patients with GERD. Furthermore, 83% of the EoE patients in this 

cohort had both proximal and distal eosinophilia compared to 0% in GERD 

patients    [34] . Other histological features that have shown modest utility in 

favoring a diagnosis of EoE over GERD include superficial localization of 

eosinophils, eosinophilic microabscesses, and eosinophil degranulation. 

Unfortunately, none appears to be sensitive or specific enough to aid in 

diagnosis. The prospective trial by Molina-Infante was unable to demonstrate 

significant differences in these histological features in distinguishing GERD 

from EoE as defined by a response to PPI therapy. As a result, the  consensus 

guidelines suggest that the diagnosis of EoE should not be established until 

acid reflux is excluded with a trial of PPI therapy    [1,10] . 

 In addition to its overlap with GERD, EoE can co-exist with conditions 

that are complications of GERD, specifically Barrett ’ s esophagus (BE). The 

prevalence of esophageal eosinophilia in patients with BE is not entirely 

known, but retrospective data from the Mayo Clinic suggest that the prev-

alence is at least 7%. There was no clear association between dysplastic 

BE  and the presence of esophageal eosinophilia    [35] . The relevance of 

esophageal eosinophilia in patients with BE is not known, but it may be a 

marker of persistent reflux. There is no evidence to causally link EoE with 

the development of BE or esophageal cancer. Given the background 

 prevalence of GERD and BE in the general population, BE may be an 

incidental finding unrelated to EoE. 

 Complicating our understanding of the interactions between GERD and 

EoE is the possibility that GERD may predispose to or even cause EoE    [36] . 

This concept emerged not only from the observation that there is 

 considerable overlap between these two conditions, but also from early 

studies revealing that treatment for acid reflux may improve the clinical 

and histological manifestations of EoE    [9] . From a mechanistic standpoint, 

it is feasible that acid reflux may predispose to EoE. Though the normal 

squamous epithelium is rather impermeable to allergenic peptides, erosive 

or non-erosive acid injury has been shown to cause dilated intercellular 

spaces. This dilation can allow larger peptides to permeate the esophageal 

epithelium, thus exposing the stroma and antigen-presenting cells to 

 food-borne allergens    [37] . Acid exposure induces release of mast cell medi-

ators and may prolong eosinophil viability. Furthermore, acid exposure to 

the esophageal epithelium can result in recruitment of eosinophils by 
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increasing expression of vascular cell adhesion molecule (VCAM)-1 on the 

endothelial surface    [36,38] . 

 As a result of the complex relationship between EoE and GERD, and 

challenges in clinical distinction, there has been increased investigation 

of identifying molecular and genomic differences. Perhaps the strongest 

piece of evidence supporting distinct mechanistic pathways in EoE and 

GERD comes from a genome-wide microarray analysis comparing patients 

with EoE to those with GERD. This study reveals that the esophageal 

 epithelium in patients with EoE has a unique genomic transcriptional 

pattern distinct from GERD. This transcriptome pattern is conserved 

amongst patients despite age and sex. This study revealed that eotaxin-3 

was the most highly induced gene compared to controls. Furthermore, a 

polymorphism at the eotaxin-3 allele indicated disease susceptibility    [39] . 

 Ex vivo  studies  comparing esophageal squamous cultures from patients 

with EoE and those from controls revealed that an acidic environment 

can augment interleukin (IL)-13-mediated eotaxin-3 expression. 

Interestingly, there was no difference between EoE patients and controls, 

suggesting that EoE patients are not more susceptible to acid-related 

eotaxin-3 expression    [40] . 

   Treatment of gastroesophageal reflux disease 
in eosinophilic esophagitis 

 Consensus guidelines recommend assessing for GERD with either formal 

reflux testing or an empiric trial of acid-suppressive medication    [1,10] . 

This recommendation was intended to exclude GERD as a secondary cause 

of esophageal eosinophilia. Several recent reports, however, have called 

into question the specificity of the PPI response in distinguishing GERD 

from EoE. 

 In a prospective study evaluating the utility of pharmacological acid 

 suppression in patients with EoE, Molina-Infante performed esophageal 

biopsies in 729 consecutive patients with upper gastrointestinal symptoms 

referred for endoscopy    [8] ; 35 patients were found to have eosinophilic 

esophageal infiltration (>15 eos/hpf). These patients were then given 

 rabeprazole 20 mg twice daily for 2 months. Interestingly, 75% achieved 

clinical and histological remission (defined as <5 eos/hpf) with rabepra-

zole. Sixty percent of those patients with esophageal eosinophilia also 

had endoscopic evidence of EoE. Of these patients, 70% achieved clinico-

pathological remission with rabeprazole alone. Furthermore, 50% of 

patients with clinical symptoms and signs consistent with EoE and biopsies 

with >35 eos/hpf responded to the PPI trial. Importantly, 29 out of the 

35  patients with esophageal eosinophilia had evidence of pathological 
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reflux with either formal acid testing or endoscopic findings of reflux 

esophagitis. Potential mechanisms for reflux-induced esophageal eosino-

philia were discussed in the previous section. 

 It is difficult to discern from this study whether the PPI was treating 

 primary eosinophilic esophagitis or reflux-associated eosinophilia    [41] . In 

pediatric and adult case series, patients with suspected refractory GERD 

with esophageal eosinophilia underwent fundoplication. Post surgery, 

these patients had persistent symptoms as well as histological evidence 

consistent with eosinophilic esophagitis which responded to steroid or 

 dietary therapy    [29,42] . This indicates that these patients represent a 

 primary eosinophilic esophagitis that is not reflux mediated. However, acid 

reflux could theoretically exacerbate or accelerate primary eosinophilic 

esophagitis via a variety of mechanisms. Alternatively, there may be a 

pleiotropic effect of proton pump inhibitors on the esophageal epithelium 

that is independent of acid blockade.  In vitro  data suggest that beyond acid 

suppression, PPIs may have antiinflammatory properties. Specifically, they 

have been shown to have antioxidant properties, to inhibit neutrophil 

degranulation, and decrease epithelial secretion of proinflammatory cyto-

kines and chemotactic factors    [43] . Most recently, preliminary data have 

demonstrated an acid-independent effect of omeprazole on suppression 

of eotaxin-3 expression from esophageal squamous epithelial cells  in vitro  

   [44] . Acid-independent, antiinflammatory effects could account for a 

therapeutic effect of PPIs in primary eosinophilic esophagitis. 

 In light of this seemingly complex and evolving interplay between 

acid reflux, PPI therapy and esophageal eosinophilia, a practical approach 

to patients with suspected eosinophilic esophagitis is suggested    [44]  

(Figure   15.1  ). When confronted with a patient with symptoms  dominated 

by dysphagia and food impaction, typically male with an atopic history, 

endoscopic features of rings and furrows and esophageal biopsies demon-

strating esophageal eosinophilia, an 8-week therapeutic trial of PPI 

therapy is recommended. While it is tempting to initiate steroids or dietary 

elimination at this juncture, the recent reports of high degrees of PPI 

responsiveness together with the safety profile of PPI therapy argue in 

favor of empiric PPI therapy. Patients with persistent symptoms and esoph-

ageal eosinophilia then meet the consensus recommendation  definition of 

eosinophilic esophagitis. Patients who show symptom and histological 

response to PPI therapy may have GERD or a PPI-responsive form of eosin-

ophilic esophagitis. Until more specific biomarkers are available to distin-

guish GERD from EoE, these patients should be designated as having 

“PPI-responsive esophageal eosinophilia” rather than being given a specific 

diagnosis. Finally, some patients may demonstrate a partial symptom or 

histological response to PPI and may benefit from continued PPI therapy 

together with initiation of topical steroids or anelimination diet. 
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        Summary 

 Eosinophilic esophagitis is increasingly recognized as a major cause of 

esophageal dysfunction. The clinical symptoms of EoE in adults include 

dysphagia and food impaction and less commonly heartburn or chest pain. 

Endoscopically, the characteristic findings include rings, furrows, exudates, 

and stricture. Upregulation of eotaxin-3 in response to an environmental 

trigger is important in the pathogenesis. GERD may predispose to EoE by 

disrupting the esophageal squamous barrier, resulting in exposure of 

ingested allergens to antigen-presenting cells. Acid reflux may also increase 

eosinophil chemotactic factors and eosinophil viability. Consensus 

 recommendations suggest that the diagnosis of EoE should be considered 

 following exclusion of PPI-responsive esophageal eosinophilia. Whether 

PPI trial

Suspected eosinophilic esophagitis

Dysphagia or food impaction
History of atopy
Endoscopic signs (rings, furrows, exudates)
Esophageal eosinophilia

Younger patient, typically male

Symptom relief &
normal histology

Persistent symptoms &
esophageal eosinophilia

EGD with biopsy

Eosinophilic
esophagitis

PPI responsive
esophageal eosinophilia
(PPI responsive EoE
vs GERD )

 Figure 15.1     Suggested algorithm for evaluation and management of an adult patient 

with eosinophilic esophagitis (EoE). Eosinophilic esophagitis is suspected based on a 

clinical profile of symptoms dominated by dysphagia and food impaction in a younger, 

typically male patient with history of atopy. Features supportive of the diagnosis of EoE 

include esophageal rings, longitudinal furrows and exudates with histological evidence 

of esophageal eosinophilia. Following a therapeutic trial of PPI therapy, an EGD 

differentiates PPI-responsive esophageal eosinophilia from the 2011 consensus 

recommendation for the diagnosis of primary EoE. It remains controversial whether 

the PPI-responsive form of esophageal eosinophilia represents GERD or a PPI-

responsive subtype of EoE. Patients with persistent symptoms and histopathology 

of eosinophil-predominant inflammation following PPI therapy meet the current 

diagnostic criteria for EoE and are offered primary therapy with either elimination 

diet or topical corticosteroids. Reproduced from Hirano    [41]  with permission from 

Elsevier. EGD, esophagogastroduodenoscopy; EoE, eosinophilic esophagitis; GERD, 

gastroesophageal reflux disease; PPI, proton pump inhibitor. 
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patients with PPI-responsive esophageal eosinophilia have GERD or a 

 PPI-responsive subtype of EoE remains to be determined.   

   Discussion 
 This case highlights the difficulty in distinguishing EoE from GERD. As 

discussed above, there appears to be a complex relationship between acid 

reflux and EoE. It is unclear whether acid reflux alone or in combination 

with food allergen can induce the endoscopic and histological changes 

attributed to eosinophilic esophagitis. The patient described above has 

intermittent dysphagia for 2 years with minimal reflux symptoms. He does 

not have the typical atopic history that is common in patients with primary 

EoE. Futhermore, his endoscopic and histological findings are typical 

for eosinophilic esophagitis. He has experienced a response to PPI therapy 

alone, with complete clinical and histological resolution. It is unclear whether 

he truly has a PPI-responsive form of EoE or an unusual presentation of 

GERD with secondary esophageal eosinophilia. 

    References 

1     Liacouras   CA  ,   Furuta   GT  ,   Hirano   I  ,  et al .  Eosinophilic esophagitis: updated consensus 

recommendations for children and adults .  J Allergy Clin Immunol   2011 ; 128 ( 1 ): 3 – 20 .  

2     Remedios   M  ,   Campbell   C  ,   Jones   DM  ,   Kerlin   P  .  Eosinophilic esophagitis in adults: 

clinical, endoscopic, histologic findings, and response to treatment with fluticasone 

propionate .  Gastrointest Endosc   2006 ; 63 ( 1 ): 3 – 12 .  

 CASE STUDY 

 A 53-year-old man presents with intermittent dysphagia for 2 years. The patient 
describes solid food dysphagia occurring on a weekly basis. The dysphagia symptoms 
are typically relieved by drinking water, but he did have a food impaction that lasted 
for 36 h. Problem foods include pasta and meat. He has noted heartburn only 1–2 
times per month. He denies chest pain, nausea, vomiting, weight loss or blood in stool. 

 The past medical and surgical history are unremarkable. Family history is negative for 
allergy or gastrointestinal disease. Social history is significant for social alcohol intake, 
but is otherwise unremarkable. On physical exam no oral lesions are noted. The neck is 
supple. The cardiovascular, gastrointestinal, and pulmonary examinations are normal. 

 Esophagogastroduodenoscopy is performed which reveals concentric rings in the 
esophagus, linear furrows and white plaques. Distal and proximal esophageal biopsies 
reveal esophageal eosinophilia (>50 per hpf). The remainder of the upper endoscopy 
is unremarkable. 

 The patient is started on omeprazole 40 mg p.o. once daily for 8 weeks. At 
follow-up, he reports complete relief of his dysphagia. A follow-up EGD reveals rings 
and furrows, though significantly less pronounced than on the initial endoscopy. 
Esophageal biopsies do not reveal any pathological change. The patient is maintained 
on omeprazole 20 mg once daily with no further complaints. On clinic follow-up 
6 months later, the patient has no swallowing difficulty, heartburn or food avoidance. 

c15.indd   263 11/15/2012   2:48:55 AM



264  Part 2: Gastroesophageal Reflux Disease

3     Shah   A  ,   Kagalwalla   AF  ,   Gonsalves   N  ,   Melin-Aldana   H  ,   Li   BU  ,   Hirano   I  .  Histopatho-

logic variability in children with eosinophilic esophagitis .  Am J Gastroenterol  

 2009 ; 104 ( 3 ): 716 – 21 .  

4     Teitelbaum   JE  ,   Fox   VL  ,   Twarog   FJ  ,  et al .  Eosinophilic esophagitis in children: immu-

nopathological analysis and response to fluticasone propionate .  Gastroenterology  

 2002 ; 122 ( 5 ): 1216 – 25 .  

5     Rodrigo   S  ,   Abboud   G  ,   Oh   D  ,  et al .  High intraepithelial eosinophil counts in esopha-

geal squamous epithelium are not specific for eosinophilic esophagitis in adults .  Am 

J Gastroenterol   2008 ; 103 ( 2 ): 435 – 42 .  

6     Winter   HS  ,   Madara   JL  ,   Stafford   RJ  ,   Grand   RJ  ,   Quinlan   JE  ,   Goldman   H  .  Intraepithelial 

eosinophils: a new diagnostic criterion for reflux esophagitis .  Gastroenterology  

 1982 ; 83 ( 4 ): 818 – 23 .  

7     Molina-Infante   J  ,   Ferrando-Lamana   L  ,   Mateos-Rodriguez   JM  ,   Perez-Gallardo   B  , 

  Prieto-Bermejo   AB  .  Overlap of reflux and eosinophilic esophagitis in two patients 

requiring different therapies: a review of the literature .  World J Gastroenterol 

7   2008 ; 14 ( 9 ): 1463 – 6 .  

8     Molina-Infante   J  ,   Ferrando-Lamana   L  ,   Ripoll   C  ,  et al .  Esophageal eosinophilic infil-

tration responds to proton pump inhibition in most adults . Clin Gastroenterol 

Hepatol; 9(2):110–17.  

9     Ngo   P  ,   Furuta   GT  ,   Antonioli   DA  ,   Fox   VL  .  Eosinophils in the esophagus – peptic or 

allergic eosinophilic esophagitis? Case series of three patients with esophageal 

 eosinophilia .  Am J Gastroenterol   2006 ; 101 ( 7 ): 1666 – 70 .  

10     Furuta   GT  ,   Liacouras   CA  ,   Collins   MH  ,  et al .  Eosinophilic esophagitis in children 

and adults: a systematic review and consensus recommendations for diagnosis and 

treatment .  Gastroenterology   2007 ; 133 ( 4 ): 1342 – 63 .  

11     Desai   TK  ,   Stecevic   V  ,   Chang   CH  ,   Goldstein   NS  ,   Badizadegan   K  ,   Furuta   GT  .  Association 

of eosinophilic inflammation with esophageal food impaction in adults .  Gastrointest 

Endosc   2005 ; 61 ( 7 ): 795 – 801 .  

12     Noel   RJ  ,   Putnam   PE  ,   Rothenberg   ME  .  Eosinophilic esophagitis .  N Engl J Med  

 2004 ; 351 ( 9 ): 940 – 1 .  

13     Liacouras   CA  ,   Spergel   JM  ,   Ruchelli   E  ,  et al .  Eosinophilic esophagitis: a 10-year 

 experience in 381 children .  Clin Gastroenterol Hepatol   2005 ; 3 ( 12 ): 1198 – 206 .  

14     Konikoff   MR  ,   Blanchard   C  ,   Kirby   C  ,  et al .  Potential of blood eosinophils, eosinophil-

derived neurotoxin, and eotaxin-3 as biomarkers of eosinophilic esophagitis .  Clin 

Gastroenterol Hepatol   2006 ; 4 ( 11 ): 1328 – 36 .  

15     Hirano   I  ,   Moy   N  ,   Heckman   MG  ,   Thomas   CS  ,   Gonsalves   N  ,   Achem   SR  .  Endoscopic 

Assessment of the Esophageal Features of Eosinophilic Esophagitis: Validation of a 

Novel Classification and Grading System .  Gut 2012 In press  PMID 22619364.  

16     Fox   VL  ,   Nurko   S  ,   Teitelbaum   JE  ,   Badizadegan   K  ,   Furuta   GT  .  High-resolution EUS 

in children with eosinophilic “allergic” esophagitis .  Gastrointest Endosc   2003 ;

 57 ( 1 ): 30 – 6 .  

17     Stevoff   C  ,   Rao   S  ,   Parsons   W  ,   Kahrilas   PJ  ,   Hirano   I  .  EUS and histopathologic correlates 

in eosinophilic esophagitis .  Gastrointest Endosc   2001 ; 54 ( 3 ): 373 – 7 .  

18     Kwiatek   MA  ,   Hirano   I  ,   Kahrilas   PJ  ,   Rothe   J  ,   Luger   D  ,   Pandolfino   JE  .  Mechanical 

properties of the esophagus in eosinophilic esophagitis .  Gastroenterology  

 2011 ; 140 ( 1 ): 82 – 90 .  

19     Roman   S  ,   Hirano   I  ,   Kwiatek   MA  ,  et al .  Manometric features of eosinophilic  esophagitis 

in esophageal pressure topography .  Neurogastroenterol Motil   2011 ; 23 ( 3 ): 208 .  

20     Nurko   S  ,   Rosen   R  ,   Furuta   GT  .  Esophageal dysmotility in children with eosinophilic 

esophagitis: a study using prolonged esophageal manometry .  Am J Gastroenterol  

 2009 ; 104 ( 12 ): 3050 – 7 .  

c15.indd   264 11/15/2012   2:48:55 AM



Chapter 15: Eosinophilic Esophagitis  265

21     Korsapati   H  ,   Babaei   A  ,   Bhargava   V  ,   Dohil   R  ,   Quin   A  ,   Mittal   RK  .  Dysfunction of 

the  longitudinal muscles of the oesophagus in eosinophilic oesophagitis .  Gut  

 2009 ; 58 ( 8 ): 1056 – 62 .  

22     Rothenberg   ME  .  Biology and treatment of eosinophilic esophagitis .  Gastroenterology  

 2009 ; 137 ( 4 ): 1238 – 49 .  

23     Croese   J  ,   Fairley   SK  ,   Masson   JW  ,  et al .  Clinical and endoscopic features of eosino-

philic esophagitis in adults .  Gastrointest Endosc   2003 ; 58 ( 4 ): 516 – 22 .  

24     Attwood   SE  ,   Smyrk   TC  ,   Demeester   TR  ,   Jones   JB  .  Esophageal eosinophilia with 

 dysphagia. A distinct clinicopathologic syndrome .  Dig Dis Sci   1993 ; 38 ( 1 ): 109 – 16 .  

25     Zimmerman   SL  ,   Levine   MS  ,   Rubesin   SE  ,  et al .  Idiopathic eosinophilic esophagitis in 

adults: the ringed esophagus .  Radiology   2005 ; 236 ( 1 ): 159 – 65 .  

26     Parfitt   JR  ,   Gregor   JC  ,   Suskin   NG  ,   Jawa   HA  ,   Driman   DK  .  Eosinophilic esophagitis 

in  adults: distinguishing features from gastroesophageal reflux disease: a study of 

41 patients .  Mod Pathol   2006 ; 19 ( 1 ): 90 – 6 .  

27     Brown   LF  ,   Goldman   H  ,   Antonioli   DA  .  Intraepithelial eosinophils in endoscopic 

biopsies of adults with reflux esophagitis .  Am J Surg Pathol   1984 ; 8 ( 12 ): 899 – 905 .  

28     Straumann   A  ,   Spichtin   HP  ,   Bernoulli   R  ,   Loosli   J  ,   Vogtlin   J  . [ Idiopathic eosinophilic 

esophagitis: a frequently overlooked disease with typical clinical aspects and discrete 

endoscopic findings ].  Schweiz Med Wochenschr   1994 ; 124 ( 33 ): 1419 – 29 .  

29     Kelly   KJ  ,   Lazenby   AJ  ,   Rowe   PC  ,   Yardley   JH  ,   Perman   JA  ,   Sampson   HA  .  Eosinophilic 

esophagitis attributed to gastroesophageal reflux: improvement with an amino acid-

based formula .  Gastroenterology   1995 ; 109 ( 5 ): 1503 – 12 .  

30     Attwood   SE  ,   Fiocca   R  ,   Mastracci   L  ,  et al .  High density eosinophilic infiltration in 

gastro-esophageal reflux disease is rare and probably not related to primary eosino-

philic esophagitis: a cohort study from the Lotus Trial . Paper presented at Digestive 

Disease Week 2011; Chicago, IL.  

31     Dranove   JE  ,   Horn   DS  ,   Davis   MA  ,   Kernek   KM  ,   Gupta   SK  .  Predictors of response 

to proton pump inhibitor therapy among children with significant esophageal eosin-

ophilia .  J Pediatr   2009 ; 154 ( 1 ): 96 – 100 .  

32     Sayej   WN  ,   Patel   R  ,   Baker   RD  ,   Tron   E  ,   Baker   SS  .  Treatment with high-dose proton 

pump inhibitors helps distinguish eosinophilic esophagitis from noneosinophilic 

esophagitis .  J Pediatr Gastroenterol Nutr   2009 ; 49 ( 4 ): 393 – 9 .  

33     Toto   E  ,   Garrean   C  ,   Hayman   A  ,  et al .  Differentiation of GERD from EoE (eosinophilic 

esophagitis): predictive factors and response to PPI trial . Paper presented at Digestive 

Disease Week 2011; Chicago, IL.  

34     Lee   S  ,   de   Boer   WB  ,   Naran   A  ,  et al .  More than just counting eosinophils: proximal 

oesophageal involvement and subepithelial sclerosis are major diagnostic criteria 

for eosinophilic oesophagitis .  J Clin Pathol   2010 ; 63 ( 7 ): 644 – 7 .  

35     Ravi   K  ,   Katzka   DA  ,   Smyrk   TC  ,  et al .  Prevalence of esophageal eosinophils in patients 

with Barrett ’ s esophagus .  Am J Gastroenterol   2011 ; 106 ( 5 ): 851 – 7 .  

36     Spechler   SJ  ,   Genta   RM  ,   Souza   RF  .  Thoughts on the complex relationship between 

gastroesophageal reflux disease and eosinophilic esophagitis .  Am J Gastroenterol  

 2007 ; 102 ( 6 ): 1301 – 6 .  

37     Tobey   NA  ,   Hosseini   SS  ,   Argote   CM  ,   Dobrucali   AM  ,   Awayda   MS  ,   Orlando   RC  .  Dilated 

intercellular spaces and shunt permeability in nonerosive acid-damaged esophageal 

epithelium .  Am J Gastroenterol   2004 ; 99 ( 1 ): 13 – 22 .  

38     Barthel   SR  ,   Annis   DS  ,   Mosher   DF  ,   Johansson   MW  .  Differential engagement of  modules 

1 and 4 of vascular cell adhesion molecule-1 (CD106) by integrins alpha4beta1 (CD49d/29) 

and alphaMbeta2 (CD11b/18) of eosinophils .  J Biol Chem   2006 ; 281 ( 43 ): 32175 – 87 .  

39     Blanchard   C  ,   Wang   N  ,   Stringer   KF  ,  et al .  Eotaxin-3 and a uniquely conserved gene-

expression profile in eosinophilic esophagitis .  J Clin Invest   2006 ; 116 ( 2 ): 536 – 47 .  

c15.indd   265 11/15/2012   2:48:55 AM



266  Part 2: Gastroesophageal Reflux Disease

40     Blanchard   C  ,   Stucke   EM  ,   Burwinkel   K  ,  et al .  Coordinate interaction between IL-13 

and epithelial differentiation cluster genes in eosinophilic esophagitis .  J Immunol  

 2010 ; 184 ( 7 ): 4033 – 41 .  

41     Hirano   I.    Eosinophilic esophagitis and gastroesophageal reflux disease: there and 

back again .  Clin Gastroenterol Hepatol   2011 ; 9 ( 2 ): 99 – 101 .  

42     Dellon   ES  ,   Farrell   TM  ,   Bozymski   EM  ,   Shaheen   NJ  .  Diagnosis of eosinophilic 

 esophagitis after fundoplication for ‘refractory reflux’: implications for preoperative 

evaluation .  Dis Esophagus   2010 ; 23 ( 3 ): 191 – 5 .  

43     Kedika   RR  ,   Souza   RF  ,   Spechler   SJ  .  Potential anti-inflammatory effects of proton 

pump inhibitors: a review and discussion of the clinical implications .  Dig Dis Sci  

 2009 ; 54 ( 11 ): 2312 – 17 .  

44     Garrean   C  ,   Hirano   I  .  Eosinophilic esophagitis: pathophysiology and optimal 

management .  Curr Gastroenterol Rep   2009 ; 11 ( 3 ): 175 – 81 .    

c15.indd   266 11/15/2012   2:48:56 AM



267

Practical Manual of Gastroesophageal Reflux Disease, First Edition.

Edited by Marcelo F. Vela, Joel E. Richter and John E. Pandolfino.

© 2013 John Wiley & Sons, Ltd. Published 2013 by John Wiley & Sons, Ltd.

CHAPTER 16

        Helicobacter pylori  and 
Gastroesophageal Reflux Disease  
    Maria Pina   Dore   1      and David Y.   Graham   2   
   1   Instituto di Clinica Medica ,  University of Sassari, Italy, and Michael E. DeBakey VA 

Medical Center and Baylor College of Medicine ,   Houston,   TX,   USA   

  2   Michael E. DeBakey VA Medical Center and Baylor College of Medicine ,   Houston,   TX,   USA   

         Key points 
 •     Helicobacter pylori  infections and gastroesophageal reflux disease are both common 

and thus frequently occur together. 

 •   Helicobacter pylori  does not cause gastroesophageal reflux disease directly or 

indirectly (i.e. it has no effect on the anti-reflux barrier). 

 •   Helicobacter pylori  infection does not protect against gastroesophageal reflux 

disease, Barrett ’ s esophagus or adenocarcinoma of the esophagus. 

 •  Hypochlorhydria or achlorhydria associated with atrophic gastritis prevents symptom-

atic reflux and gastroesophageal reflux disease sequelae such as erosive esophagitis, 

Barrett ’ s esophagus, and adenocarcinoma of the esophagus. It is also strongly 

associated with the risk of gastric cancer. 

 •  Proton pump inhibitor therapy in patients with  Helicobacter pylori  gastritis can result in 

acceleration of corpus gastritis and thus can theoretically increase the risk of gastric cancer. 

 •   Helicobacter pylori  eradication does not significantly affect anti-secretory therapy for 

gastroesophageal reflux disease. 

 •  Patients considered for long-term proton pump inhibitor therapy should be tested for 

 Helicobacter pylori  and if present, the infection should be eradicated.  

       Potential pitfalls 
 •    Failure to treat an  Helicobacter pylori  infection because of fear that doing so would 

increase the patient ’ s risk for gastroesophageal reflux disease and adenocarcinoma 

of the esophagus. 

 •  Failure to test for  Helicobacter pylori  in a patient in whom long-term proton pump 

inhibitor therapy is planned. 

 •  Failure to consider transient proton pump inhibitor-induced acid rebound for 

development of gastroesophageal reflux disease-like symptoms after discontinuing 

proton pump inhibitors given for a non-gastroesophageal reflux disease indication 

such as treatment to eradicate  Helicobacter pylori .  
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      Introduction 

 Prior to the identification of  Helicobacter pylori , peptic ulcer disease and 

gastric cancer were both known to be closely associated with the presence 

of gastritis; the discovery of  H. pylori  provided the link between them. 

Because  H. pylori  is a bacterial infection, it was thought likely that cure of 

the infection might result in prevention of gastric cancer and cure of the 

heretofore incurable peptic ulcer disease. 

  Helicobacter pylori  is now accepted as etiologically related to gastritis and 

the gastritis-associated diseases: duodenal ulcer, gastric ulcer and gastric 

cancer, both adenocarcinoma and primary gastric B-cell lymphoma. 

 H. pylori  infections are typically acquired in childhood with clinical disease 

occurring typically after a long latent period during which gastric damage 

occurs silently. The risk of a clinical outcome of the infection is approxi-

mately 20%    [1] . Different outcomes are associated with different patterns 

of gastritis: gastric ulcer and gastric cancer with atrophic pangastritis and 

low acid secretion (hypochlorhydria or achlorhydria), and duodenal ulcer 

with corpus-sparing gastritis (antral predominant gastritis) and high acid 

secretion. Because different outcomes are linked to markedly different pat-

terns of gastritis, duodenal ulcer disease and gastric ulcer occur at entirely 

different ends of the spectrum of gastritis and it can be said that duodenal 

ulcer “protects” against gastric cancer and vice versa. Protection in this 

context means “inversely related to” and not any actual involvement (i.e. 

no one would fear that curing a duodenal ulcer would increase the risk of 

gastric cancer). This possible misuse of the concept of  H. pylori  infections 

“protecting” against other diseases will be discussed below. 

 Within a decade of the culture of  H. pylori , it was discovered how to reli-

ably eradicate  H. pylori  infections which was also shown to result in the 

healing of the underlying gastritis. The hypothesis that cure of  H. pylori  

infections would also cure peptic ulcer disease was also tested and proven to 

be correct. However, following  H. pylori  eradication, some patients were 

reported to have developed gastroesophageal reflux disease (GERD)    [2,3] . 

At the time, the appearance of GERD following the cure of  H. pylori -related 

duodenal ulcers was not expected although possibly it should have been. 

For example, by the mid-20th century it was well known that there was an 

association between the presence of duodenal ulcer and GERD and this find-

ing was repeatedly confirmed in the West    [4–13]  and in Japan    [14] . During 

this same time period, it was noted that the incidence of esophageal adeno-

carcinoma appeared to be increasing. The fact that  H. pylori  caused inflam-

mation, ulcers and cancer in the stomach led to questions about what, if any, 

was the role of  H. pylori  in GERD and in esophageal adenocarcinoma. 

 This chapter will discuss whether there is a relationship between  H. pylori  

and the frequency and severity of GERD as well as the sequelae of GERD 
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in different populations, attempt to provide an understanding of the path-

ophysiology involved, and explain the role of  H. pylori , if any, in “protection” 

against GERD and its sequelae such as Barrett ’ s esophagus and esophageal 

adenocarcinoma. 

   Gastroesophageal reflux disease and  Helicobacter 
pylori  in the pre- Helicobacter pylori  era 

 Interest in GERD became prominent in the late 20th century. However, 

GERD was not a new problem but rather it became a disease  du jour  

   [15–17] , as dyspepsia had long been recognized as particularly common in 

America    [18]  and heartburn, water-brash and pyrosis were all prevalent 

problems    [19] . Antacids were widely and commonly used throughout the 

19th and most of the 20th centuries. For example, in the 1970s over-

the-counter antacids were used by at least half of US adults, with approx-

imately a quarter of adults taking at least two doses per month and at least 

5% of adults using antacids daily    [20] . The introduction of H2 receptor 

antagonists (H2RAs) in the mid-1970s produced the first simple and effec-

tive relief of ulcer pain and reliable ulcer healing and it was widely believed 

that ulcers were finally cured. Clinicians and third-party payers were, 

however, surprised to find that many patients with duodenal ulcer disease 

continued to use H2RAs despite healing of their ulcers. Despite the use of 

fiberoptic endoscopy to identify ulcers and confirm healing, GERD 

continued to be largely ignored. Evidence that GERD was given short shrift 

in the major gastroenterology textbooks can be easily found; for example, 

the major textbooks of gastrointestinal disease in the 1970s in the US did 

not recognize that GERD was a common manifestation of Zollinger–Ellison 

syndrome. 

 The initial focus on GERD and how to study it was in part related to an 

interest manifested by pharmaceutical companies who saw GERD as a pos-

sible way to expand their markets for proton pump inhibitors (PPIs) and to 

differentiate PPIs from H2RAs which dominated the market at that time. 

As noted above, over-the-counter antacid use among apparently other-

wise healthy individuals was extremely common throughout this period 

but it was unclear why. In the early 1980s we studied why apparently 

healthy individuals were frequent users of antacids. We found that the pri-

mary reason was GERD    [20] . As interest in GERD increased, the gastroen-

terology community found that the lessons learned in the study of peptic 

ulcer disease were not directly transferable to GERD. For example, as 

noted by our forefathers, peptic ulcer was an episodic condition whereas 

GERD was a chronic disease that required continuous therapy and that 

therapy was in large part symptomatic and not curative. 
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 In those days, most patients with GERD did not seek medical attention 

but rather used over-the counter drugs    [20,21] . In contrast, those entering 

clinical trials were typically from the small subgroup with complicated ero-

sive disease and as such, the results did not necessarily reflect the needs or 

responses of the average patient    [22,23] . We proposed that the population 

of GERD patients could be visualized as an iceberg or pyramid ranging 

from those with symptoms who did not seek medical attention (symptoms 

without complaints), to those with symptoms and complications who 

tended to get into treatment trials    [22]  (Figure   16.1  ). A similar pattern was 

subsequently noted in Japan    [21] . Studies of the relationship between  H. 

pylori  and GERD led to identification of a fourth group (group D) of asymp-

tomatic reflux which is often the largest group in areas where  H. pylori -

induced atrophic gastritis is common such that, because of low acid 

secretion, symptoms are infrequent despite a significant reflux    [16]  

(Figure   16.2  ) (see below). 

              Helicobacter pylori , gastritis, and acid secretion 

 Gastric inflammation induced by  H. pylori  can have either positive or negative 

effects on gastric acid secretory physiology, depending on the pattern of 

gastritis    [16,24,25] . Gastric acid is normally secreted in response to meals 

and, in the normal and uninfected stomach, the duration of secretion is 

regulated by a sensitive pH-dependent feedback mechanism (Figure   16.3  ). 

Initially, the high pH and proteins in a meal stimulate antral G-cells to secret 

gastrin which stimulates parietal cells in the gastric corpus to secrete acid. 

A

B

C

Symptoms, complaints, complications

Symptoms and complaints

Symptoms without complaints

 Figure 16.1     The “iceberg” represents the populations of patients with gastroesophageal 

reflux    [22] . The largest group are those with mild disease who self-medicate with 

over-the-counter drugs and rarely if ever visit doctors because of their symptoms. The 

smallest group are those who visit gastroenterologists because of severe disease 

requiring continuous high-dose therapy. A represents those with complications (e.g. 

symptoms and complications), B those with symptoms who seek medical care (e.g. 

symptoms and complaints), C those with symptoms who self-medicate and do not seek 

medical care (e.g. symptoms and no complaints). Adapted from Graham    [16]  with 

permission from Blackwell Publishing. 
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When the buffering capacity of the meal is exhausted and the intragastric pH 

falls below pH 3, antral D-cells secrete somatostatin which downregulates 

gastrin secretion and turns off the brisk acid secretion.  H. pylori  infection 

disrupts this regulatory mechanism, resulting in both an exaggerated gastrin 

response to meals and dysregulation of the normal pH-sensitive 

downregulatory mechanism. Together, this results in an abnormal 

prolongation of meal-stimulated acid secretion    [26]  (see Figure    16.3  ). 

Although everyone with an  H. pylori  infection has these abnormalities in the 

regulation of acid secretion, the end result differs depending on the pattern 

and severity of gastritis (i.e. antral, corpus or both). 

      At the beginning of the 20th century, it was recognized that gastric 

cancer was strongly associated with reduced acid secretion    [27] . By 1950, 

it was recognized that corpus gastritis affected acid secretion and, depending 

on the degree of destruction of the parietal cell mass, the results could vary 

from a modest decrease in acid secretion to achlorhydria    [27] . Because the 

degree of reduction in acid secretion was greater than the reduction in 

parietal cell mass, it was hypothesized that there was an inflammation-

related mediator that actually caused the reduction in acid secretion    [28] . 

The discovery of  H. pylori  and studies of acid secretion before and 

immediately after treatment confirmed that in patients with corpus-sparing 

gastritis (antral predominant) and duodenal ulcer,  H. pylori  eradication led 

to a return to the normal mechanisms that controlled acid secretion 

(elimination of the high prolonged meal-stimulated acid response), but 

little or no change in maximum secretion (i.e. control of acid secretion was 

normalized but the parietal cell mass was unchanged). 

 Gastric inflammation induced by  H. pylori  can have either positive or 

negative effects on gastric acid secretory physiology, depending on the 

Symptoms, complaints, complications

Symptoms and complaints

Symptoms without complaints

Reflux with no disease

A
B

C

D

 Figure 16.2     This “iceberg” represents the populations of patients with gastroesopha-

geal disease in countries where chronic atrophic gastritis and gastric cancer are 

common and GERD is rare. A new group (D) is added to depict those with largely 

non-acid reflux but without symptoms or complaints. In such areas the  H. pylori  

gastritis-associated reductions in acid secretion are such that patients have neither 

symptoms nor endoscopic changes despite the presence of gastroesophageal reflux. 

Reproduced from Graham    [16]  with permission from Blackwell Publishing. 
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pattern of gastritis    [16,24–26]  (i.e. the reduction in mucosal acid inhibitory 

mediators such as interleukin (IL)-1 β  can result in a marked increase in 

maximal acid secretion among those with corpus gastritis    [20,29,30]  

whereas in antral-predominant gastritis, the overall effect is a reduction in 

total acid secretion due to return of the normal acid-related downregula-

tion of acid secretion. Thus, fundamentally, the overall result of  H. pylori  

infections correlates with the pattern and severity of gastritis (i.e. antral, 

corpus or both)    [27] . 

 The predominant pattern of  H. pylori  gastritis in any population or 

patient predicts potential outcomes in terms of  H. pylori  infection (i.e. 

antral-predominant gastritis leading to duodenal ulcer, and atrophic 

 pangastritis leading to gastric ulcers and/or gastric cancer)    [16] . Thus, in 

countries where gastric cancer is common, the most common pattern of 

gastritis in adults is pangastritis, and hypochlorhydria and achlorhydria are 

Gastrin

Histamine

Acetylcholine

VAGUS

G

ECL

D D

Somatostatin

Parietal cell

(– Feedback)

(–Feedback)

Antral
gastritis

HCl 

Proton pump

 Figure 16.3     Gastric acid secretion is activated throughout the binding of gastrin 

(secreted by the G-cells), acetylcholine (by vagus), and histamine (by enterochromaffin-

like (ECL) cells), and prostaglandins to the specific receptors on the basolateral surface 

of parietal cells. The ultimate factor in acid secretion is the stimulation of the proton 

pump (H+, K + −ATPase) to secrete hydrogen ions into the gastric lumen in exchange 

for potassium ions. After sufficient acid secretion has occurred, a feedback system 

terminates gastric acid secretion. A decrease of intragastric pH below 3 stimulates 

somatostatin release from antral D-cells which downregulates gastrin secretion, 

turning off acid secretion. The presence of an  H. pylori  infection disrupts 

this mechanism, leading to an exaggerated gastrin response to meals and a delay 

in the inhibitory effects of somatostatin. 
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common. As such, the impaired ability to secrete acid means that irrespec-

tive of the status of the individual ’ s gastroesophageal reflux barrier, the 

average individual will have a low esophageal acid load and erosive reflux 

will be uncommon    [16]  (i.e. in countries where atrophic gastritis and 

gastric cancer are common, such as Japan or Korea, GERD has not been a 

significant clinical problem)    [31] . However, as the pattern of gastritis 

changes and becomes more like the current pattern in Western countries, 

the incidence of gastric cancer and gastric ulcer also declines, acid secretion 

rises and those with abnormal anti-reflux barriers are more likely to expe-

rience symptomatic GERD. 

    Helicobacter pylori  infection and its relationship 
to gastroesophageal reflux 

 Gastroesophageal reflux refers to the reflux of fluid from the stomach into 

the esophagus. Occasional reflux is a normal occurrence and is typically 

asymptomatic and without clinical consequences. Reflux can also cause dis-

ease (i.e. symptoms and/or mucosal damage, as in gastroesophageal reflux 

disease). The lumen of the stomach is separated from that of the esophagus 

by an anti-reflux barrier that consists of both smooth muscle sphincter (the 

physiological barrier of the lower esophageal sphincter or LES) and a group 

of anatomical structures that together constitute a flap valve    [32–34] . In 

addition to the flap valve, the muscular LES normally maintains a pressure 

gradient between the esophagus and stomach. The three dominant patho-

physiological mechanisms causing gastroesophageal junction incompetence 

are transient lower esophageal sphincter relaxations (TLESRs), a hypoten-

sive LES, and anatomical disruption of the  gastroesophageal junction 

 typically associated with the presence of hiatal hernia. 

  Helicobacter pylori  infection  per se  is not thought to have a deleterious 

effect on the anti-reflux barrier as it has no effect on the LES, the fre-

quency of TLESRs    [35–38] , esophageal peristaltic function or acid clearance 

   [35,38] . Although  H. pylori  can occasionally be found on the esophageal 

mucosa,  H. pylori  is only trophic for gastric mucosa and its presence in the 

esophagus is likely to be transient and related to reflux from the stomach 

(i.e. an epiphenomenon)    [39,40] . 

 As noted above, indigestion and heartburn have been common symp-

toms throughout the recorded history of mankind. However, the role of 

the esophagus as a cause of these symptoms was overlooked until recently 

   [15] . While it is commonly believed that there has been a great increase in 

incidence of GERD in the last 30 years, the data to support this hypothesis 

are slim at best and we believe that the data better support increased 

 recognition as the most important factor. One only has to think back a few 
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years to the pre-PPI era which was a time when antacid use was extremely 

common and large numbers of outpatients were being treated for esopha-

geal strictures, which is a “tip of the iceberg” manifestation of GERD    [41–

43] . As noted above, the textbooks in use before this current “epidemic” of 

GERD largely ignored GERD despite its high prevalence. 

 The clinical outcome of an individual with gastroesophageal reflux is 

determined by the severity and duration of reflux, the causticity of the 

refluxate, and the ability of the esophageal mucosa to withstand and clear 

what is refluxed from the stomach. The pH of the refluxate is a major 

determinant and can vary from alkaline to strongly acidic. Alkaline reflux, 

especially of intestinal contents, may produce both symptoms and mucosal 

damage but the majority of patients with GERD have intact stomachs and 

acid-peptic reflux. Abnormalities of the anti-reflux barrier are, however, 

only half of the story of GERD as there are important environmental 

factors as evidenced by the fact that the prevalence of GERD and GERD-

related diseases differs geographically and can change rapidly even within 

a population. Some of these differences may be related to  H. pylori  infec-

tions because, although  H. pylori  is not directly involved in alterations of 

anti-reflux barrier function, it can have a profound effect on acid secretion 

and thus on esophageal acid load. 

 One way to conceptualize the risk of a clinical outcome of reflux is in 

terms of the esophageal acid load    [16] . This concept takes into account 

both the acidity and the duration of reflux (e.g. acidity × duration) 

(Table     16.1 ). As shown in Figures    16.4   and   16.5  , for a given degree of 

acidity, the severity of esophageal damage will be a function of the dura-

tion of reflux. In contrast, for a given amount and duration of reflux, the 

degree of damage becomes a function of the acidity and thus, clinically, 

both are important. Excess acid secretion of any cause is associated with 

symptomatic reflux (Box    16.1 )    [16,24,44–50] . 

 Table 16.1   Esophageal acid load before and after cure of  H. pylori  infection. 

 H. pylori Cured    

Time pH < 4 60 min 60 min

Average pH 3.5 2.2

H + (mEq/L) 0.55 8.25

Acid load ([H+] × time) 33 495

Load 1 15-fold increase

       This shows the effect of cure of an active  H. pylori  infection with corpus gastritis. The slight 

change in average pH results in no change in the measured time that the esophageal pH is below 

4 yet the esophageal acid load has increased 15-fold. Reproduced from Graham    [16]  with 

permission from Blackwell Publishing.   
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 Figure 16.4     The effects of changing acid secretion and percentage reflux time 

(esophageal acid load) on the severity of gastroesophageal reflux disease. Acid secretion 

is represented as percentage of pentagastrin-stimulated maximal acid output (MAO) 

and reflux as the proportion of time that gastric contents reflux into the esophagus. The 

data are presented as a concept model showing that the severity of gastroesophageal 

reflux is related to the esophageal acid load and can be dominated by the amount of 

acid secretion on the amount of reflux time. If the acid secretion is held constant ( left 

panel ), the esophageal acid load is related directly to the duration of the reflux time. 

The right panel shows that when the reflux time is held constant and acid secretion 

is varied, the severity of GERD is then related to the amount of acid secretion. 

Reproduced from Graham    [16]  with permission from Blackwell Publishing.  
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 Figure 16.5     This plot illustrates that patients with different acid secretion and reflux 

times can experience the same outcome (severe esophagus). The key is that esophagitis 

will occur when the threshold for esophageal acid load is exceeded and this can occur 

with markedly different patterns of acid secretion which in turn can reflect the patterns 

of gastritis, especially the severity of corpus gastritis. The threshold for development of 

GERD likely varies for any particular patients. Reproduced from Graham    [16]  with 

permission from Blackwell Publishing. ZES, Zollinger–Ellison syndrome. 
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                Helicobacter pylori  eradication and 
gastroesophageal reflux disease 

 As noted above, it has long been recognized that there is a relationship 

 between duodenal ulcer disease and GERD and in retrospect, this was 

likely responsible for the desire of many patients with duodenal ulcer to 

 continue H2RA therapy even after their ulcer was healed. The fact that 

some patients complained of GERD after  H. pylori  eradication initially led 

to confusion about whether  H. pylori  eradication might actually cause 

GERD    [2,3] . The effect of  H. pylori  eradication on GERD can vary from new 

onset of  symptoms, no change in existing symptoms, to amelioration of 

existing symptoms    [16,17,51] . The different outcomes are related to 

 posteradication changes in acid secretion. For example, it is possible for 

 H. pylori  eradication to make preexisting asymptomatic reflux more acidic 

and thus turn asymptomatic reflux into clinical GERD or to increase the 

severity of mild GERD    [16] . On the other hand, it could be associated with 

a reduction in the severity of GERD by reducing the duration of the meal-

stimulated acid response. 

 Most often, eradication has no consistent effect on GERD symptoms or 

management. The actual outcome depends in part on the patient ’ s ability 

to secrete acid (e.g. pattern of gastritis) and the status of the anti-reflux 

barrier mechanism (Figure   16.6  )    [16] . One also must consider the effects 

of acid rebound associated with stopping PPI therapy, which is commonly 

used as a part of the eradication therapy    [48,49] . Considering that anti- H. 

pylori  therapy is generally of short duration (i.e. 1–2 weeks), rebound is 

generally self-limited but in other patients who have been on longer term 

anti-secretory therapy for maintenance of ulcer remission, it may last 

 considerably longer. 

      A number of double-blind controlled trials have looked into whether 

 H. pylori  eradication results in new-onset GERD, worsening or improved 

GERD, as well as whether  H. pylori  eradication makes the management of 

  Box   16.1   Causes of acid hypersecretion often associated with 
symptomatic GERD  
•     Zollinger–Ellison syndrome 

•  Antral gastritis  H. pylori  positive 

•  Mastocytosis 

•  Retained antrum following partial gastrectomy 

•  Duodenal ulcer disease 

•  Idiopathic gastric acid hypersecretion 

•  Rebound hypersecretion related to discontinuation of PPIs    
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GERD more difficult. Systematic reviews and metaanalyses of these studies 

have been repeated as new data have become available    [52,53] . Overall, 

these studies have shown that  H. pylori  eradication in those with preexist-

ing GERD is not associated with a change in the frequency of GERD symp-

toms or endoscopic esophagitis, at least during follow-up for 6 months or 

12 months post eradication    [52,53] . The data on severity of symptoms and 

on the effect on pH are as yet insufficient to make a judgment about a con-

sistent effect. For example, one study found that the total time for which 

the esophageal pH was less than 2 and 3 was increased whereas another 

did not    [54,55] . In reality, our ability to assess change, whether it be in 

terms of symptoms, endoscopic or acid load, is relatively crude. In addition, 

few studies have attempted to assess results in terms of a reliable assessment 

of the pattern of gastritis, changes in acid secretion, and baseline anti-

reflux barrier function    [47–49] . 

 Measurement of acid exposure uses the arbitrary pH of 4 as an indicator 

of acid exposure whereas acid load would require an accurate measurement 

of pH. The metaanalyses available have primarily related to data from 

Western countries and showed similar results on GERD symptoms 

Antral gastritis Corpus gastritis Pan-atrophy

Pre-treatment

Post-treatment

H
+

(a) (b) (c)

 Figure 16.6     The different patterns of gastritis and gastric acid secretion before and 

following  H. pylori  eradication. Patients with antral-predominant disease (e.g. those 

with duodenal ulcer) would be expected to have minimal changes in maximum acid 

secretion although the duration of acid secretion would likely decrease (a). Those with 

corpus gastritis would be expected to recover acid secretion in proportion to the 

remaining parietal cells which were released from inhibition (b). This is the group at 

risk for developing symptomatic reflux as the esophageal acid load of those with 

asymptomatic reflux would increase. Those with atrophy would have little or no 

change in acid secretion and the risk of developing posteradication reflux symptoms 

would be very low (c).  
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 following  H. pylori  eradication in the US and Europe. For example, a  post 

hoc  analysis of eight double-blind prospective trials of  H. pylori  eradication 

for duodenal ulcer disease failed to confirm the hypothesis that eradication 

of  H. pylori  resulted in the development of erosive esophagitis or new 

symptomatic GERD    [56] . Similarly, an analysis of 27 observational studies 

found no evidence that  H. pylori  eradication in duodenal ulcer disease 

either provoked reflux esophagitis or worsened heartburn    [52] . In con-

trast, in Japan, on average those with preexisting GERD most typically 

experienced improvement of GERD symptoms following  H. pylori  eradica-

tion    [14] . In Japan, when reflux developed post eradication, it was likely 

to be mild and transient and associated with higher Body Mass Index 

(BMI) and younger age    [57] . One study reported that in duodenal ulcer 

patients, absence of hiatal hernia and lower BMI were associated with 

improvement of GERD after  H. pylori  eradication    [57] . 

 In areas of Asia (e.g. Japan and Korea) where atrophic gastritis is 

common and erosive GERD is rare,  H. pylori  eradication in a patient with 

corpus gastritis may result in an increase in gastric acidity, making those 

with abnormal anti-reflux barriers and asymptomatic reflux susceptible to 

development of GERD symptoms    [14,16,17,51]  (see Figure   16.6  ). Such a 

finding would be the result of the increase in esophageal acid load and 

turning asymptomatic reflux into symptomatic GERD    [14,16,17,51] . 

 Clinically, there is no group in which the trade-offs that occur following 

 H. pylori  eradication do not strongly favor eradication. The management of 

those with preexisting GERD is typically unchanged. A few with corpus 

gastritis will develop reflux symptoms but these are generally mild, easily 

controlled and often transient and the natural progression of their cor-

pus  gastritis to more severe atrophic gastritis is halted, thus reducing, 

if  not  eliminating, their risk of developing gastric cancer    [27,58–60] . 

Parenthetically, those with atrophic gastritis and low acid secretion are 

at high risk for gastric cancer with annual risks of more than 500–1000/

100,000 per year. In countries where atrophic gastritis and gastric cancer 

are infrequent and duodenal ulcer is common among those with  H. pylori  

infection, the overall effect of  H. pylori  eradication would be expected to be 

little change or a decrease in acid secretion and either no change or a 

reduction in symptoms (see Figure    16.6  ). New GERD would not be 

expected except in those with corpus gastritis    [38]  or as a con sequence of 

post-PPI acid rebound. 

   Barrett ’ s esophagus and adenocarcinoma 

 Although the incidence of adenocarcinoma of the esophagus has increased, it 

remains a rare problem (i.e. it changed from a very rare to a rare disease)    [61] . 
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However, it is important because it is associated with Barrett ’ s  esophagus, 

which is a high-risk, easily recognizable precursor lesion. Barrett ’ s esoph-

agus allows for screening and surveillance programs for detection of early 

cancer and for cancer prevention programs    [62] . 

 Barrett ’ s esophagus is not a new disease; even in 1961, authors were 

able to bring together series of 200 patients with Barrett ’ s esophagus    [63] . 

It was recognized that:

 •   Barrett ’ s esophagus and esophageal adenocarcinoma were most common 

among white men (a group that in the US first experienced a decline in 

 H. pylori  prevalence)    [61]  

 •  Barrett ’ s esophagus was associated with GERD and higher rates of acid 

secretion    [64]  

 •  absence of  H. pylori  infection allowed the stomach to express its full 

potential for acid secretion (i.e. higher acid loads among those that 

refluxed)    [65] .  

Together, these data suggested that the rise in Barrett ’ s might be, in part, 

related to the decline in the prevalence of  H. pylori  infection. This inverse 

association was, as noted earlier, a form of “protection” but this protection 

was often construed as not simply an association but rather a risk that 

might be controlled. This hypothesis resulted in a series of dire consequence 

hypotheses related to  H. pylori  eradication (discussed in references 66 and 

67). The inverse relationship between  H. pylori  and Barrett ’ s esophagus 

and adenocarcinoma of the esophagus was extended to be most important 

among those with infecting  H. pylori  that expressed the cytotoxin- 

associated antigen CagA, a putative virulence factor of  H. pylori  associated 

with more severe inflammation, ulcer disease, and gastric cancer    [65] . 

Authors describing the importance of CagA in protection have ignored the 

fact that CagA-positive  H. pylori  infections are strongly associated with 

duodenal ulcer which, as noted above, is strongly associated with an 

increased risk of GERD. The low frequency of CagA-positive  H. pylori  

among patients with Barrett ’ s esophagus is relative, and not absolute, 

and  as previously discussed, the “protective” feature is the presence of 

atrophic gastritis. This low prevalence of CagA positivity is also present 

in  individuals from countries in which Barrett ’ s is rare, most patients 

have CagA-positive infections, and atrophic gastritis and gastric cancer are 

common    [68] . 

 Overall, these data are consistent with the hypothesis that the inverse 

relationship (inappropriately called protection) is related to the fact that 

 H. pylori -induced corpus gastritis can act as a biological anti-secretory agent 

and reduce or prevent GERD and it sequelae    [69] . CagA-containing 

 H. pylori  does not protect against anything; rather, it is atrophic gastritis 

that “protects” against GERD and Barrett ’ s esophagus    [67,70] . Unfortu-

nately, atrophic gastritis is recognized as the precursor lesion for gastric 
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cancer, the fourth most common cancer worldwide. As noted previously, 

adenocarcinoma of the esophagus remains a rare disease with a prevalence 

similar to that of small bowel cancer. Any “protection” against Barrett ’ s 

esophagus afforded by atrophic gastritis comes with a many hundred-fold 

increase in risk for gastric cancer and is thus a rather poor trade-off. 

 The change in the pattern of gastritis in the 20th century (i.e. a fall in the 

prevalence of atrophic gastritis) in the US resulted in a marked decline in 

the incidence of gastric cancer and a concomitant increase in the incidence 

of duodenal ulcer, each of which “protects” against the other. The pro-

grams to eradicate  H. pylori  are based on the fact that  H. pylori  is an impor-

tant human pathogen responsible for much morbidity and mortality. 

Among chronic infectious diseases,  H. pylori  infection has a higher risk of a 

serious clinical outcome than either latent syphilis or tuberculosis which, 

if one looked closely, would both probably “protect” against some other 

diseases    [71] . As noted previously, at least 20% of those with an  H. pylori  

infection will experience a symptomatic clinical illness (e.g. typically peptic 

ulcer or gastric cancer) and 25% of those with peptic ulcers will experience 

a life-threatening complication such as a major gastrointestinal bleed, per-

foration or obstruction    [1] . Unfortunately, the dire consequences that have 

been described in relation to  H. pylori  eradication have led some to forego 

 H. pylori  eradication and to suffer even more the dire consequences of that 

decision. 

 In epidemiology, when one variable is associated with a reduction of 

another (e.g. a disease), it is said to be “protective”. For example, popula-

tions with limited sanitation, high rates of malnutrition, and early mortality 

have a low incidence of age-related diseases such as diabetes, stroke, and 

cancer. One could conclude that from an epidemiological standpoint, poor 

sanitation “protects” against those diseases.  H. pylori  can no more be cred-

ited with a clinically important protection against esophageal cancer than 

poor sanitation can be credited with protecting against diseases associated 

with aging.  H. pylori  is a proven cause of gastric cancer; one does not keep 

a King cobra in one ’ s house to protect against mice. 

    Helicobacter pylori , proton pump inhibitors 
and atrophic gastritis 

 Many, if not most, patients with symptomatic GERD who visit physicians 

will receive anti-secretory drug therapy, typically a PPI. Anti-secretory 

drug therapy changes the intragastric milieu and, as a consequence, 

 H. pylori , which is normally restricted to the surface of the gastric corpus of 

a highly acidic stomach, can infect deeper within the mucosa    [72,73] . This 

change in localization is associated with an increase in the severity and 
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depth of corpus gastritis which includes the proliferative zone    [72] . In 

clinical trials it was noticed that PPI use could result in the aggravation of 

 H. pylori -induced corpus gastritis    [72,74,75] . The natural history of  H. pylori  

gastritis is for the inflamed area to advance from the antrum into the 

 corpus, resulting in a reduction in acid secretion and eventually loss of 

parietal cells and development of atrophy    [76]  and, as noted above, atro-

phic pangastritis is the precursor lesion for development of gastric cancer. 

The fact that PPI therapy was associated with the acceleration of corpus 

gastritis development led to the suggestion that it may also increase the 

risk of gastric cancer. Follow-up data of up to 10 years subsequently 

showed that the annual incidence of gastric corpus mucosal atrophy was 

higher in  H. pylori -positive patients receiving PPI therapy than those not 

receiving it (4.7% versus 0.7%)    [75] . Recent long-term follow-up studies 

from Europe also showed that the annual incidence of gastric corpus 

mucosal atrophy among  H. pylori -infected PPI users increased compared 

with  H. pylori -uninfected patients    [77] . 

 Yang  et al . studied an Asian population in which atrophic gastritis and 

gastric cancer were both increased compared with European populations 

   [78] . They compared cohorts with typical reflux symptoms after  H. pylori  

eradication therapy ( n  = 105) to  H. pylori -positive patients without eradica-

tion ( n  = 105) and  H. pylori -negative GERD controls ( n  = 115). Participants 

were randomized to receive esomeprazole 40 mg daily until sustained 

symptomatic response and were then switched to on-demand therapy. 

Endoscopy with antral and corpus biopsies was done initially and at the 

end of the first and second years. Important changes in gastric inflamma-

tion features among the study groups were observed in the first year of 

follow-up with a persistently high score in the  H. pylori -positive non- 

eradicated group compared to the  H. pylori -positive eradicated group 

( P  <0.00 l). Extension of atrophy upward to the corpus was only seen in 

the two  H. pylori -positive groups and more importantly in the second year 

of follow-up, the prevalence rates of atrophy and intestinal metaplasia 

were lower in the  H. pylori -positive eradicated group than in the non- 

eradicated controls (i.e. atrophy 72.3% versus 56.6% and intestinal meta-

plasia 36.1% versus 21.7 %;  P  <0.05 for both). 

 Controlled trials have demonstrated that  H. pylori  eradication in patients 

with reflux esophagitis decreases inflammation and reverses corpus 

 gastritis despite long-term PPI therapy    [79] . As noted above, it has clearly 

been shown that  H. pylori  eradication does not make GERD therapy more 

complicated or difficult, leading European consensus guidelines to recom-

mend an  H. pylori  test and treat strategy for patients requiring long-term 

acid suppression therapy    [80] . We agree that a test and treat strategy 

should be employed for all patients for whom long-term anti-secretory, 

especially PPI, therapy is indicated.   
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CHAPTER 17

       Barrett ’ s Esophagus: 
Diagnosis and Surveillance 
      Gary W.   Falk    
   Division of Gastroenterology ,  Perelman School of Medicine at the University of Pennsylvania , 

  Philadelphia ,  PA ,  USA   

         Key points 
 •    Barrett ’ s esophagus is defined as a metaplastic change in the lining of the esophagus 

accompanied by intestinal metaplasia on biopsy. 

 •  The risk for progression to cancer in patients without dysplasia is low and may in fact 

be lower than previously estimated. 

 •  Most patients with Barrett ’ s esophagus succumb to a disease other than 

 adenocarcinoma. 

 •  Optimal endoscopic surveillance involves careful inspection of the columnar-lined 

esophagus with high-quality white light endoscopy accompanied by a systematic 

four-quadrant biopsy protocol. 

 •  Surveillance intervals in the absence of dysplasia are lengthening.  

       Potential pitfalls 
 •    A normal-appearing gastroesophageal junction should not be biopsied. 

 •  Screening for Barrett ’ s esophagus remains controversial and repeated screening in 

the absence of erosive esophagitis should be avoided. 

 •  A diagnosis of dysplasia warrants confirmation by an expert gastrointestinal 

pathologist.  

      Introduction 

 Barrett ’ s esophagus is an acquired condition resulting from severe 

 esophageal mucosal injury. It remains unclear why some patients with gas-

tro esophageal reflux disease (GERD) develop Barrett ’ s esophagus whereas 

others do not. The diagnosis of Barrett ’ s esophagus is established if the 

squamocolumnar junction is displaced proximal to the gastroesophageal 
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junction and intestinal metaplasia is detected by biopsy, although 

 controversy now exists regarding the need for intestinal metaplasia for the 

diagnosis. Diagnostic inconsistencies remain a problem in Barrett ’ s esoph-

agus, especially in differentiating short segment Barrett ’ s esophagus from 

intestinal metaplasia of the gastric cardia. Barrett ’ s esophagus would be of 

little importance if not for its well-recognized association with adenocarci-

noma of the esophagus. Fortunately, the overall disease burden of esoph-

ageal cancer remains low and cancer risk for a given patient with Barrett ’ s 

esophagus may now be lower than previously estimated    [1,2] . The 

 diagnosis of Barrett ’ s esophagus affects a patient ’ s quality of life and as 

such, it is essential to be certain that the diagnosis is made by currently 

acceptable criteria. 

   Definition 

 Barrett ’ s esophagus is defined as a metaplastic change in the lining of the 

distal tubular esophagus that replaces the normal squamous epithelium. 

Endoscopically, this is characterized by displacement of the squamocolum-

nar junction proximal to the gastroesophageal junction defined by the 

proximal margin of gastric folds. If the squamocolumnar junction is above 

the level of the esophagogastric junction, biopsies should be obtained for 

confirmation of columnar metaplasia. There is an ongoing debate regarding 

the requirement that intestinal metaplasia is present in the metaplastic 

lining of the esophagus in order to diagnose an individual with Barrett ’ s 

esophagus    [3] . Consensus professional society guidelines from North 

America require intestinal metaplasia for the diagnosis of Barrett ’ s esoph-

agus whereas the British Society of Gastroenterology and a global con-

sensus group require only columnar metaplasia with or without intestinal 

metaplasia for the diagnosis    [4–8] . 

   Diagnosis 

  Clinical presentation 
 Patients with Barrett ’ s esophagus are difficult to distinguish clinically from 

patients with GERD uncomplicated by a columnar-lined esophagus. 

Observational studies suggest that features such as the development of 

reflux symptoms at an earlier age, increased duration of reflux symptoms, 

increased severity of nocturnal reflux symptoms, and increased complica-

tions of GERD such as esophagitis, ulceration, stricture, and bleeding may 

distinguish Barrett ’ s esophagus patients from GERD patients without 

Barrett ’ s esophagus    [9] . Identification of Barrett ’ s esophagus patients may 
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be hampered by the paradox that despite Barrett ’ s esophagus being the most 

severe complication of GERD, these patients have an impaired  sensitivity to 

esophageal acid perfusion compared to patients with uncomplicated GERD, 

which may be related to the fact that many Barrett ’ s  esophagus patients are 

elderly, and there may be an age-related decrease in acid sensitivity    [10,11] . 

A subset of Barrett ’ s esophagus patients may have an inherited predisposi-

tion, as studies have reported on families with multiple affected relatives 

over successive generations and recent work has found several germline 

mutations associated with Barrett ’ s esophagus and esophageal adenocar-

cinoma    [12,13] . These reports suggest an autosomal dominant pattern of 

inheritance in selected individuals with Barrett ’ s esophagus. 

   Endoscopy 
 Endoscopically, Barrett ’ s esophagus is characterized by displacement of 

the squamocolumnar junction proximal to the gastroesophageal junction 

defined by the proximal margin of gastric folds. At the time of endoscopy, 

landmarks should be carefully identified, including the diaphragmatic 

pinch, the gastroesophageal junction as best defined by the proximal 

margin of the gastric folds seen on partial insufflation of the esophagus 

and level of the squamocolumnar junction. The proximal margin of the 

gastric folds remains the most useful landmark for defining the junction of 

the stomach and the esophagus    [14] . However, the precise junction of the 

stomach and the esophagus may be challenging to determine endoscopi-

cally due to the presence of a hiatal hernia, inflammation, and the dynamic 

nature of the gastroesophageal junction, all of which may make targeting 

of biopsies problematic. Unfortunately, endoscopists identify landmarks 

necessary for the diagnosis of the columnar lined esophagus inconsis-

tently    [15] . The new Prague classification scheme provides the most reli-

able way to describe a Barrett ’ s segment greater than 1 cm in length and 

guidelines now encourage the use of this system    [6,16] . The Prague 

classification describes the circumferential extent (C value) and maximum 

extent (M value) of columnar mucosa above the proximal margin of the 

gastric folds (Figure   17.1  ). However, even the Prague classification is sub-

optimal for reliably recognizing segments of columnar metaplasia less 

than 1 cm in length and it does not account for columnar islands. 

      If the squamocolumnar junction is above the level of the esophagogas-

tric junction, biopsies should be obtained for confirmation of columnar 

metaplasia. Biopsies of the squamocolumnar junction should not be 

 routinely obtained in clinical practice if it is at the level of the gastroesoph-

ageal junction. There is ongoing debate regarding the requirement of 

intestinal metaplasia for the diagnosis of Barrett ’ s esophagus. Recent evi-

dence suggests that the non-goblet columnar metaplasia demonstrates 

DNA content abnormalities indicative of neoplastic risk similar to those 
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encountered in intestinal metaplasia    [17] . Furthermore, the risk of 

 developing esophageal adenocarcinoma has been described as similar 

among patients with and without intestinal metaplasia and more than 

70% of early adenocarcinomas detected by endoscopic mucosal resection 

have cardia and fundic-type mucosa adjacent to the cancer instead of 

intestinal metaplasia    [18,19] . Currently, the issue of intestinal metaplasia 

versus columnar metaplasia as a diagnostic criterion remains unsettled. 

However, the magnitude of cancer risk associated with non- goblet 

columnar metaplasia remains unclear and the 2011 American Gastro-

enterological Association (AGA) Medical Position Statement notes that 

there are currently insufficient data to make meaningful recommenda-

tions regarding non-goblet columnar metaplasia    [6] . 

 The ability to detect intestinal metaplasia in the columnar-lined esoph-

agus is related to a number of factors, including location of biopsies, length 

of columnar-lined segment, number of biopsies obtained, male gender and 

increasing age    [20] . Intestinal metaplasia is more commonly found in 

biopsies obtained in the proximal portion of the columnar-lined esophagus 

where goblet cell density is also greater    [21] . The optimal yield for intestinal 

metaplasia comes with taking eight biopsies, whereas taking more than 

eight biopsies does not seem to enhance the yield of intestinal metaplasia 

further    [22] . 

   Pathology 
 The columnar-lined esophagus is characterized by a mosaic of three differ-

ent types of columnar epithelium above the gastroesophageal junction: 

fundic-type epithelium characterized by parietal and chief cells similar to 

Distance
(cm) from
GEJ

8

6

4

2

0

Maximal extent of metaplasia:
M = 5.0 cm

Circumferential extent of metaplasia:
C = 2.0 cm 

True position of GEJ:
Origin = 0.0 cm 

 Figure 17.1     Schematic representation of the Prague classification for Barrett ’ s 

esophagus classified as a C2M5. Note that C is the circumferential extent of metaplasia 

which extends up 2 cm whereas M is the maximal extent of metaplasia which extends 

up 5 cm from the gastroesophageal junction (GEJ). Reproduced from Sharma  et al .    [16]  

with permission from Elsevier. 
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that found in the gastric fundus, cardiac-type mucosa characterized by 

mucous glands and no parietal cells, and specialized columnar epithelium 

characterized by a villiform surface and intestinal-type goblet cells    [23] . In 

most cases, goblet cells are easily identified on routine hematoxylin 

and  eosin preparations, and special stains such as Alcian blue/periodic 

 acid-Schiff (PAS) are not necessary. Alcian blue/PAS stain can help avoid 

overinterpretation of pseudogoblet cells characterized by distended surface 

foveolar-type cells that stain for PAS but do not contain Alcian blue- 

positive acid mucins    [24] . 

 Pathological interpretation of Barrett ’ s esophagus specimens is problem-

atic in the community as well as in academic centers. In a community 

study, intestinal metaplasia without dysplasia was recognized correctly by 

only 35% and gastric metaplasia without intestinal metaplasia was identi-

fied as Barrett ’ s esophagus in 38% of the cases    [25] . For expert gastrointes-

tinal (GI) pathologists, interobserver reproducibility is substantial at the 

ends of the spectrum of Barrett ’ s esophagus (negative for dysplasia and 

high-grade dysplasia/carcinoma) but it is not especially good for low-grade 

dysplasia or indefinite for dysplasia    [26] . Factors that contribute to some of 

the problems in pathological interpretation include experience of the 

pathologist, quality of the slides, and size of the specimens    [27] . Pathological 

interpretation of dysplasia is clearly improved by the use of endoscopic 

mucosal resection specimens    [26] . 

    Barrett ’ s esophagus and esophageal 
adenocarcinoma 

 Barrett ’ s esophagus is a clearly recognized risk factor for the development 

of esophageal adenocarcinoma. The incidence of this cancer increased 

from 3.6 per million in 1973 to 25.6 per million in 2006    [28] . Despite 

these alarming numbers, the overall burden of esophageal adenocar-

cinoma remains relatively low. It is estimated that there were 16,980 new 

cases of esophageal cancer (not all of which were adenocarcinoma) in the 

United States in 2011    [29] . Based on currently available data, the annual 

incidence of esophageal adenocarcinoma in Barrett ’ s esophagus patients 

is estimated to range from approximately 0.1% to 0.5%    [1,2,6] . 

Fortunately, adenocarcinoma is an uncommon cause of death in Barrett ’ s 

esophagus patients, where most patients die of other causes, the most 

common being cardiovascular disease (Figure    17.2  )    [30] . Furthermore, 

the survival of patients with Barrett ’ s esophagus is similar to that of the 

general population    [31] . 

      Esophageal adenocarcinoma is a lethal disease and survival is stage 

dependent. Early spread prior to the onset of symptoms is an unfortunate 
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characteristic of this tumor. Lymph node metastases are a clear prognostic 

factor for decreased survival and increase with depth of tumor involve-

ment    [32] . Thus, the best hope for improved survival of patients with 

esophageal adenocarcinoma is detection of cancer at an early and 

 potentially curable stage. Two potential strategies to accomplish this are 

screening and surveillance of Barrett ’ s esophagus patients. 

   Screening 

 One potential strategy to decrease the mortality rate of esophageal adeno-

carcinoma is to identify more patients at risk, namely those with Barrett ’ s 

esophagus. Population-based studies suggest that in patients with newly 

diagnosed esophageal adenocarcinoma, a prior endoscopy and diagnosis of 

Barrett ’ s esophagus is associated with both early-stage cancer and improved 

survival    [33] . Unfortunately, only the minority of patients with esophageal 

adenocarcinoma have undergone prior endoscopy or have a prior  diagnosis 

of Barrett ’ s esophagus    [34] . 

 Current professional society practice guidelines equivocate on screening 

patients with chronic GERD symptoms for Barrett ’ s esophagus and the 

2009 American Cancer Society cancer screening guideline does not include 

any recommendation for screening of either esophageal cancer or Barrett ’ s 

esophagus    [4–7,35] . The 2011 AGA guidelines provide the most recent 

clinical recommendations. Screening is recommended as a reasonable 

approach for individuals with multiple risk factors for esophageal adeno-

carcinoma, including age greater than or equal to 50 years, male gender, 

Caucasian race, chronic GERD symptoms, elevated body mass index (BMI) 

and male-pattern abdominal obesity    [6]  (Figure   17.3  ). On the other hand, 

the current AGA guidelines recommend against screening of the general 

population of GERD patients without risk factors. 

20% 18%

16%

4%
35%

7%

EAC

Cardiovasular disease

Pulmonary disease

Other malignancies

Unrelated GI diseases

Other conditions

 Figure 17.2     Causes of death in patients with Barrett ’ s esophagus. Reproduced from 

Sikkema  et al .    [30]  with permission from Elsevier. EAC, esophageal adenocarcinoma; 

GI, gastrointestinal. 
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296  Part 3: Barrett’s Esophagus

      Endoscopy with biopsy remains the only widely available clinical 

 technique to diagnose Barrett ’ s esophagus. However, it has clear limita-

tions as a screening tool, including cost, risk, and complexity. If applied to 

the estimated 20% of the population with regular GERD symptoms, the 

cost implications would be staggering    [36] . A recent study examined the 

yield of endoscopy in both symptomatic and asymptomatic individuals uti-

lizing the Clinical Outcomes Research Initative (CORI) database. Among 

white men with GERD symptoms, the yield of Barrett ’ s esophagus 

increased from 3.3% in the fourth decade of life to 9.3% in the sixth 

decade prior to reaching a plateau    [37] . Interestingly, the yield in symp-

tomatic middle-aged women was comparable to that in asymptomatic 

males. These findings suggest that screening should not be considered 

prior to age 50. 

 Several alternatives to standard upper endoscopy have been explored 

for screening. Unsedated upper endoscopy using small-caliber instruments 

still has the potential to change the economics of endoscopic screening, as 

this technique may decrease sedation-related complications and costs. 

Unsedated small-caliber endoscopy detects Barrett ’ s esophagus and dys-

plasia with a sensitivity comparable to conventional endoscopy    [38] . While 

both procedures are well tolerated by patients, a major hurdle for unsedated 

endoscopy is patient resistance to undergoing a test without sedation. 

Esophageal capsule endoscopy will likely not become a screening 

alternative to conventional upper endoscopy due to suboptimal cost and 

performance characteristics    [39,40] . The most recent alternative to endo-

scopic screening is a non-endoscopic Cytosponge    [41] . This technique 

involves swallowing a gelatin capsule containing a compressed mesh 

device attached to a string. After the gelatin dissolves, the mesh is with-

drawn and retrieved for immunostaining with trefoil factor 3, which is a 

diagnostic marker for Barrett ’ s esophagus. The sensitivity of this technique 

in a primary care GERD population is 73% with a specificity of 94%. Given 

the minimal cost involved, this is an attractive alternative to conventional 

endoscopic screening. 

 While endoscopic screening remains a somewhat controversial issue, 

there is little controversy on the role of repeating endoscopy to assess for 

the new development of Barrett ’ s esophagus. Studies show consistent 

results in patients who have already had a normal initial upper endoscopy. 

In patients with non-erosive reflux disease at the index endoscopy, Barrett ’ s 

esophagus is rarely found if the repeat endoscopy is performed within 

5 years    [42,43] . On the other hand, if erosive esophagitis is found at the 

time of index endoscopy, Barrett ’ s esophagus may be present in 9–12% of 

these patients on repeat endoscopy, with higher grades of esophagitis 

 associated with a higher case finding rate of Barrett ’ s esophagus    [44,45] . 

As such, screening for Barrett ’ s esophagus in GERD patients should only 
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take place after initial proton pump inhibitor (PPI) therapy. A negative 

endoscopy at baseline makes it highly unlikely that Barrett ’ s esophagus 

will be found if endoscopy is repeated. 

 There are still no data from randomized controlled trials or observational 

studies to evaluate the strategy of screening. A decision analysis model 

examined screening of 50-year-old white men with chronic GERD 

 symptoms for Barrett ’ s esophagus, and found that one-time screening is 

probably cost-effective if subsequent surveillance is limited to patients 

with dysplasia on initial examination    [46] . Thus there is clearly a need to 

develop either a better profile of patients at high risk for Barrett ’ s esoph-

agus or a far less expensive tool to provide mass population screening. 

Problems inherent in demonstrating the utility of a screening program 

such as healthy volunteer bias, lead time bias, and length time bias will all 

need to be addressed as well. 

   Surveillance 

  Candidates for surveillance 
 Current practice guidelines recommend endoscopic surveillance of patients 

with a diagnosis of Barrett ’ s esophagus    [4–7] . Prior to entering into a 

 surveillance program, patients should be advised about risks and benefits, 

including the limitations of surveillance endoscopy as well as the 

 importance of adhering to appropriate surveillance intervals. Other con-

siderations include age, co-morbid conditions, likelihood of survival over 

the next 5 years and ability to tolerate either endoscopic or surgical inter-

ventions for early esophageal adenocarcinoma. Patients in poor overall 

health are not likely to benefit from endoscopic surveillance or tolerate 

interventions for dysplasia or adenocarcinoma. 

   Technique 
 The aim of surveillance is the detection of dysplasia or early carcinoma. 

Active inflammation makes it more difficult to distinguish dysplasia from 

reparative changes. As such, surveillance endoscopy should only be per-

formed after any active inflammation related to GERD is controlled with 

anti-secretory therapy. The presence of ongoing erosive esophagitis is a 

contraindication to performing surveillance biopsies. 

 At the time of endoscopy, the esophagus should be carefully examined 

with high-resolution white light endoscopy, in particular looking for any 

mucosal abnormality    [47] . Current guidelines do not recommend the 

 routine use of advanced imaging techniques as adjuncts to high-quality 

white light endoscopy, although many show promise for future applica-

tion. After careful visual inspection, systematic surveillance biopsies 
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should be obtained in four quadrants at 2 cm intervals along the entire 

length of the Barrett ’ s segment in the absence of known dysplasia and at 

1 cm intervals in the presence of known dysplasia    [6] . The rationale for 

this rigorous approach comes from studies that demonstrate that a 

systematic biopsy protocol detects more dysplasia and early cancer com-

pared to  ad hoc  random biopsies    [48,49] . The safety of systematic endo-

scopic biopsy protocols has been demonstrated as well    [50] . Subtle 

mucosal abnormalities, no matter how trivial, such as ulceration, erosion, 

plaque, nodule, stricture or other luminal irregularity in the Barrett ’ s 

segment, should also be extensively biopsied, as there is an association of 

such lesions with underlying cancer    [51] . Mucosal abnormalities, espe-

cially in the setting of known high-grade dysplasia, should undergo 

endoscopic mucosal resection    [4] . Endoscopic mucosal resection will 

change the diagnosis in approximately 50% of patients when compared 

to endoscopic biopsies, given the larger tissue sample available for review 

by the pathologist    [52] . Interobserver agreement among pathologists is 

improved as well    [52] . 

 There has been considerable debate over the years regarding the need 

for large particle forceps to obtain biopsies, but current evidence does not 

support the routine use of the jumbo biopsy forceps    [6] . A new large-

capacity forceps that can be passed through standard-diameter endoscopes 

provides larger samples than standard large-capacity forceps and may 

increase the yield of dysplasia    [53] . 

   Intervals 
 Surveillance intervals, determined by the presence and grade of dysplasia, 

are based on our limited understanding of the biology of esophageal ade-

nocarcinoma. The most recent recommendations from the AGA are every 

3–5 years in patients without dysplasia, every 6–12 months for low-grade 

dysplasia and every 3 months for high-grade dysplasia if intervention is 

not performed    [6]  (see Figure    17.3  ). Unfortunately, guidelines from the 

various professional societies are not in agreement on surveillance inter-

vals, leading to considerable confusion in this area. 

 If low-grade dysplasia is found, the diagnosis should first be confirmed 

by an expert gastrointestinal pathologist due to the marked interobserver 

variability in interpretation of these biopsies. These patients should receive 

aggressive anti-secretory therapy for reflux disease with a PPI to decrease 

the changes of regeneration that make pathological interpretation of this 

category so difficult. A repeat endoscopy should then be performed within 

6–12 months of the initial diagnosis. Endoscopic mucosal resection should 

be performed if any mucosal abnormality is present in these patients. The 

American College of Gastroenterology recommends annual surveillance 

when low-grade dysplasia is present until two examinations in a row are 
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negative    [4] . At that point, surveillance can be lengthened again to every 

3–5 years. The AGA recommends surveillance every 6–12 months and 

makes no recommendation regarding when to subsequently lengthen 

biopsy intervals    [6] . 

 It is important to remember that the natural history of low-grade 

 dysplasia is poorly understood. This may be due in part to the high 

degree of interobserver variability in establishing this diagnosis and the 

variable biopsy protocols by which these patients are followed, resulting 

in issues related to tissue sampling. While the majority of patients with 

low-grade dysplasia do not progress to adenocarcinoma or high-grade 

dysplasia, a subset of these patients do progress to a higher grade lesion. 

A recent Dutch study found that 85% of patients diagnosed with 

low-grade dysplasia in the community were downgraded to no dys-

plasia after review by two expert GI pathologists    [54] . However, the risk 

of progression to high-grade dysplasia or adenocarcinoma was 13.4% 

per year in individuals in whom the diagnosis was confirmed by the 

expert pathologists. The recent Danish population-based cohort study 

also suggests an increased risk for individuals with low-grade dysplasia 

diagnosed at index endoscopy which is five-fold greater than for those 

with no dysplasia    [1] . Other studies suggest that this lesion has a risk of 

progression that is no greater than that of non-dysplastic Barrett ’ s 

esophagus    [55] . 

 If high-grade dysplasia is found, the diagnosis should first be confirmed 

by an experienced GI pathologist as well. Both extent of high-grade dys-

plasia and mucosal abnormalities may be risk factors for adenocarcinoma 

   [56,57] . The presence of any mucosal abnormality warrants endoscopic 

mucosal resection in an effort to maximize staging accuracy as described 

above. If high-grade dysplasia is confirmed by repeat endoscopy within 

2–3 months, intervention is warranted either endoscopically or surgically. 

Observational studies suggest that survival and cancer-free survival are 

comparable in patients treated either surgically or endoscopically for 

high-grade dysplasia    [58] . Continued surveillance should only be reserved 

for high-risk patients with multiple co-morbidities who are not good can-

didates for endoscopic or surgical intervention. 

   Rationale 
 While no clinical trials have examined the effectiveness of the strategy of 

endoscopic surveillance, observational studies show that patients with 

Barrett ’ s esophagus in whom adenocarcinoma was detected in a surveil-

lance program have their cancers detected at an earlier stage, with 

improved 5-year survival compared to similar patients not undergoing 

routine endoscopic surveillance (Figure    17.4  )    [59,60] . Furthermore, 

lymph node involvement is less likely in surveyed patients compared to 
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non-surveyed patients    [59] . Since esophageal cancer survival is stage 

dependent, these studies suggest that survival may be enhanced by endo-

scopic surveillance. However, since most patients with Barrett ’ s esoph-

agus die of causes other than esophageal adenocarcinoma, endoscopic 

surveillance remains of uncertain benefit. There are a number of flaws 

inherent in observational studies that support the concept of surveillance, 

including selection bias, healthy volunteer bias, lead time bias, and length 

time bias. 

        Limitations 
 Endoscopic surveillance of Barrett ’ s esophagus, as currently practiced, has 

numerous shortcomings. Dysplasia and early adenocarcinoma are endo-

scopically indistinguishable from intestinal metaplasia without dysplasia in 

the absence of mucosal abnormalities. The distribution of dysplasia and 

cancer is highly variable, and even the most thorough biopsy surveillance 

program has the potential for sampling error. There are considerable inter-

observer variability and quality control problems in the interpretation of 

dysplasia in both the community and academic settings. Current surveil-

lance programs are expensive and time consuming. A number of studies 

indicate that while surveillance is widely practiced, there is non-adherence 

to surveillance guidelines with respect to both the technique of four- 

quadrant biopsies and interval of surveillance    [61,62] . Furthermore, the 

longer the segment length, the worse the adherence to practice guidelines 

(Figure   17.5  )    [61] . 
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 Figure 17.4     Improved postoperative survival in esophageal adenocarcinoma for 

patients diagnosed during endoscopic surveillance compared to patients diagnosed 

without prior surveillance. Reproduced from Corley  et al .    [59]  with permission from 

Elsevier. 
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        Potential strategies to enhance surveillance 
 Most Barrett ’ s esophagus patients do not have dysplasia and will never 

develop cancer. Thus, it would be highly desirable to make surveillance 

techniques more effective and efficient by sampling larger areas of Barrett ’ s 

mucosa, targeting biopsies to areas with a higher probability of having dys-

plasia or developing risk stratification tools to allow us to concentrate our 

efforts on individuals at greatest risk while decreasing the frequency and 

intensity of surveillance in individuals at lower risk. Unfortunately, none 

of these conceptual paradigms has come to fruition to date despite the 

obvious intuitive appeal of these approaches. 

  Advanced imaging technology 
 A wide variety of endoscopic enhancements to surveillance has been 

described (Box    17.1 ), but unfortunately none has really changed clinical 

practice. Traditional chromoendoscopy with methylene blue is no better 

than random biopsies for the detection of intestinal metaplasia, 

high-grade dysplasia or early cancer    [63] . Similarly, acetic acid does not 

appear to increase the detection rate of dysplasia or adenocarcinoma 

despite initial enthusiasm    [64] . Optical contrast endoscopy allows for 

detailed imaging of the mucosal and vascular surface patterns in Barrett ’ s 

esophagus without the need for chromoendoscopy. This may be accom-

plished by either the placement of optical filters that narrow the band-

width of white light to blue light (narrow band imaging) or by 

postprocessing software-driven systems to accomplish similar visualiza-

tion    [65] . A recent systematic review found that narrow band imaging 
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has a sensitivity of 77–100% and a specificity of 58–100% for the 

 detection of high-grade dysplasia or cancer    [66] . 

  Confocal laser endomicroscopy is a targeted imaging technique that 

allows for subsurface imaging and  in vivo  histological assessment of the 

mucosal layer during white-light endoscopy    [67] . The goal of endomicros-

copy is to distinguish neoplastic from non-neoplastic tissue in “real time” by 

performing virtual “optical biopsies.” Optical biopsies could accomplish two 

important goals: decrease the number of conventional biopsies and allow 

immediate treatment decisions at the time of endoscopy, thereby decreasing 

the costs and increasing the efficiency of patient care. Two different endomi-

croscopy platforms are available: an endoscope-based device that is 

integrated into the distal tip of the endoscope and a probe-based device that 

can be inserted through a standard endoscope. Both devices require 

administration of an intravenous fluorescence agent, fluorescein. Studies 

suggest that confocal endomicroscopy has the potential to improve the diag-

nostic yield of endoscopically inapparent neoplasia compared with standard 

white light endoscopy and surveillance biopsies, while also decreasing the 

number of biopsies    [68,69] . A number of other new techniques to target 

biopsies, including molecular imaging, angle-resolved low-coherence inter-

ferometry, circumferential optical coherence tomography, and nanotech-

nology, are all under active development, each with enormous promise. 

 Perhaps the single greatest advance for the detection of dysplasia and 

early cancer has been the advent of high-definition/high-resolution white 

  Box    17.1    Potential enhancements to white light endoscopic 
imaging   
•     Chromoendoscopy 

•  Magnification endoscopy 

•  Narrow band imaging 

•  Photodynamic diagnosis 

•  Spectroscopy 

•  Partial wave spectroscopy 

•  Polarized scanning spectroscopy 

•  Optical coherence tomography 

•  Low coherence interferometry 

•  Autofluorescence endoscopy 

•  Confocal endomicroscopy 

•  Molecular imaging  

   Source: Falk GW. Probe-based confocal endomicroscopy in Barrett ’ s esophagus: the real 
deal or another tease? Gastrointest Endosc 2011;74:473–6. 
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light endoscopy. Studies have consistently shown that this technique is as 

good as or better than more sophisticated methods such as narrow band 

imaging, chromoendoscopy, autofluorescence endoscopy, and multimodal 

imaging    [64] . The recent AGA position statement does not recommend 

using advanced imaging techniques for surveillance at this time    [6] . 

   Risk stratification 
 A number of clinical and biological markers may define patients at 

increased risk for the development of adenocarcinoma. Clinical risk factors 

for the development of high-grade dysplasia or adenocarcinoma include 

gender, ethnicity, age, dysplasia, hiatal hernia size, length of the Barrett ’ s 

segment, BMI, and smoking    [70] . 

 Dysplasia is still the best available marker of cancer risk in clinical 

 practice. Dysplasia is recognized adjacent to and distant from Barrett ’ s 

esophagus-associated adenocarcinoma in resection specimens from 

patients with Barrett ’ s esophagus. Barrett ’ s esophagus patients progress 

through a phenotypic sequence of no dysplasia, low-grade dysplasia, 

high-grade dysplasia and then on to adenocarcinoma, although the time 

course is highly variable and this step-wise sequence is not preordained 

   [59,71] . Furthermore, some patients may progress directly to cancer 

without prior detection of dysplasia of any grade    [72] . Unfortunately, dys-

plasia is an imperfect marker of increased cancer risk. It is typically not 

distinguishable endoscopically and often focal in nature, thereby making 

targeting of biopsies problematic. Furthermore, there is considerable inter-

observer variability in the grading of dysplasia. Therefore, a less subjective 

marker for cancer risk that could supplement or replace the current 

 dysplasia grading system is still needed. 

   Biomarkers of increased risk 
 A number of molecular markers may define patients at increased risk for 

the development of esophageal adenocarcinoma. Among the most fre-

quently described molecular changes that precede the development of 

adenocarcinoma in Barrett ’ s esophagus are alterations in p53 (mutation, 

deletion or loss of heterozygosity (LOH)) p16 (mutation, deletion,  promoter 

hypermethylation, or LOH) and aneuploidy by flow cytometry    [73–78] . 

Neoplastic progression in Barrett ’ s esophagus is accompanied by flow cyto-

metric abnormalities such as aneuploidy or increased G2/tetraploid DNA 

contents, and these abnormalities may precede the development of 

high-grade dysplasia or adenocarcinoma. An alternative method for the 

detection of DNA ploidy abnormalities is image cytometry, which can ana-

lyze formalin-fixed tissue with automated analysis algorithms. Image 

 cytometry may be comparable to flow cytometry for the detection of 

ploidy    [79] . Another technique with potential clinical applicability for the 
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 detection of abnormal DNA content is fluorescent  in situ  hybridization 

(FISH) which may also be simpler to apply in clinical practice    [80] . 

 Mutations of p53 and 17p LOH have been reported in up to 92% and 

100%, respectively, of esophageal adencocarcinomas    [73] . Furthermore, 

both abnormalities have been detected in Barrett ’ s epithelium prior to the 

development of carcinoma    [81] . However, techniques to detect p53 muta-

tions and 17p LOH are also labor intensive and have not achieved wide-

spread acceptance in clinical practice to date. Similarly, p16 LOH and 

inactivation of the p16 gene by promoter region hypermethylation have 

been reported frequently in esophageal adenocarcinoma    [82] . Furthermore, 

9p LOH is commonly encountered in premalignant Barrett ’ s epithelium 

and can be detected over large regions of the Barrett ’ s mucosa    [80] . It is 

hypothesized that clonal expansion occurs in conjunction with p16 abnor-

malities, creating a field in which other genetic lesions leading to esopha-

geal adenocarcinoma can arise. 

 Epigenetic changes, in the form of hypo- and hypermethylation and 

alteration to histone complexes, have also been implicated in the progres-

sion of Barrett ’ s esophagus to adenocarcinoma. Hypermethylation of p16, 

APC, RUNX3 and HPP1 are all independently associated with an increased 

risk of progression of Barrett ’ s esophagus to high-grade dysplasia or esoph-

ageal adenocarcinoma    [83,84] . 

 Given the complexity and diversity of alterations observed to date in the 

metaplasia, dysplasia, carcinoma sequence, it appears that a panel of bio-

markers may be required for risk stratification. The combination of 17p 

LOH, 9p LOH and DNA content abnormality has been shown to predict the 

10-year adenocarcinoma risk better than any single biomarker alone    [85] . 

Patients with a combination of these abnormalities had a markedly increased 

risk of developing cancer compared to those with no baseline abnormalities 

(relative risk 38.7, 95% confidence interval (CI) 10.8–138.5). In those with 

no abnormalities of any of these biomarkers at baseline, 12% developed 

adenocarcinoma at 10 years. In contrast, those with the combination of 17p 

LOH, 9p LOH and DNA content abnormality had a cumulative incidence of 

adenocarcinoma of 79% over the same time period. A risk stratification 

model utilizing a methylation index constructed from the methylation 

values for p16, HPP1, and RUNX3 also showed potential for prediction of 

progression to high-grade dysplasia or adenocarcinoma    [86] . 

 Thus, while all of these studies demonstrate the potential for biomarkers 

to predict risk of esophageal adenocarcinoma, none of these biomarkers 

has been validated in large-scale clinical trials to date and as such they are 

not yet useful for clinical decision making. It is likely that in the future, the 

best predictor for the development of high-grade dysplasia or adenocarci-

noma will be a combination of clinical, demographic, histological, genetic, 

and epigenetic data.   
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CHAPTER 18

       Barrett ’ s Esophagus: 
Treatment Options 
      Jianmin   Tian  and      Kenneth K.   Wang    
   Mayo Clinic ,   Rochester ,  MN ,  USA   

         Key point 
 •    The key to successful ablation is patient selection. This begins with selecting patients 

with significant neoplastic lesions that might benefit from treatment. It is very 

important to emphasize patient compliance, with an esophagogastroduo denoscopy 

at scheduled intervals in the postablation period. The important step is to identify 

and eradicate cancer at an early stage (no more than T1a) while endoscopic 

treatment is still a good option. Recurrence usually does not affect overall outcomes.  

       Potential pitfall 
 •    For a patient with visible lesions such as nodules, thickened folds, mass, ulcers, 

strictures, and/or high-grade dysplasia at multiple biopsy levels, it is essential to 

perform mucosal resection to obtain sufficient tissues for accurate diagnosis before 

any ablation.  

      Introduction 

 The prevalence of Barrett ’ s esophagus (BE) in patients with gastroesopha-

geal reflux disease (GERD) has been about 5.7%    [1] . However, only about 

half of BE patients have symptoms. This has led to a situation where most 

patients are diagnosed either incidentally or with more advanced disease. 

Our current understanding is that non-dysplastic Barrett ’ s esophagus 

(NDBE) progresses to low-grade dysplasia (LGD), then to high-grade dys-

plasia ( HGD) and esophageal adenocarcinoma (EAC), although patients 

do not always progress in a step-wise fashion. It is uncertain whether this 

is due to sampling error and these mucosal changes are not discovered or, 

alternatively, there is rapid evolution to more advanced neoplasia. The 
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currently held belief is that the primary target for treatment of BE is 

 dysplastic mucosa. The estimated 10-year survival is similar in patients 

with non-dysplastic BE and in the general population    [2] . Thus treatment 

of all patients with BE without dysplasia at this time may not ultimately 

lead to any survival benefit. If selected patients at higher risk of cancer can 

be identified in this group, for instance through use of biomarkers, 

treatment would likely prove to be useful. 

 There is consensus in current clinical practice on treating patients with 

high-grade dysplasia in Barrett ’ s mucosa after this diagnosis is confirmed 

by two expert pathologists and concomitant invasive adenocarcinoma has 

been excluded    [3] . As demonstrated in a recent metaanalysis and systematic 

review, endoscopic treatment reduces the incidence of esophageal adeno-

carcinoma with most of the benefit of ablation being observed in patients 

with HGD    [4] . It has been reported that the survival of HGD patients with 

endoscopic therapies is comparable to patients with esophagectomy. 

Postablation surveillance is very important regardless of types of endo-

scopic treatment, because the rates of detecting EAC after ablation were 

6.0% for HGD, 0.8% for LGD, and 0.03% for NDBE    [5] . 

 For more advanced neoplasia such as adenocarcinoma that is confined 

to the mucosa, mucosal resection techniques are recommended. Endoscopic 

mucosal resection (EMR) is suitable for T1a lesions (intramucosal EAC) 

because the percentage of lymph node metastasis (LNM) is low in this 

condition. However, any lesion that is more advanced than T1a should be 

managed by non-endoscopic approaches. 

 In this chapter, we will focus on the clinical indications, procedure 

details, efficacy, outcomes, and complications of each endoscopic modality. 

   Endoscopic mucosal resection 

 Since it was first described in 1984, EMR has been adopted into practice in 

diagnosis, staging and treatment for BE with dysplasia and early cancers 

in addition to its applications in the stomach and colon. Overall, it is a 

safe and effective method for managing most lesions less than 1.5 cm in 

dia meter in the luminal gastrointestinal (GI) tract. For larger lesions, 

 endoscopic submucosal dissection (ESD) is preferred over piecemeal EMR 

since this allows  en bloc  resection of the lesion. Circumferential EMR to 

eradicate the entire BE was reported in 2003 in 12 patients who had HGD 

or intra mucosal EAC. Although no recurrence was observed, complica-

tions occurred in six cases with four bleedings and two strictures    [6] . Two 

subsequent studies in 2005 and 2006    [7,8]  showed a high rate of stricture 

(up to one-third of the patients). Despite this radical treatment, the 

 recurrence rate of Barrett ’ s mucosa was up to 11%. Currently this 
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 circumferential EMR approach is being replaced by sequential targeted 

EMRs along with  ablation for residual flat mucosa in the United States. 

  Patient selection 
 Patient selection is an important step to assure success and minimize com-

plications such as bleeding, stricture and perforation.

 •   Thorough work-up to rule out distal metastatic lesions using positron 

emisson tomography (PET)/computed tomography (CT) scans should be 

performed for cancer patients, because those with advanced disease 

would not benefit from this procedure. Then endoscopic ultrasound 

(EUS) should be done primarily for nodal staging. EUS has been consid-

ered as the most accurate non-invasive method for staging but a recent 

metaanalysis of 12 EUS studies revealed that EUS found only 65% con-

cordance for T-staging when compared to EMR or esophagectomy find-

ings. High-frequency miniprobe EUS does provide more accurate 

T-staging though even this technique is still not accurate enough to 

exclude the use of EMR    [9] . Nevertheless, locoregional lymph node 

 positivity by EUS with fine needle aspiration (FNA) still adds significant 

value in patient management. 

 •  The percentage of lymph node metastasis (LNM) has been estimated as 

1–6%    [10–13]  for intramucosal cancer (T1a). But up to one-third of 

patients with submucosal esophageal cancer (T1b) lesions could have 

LNM at the time of esophagectomy. Thus any lesion that is more 

advanced than T1a should not be treated with EMR for curative intent. 

Lymphovascular invasion or high-grade malignancies are also felt to be 

contraindications for endoscopic treatment. 

 •  Generally speaking, previous biopsies do not affect subsequent EMRs 

unless they are performed within a few days of attempted resection. 

However, previous EMRs can lead to tissue scarring, and subsequent 

EMRs at the same location are associated with higher risk of failure and 

complications. If a lesion is not lifted (i.e. non-lifting sign) after sub-

mucosal fluid injection, then EMR should be reconsidered to avoid 

 perforation. Poor wound healing could also lead to difficulty after EMR.  

    Procedure 
 The main technique for EMR involves submucosal injection and lifting, 

followed by electrocautery and mechanical resection    [14] . 

  Preparation 
 American Society of Gastrointestinal Endoscopy guidelines    [15]  should be 

followed for the management of anti-platelet or anti-coagulation (APAC) 

medications. In a retrospective report, patients who underwent EMR while 
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on or off APAC medications were studied. This study showed the rate of 

major GI bleeding was 0.23% for those on APAC versus 0.59% for those 

off APAC. However, ischemic events (myocardial or cerebral ischemia) 

happened in 6.25% of those who were off clopidogrel versus 0.22% of 

those on clopidogrel ( P  = 0.051)    [16] . 

   Identify the lesions for endoscopic mucosal resection 
 If there is an obvious mass in the esophagus, then it is probably too 

advanced for curative EMR. If there are nodules and thickened folds, 

which are often associated with cancers    [17] , they should be targeted for 

EMR. For less apparent lesions, narrow band imaging (NBI) or chromo-

endoscopy may aid the endoscopist in defining the margins. This step of 

lesion identification could be difficult in some cases. Even trimodal methods 

(high-resolution endoscopy followed by autofluorescence imaging (AFI) 

and NBI) did not improve the overall detection of dysplasia compared with 

standard video endoscopy and biopsies    [18] . Dysplasia or even early EAC 

is still found in a significant number of patients by random biopsies in areas 

where no obvious target was identified for EMR. 

   Technique 
 Submucosal injection of saline is an important initial step to separate the 

mucosal layer from the muscular layer so that (a) the muscular layer will 

not be suctioned into the cap and (b) the deep margin will have fewer 

thermal effects when electrocautery is applied. This is important in avoiding 

perforation. Other solutions such as 1:200,000 epinephrine could also be 

used to achieve better homeostasis. For submucosal dissection, hypertonic 

glucose, glycerol, and hydroxypropylmethyl cellulose have been used to 

maintain a submucosal cushion. These agents are not useful with EMR since 

a persistent cushion makes suction of the lesion into the cap more difficult. 

 Endoscopic mucosal resection can be performed in several ways, with 

the common feature being the use of a snare to achieve tissue removal. 

Original methods include strip biopsy using a two-channel therapeutic 

endoscope but this is mostly obsolete since the technique is difficult to per-

form. The most commonly used current methods are cap- or band ligation-

assisted EMR. For the cap method, a soft or hard, flat or oblique transparent 

cap, which comes in multiple diameters, is friction fitted firmly at the end 

of a regular esophagogastroduodenoscopy (EGD) scope. Although the 

manufacturer recommends using tape to secure the cap, this is usually not 

necessary as the friction fit is sufficient. The esophagus is intubated and 

submucosal injection is performed. A crescent snare is positioned on the 

internal circumference of the cap; the lesion is suctioned into the cap and 

then the snare is closed around the tissue. Prior to resection, it is beneficial 

to “tug” on the snare to observe the esophageal wall motion relative to the 
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repeated traction by the snare. If the entire wall moves with traction, this 

suggests that the snare has captured the outer muscular wall of the esopha-

geal wall and one should open the snare and recapture the mucosa to 

avoid perforation. Once the mucosa is appropriately captured, the snare is 

applied with a pure cautery current to resect the lesion. 

 Ligation-assisted EMR is very much like band ligation for esophageal 

varices. Once a band is placed over the lesion, a hexagonal snare is used to 

resect it either above or below the band, and the specimen can be collected 

using a Roth net or snare. These two methods (cap or ligation EMR) yield 

similar results    [19,20] . Piecemeal EMRs can be performed for larger lesions, 

although ESD may be a better choice in such situations with a lower risk 

of recurrence    [21] . 

 Figure   18.1   depicts the EMR procedure. 

         Postprocedure care 
 After EMR patients usually do not require hospitalization unless there is a 

complication or their overall medical status is tenuous. Postprocedural 

instructions usually include clear liquid diet for 24 h, avoid crunchy food, 

aspirin or other non-steroidal anti-inflammatory drugs (NSAIDs) for an 

additional 2 weeks and temporarily holding clopidogrel (Plavix) or other 

platelet inhibitors for 2 days unless the patient has a high risk of cardiovas-

cular events. 

 Patients should return for further EGD exam every 3 months in the first 

year after HGD or intramucosal esophageal adenocarcinoma (IM-EAC) has 

been resected with tumor-free margins (i.e. R0 resection), or return in 6–8 

weeks if the margin is positive for tumor cells (i.e. R1 resection). If sub-

mucosal adenocarcinoma is found, then esophagectomy should be 

 considered because of the higher risk of lymph node metastasis (LNM). 

   Complications 
 Overall, EMR for carefully selected patients is safe in experienced hands. 

Minor complications such as chest discomfort and nausea are usually 

short-lived. Serious complications including major bleeding, perforation, 

and stricture are fortunately rare. 

 The average complication rate of EMR is approximately 14% with a 

major complication rate of 10% (bleeding requiring blood transfusion 

(2%), perforation (0.5%) or stricture (7%)). 

  Bleeding 
 Clinically significant bleeding can be seen in up to 3.8% of patients after 

EMR    [22] . The rate is influenced by the patient ’ s medical conditions and 

the procedure itself. If suspicion of late bleeding is high, prophylactic hemo-

stasis methods such as Hemoclips® should be used. Bleeding risk increases 
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 Figure 18.1     (a) EMR is performed in superficial lesions with a low risk of nodal 

metastases. (b) The submucosal injection of saline acts as a cushion separating the 

mucosa from the muscularis propria. The presence of a  lift sign  suggests the absence of 

deeper invasion. (c) The submucosal saline cushion mitigates the risk of deeper injury 

and perforation during resection. Reproduced from Namasivayam  et al .    [14] , with 

permission from Elsevier.  
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with increased number of mucosal resections performed. Generally bleeding 

is treated with clipping to avoid further thermal injury to the mucosa. 

   Perforation 
 The rate of perforation has been described to be up to 2.5%    [22–24] . The 

recommendation is to exam the EMR site carefully to identify perforation 

early. A “target sign” in which the pink muscularis propria layer is broken 

by a dark spot is a potential site of perforation. In such cases, stents and/or 

clips can be applied to seal the defects, and then followed by gastrografin 

contrast study to ensure no leakage. The over-the-scope clip has also been 

used in this situation. A nasogastric tube should be placed, and the patient 

should be hospitalized with fluid and nutrition support and treatment with 

antibiotics. If found and treated early, the majority of patients will have 

satisfactory recovery from perforation after a few days. Pneumomediastinum 

is a mild form of perforation and is usually managed by nil by mouth, 

 supportive measures, and observation. 

   Stricture 
 This has been reported to occur in up to 23% of patients receiving EMR    [25] . 

The risk of stricture appears to be related to multiple EMRs, circumferential 

EMRs, and EMRs with other modalities such as photodynamic therapy 

(PDT) or radiofrequency ablation (RFA). The risk of strictures is increased 

if EMR has removed 75% or more of the circumference of the esophagus. 

Most strictures can be managed by repeated dilation or stents. 

    Outcomes 
  Biopsies 
 Compared to regular biopsies, EMR obtains more tissue for diagnosis and 

staging with improved accuracy. Approximately 24% and 40% of patients 

who were initially diagnosed with HGD and IM-EAC) had their diagnoses 

changed to IM-EAC and submucosal EAC (SM-EAC) respectively based on 

EMR    [26] . This was also supported by a metaanalysis based on 15 original 

articles and four abstracts which showed that EMR upstaged 16% of cases 

and downstaged 12%. Conversely, random biopsies also detected lesions 

in locations other than EMR sites. Given the patchy distribution of 

 dysplastic and neoplastic tissues, EMRs and biopsies are actually comple-

mentary to each other. 

   Eradication and recurrence 
 All seven published studies regarding EMR have been case series. The 

 largest one, from Pech  et al ., included 349 patients with HGD and T1 stage 

EAC    [27] . Among these 349 patients, 279 were treated with EMR and 70 

received PDT, EMR plus PDT, or argon plasma coagulation (APC). About 

c18.indd   316 11/15/2012   2:48:09 AM



Chapter 18: Barrett’s Esophagus: Treatment Options   317

96% achieved complete response (margin-free resection plus one normal 

endoscopic follow-up examination) after an average of 2.1 EMRs per 

patient, and recurrence was found in 21.5% of patients during the median 

follow-up of 63 months. However, it should be noted that this case series 

included 30 submucosal EACs who were unfit for surgery, and 35.8% of 

the whole cohort had piecemeal resection. These two types of patients are 

usually at higher risk of recurrence. Independent risk factors for recur-

rence included long segment of BE, multifocal carcinoma, piecemeal EMRs 

and a longer period to achieve complete remission (>10 months). Among 

13 (3.7%) patients who failed EMR and subsequently had esophagectomy, 

11 had non-healing ulcers and/or scarring from previous endoscopic 

treatment. 

 Another study of 100 carefully selected low-risk IM-EAC patients 

showed that EMR was very successful in achieving complete remission in 

99% of cases, and 5-year survival was 98%. However, metachronous can-

cer was observed in 11% of cases after 36.7 months of follow-up    [28] . This 

underlined the importance of long-term surveillance and also suggested 

the need for combined therapies of EMR and other modalities such as 

RFA, PDT, and cryoablation. Generally, the mucosal resection techniques 

are used to eliminate areas of visible cancer while ablative therapies are 

used to eliminate the intestinalized mucosa that remains. In six studies in 

2003–2007 (prior to Pech ’ s study in 2008), recurrence of malignancy after 

achieving complete responses was observed in up to 26% of patients    [27] . 

Usually these recurrences can be managed by further endoscopy to achieve 

another complete response. 

   Mortality 
 In a study of 178 patients with IM-EAC, the endoscopy (EMR with or 

without other modalities) group had a similar cumulative mortality rate 

as  the esophagectomy group (17% versus 20%,  P  = 0.75) after a mean 

 follow-up of 43 and 64 months, respectively    [22] . 

     Radiofrequency ablation 

 Radiofrequency ablation (RFA) is a thermal ablation method that uses 

radiofrequency energy to destroy tissues with penetration depth of 0.5 mm 

when energy density is 12 J/cm 2     [29, 30] . The RFA system was first cleared 

by the Food and Drug Administration (FDA) in 2001 for BE, among other 

cautery applications. The HALO 360  (BÂRRX Medical) has a balloon with 60 

tightly spaced electrodes encircling it over 3 cm in length (Figure    18.2  ). 

The diameters of available balloons range from 18, 22, 25, 28, 31 to 34 mm. 

The HALO 90  is shown in Figure   18.3  . The upper surface containing  electrode 
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array is measured at 20 mm by 13 mm. It has the same electrode spacing 

and can deliver energy density of 15 J/cm 2  and power of 40 Watt/cm 2 . The 

device is mounted on a pivot to allow opposition against the esophageal 

wall. This device is attached to the outside of the endoscope and positioned 

to contact the lesion by manipulation of the endoscope tip. The average 

patient needs approximately three sessions to achieve  remission. 

            Patient selection 
 The efficacy and side-effect profile make RFA the intervention of choice for 

HGD. RFA for LGD may be of value in young patients and/or those with 

long segment or multifocal disease. However, the diagnosis of LGD itself 

has significant interobserver variability among pathologists. Additionally, 

since the risk of progression to esophageal cancer is lower than HGD, the 

cost-effectiveness of ablation versus surveillance EGD is yet to be 

established. The treatment of non-dysplastic BE is of uncertain value 

unless additional risk factors such as strong family history of adeno-

carcinoma are present    [31] . 

 At the time of writing (2012), there have been no human data on the 

use of RFA alone for IM-EAC. Since the device is designed to be superficial, 

treatment of cancers that may penetrate deeper into the mucosa is not 

recommended. 

 Figure 18.2     HALO 360  is a circum-

ferential balloon with electrode 

array at the outside surface. 

 Figure 18.3     HALO 90  is not balloon 

based. It is used for segmental 

ablation of BE. 
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   Procedure 
 First, the size of esophagus is determined to allow selection of the right 

balloon size if the HALO 360  is to be used. To do this, a sizing balloon can be 

inserted over a 0.035 inch diameter guidewire to the esophageal lumen, 

and the generator attached to the end of the catheter which will automati-

cally insufflate and deflate the sizing balloon to gauge the esophageal 

diameter. This measurement can be started from the proximal end of BE to 

the distal, with measurements made every centimeter. This can be done 

without direct endoscopic visualization but if there are strictures present, 

endoscopy is recommended to ensure that the measurements are accurate. 

The equipment will average the diameters over a 4 cm segment to provide 

the estimated balloon size to use. 

 A 1% N-acetylcysteine spray is usually used before ablation to remove 

excessive mucus for optimal contact between the device and the esopha-

geal mucosa. 

 The HALO 360  catheter can be inserted into the esophageal lumen over the 

guidewire, and an endoscope is placed alongside the HALO 360  catheter for 

better visualization. Once the target BE area is selected, the treatment coils 

are aligned visually with the proximal most extent of the columnar mucosa 

balloon. First, the balloon is inflated and the air is suctioned from the 

lumen to ensure good contact. A preset amount of energy, 12 J per square 

 centimeter, is then delivered by pressing a foot pedal. Multiple applications 

are needed for segments that are >3 cm in length. After the entire segment 

has been treated, the catheter is removed outside the patient and cleaned 

with water. The ablated esophageal surface is also cleaned by scraping off 

the coagulative debris with the small flexible cap at the end of the scope, 

followed by careful inspection of this area. Then the treatment balloon is 

reinserted to start the second pass by repeating the steps in the first pass. 

 There is usually some residual BE after initial RFA with the HALO 360 . 

The HALO 90  can be used to ablate this residual BE on a second EGD exam 

about 3 months later. Careful examination with white light and NBI is 

done first. Then the HALO 90  device is friction fitted to the exterior of the 

endoscope tip at the 12 o ’ clock position. Close contact with the esophageal 

lining can be achieved by manipulation of the endoscope tip. During the 

first pass, two applications can be done at the same location. After all the 

residual BE is treated, the ablated areas need to be carefully inspected, fol-

lowed by gentle scraping of debris off the esophageal wall with the HALO 90  

device and plain water flushes. Next, the device and scope are removed 

outside the patient to be washed and cleaned before the second pass. 

   Postprocedure management 
 Radiofrequency ablation is an outpatient procedure, and patients are 

observed in the recovery area until they meet discharge criteria. Patients 
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should be instructed to expect some chest pain/discomfort. They should 

take a full liquid diet for 24 h, then slowly advance the diet over the next 

couple of days but avoid crunchy food for 2 weeks. Meanwhile, they should 

not take NSAIDs for 2 weeks and clopidogrel (Plavix) for 2 days unless a 

high risk of cardiovascular events requires earlier reinstitution of these 

medications. Proton pump inhibitor therapy twice a day for a month and 

then daily afterwards with or without sucralfate should be recommended to 

control reflux. Sucralfate is added to provide additional mucosal protection. 

 The follow-up interval will be every 3 months for HGD patients in their 

first year after diagnosis. If no dysplastic tissue is found at the end of the 

first year, patients can be followed every 6 months and then yearly, and 

then at the intervals specified by available guidelines    [3] . 

   Complications 
 The most frequent side-effect is chest pain, which is seen more often when 

a long segment is ablated in one session and can be managed with oral 

analgesics. Fentanyl patches can be used to avoid the oral route with more 

severe pain. Stricture occurs in 0–6% and is amenable to endoscopic 

dilation. Bleeding (including minor ones without transfusion or hospitali-

zation) is seen in up to 10%. Infrequent side-effects include major bleeding 

and perforation (<1%). In a study of 298 treatments from 84 patients    [31] , 

no perforation or procedure-related death occurred. One patient who 

received anti-platelet therapy for heart disease had GI bleeding, which was 

managed with endoscopy. A second patient had overnight hospitalization 

for new-onset chest pain 8 days after RFA. A third patient was hospitalized 

due to chest discomfort and nausea immediately after RFA. 

   Outcomes 
 There is only one reported randomized controlled trial (RCT) evaluating 

RFA for the treatment of dysplastic Barrett ’ s mucosa. This study included 

127 patients with LGD or HGD    [5] , and complete eradication of dysplasia 

(CE-D) occurred in 90.5% and 81.0% of patients in LGD and HGD groups 

respectively at 2-year follow-up. The rate of complete eradication of 

intestinal metaplasia (CE-IM) was 77% versus 2% for the RFA and sham 

groups respectively, based on an intention-to-treat analysis. Patients in the 

RFA group had less disease progression (3.6% versus 16.3%,  P  = 0.03) and 

fewer cancers (1.2% versus 9.3%,  P  = 0.045). 

 There are five case series of RFA experience on dysplastic Barrett ’ s 

mucosa and three studies on NDBE. Overall, the complete eradication 

rates ranged from 70% to 100% for dysplastic or non-dysplastic tissues. 

During the follow-up (all studies had >12 months of follow-up), only one 

study showed that 2% of patients (1 of 44) had recurrence of a 1 mm 

Barrett ’ s island. 
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    Photodynamic therapy 

 Photodynamic therapy (PDT) has been used since the 1980s to treat skin 

cancer, wet macular degeneration, bladder cancer, cholangiocarcinoma, 

esophageal dysplasia, and cancer. PDT has three key elements: the drug 

(photosensitizer), the light, and singlet oxygen that mediates cell death    [25] .

 •    Drug . The only one approved in the US for GI applications is sodium 

porfimer (Photofrin®), which is an intravenous (IV) injection given 48 h 

before photoradiation. Some centers in Europe use 5-aminolevulinic 

acid (5-ALA), which is an oral agent taken 4 h before the procedure. 

Currently, 2-[1-hexyloxyethyl]-2-devinyl pyropheophorbide (HPPH), a 

chlorine-type molecule derived from porphyrin, is being studied as 

an alternative drug in research trials to replace sodium porfimer. HPPH 

is likely to be a better agent for PDT because of its photophysical 

and   pharmacological properties such as high plasma clearances 

(84.5 mL/h),  selective and durable anti-tumor photodynamic activity, 

which means it might have similar efficacy and a more desirable side-

effect profile than sodium porfimer. 

 •   Light . Laser light at 630 nm wavelength is applied during the procedure 

from a very small cylindrical diffusing fiber that is placed through the 

regular endoscope channel. 

 •   Oxygen . Once the light interacts with the drug in the presence of oxygen, 

a singlet oxygen state is created which causes cell death.  

   Patient selection 
 Most PDT experience comes from patients with HGD. However, PDT could 

also serve as palliative treatment for advanced esophageal cancer. One 

 retrospective study revealed that symptomatic palliation rates from che-

motherapy alone, PDT alone, and PDT plus chemotherapy combined were 

60.0%, 85.2%, and 93.9% respective    [32] . However, more complications 

after PDT were reported among those patients with prior chemoradiation 

therapy. 

   Procedure 
 Sodium porfimer IV at 2 mg/kg body weight is given over 3–5 min 48 h 

before the procedure. If 5-ALA (used in Europe) is chosen as the photo-

sensitizer, it is given by mouth 4 h before the procedure. 

 Through the working channel of the endoscope, a cylindrical diffusing 

fiber is passed that can be 1, 2.5 or 5 cm in length and is positioned in the 

center of the lumen encompassing the length of the Barrett ’ s esophagus 

segment. There can be overlap with the normal squamous tissue since 
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squamous tissue is highly reflective and generally does not absorb much 

light. A centering balloon to more effectively deliver light has been used in 

Europe; this balloon system was available in the States but is no longer 

being manufactured. 

 Laser light at 630 nm is applied for a total energy dose of 200 J/cm. 

Usually no more than 7 cm of BE is treated in one session. This is applied 

at a power of 400 milliwatts per centimeter fiber to avoid heating of the 

tissue that occurs at higher light output powers. Some centers perform a 

second PDT 2 days after initial photoradiation to inspect the ablated 

field and perform a “touch up” for the skipped lesions using less energy 

(50 J/cm). Of note, it can be difficult to visualize the mucosa during photo-

radiation; the use of NBI may be helpful to improve visualization as the 

filters applied for imaging attenuate light from the laser fiber. 

 It is essential to instruct the patient about avoiding bright lights (surgical 

lights, sunlight) for 30 days, continuing proton pump inhibitors (PPI), and 

taking medications if needed for nausea, vomiting, and chest pain. 

   Complications 
 Complications such as chest pain, nausea, and vomiting are transient in 

most cases. The perforation rate of approximately 1% is lower than that of 

EMR. Fistula or pleural effusion is also rare. However, strictures and pho-

tosensitivity have been the main drawbacks for PDT using Photofrin. 

  Photosensitivity 
 Up to 69% of patients may have skin reactions to light which may last for 

a month    [33] . Other than light avoidance, there are currently available 

medical interventions that can mitigate this. Sodium porfimer is currently 

FDA approved for use in Barrett ’ s esophagus. A newer agent, HPPH, might 

have less photosensitivity which is reported to be only a week in clinical 

trials    [34] . 

   Stricture 
 Stricture occurs in as many as 35% of PDT patients after an average of 2.2 

applications    [25] . Risk factors for stricture development after PDT include 

history of prior esophageal stricture, prior EMR, and more than one PDT 

application in a single treatment session. The use of centering balloons was 

not associated with significant reduction in stricture formation    [35] . Only 

1–2% of patients had strictures after PDT using 5-ALA in Europe, but 

hypotension and sudden death were reported. 5-ALA may produce hypo-

tension in patients and it has been standard practice during its 

administration in Europe to provide the patient with preadministration IV 

hydration. 
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    Outcomes 
  Mortality 
 Among patients with HGD treated with PDT and EMR, the mortality was 

similar to those who had esophagectomy (9% versus 8.5%) at 60-month 

follow-up. No patients in either group had esophageal cancer-related 

death    [33] . 

   Complete eradication 
 For dysplastic BE, there have been 19 studies and three of them were 

RCTs. One small RCT in 2005 by Ragunath compared PDT and APC mainly 

in LGD patients (13 in each arm). The results revealed that PDT was 

numerically but not statistically better in achieving complete eradication 

(77% versus 62%)    [36] . Overholt  et al . studied one cohort of 218 HGD 

patients and compared PDT (138 patients) with omeprazole (70 patients). 

During the initial 18 months of treatment and follow-up, complete abla-

tion was achieved in 77% versus 39%, and progression to cancer occurred 

in 13% versus 28% for the PDT and omeprazole groups respectively. The 

benefit of PDT over omeprazole in 5 years was demonstrated by the 

 follow-up data from this cohort: PDT was effective in eradication of 

HGD and slowing down the progression to cancer    [37] . 

   Recurrence 
 Photodynamic therapy was shown to be effective in eliminating HGD com-

pared to PPI therapy alone (78% versus 39%), and it also decreased the 

risk of EAC by 50% after at least 48 months of follow-up    [38] . Biomarkers 

using fluorescence  in situ  hybridization (FISH) can detect loss of 9p21 (p16 

gene) and 17p3.1 (p 53 gene), gains of the 8q24(c-myc), 17q (HER2-neu), 

and 20q13 loci and multiple gains, which were found more often in 

patients with recurrence    [39] . These markers reflect gene copy number 

alterations within the mucosa which is suggestive of chromosomal insta-

bility that is often found in cancer progression. 

     Endoscopic submucosal dissection 

 Endoscopic submucosal dissection was first introduced in 1998 for early 

gastric cancer. It was shown to reduce recurrence of larger (>1.5 cm) 

esophageal/gastric lesions because of the ability to perform  en bloc  resection 

   [40–42] . Another advantage of ESD over EMR is that the specimen mar-

gins are less affected by electrocautery and the pathology assessment of 

margins is more accurate. ESD is a more lengthy procedure than EMR (2–3 

times), has higher complication rates, is technically more challenging, and 
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reimbursement may be an issue. Therefore, ESD has not yet gained wide 

popularity in the US or Europe. 

  Patient selection 
 Endoscopic submucosal dissection is usually reserved for large (>1.5 cm), 

early esophageal cancer (no more advanced than T1aN0M0), flat (type 

0–III) or ulcerated lesions that are unsuitable for conventional methods 

including EMR. However, ESD on a previous EMR site may present addi-

tional risks because tissue scarring at the submucosal layers makes it very 

difficult to separate them from the mucosal layers on top. Dissection of 

such esophageal lesions carries a high risk of perforation. 

   Procedure 
 With the aid of regular EGD, NBI or chromoendoscopy, the margins of the 

lesion are marked using electrocautery. 

 A mixed solution of saline, hyaluronic acid or hydroxypropylmethyl 

cellulose and indigo carmine is injected into the submucosal space to 

separate mucosal from muscular layers. Indigo carmine provides better 

visualization of submucosal layers than plain saline. 

 Then a special device, such as an insulated-tip knife, triangle-tip knife, 

flex knife, fork knife, flush knife or hook knife, is used to slowly and care-

fully make a circumferential incision, and then the lesion is dissected along 

the submucosal layer. None of these knives has been found to be superior. 

Visible vessels that are encountered during this process should be coagu-

lated with pulse electrocautery. 

 Careful inspection of the area for bleeding or perforation is performed 

after dissection. 

   Complications and outcomes 
  Table     18.1  summarizes results of ESD studies. ESD devices are approved 

by the FDA for use in the United States. 

     Cryoablation 

 Cryoablation is a non-contact ablation procedure that uses medical grade 

−196 °C liquid nitrogen or refrigerated gas (usually carbon dioxide, CO 
2
 ) 

administered by catheter through the endoscope ’ s working channel. Its 

use for BE was first reported in 2005 by Johnston    [43] . In 2007, it was offi-

cially approved by the FDA. Two devices are available commercially: 

 truFreeze® cryospray ablation (CSA Medical Inc., Baltimore, MD) and the 

Polar Wand® (GI Supply, Camp Hill, PA). They use liquid nitrogen and 

CO 
2
  respectively. 
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  Patient selection 
 Cryoablation is mainly for BE with HGD (or subgroups of LGD when 

 indicated). Some studies have shown success in early cancers that either 

failed conventional ablation or when a patient is unfit for esophagectomy. 

   Procedure 
 A 16 Fr modified nasogastric tube is placed over a guidewire in the stomach 

and connected to continuous wall suction to decompress during the 

 cryoablation procedure. It is essential to monitor for abdominal distension 

during the entire procedure to avoid perforation from excessive gas in 

the stomach. 

 Then a polyamide catheter is placed through the regular EGD channel, 

and positioned at 3–4 mm beyond the tip of the endoscope. 

 Gas flow can be initiated by pressing on the foot pedal. Treatment is 

 usually twi cycles of 20 sec or four cycles of 10 sec. Usually an interval of 

60 sec is allowed between cycles to allow tissue thawing. 

   Complications 
 A study of 77 patients showed that the most common complaint was chest 

pain (17.6%), followed by dysphagia (13.3%), odynophagia (12.1%), and 

sore throat (9.6%)    [44] . Another study of 333 treatments among 98 patients 

showed no perforation, 3% stricture, and 2% severe chest pain    [45] . 

   Outcomes 
 In the largest study of cryoablation for dysplastic BE, 98 patients were 

 retrospectively included. Only 60 completed the planned cryoablation 

therapy. Fifty-eight subjects (97%) had complete eradication of HGD; 52 

(87%) had complete eradication of all dysplasia; and 34 (57%) had 

complete eradication of all intestinal metaplasia    [45] . 

 Endoscopic cryoablation could be an alternative for T1a cancer patients 

who have failed other conventional therapies such as EMR or chemoradia-

tion, or those who are unfit for surgery. A recent study demonstrated that 

cryoablation yielded about 72% of complete endoscopic response for 36 

patients with T1 cancer    [46] . However, this study only had 11.5 months of 

follow-up and long-term information is lacking. 

    Multipolar electrocoagulation 

 Multipolar electrocoagulation (MPEC) is well known to most gastroentero-

logists as it has been widely used in coagulation for bleeding control. MPEC is 

performed with a 7 Fr or 10 Fr catheter that has two electrodes, which enables 

completion of an electrical circuit at the working end while in contact with 

the target tissue    [47] . The electrical current passes through the target tissue 

and then causes desiccation and destruction, which leads to tissue injury. 
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 Studies of MPEC for BE eradication are limited to NDBE and include 

three case series for MPEC and two RCT studies comparing APC with 

MPEC    [48,49] . The overall complete eradication rate was approximately 

60–75%. Currently the role of MPEC is limited to performing “touch-up” 

therapy for NDBE. 

   Argon plasma coagulation 

 Argon plasma coagulation (APC) is a non-contact technique performed by 

using a through-the-endoscope catheter that provides ionized argon via 

monopolar current to produce mucosal coagulation. The depth of injury is 

dependent on the flow of gas, power setting, distance of the catheter tip to 

epithelial surface, duration of application, etc. APC for esophageal therapy 

is usually performed at a lower power setting than for stomach therapy. 

Some studies have demonstrated that injury may reach the muscularis 

propria at usual settings of 20–40 W. APC has been used for many other GI 

indications such as treatment for gastric antral vascular ectasia and radia-

tion proctopathy, etc. Overall, it is a safe, readily available, and easy-to-

perform procedure. 

 However, the experience of APC for BE has mostly come from NDBE 

studies. There were 28 studies published between 1998 and 2008, including 

seven RCTs comparing APC to PDT, MPEC or surveillance    [8] . Currently, 

as there is considerable debate about the need to treat NDBE, we will not 

review these studies here. 

 There are very few reports regarding the use of APC to treat LGD and 

HGD/EAC, most of which are case series with very small sample sizes. The 

largest case series included 29 HGD patients treated with APC; 25 (86%) 

patients responded (22 had complete regression to neosquamous esophageal 

mucosa)    [47] . Four patients developed cancer in the mean follow-up of 37 

months. Ragunath  et al . compared the effectiveness of APC with PDT among 

dysplastic BE patients (mainly LGD) and concluded that PDT was slightly 

more effective in eradicating dysplastic tissue. The photosensitizer used in 

PDT preferentially accumulates in the dysplastic areas, resulting in selective 

destruction of dysplastic tissue    [50] . The effect of PDT may be more than just 

physical tissue ablation and could be more advantageous than thermal abla-

tion methods. Stricture rate was up to 3.2% of patients after APC. 

   Laser 

 When tissue absorbs laser light, thermal injury occurs in the superficial 

layers. This is the mechanism of laser treatment for BE. The depth of injury 

depends on the wavelength of laser light, the properties of target tissue, 
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power setting, and duration of application. The types of lasers include neo-

dymium (Nd):YAG, potassium titanium phosphate (KTP):YAG, carbon 

dioxide (CO 
2
 ), neodymium-holmium, and diode. It has been reported that 

the Nd:YAG laser could cause deeper tissue injury, up to 4–6 mm. The 

studies reporting the use of laser therapy for BE eradication are all case 

series from1997 to 2003. The complete eradication rate varied from 67% 

to 100%, and some studies showed about 25% of recurrence of BE    [51] . 

Stricture rate was up to 4.5%. The use of laser in the GI tract has largely 

been supplanted by other safer and more effective techniques. 

   Combination of endoscopic therapies 

 Studies on combined therapies are few and heterogeneous. One study in 

2008 reported on 31 patients (16 EAC, 12 HGD, and three LGD) who were 

treated by EMR followed by RFA. All except one subject (98%) achieved 

complete eradication of dysplasia and intestinal metaplasia. In the study 

from Pech  et al . (2008), after EMR resection of early EAC, ablative  thera pies 

using APC (136 patients) or PDT (64 patients) of remaining non- neoplastic 

Barrett ’ s mucosa yielded lower recurrence of EAC than those patients 

without ablations (16.5% versus 29.9%,  P  = 0.001)    [24] . 

   Surgery with or without chemoradiotherapy 

 Esophagectomy is no longer the standard treatment for HGD as outcomes 

of endoscopic treatments have been shown to be comparable to esopha-

gectomy    [3] . The vast majority of IM-EAC can be managed by endoscopic 

therapies. However, esophagectomy with or without chemoradiotherapy 

is usually recommended in the presence of LNM, which may be found in 

one-third of SM-EAC    [52] . 

 For patients with HGD or IM-EAC who have non-healing ulcers or exten-

sive scars from previous endoscopic therapy, esophagectomy is also an 

option. Based on local expertise, a transhiatal or transthoracic, either stan-

dard open surgery or minimally invasive approach can be performed. Some 

studies showed similar outcomes between open versus minimally invasive 

approaches, but patients with the latter approach had shorter length of 

hospital stay and faster recovery. A population-based study of early non-

squamous cell esophageal cancers (Tis, T1a and T1b) using Surveillance 

Epidemiology and End Results data showed that endoscopic therapy may 

have equivalent long-term survival compared to esophagectomy. However, 

the endoscopy group had fewer submucosal cancers and information about 

co-morbidities and chemoradiotherapy was not available in this analysis. 
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Barrett’s esophagus patients with
HGD∗ and/or IM-EAC

Esophagectomy with
or without CRT

Complete removal with EMR/ESD
and ablation with either RFA PDT,

Cryo or APC

If non-responsive or 
intolerant to endoscopic

ablation

Continue endoscopy
every 6 months for the second year

Continue endoscopy per Barrett’s
esophagus guideline [3]

If complete eradication of dysplasia is achieved

EMR/ESD and extensive 
biopsies; EUS, PET/CT if 

EAC

Continue endoscopy q3m 
for 1 year for HGD∗∗

Patients with SM-EAC

If fit for surgery

If unfit for surgery, 
consider CRT and 

EGD

 Figure 18.4     Proposed treatment algorithm for dysplastic Barrett ’ s esophagus or early 

esophageal cancer.

  *  The benefit of LGD ablation is not established. Some authors advocate ablation for 

young patients or those with multiple levels of LGD. 

   **  EGD every 2 months till all IM-EACs are resected if margins of EMR specimens are 

positive for tumor, or EGD every 3 months in the first year if margins are free of 

tumors, then every 6 months for the second year, and yearly from the third year or at 

intervals set by the guideline    [3] . 

   APC, argon plasma coagulation; CRT, chemoradiotherapy; cryo, cryoablation; CT, 

computed tomography; EGD, esophagogastroduodenoscopy; EMR, endoscopic 

mucosal resection; ESD, endoscopic submucosal dissection; EUS, endoscopic 

 ultrasound; HGD, high-grade dysplasia; IM-EAC, intramucosal esophageal 

 adenocarcinoma; PDT, photodynamic therapy; PET, positron emission 

tomography; RFA, radiofrequency ablation; SM-EAC, submucosal esophageal 

 adenocarcinoma.   
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   Management algorithm 

 The management schema for patients with Barrett ’ s esophagus with 

high-grade dysplasia or cancer is shown in Figure   18.4  .   
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peptic stricture 54

dysphagia and 243–5

peptic ulcers 91, 269

belching and 227

peristalsis

primary 7

secondary 7

pharyngeal cancers 31

photodynamic therapy (PDT) in Barrett’s 

esophagus 321–3

complications 322

photosensitivity 322

stricture 322

components 321

outcomes 323

complete eradication 323

mortality 323

recurrence 323

patient selection 321

procedures 321–2

physiological hernia (phrenic ampulla) 9

physiological reflux 13–14

pill esophagitis 101

Pittsburg Sleep Quality Questionnaire 210

Plummer Vinson syndrome 246

pneumonia 31

pneumothorax as complication of 

fundoplication 87

Polar Wand® 325

polysomnography (PSG) 197, 214

positron emission tomography (PET) 122

in Barrettt’s esophagus 312

postnasal drip syndrome 180

posture, effect on reflux 11–12

potassium titanium phosphate (KTP):YAG 

laser 328

progressive solid food dysphagia 241

proton pump inhibitors (PPIs) 14–15, 31, 33, 

34, 40, 56–7

case study 80

efficacy 57, 99

enteric infections 76, 77–8

impairment of antiplatelet therapy 

(clopidogrel) 74–6

infection and 76–9

interstitial nephritis and 79

maintenance therapy 57–8

pharmacokinetics/pharmacodynamic 

alteration 74–6

pneumonia and 77

small intestinal bacterial overgrowth (SIBO) 

as complication of 78

spontaneous bacterial peritonitis and 

76, 78–9

test 43

vitamin and mineral absorption effects 70–3

calcium 71–2

iron 70–1

magnesium 72–3

vitamin B12 73

vitamin C 70–1

Psychological General Well-Being (PGWB) 

Scale 31, 32
PX 2 family of ligand-gated ion channels 120

pyloromyotomy 89

pyridostigmine 249

pyrosis 269

QOLRAD 31

quality-adjusted life-year (QALY), cost of, for 

surgery vs medical therapy 34

questionnaires for diagnosis of GERD 40, 42

rabeprazole 63, 145, 260

in laryngopharyngeal reflux 166

sleep quality and 210

radiofrequency ablation (RFA) 311, 317–20

complications 320

outcomes 320

patient selection 318

postprocedure management 31920

procedure 319

rebapimide 59

recurrent heartburn as complication of 

fundoplication 90–1

Reflux Finding Score (RFS) 159

Reflux Symptom Index (RSI) 157, 159

refractory GERD (non-PPI responders) 100

ambulatory reflux monitoring 105, 107

case study 104

conceptual phenotypes 102–5, 103
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definition 100–2

diagnostic algorithm 105–8, 106
double-dose 101–2, 108–9

mechanism 101

PPI dosages 101–2, 108–9

surgery 111–12

treatment 108–11

acid suppression 108–9

acupuncture 111

hypnotherapy 111

low-dose antidepressants 111

reflux inhibition 109–10

visceral hypersensitivity 110–11

regurgitation, definition 4–2

ReQuest™ questionnaire 212

Restech Dx-pH Measurement System™ 

166, 183

rifaximin 78

Savary–Gilliard dilators 244

Schatzki’s ring 245, 246

scleroderma, dysphagia and 249–50

selective serotonin reuptake inhibitors 

(SSRIs) 126

shoe-shine maneuver 91

Short Form (SF)-36 31

silent reflux 155

sleep and 209–10

simethicone 231, 233

sinusitis 30–1, 145

and sleep problems 29

sleep deprivation 197, 207–8

sleep, GERD and 195–215, 196
case study 214

duration of acid reflux events 204–6, 205–7
epidemiology 198–9

gastroesophageal physiology during 

sleep 199–201

impact of deprivation 197

obstructive sleep apnea (OSA) and 208–9

pathophysiology of nocturnal GERD 201–2

silent reflux and 209–10

stages of 197

therapeutic approach 210–15

underlying mechanisms 202–4, 203
slow-wave sleep 197

small intestinal bacterial overgrowth (SIBO) as 

complication of proton pump inhibitor 

therapy 78

smoking

aerophagia and 233

as risk factor for GERD 29

speech therapy, excessive belching and 231

splenic injury as complication of 

fundoplication 87

spontaneous LES relaxation see transient LES 

relation (TLESR)

squamous cell carcinoma 246

stomach, proximal, emptying of 11

stratum basale 15

stratum corneum (functional layer) 15

stratum spinosum (prickle cell layer) 15, 17

stress, heartburn and 124

strobovideolaryngoscopy 158

substance P 121

supragastric belch 222, 224, 227–32, 229
surgical fundoplication 61–2

surveillance endoscopy in Barrett’s 

esophagus 297–301

advanced imaging technology 301–3

biomarkers of increased risk 303–4

9p loss of heterozygosity 304

17p loss of heterozygosity (LOH) 304

aneuploidy by flow cytometry 303

APC, RUNX3 and HPP1 

hypermethylation 304

p16 alterations 303, 304

p53 alterations 303, 404

candidates for 297

dysplasia as marker of cancer risk 303

fluorescent in situ hybridization (FISH) 304

image cytometry 303

intervals 298–9

limitations 300

postoperative survival in esophageal 

adenocarcinoma and 300
rationale 299–300

risk stratification 303

Seattle biopsy protocol 301
strategies to enhance 301–5

technique 297–8

sustained esophageal contractions (SEC) 18

Symptom Association Probability (SAP) 13, 

48–9, 118, 120, 125, 141, 181, 185

Symptom Index (SI) 14, 48–9, 134, 141, 185

Symptom Sensitivity Index (SSI) 141

syndrome X 138

tegaserod 59

transient lower oesophageal sphincter 

relaxations (TLESRs) 5, 6–9, 

109, 223, 273

cough-induced reflux and 181–2, 186

function and definition 6–7

gastroeosophageal reflux and 8–9

mechanisms 7–8

reducing 54

transient receptor potential (TRP) channels 17

TRPV1 17, 120

transmission electron microscopy (TEM) 15, 

16, 16
transoral incisionless fundoplication (TIF) 62–3

see also EsophyX® device

traveler’s diarrhea 77

trazodone 60

tricyclic antidepressants 60, 126

truFreeze® cryospray ablation 325

typical reflux syndrome 27

ulceration

belching and 227

clopidogrel and 75
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ulceration (cont’d)

duodenal 268, 272

gastric 268, 272, 273

peptic ulcers 91, 269

ultra-thin endoscopes 44

upper airways cough syndrome (postnasal drip 

syndrome) 180

ursodeoxycholic acid 126

vagotomy, inadvertent 89

visceral hypersensitivity 17–18, 60–1

low-dose antidepressants 60

acupuncture 60

hypnotherapy 60–1

voice analysis 158

vomiting as complication of 

fundoplication 87–8

water-brash 269

weight control 55

weight loss 40

wireless pH monitoring 45–6

see also Bravo capsule

work productivity 33

Zenker’s diverticulum 240, 242

Zollinger–Ellison syndrome 243, 269

zolpidem, nighttime heartburnand 214   
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I III

II IV

 Plate 1.1     Endoscopic grading of the gastroesophageal flap valve. Grade I: a prominent 

ridge of tissue is present along the lesser curvature that is closely approximated to the 

endoscope. Grade II: the ridge is present but less well defined than in grade I, it opens 

rarely with respiration and closes promptly. Grade III: the ridge is barely present and 

there is often failure to close around the endoscope. It is nearly always accompanied by 

a hiatal hernia. Grade IV: there is no muscular ridge at all. The lumen of the esophagus 

gapes open, allowing the squamous epithelium to be viewed from below. A hiatal 

hernia is always present. Classification described by Hill LD  et al . Gastrointest Endosc 

1996;44:541–7.  Reproduced from Kim GH  et al . J Gastroenterol 2006;41:654–61 with 

permission from Springer.  
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 Plate 1.2     High-resolution manometry plot of a TLESR characterized by an abrupt fall 

in pressure at the position of the LES, a prominent after-contraction and esophageal 

shortening. 
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 Plate 1.3         Scintigraphic image of the postprandial acid pocket with respect to the crural 

diaphragm. (a) Normal subdiaphragmatic position of the acid pocket in a patient 

without hiatal hernia. (b) Supradiaphragmatic position of the pocket in a patient with a 

large hiatal hernia. 

(a) (b)

 Plate 7.1         48-h wireless pH monitoring off medication is depicted for two patients with 

typical GERD symptoms (heartburn and chest pain). Esophageal pH was recorded 6 cm 

above the squamocolumnar junction. The horizontal red line corresponds to pH 4. Acid 

reflux is defined as a pH drop < 4. Meal periods are represented in yellow and supine 

position in green. Symptom occurrence (S) is indicated by black arrows. (a) The patient 

presented with an esophageal pH < 4 during 11.2% of total time on day 1 and during 

7.9% on day 2. He had pathological acid reflux off medication and could present as 

phenotype 1, 2 or 3. (b) The patient presented with an esophageal pH < 4 during 0.8% 

of total time on both day 1 and day 2. The symptoms were not correlated with acid 

reflux (symptom index 0%) and thus, he would fulfil criteria for phenotype 4. 

48-h wireless pH-monitoring off medication(a)
S S

Acid reflux off medicationPhenotypes 1/2/3

S
(b)

SSS S S S S

Phenotype 4
No acid reflux off medication

No significant correlation between symptom
and reflux
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 Plate 10.1                       Normal laryngeal tissue. AC, arytenoid complex; AMW, arytenoid medial 

wall; FVF, false vocal fold; PCW, posterior cricoid wall; PPW, phosterior pharyngeal 

wall; TVF, true vocal fold. Adapted from Vaezi  et al . [1] with permission from Elsevier. 

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

 Plate 10.2         Abnormal larynx. (a) Leukoplakia. (b) Reinke’s edema. (c) Bilateral true vocal cord nodules. 

(d) True vocal fold hemorrhagic polyp. (e) True vocal fold erythema. (f) Vocal fold granuloma. 

(g) Interarytenoid bar. (h) Arytenoid medial wall erythema. (i) Posterior pharyngeal wall cobblestoning. 

Adapted from Vaezi  et al . [1] with permission from Elsevier. 
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 Plate 14.1         Manometric appearance of ineffective esophageal manometry (IEM). 

(a) Waveform images showing hypotensive contractions. (b) High-resolution 

manometry topographic plot exhibiting low-pressure peristaltic contractions. 

(a) (b)

(a) (b)

 Plate 14.2             Manometric appearance of scleroderma. (a) Waveform images showing no 

smooth muscle contractions. (b) High-resolution manometry topographic plot 

exhibiting prominent pharyngeal contraction and weak distal esophageal pressure. 
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(a) (b)

(c) (d)

 Plate 15.1     Endoscopic features of eosinophilic esophagitis. (a) Esophgeal rings. 

(b) Esophageal exudates. (c) Esophgeal rings, exudates and longitudinal furrows. 

(d) An esophageal pseudodiverticulum likely the result of healing of a deep intramural 

esophageal tear. 
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