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Preface

Common and complex, gastroesophageal reflux disease (GERD) has seen an ex-
plosion in interest from both lay and scientific communities. As a result, informa-
tion has been pouring in. And no wonder—symptoms and signs of GERD seem
to be everywhere, affecting millions of people on every continent and in a variety
of ways. On one hand, they masquerade innocently enough as heartburn, yet, on
the other, they represent an insidious disorder that can lead to esophageal epithe-
lial destruction, Barrett’s esophagus, and esophageal adenocarcinoma—a deadly
cancer whose frequency has increased dramatically in the past half-century.
GERD, however, is not confined to the esophagus; it represents one of the known
causes for such commonplace diseases of the oropharynx and airways as laryngi-
tis, pharyngitis, pneumonia, and asthma. Not surprisingly, then, given the breadth
of pathology, physicians and other healthcare providers are confronted with a
wide range of important questions about its cause, natural history, and risks, in
addition to the appropriate application of diagnostic tests and therapeutic medical
and surgical approaches. Indeed, the therapeutic landscape for GERD and its
complications has changed materially—with antacids, the old standard bearer,
giving way to increasingly more powerful acid-suppressant and prokinetic medi-
cations, and surgically with traditional open fundoplication competing effectively
with laparoscopic fundoplication. Moreover, endoscopic laser-based photody-
namic therapy has emerged as a novel method of ablating dysplastic and superfi-
cial neoplastic tissue in Barrett’s esophagus, and endoscopic treatment of esopha-
geal strictures has improved as a result of refinements in stent technology.

Given the explosion of interest, information, and technology in GERD, this
represents an ideal time to take stock and assess where we are and what gaps
remain to be filled. Toward this end, we have assembled an international group
of recognized experts to produce this state-of-the-art volume covering all aspects
of GERD: epidemiology (Chap. 3), risk factors (Chap. 2), pathophysiology
(Chaps. 5 and 6), clinical course and manifestations (Chap. 1), diagnostic testing
(Chap. 4), medical treatment (Chap. 10), surgical treatment (Chap. 11), esopha-
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vi Preface

geal complications such as stricture and Barrett’s esophagus (Chaps. 7 and 8),
and extraesophageal complications such as laryngitis and asthma (Chap. 9). In
addition, Chapter 12 provides in-depth coverage of GERD in infants and children.
Readers of this book should also take note that there are two chapters on the
pathophysiology of GERD: Chapter 5 covers the esophageal antireflux and acid
clearance mechanisms and Chapter 6 covers the noxious elements in the gastric
refluxate and factors comprising tissue resistance. This division was not arbitrary
but a means to explore two divergent views on the pathophysiology of GERD.
Chapter 5 reflects the current view that GERD is a motor disorder and Chapter
6 reflects a contrary view, that GERD is in part, if not completely, an epithelial
disorder (shades of H. pylori and peptic ulcer disease). In summary, based on
the effort expended by the authors in creation of this work on GERD, we expect
readers in the field of healthcare to come away with a better appreciation of our
current knowledge about this intriguing disorder.

Roy C. Orlando
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1
Clinical Manifestations, Natural
History, and Differential Diagnosis
of Reflux Esophagitis

Peter R. McNally
Dwight D. Eisenhower Army Medical Center, Fort Gordon, Georgia

INTRODUCTION

Gastroesophageal reflux disease (GERD) is an extremely common disorder, but
it has many ‘‘faces,’’ in terms of symptoms and signs of esophageal damage
produced by gastroesophageal reflux. The material in this chapter will review the
clinical manifestations, natural history, and differential diagnosis of GERD. The
extraesophageal symptoms and signs of GERD are covered in another chapter.

CLINICAL MANIFESTATIONS

Symptoms

Heartburn

The most common manifestation of GERD is heartburn (1,2). Usually, heartburn
is described as a burning sensation located behind the sternum. Patients often
place an open hand over the sternum and wave it from the xiphoid to the neck
to relate a sensation of discomfort moving to and fro. These symptoms occur
typically after meals (3), especially when reclining after a large meal high in fat

The opinions and assertions contained herein are the private views of the author and are not to be
construed as reflecting the view of the Department of the Army or the Department of Defense.
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2 McNally

content (4). The initial symptoms of heartburn for women frequently manifest
during pregnancy (5). The heartburn experienced during pregnancy usually remits
postpartum, but offers a sound historical reference to compare with digestive
complaints later in life. Mild heartburn usually improves with consumption of
buffering substances such as antacids, baking soda, or milk, which act to both
neutralize acidic reflux and stimulate esophageal peristalsis, which clears the
esophagus of any gastric refluxate (6). The presence of heartburn symptoms is
helpful in establishing the diagnosis of GERD; however, the frequency and the
severity of the symptoms are not helpful in establishing the degree of mucosal
damage seen endoscopically (7).

A cause-and-effect relationship between the exposure to a known precipi-
tant of gastroesophageal reflux and the symptoms of heartburn are often present
and helpful in making the diagnosis of GERD. Numerous foods, lifestyles, drugs,
and medical conditions are associated with heartburn; see Table 1.

A consistent relationship between the onset of heartburn symptoms and
meal composition is common (8,9). The acidity and/or hyperosmolarity of cola
beverages, tomato juice, and citrus juices can directly irritate esophageal mucosa
and precipitate symptoms (10). After-dinner liqueurs containing carminatives and

Table 1 Common Causes of Heartburn

Lifestyle and Drugs and
Food activities medications Medical conditions

Alcohol Bending, stooping Alcohol (distilled CREST
Carminatives Cycling spirits, wine, beer) Diabetes mellitus

(spearmint, pep- Reclining or hori- Alpha-adrenergic an- Pregnancy
permint) zontal position tagonists (phentol- Prolonged NG tube

Chocolate after eating amine) Raynaud’s syndrome
Citrus fruit juices Tight-fitting gar- Anticholinergics Scleroderma
Coffee (caffeinated ments Beta-adrenergic ago- Sjögren’s and sicca

and decaffein- nists (isoprote- syndrome
ated) renol) Xerostomia (head

Cola beverages Calcium channel an- and neck irradia-
Fat tagonists tion)
Tomato juice/food Diazepam Zollinger-Ellison syn-

Nitrates drome
Progesterone
Smooth muscle relax-

ants
Tobacco or nicotine

(smoked, chewed,
or patches)
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chocolate or fatty foods can either directly or indirectly promote relaxation of
the lower esophageal sphincter (LES) and predispose to gastroesophageal reflux.
Coffee (caffeinated and decaffeinated) and tea have also been reported to cause
heartburn (11). Finally, alcohol can promote esophageal injury by penetration of
the cytoprotective esophageal mucus layer, disruption of tight junctions between
squamous epithelium, and inhibition of the LES (12).

Certain lifestyles and activities of daily living can precipitate heartburn.
Assuming a reclining or horizontal position after eating is notorious for precipitat-
ing heartburn in those predisposed (13). Loss of the gravitational effect on gastro-
esophageal emptying and the truncation of the distance from the ruminant menis-
cus to the LES are thought to be responsible. Exercise promoting abdominal
Valsalva and bending or stooping, especially after eating, can predispose to gas-
troesophageal reflux and heartburn as well (14).

Many medical conditions predispose to symptoms of heartburn. Rheumato-
logical disorders such as Raynaud’s syndrome, scleroderma, and CREST (calci-
nosis, Raynaud’s phenomenon, esophageal dysmotility, sclerodactyly, telangiec-
tasias) are associated with esophageal dysmotility characterized by impaired
esophageal clearance, hypotonic LES pressure, and delayed gastric emptying
(15–17). Progressive systemic sclerosis (PSS) with diffuse scleroderma is the
most virulent form. It is seen predominantly in white women, aged 40–50 years
(18). Esophageal disease is reported in 70–90% of PSS cases and usually corre-
lates with the presence of Raynaud’s phenomenon (19). The reflux disease associ-
ated with these rheumatological disorders is much more virulent than seen in
idiopathic GERD. In idiopathic GERD the incidence of peptic stricture and Bar-
rett’s esophagus is 5–7% and 10%, respectively, while in PSS 40.6% of patients
have strictures and 37% have been reported to have Barrett’s esophagus (20–
23).

Patients with long-standing diabetes mellitus can have significant symp-
toms of heartburn (24). The severity of GERD associated with diabetes mellitus
correlates with duration of disease and the presence of gastropathy and retinopa-
thy. Neurological and myopathic damage to the stomach and esophagus can im-
pair gastroesophageal clearance and basal LES sphincter pressure leading to
GERD (25).

Women often experience their first symptoms of heartburn during preg-
nancy (26–29). Two physiological factors are responsible for pregnancy-related
heartburn. First, the higher gestational levels of estrogen and progesterone inhibit
LES pressure, and second, the mechanical pressure of the gravid uterus against
the stomach promotes gastroesophageal reflux. While the inhibitory effects of
estrogen and progesterone are maximal on the LES during the first trimester and
resolve postpartum, the mechanical effects of the gravid uterus on the stomach
and LES may lead to the most severe symptoms during the last trimester (30).

Heartburn symptoms in the presence of diarrhea or duodenal ulcers unre-
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lated to Helicobacter pylori infection should always alert the clinician to the
possibility of Zollinger-Ellison syndrome (ZES). Miller and others have reported
40–60% of patients with ZES will have severe GERD (31,32).

Indwelling nasogastric tubes can act like a wick that promotes gastroesoph-
ageal reflux (33). Injury can be profound with long esophageal erosions and stric-
tures. Injury usually requires 5–7 days, but more rapid onset can occur when
gastric acid suppression is inadequate or when gastric outlet obstruction is present
(34).

Saliva is vital to the natural defense of the esophagus against reflux injury
(35). The act of swallowing bicarbonate-rich saliva acts to both buffer refluxed
gastric acid and promote peristaltic clearance (36). The mucopurulent saliva is
also an important component to the cytoprotective layer of the esophagus (35).
Xerostomia due to head and neck irradiation, Sjögren’s and sicca syndromes are
predisposing factors for the development of GERD (37,38).

Regurgitation

Regurgitation is the effortless retropulsion of gastric contents through the esopha-
gus into the oral cavity without nausea, retching, or abdominal contractions. Fre-
quently it occurs with a belch, bending, or other maneuver that increases intra-
abdominal pressure (39,40). The regurgitated gastric contents often have a bitter
or acidic taste. A history of bilious stains on the pillowcase may suggest nocturnal
regurgitation.

Water Brash

Water brash refers to a foaming at the mouth caused by hyperproduction of sali-
vary juice. In contrast to regurgitation, water brash is not bitter; it has a salty or
a bland water-like taste. The sialorrhea seen in water brash is mediated by the
presence of acid in the esophagus that stimulates a vagal, esophagosalivary reflex
(41,42). Increased saliva production promotes swallowing and peristaltic clear-
ance of the esophagus. The saliva itself is a bicarbonate-rich slime important in
restoring local esophageal cytoprotection and buffering residual esophageal acid
film (43,44).

Dysphagia

Dysphagia is the symptom of impaired transit of a swallowed bolus (45). These
symptoms are seen in up to 40% of patients with long-standing GERD and may
herald the presence of an esophageal stricture, esophageal dysmotility, Schatzki
ring, or even esophageal carcinoma (46,47). The occurrence of dysphagia to solid
foods is characteristic of obstructive etiologies, while dysphagia to liquids sug-
gests esophageal dysmotility. When the dysphagia occurs primarily with solids,
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and is rapidly progressive with significant associated weight loss, esophageal
carcinoma should be suspected.

Odynophagia

Odynophagia is the symptom of painful swallowing. This symptom is usually
described as a sharp or lancinating pain located behind the sternum. Although
severe erosive esophagitis or esophageal ulceration from reflux can cause painful
swallowing, both are uncommon causes of odynophagia. Symptoms of odynopha-
gia should always suggest the possibility of infectious or pill-induced esophagitis;
see Table 2.

The most common esophageal infections reported to cause odynophagia are
Candida sp., herpes simplex virus (HSV), cytomegalovirus (CMV), and human
immunodeficiency virus (HIV) (48). Esophageal infections are usually preceded
by immune suppression, such as AIDS, chemotherapy, diabetes mellitus, and
corticosteroids (49–53). In the setting of AIDS, esophageal infections are often
multiple and more complicated.

Table 2 Causes of Odynophagia

Infectious esophagitis Pill-induced esophagitis

Common Most common drugs listed
Candida sp. Alendronate (Fosamax)
Cytomegalovirus (CMV) Antibiotics (doxy-tetracycline, clinda-
Herpes simplex virus (HSV) mycin, trimethoprim-sulfa)
Human immunodeficiency virus (HIV) Ascorbic acid

Uncommon Empromium bromide (not available in
Actinomycosis the U.S.)
Aspergillosis Ferrous sulfate
Bacterial esophagitis Nifedipine (procardia XL, slow release)
Human papilloma virus NSAIDs (ASA, indomethacin, ibupro-
Tuberculosis fen, naprosyn)
Varicella Potassium chloride (slow-release prepa-

rations)
Quinidine gluconate (Quiniglute)
Theophylline
Zidovudine (AZT)

Risk factors: immune suppression: HIV, Risk factors: anatomical: strictures, extrin-
diabetes mellitus, chemotherapeutic sic compression from aorta, left
drugs, broad-spectrum antibiotics, atrium; pill characteristics: large
corticosteroids (inhaled, oral, or size, slow release, acidic coat; how
parenteral) consumed: prior to sleep with little

or no water
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Over 70 drugs are said to cause pill-induced esophagitis (54,55). Odyno-
phagia and retrosternal chest pain are the most common symptoms of pill esopha-
gitis. The mucosal injury caused by pills can be profound; reports of inflammatory
esophageal mass with stricture formation and even esophageal perforation have
been reported (56,57). Esophageal anatomy, pill composition, and the manner in
which pills are taken can predispose to pill esophagitis. Points of esophageal
stasis from the aortic arch, left atrium, or strictures may offer a nidus for pills
to stick and slowly leach mucosal irritants. Taking pills with little or no water
and retiring to bed shortly thereafter promotes slow pill transit through the esoph-
agus and increased contact time with the mucosa (58). Several medications are
commonly associated with pill esophagitis in the elderly, i.e., Alendronate, ASA,
NSAIDs, potassium chloride, and quinidine gluconate (59–61).

Noncardiac (Atypical) Chest Pain (NCCP)

The esophagus and heart have similar embryonic evolution. Hence many afferent
sensory pathways are shared, rendering some similarities between esophageal
and cardiac pain (62). Although, the pain from heartburn is usually mild to moder-
ate in severity, some patients may experience severe chest pain descriptively
identical to classic angina: crushing retrosternal pressure sensation with radiation
over the precordium to the neck, jaw, or left upper extremity, associated with
diaphoresis, shortness of breath, and a sense of impending doom (63). Symptoms
of heartburn usually occur after meals, while symptoms of angina usually occur
with exertion or activity that accelerates heart rate and systolic pressure (double
product) beyond the capacity of coronary arterial flow (64). When angina occurs
at rest it is considered unstable or due to coronary vasospasm—Prinzmetal or
variant angina (65). Research on patients with known coronary artery disease has
suggested that the pain from severe heartburn can lead to a sympathetic reflex
increase in double product and precipitate reversible ischemic chest pain (66,67).
Although the symptoms of chest pain caused by esophageal disease may be se-
vere, they never lead to death. It is imperative to always prioritize the cardiac
evaluation and management of all patients with severe chest pain.

The difficulty in discriminating between chest pain caused by coronary
versus esophageal disease was emphasized by a recent study by Voskuil et al.
(68). They studied 28 patients referred to a cardiologist for evaluation of ‘‘angi-
nal’’ chest pain. All patients underwent independent history and examination by
a specialist in cardiology and gastroenterology, followed by comprehensive car-
diac and gastrointestinal evaluations. History taken by a cardiologist correctly
predicted angina in only 40% of cases, while history by a gastroenterologist was
accurate in predicting esophageal origin in only 30% of cases.

The esophageal causes of NCCP are rooted in multiple origins, including
both acid-reflux-mediated pain and acid-reflux-precipitated esophageal dysmo-
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tility (69,70). Other nonacid-reflux causes of NCCP include primary esophageal
dysmotility (nutcracker, diffuse esophageal spasm, nonspecific esophageal dys-
motility syndrome), the newly characterized NCCP syndrome of ‘‘hypersensitive,
hyperactive, and poorly compliant esophagus,’’ altered nociception, and a variety
of psychiatric disorders including panic attacks (71–74). Overall, most authorities
suggest that GERD accounts for 50% of unexplained NCCP, about one-third of
cases are due to esophageal dysmotility or esophageal noncompliance, and the
remainder are due to musculoskeletal, psychiatric, or other causes (62).

Clinical Signs

Gastrointestinal Bleeding

Heme-Occult-Positive Stool. Occult bleeding from esophagitis is com-
mon. Some reports describe positive fecal occult tests in over a quarter of patients
with Barrett’s esophagus (75,76). However, the esophagus is not the sole source
of occult bleeding in many of these cases.

Hematemesis. It has been estimated that esophagitis is the source of
bleeding in 2–6% of patients presenting with upper gastrointestinal hemorrhage
(77,78). Four factors appear to predispose to esophageal bleeding: Barrett’s
esophagus, ingestion of ASA and NSAIDs, rheumatological conditions (CREST),
and diabetes mellitus.

Murphy et al. have shown that discrete esophageal ulcers in patients with
Barrett’s esophagus are a unique risk factor for esophageal bleeding (79). They
studied 78 patients with histologically confirmed Barrett’s esophagus by serial
endoscopies for 1–11 years (mean 3.3 years). Discrete ulcers were identified in
36 of 78 patients (46%) at some time during the follow-up period. Nineteen of
these patients (24%) had active gastrointestinal bleeding during follow-up.

There are now several reports of life-threatening upper gastrointestinal
hemorrhage from esophageal ulcers caused by ASA and NSAIDs (80). These
ulcers have a characteristic appearance: namely, they are usually solitary, large,
ulcers with normal surrounding mucosa. Most are located in the midesophagus
near the aortic arch or left atrium; see Figure 1 (61).

In a large retrospective review of over 140 patients with PSS or CREST,
Duchini and Sessoms found that 15% of their patients had at least one episode
of gastrointestinal hemorrhage (81). Of the 22 patients with gastrointestinal he-
morrhage 36% had multiple episodes and 18% required chronic transfusions. The
most common cause of the bleeding was either telangiectasias (41%) or GERD
(32%).

Faigel and Metz studied records of all patients hospitalized at their center
with diabetic ketoacidosis over a 30-month period and found that 25 of 193 (13%)
of these patients had significant upper gastrointestinal hemorrhage (25). Each of
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Figure 1 Endophotograph of pill esophagitis, showing a large midesophageal ulcer (top)
and a pill resting in an esophageal ulcer (bottom). (Courtesy of Matthew B. Z. Bachinski,
M.D.)

the patients evaluated with endoscopy was found to have esophagitis. Other
sources of upper gastrointestinal bleeding included Mallory-Weiss tear, gastritis,
duodenitis, and duodenal ulcer. Gastrointestinal hemorrhage was more common
among those patients with a longer duration of diabetes and complications of
retinopathy and gastroparesis (25).

Iron Deficiency

Iron deficiency anemia has been reported with riding erosions of the esophagus,
so called ‘‘Cameron lesions’’; see Figure 2 (82). Their presence seems to be
associated with the size of the hiatal hernia sac, with an increase in prevalence
the larger the hernia sac. The cause of these riding erosions is thought to include
ischemia, mechanical trauma, and acid mucosal injury. Cameron lesions are seen
in 5.2% of patients with hiatal hernia who undergo EGD examinations. In two-
thirds of the cases multiple, not solitary, lesions are seen. Cameron lesions can
clinically present with silent chronic gastrointestinal bleeding and iron-deficiency
anemia or as acute upper gastrointestinal bleeding, which is life threatening, in
up to one-third of cases (82). Both medical and surgical antireflux therapy have
successfully prevented recurrent iron deficiency (83).

Weight and GERD

Although obesity is often thought to cause GERD, it has been shown that acid
reflux is not more common among the obese (84). However, a diet rich in fat
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Figure 2 Endophotograph of a Cameron lesion: retroflex view of the stomach showing
a large hiatal hernia with four linear erosions, Cameron lesions. (Courtesy of Leonard
Little, M.D.)

content promotes gastroesophageal reflux by neurohumoral delay of gastric emp-
tying and inhibition of the LES (85). When rapid weight loss occurs in the face
of symptoms of solid food dysphagia, esophageal carcinoma must be excluded
(40,45).

CLINICAL COURSE

General

In Western countries, reflux esophagitis is the most common disease of the upper
gastrointestinal tract (86,87). A survey of the prevalence of heartburn in the
United States found that 7% of persons suffer daily heartburn, 14% notice heart-
burn weekly, and 44% experience it once a month (1,88). The frequency of heart-
burn symptoms is much more common among persons with comorbid illness.
Pregnant women frequently have daily heartburn, 25 to 48% reported in stud-
ies from Europe (27–29). Gastroesophageal reflux disease may present at any
age, but is more common among adults with a mean age at onset of 50–56 years
(89). Except for the period of pregnancy, women tend to present with esophagitis
later in life than men (90). The course of esophagitis is more severe among the
elderly (91).

Most patients endure symptoms of heartburn for 1–3 years before seeking
medical care (92). Overall, the prognosis of GERD is excellent with over 80%
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of patients with noninflammatory GERD showing improvement or resolution of
symptoms with medical treatment (93). However, when erosive esophagitis is
identified, most cases (70%) become chronic (93). The major complications of
GERD are peptic stricture, Barrett’s esophagus, and gastrointestinal bleeding. In
patients with erosive esophagitis, the prevalence of peptic stricture ranges from
10 to 20% and that of ulceration is 5% (92,94). Barrett’s epithelium has been
observed in 8–20% of patients with erosive esophagitis and 44% of those with
peptic stricture (95–97). Between 2 and 6% of patients with GERD will develop
significant gastrointestinal bleeding.

What Is the Likelihood of Esophagitis and Barrett’s
Esophagus Among the General Population Self-Medicating
Symptoms of Heartburn?

Corder et al. conducted a postal survey of adults with chronic symptoms of heart-
burn (more than once per week for over 3 months), who had never been evaluated
by a physician (98). Of the 177 subjects interviewed, most were taking alginates
for symptom relief (68%) and only 6% were taking over-the-counter H2-receptor
antagonists. Of the 106 subjects who agreed to undergo endoscopy, 46 (44%)
were identified to have macroscopic esophagitis. Most of the esophagitis was
grade I or II, but three patients (3%) had mild strictures and six (6%) subjects had
Barrett’s esophagus. The authors concluded that the prevalence of premalignant
conditions and stricture complications of GERD among persons self-medicating
symptoms of heartburn is low, but the finding of macroscopic esophagitis is quite
high (44%).

Who Seeks Medical Attention for Heartburn Symptoms?

Johnston et al. have objectively compared the psychosocial characteristics and
social support patterns of patients with heartburn who do and do not seek medical
help with healthy persons without heartburn (99). In general, the heartburn suffer-
ers seeking medical care were older and the heartburn was more severe. However,
when these variables were controlled for, patients who sought medical help expe-
rienced greater phobia, obsessionality, somatization, life hassles, and had less
adequate close social support than those who did not seek medical attention.

Symptom Relationship to Endoscopic Findings

Heartburn may be the leading symptom of and eructation may be the most com-
mon complaint of erosive esophagitis, but symptoms are not helpful in differenti-
ating between gastroesophageal reflux without inflammation and reflux esophagi-
tis. Interestingly, among patients with typical symptoms of gastroesophageal
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reflux, prolonged esophageal pH monitoring was found to be normal in 27%. In
some cases, the disease is asymptomatic or the symptoms are atypical. Many
patients regard mild symptoms of heartburn to be ‘‘normal’’ and do not seek
medical assistance. Tew et al. conducted an illness behavior questionnaire on
140 subjects referred for investigation of heartburn (100). When the subjects with
and without endoscopic evidence of esophagitis were compared, no difference
in the response to the illness questionnaire was evident. This suggests that the
severity of esophageal mucosal damage does not correlate with the severity of
illness behavior.

Collen et al. have shown that mucosal injury of GERD increases signifi-
cantly for each decade of life (91). Also, among persons presenting with symp-
toms of pyrosis, mucosal disease (erosive esophagitis and Barrett’s) is much more
common in those over 60 years of age (81% vs. 47%); however, there were no
significant differences in severity of symptoms.

Frequency of Evolution from Symptomatic Nonerosive
to Erosive Disease

Pace et al. retrospectively studied the clinical outcome for 33 outpatients with
nonerosive symptomatic heartburn treated with conservative medical therapy
(101). Abnormal esophageal pH measurements were used as the gold standard
to establish the diagnosis of GERD. Therapy consisted of antacids, alginate, and/
or domperidone. Their study population was middle aged (45.9 years), predomi-

Figure 3 Endophotograph of GERD: typical erosive esophagitis with apparent proximal
extension of the squamocolumnar junction.
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nantly male (2 :1 ratio), and 27% smoked and/or drank alcohol. The mean dura-
tion of symptoms was 3.7 years, range 0.4–20 years. They found that after 6
months of conservative therapy for nonerosive GERD, roughly 40% (14 of 33)
became symptom free and only five of 33 (15%) showed endoscopic progres-
sion to erosive esophagitis (Fig. 3). When esophageal pH data were analyzed,
total pH score and percent duration of pH � 4 during daytime and nighttime
were not predictive of which patients would exhibit endoscopic progression. Un-
fortunately, the authors did not evaluate whether age, gender, presence of hiatal
hernia, or consumption of alcohol or tobacco predisposed to the development of
erosive esophagitis.

Frequency of Progression from Erosive Disease
to a Complication

Isolauri et al. studied 87 consecutive patients initially evaluated for symptoms
of gastroesophageal reflux from 1973 to 1976 to determine the natural history
of GERD (102). Their standard of practice was to offer conservative therapy
including lifestyle modifications, antacids, alginates, and/or metoclopramide, or
surgery. None were offered H2-receptor antagonist or proton pump inhibitor ther-
apy. All patients underwent extensive baseline evaluation with provocative upper
gastrointestinal radiography, endoscopy, esophageal pH monitoring, and Bern-
stein-Baker test.

Of the 60 patients available for follow-up (mean 19.5 years, range 17.1–
22 years), 50 received only medical treatment. Most of the patients in the medical
treatment group had no esophagitis (n � 30) or only mild esophagitis, five with
grade 1 at baseline endoscopy. Upon follow-up, nine of 50 (18%) patients showed
endoscopic progression: grade 0 to grade 1 (five), grade 1 to grade 2 (two), and
grade 2 to Barrett’s esophagus (two). Symptoms improved in 36 of 50 (72%)
patients and most (68%) were not on medical therapy at follow-up.

Of the 10 patients treated with a surgical antireflux procedure, symptoms
improved in all and follow-up endoscopy showed the prevalence of erosive
esophagitis decreased from 60% to 10%. Surprisingly, four of the 10 patients
treated with surgery developed Barrett’s esophagus.

The authors concluded that in the long term, symptoms of gastroesophageal
reflux tend to decrease, but the pathological process persists in most and the
disease is not self-limiting. The most disturbing finding of their study was that
six of 60 (10%) patients progressed to Barrett’s esophagus. Although these find-
ings are important and interesting, one should be cautious in generalizing the
results of this retrospective study. The suggestion by Isolauri that the pathological
process of GERD is progressive and leads to the development of Barrett’s esopha-
gus in 10% of cases is contrary to most previous published experience. For in-
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stance, Cameron et al. have shown that the segment of Barrett’s esophagus did
not increase in length over 7 years of careful follow-up (103). Also, numerous
studies of erosive esophagitis followed after successful fundoplication or therapy
with proton pump inhibitors have rarely documented evolution of Barrett’s esoph-
agus or elongation of the metaplastic segment (104).

DIFFERENTIAL DIAGNOSIS: CLINICAL, ENDOSCOPIC,
HISTOLOGICAL

Clinical Features

Often it is clinically important to distinguish symptoms of GERD from other
causes of chest and esophageal pain including caustic ingestion, pill-induced in-
jury, and infection. A thorough history including inquiry about the duration and
time of onset of symptoms, risk factors, associated medications, and medical
conditions can often be helpful in determining the cause.

Caustic alkaline or acid ingestion is usually accompanied by immediate
profound symptoms. In children caustic ingestion is often accidental, while in
teens and adults suicide gesture is the common motive. Usually there is no confu-
sion with acute caustic ingestion; however, the clinician must be vigilant and
mindful of this possibility as a cause of acute, severe esophageal symptoms espe-
cially among those with emotional and/or psychiatric instability. Later in life,
caustic injury to the stomach and esophagus may predispose to GERD and esoph-
ageal cancer.

The clinical history for pill esophagitis is in striking contrast to that of
patients with symptomatic GERD; see Table 3. With pill-induced esophagitis
the onset of symptoms is usually acute, while with GERD the symptoms are
often present for 1–3 years before clinical presentation. Symptoms of GERD
are usually responsive to antacids, while symptoms of pill esophagitis are resis-
tant. Odynophagia is a common symptom with pill or infectious esophagitis, but
rare among patients with GERD. Risk factors for pill esophagitis include condi-
tions that may cause sites for esophageal stasis, while GERD is more prevalent
among those with medical conditions predisposing to esophageal dysmotility; see
Table 3.

Patients with infectious esophagitis usually offer a clinical history very
dissimilar to those with symptomatic GERD. Like pill esophagitis, odynophagia
is the cardinal symptom of infectious esophagitis, while it is an uncommon symp-
tom among those with GERD. The presence of impaired immunity should suggest
the possibility of infectious esophagitis. It is important to emphasize that immune
impairment may be subtle, i.e., due to chronic alcoholism, diabetes mellitus, or
inhaled corticosteroids. With advanced AIDS, the esophageal infections tend to
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Table 3 Comparison of Pill Esophagitis and GERD

Pill esophagitis GERD

History Acute onset, temporal inges- Long history of symptoms
tion of a pill (1–3 years)

Onset Nocturnal common Any time, especially postcibal
Symptom relief with Often transient or none Often prompt relief

antacids
Risk factors Sites for potential esophageal Esophageal dysmotility (LES

stasis: aortic arch, left hypotonia, impaired esopha-
atrium, mediastinal adenop- geal clearance, aperistalsis)
athy, and stricture

Commonly associated Alendronate, antibiotics, Anticholinergics, beta-ago-
medications ascorbic acid, iron, nists, calcium channel an-

NSAIDs, potassium, quini- tagonists, diazepam, ni-
dine, zidovudine (AZT) trates, progesterone, muscle

relaxants, nicotine
Associated medical Atrial fibrillation, congestive Scleroderma, Raynaud’s syn-

conditions heart failure, hilar adenopa- drome, diabetes mellitus,
thy, aortic aneurysm prolonged nasogastric tube,

pregnancy

be multiple, causing severe odynophagia, often resulting in profound weight loss
and nutritional impairment.

Endoscopic Features

Unique endoscopic features distinguish GERD from other causes of esophagitis;
see Table 4 (105,106). Esophageal injury from acid reflux disease occurs predom-
inantly in the distal esophagus. Although the esophageal injury seen with GERD
may extend proximally, a pattern of distal-to-proximal extension is always evi-
dent.

Powder-based-caustic ingestions tend to cause more oropharyngeal dam-
age, while liquid-based preparations tend to affect the entire esophagus. The de-
gree of caustic injury varies according to the pH and volume of the caustic agent
consumed. A black discoloration of the esophagus signifies third-degree injury
and risk for perforation.

A solitary, midesophageal ulcer with normal surrounding mucosa is the
typical endoscopic finding of pill esophagitis. Pill ulcers often occur where the
aortic arch or the left atrium indents on the esophagus.

Infectious esophagitis is usually extensive, with proximal-to-distal esopha-
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Table 4 Comparison of Endoscopic Findings

Condition Findings

GERD Usually starts distally at the squamocolumnar junction and progresses
proximally.

New Savary-Miller classification:
Grade 1: Single or multiple erosions, on a single fold: erosions

may be erythematous or erythemato-exudate
Grade 2: Multiple erosions affecting multiple folds: erosions may

be confluent
Grade 3: Multiple, circumferential erosions
Grade 4: Ulcer, stenosis, or esophageal shortening (brachy esoph-

agus)
Grade 5: Barrett’s epithelium: cylindrical reepithelialization in the

form of a small island, or tongue
Lye ingestion Powder preparations of lye cause more oropharyngeal damage, while

liquid preparations tend to affect the entire esophagus.
Degree of injury varies according to pH and volume consumed:

First degree: erythema and edema
Second degree: ulceration and membranous exudate
Third degree: penetrating ulceration, black discoloration

Pill esophagitis Usually a focal ulcer, variable size from pinpoint to several centime-
ters. Most common in the midesophagus, at sites of stasis: left
atrium, aortic arch, left mainstem bronchus, etc. May be associ-
ated with stricture formation.

Infectious Candida: multiple gray-white to yellow plaques, may be small to con-
esophagitis fluent with luminal narrowing. Adherent to mucosa; underlying

mucosa is friable and often bleeds with removal of exudate.
May see oral thrush.

HSV: early lesion: 1–3-mm vesicles, mid- to distal esophagus; later
lesion: central slough making discrete ‘‘volcano’’ ulcers with
raised edges. Can involve entire esophagus. May see companion
oral lesions.

CMV: may see single or multiple ulcers, initially superficial, later
characteristically the ulcers are deep, large, and solitary. Coinci-
dent involvement of the stomach is common.

HIV: initially see multiple small, aphthoid-like lesions during tran-
sient fever and body rash; later may become giant ulcers.
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Figure 4 Endophotograph of Candida esophagitis: multiple white plaques.

geal involvement commonly seen. Candida esophagitis is characterized by raised
white plaques, which can become confluent; see Figure 4. Esophageal ulceration
is seen with both herpes simplex virus (HSV) and cytomegalovirus (CMV) infec-
tion. The esophageal ulcers seen with the HSV are referred to as ‘‘volcano ul-
cers,’’ because of the common feature of a raised edge; see Figure 5, while the
esophageal ulcers seen with CMV tend to be more superficial, but may become
confluent and very large; see Figure 6.

Figure 5 Endophotograph of HSV esophageal ulcer: deep esophageal ulcer with raised
edge—‘‘volcano ulcer.’’ (Courtesy of Matthew B. Z. Bachinski, M.D.)
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Figure 6 Endophotograph of CMV esophageal ulcer: very large confluent ulcer. (Cour-
tesy of Matthew B. Z. Bachinski, M.D.)

Radiographic Features

Radiographic examination of the esophagus for evaluation of GERD, caustic in-
gestion, pill, and infectious esophagitis may provide some unique and diagnostic
findings, but it has been supplanted by endoscopy as the preferred first test. The
diagnostic radiographic features seen with each of these entities are listed in Table
5 (107,108).

The single most important misconception about radiographic findings from
the barium esophagram is that the presence of hiatal hernia signifies GERD. Hia-
tal hernia is a common radiographic finding among Western populations, seen
in 40% of person’s 50 years of age and 60% of person’s 70 years of age (109).
However, in a very large, long-term, follow-up study by Palmer, it was discovered
that only 9% of individuals with radiological confirmation of hiatus hernia experi-
enced reflux symptoms and only one-third of those with symptoms had endo-
scopic findings of esophagitis (110). Although the presence of a hiatal hernia
alone does not cause GERD, it appears to be an important contributor to the
pathophysiology of disease among those with a defective LES barrier and/or
esophageal clearance, being present in over one-third of patients with esophageal
erosions, ulcers, or strictures (111,112).

Histological Features

Severe esophagitis from any cause may be endoscopically indistinguishable. En-
doscopic biopsies with appropriate histological staining are helpful in distinguish-
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Table 5 Comparison of Radiographic Findings

Condition Findings

GERD Usually starts distal at the squamocolumnar junction, may identify
erosions, ulcers, or strictures. Barrett’s esophagus is reported to
have a unique mosaic appearance. Hiatal hernia is a common find-
ing, but when identified only 9% of individuals have reflux symp-
toms and only 1/3 of patients with symptoms have endoscopic
findings of esophagitis. Conversely, 63–84% of patients with reflux
esophagitis were found to have hiatal hernia.

Lye ingestion Contrast radiography usually not done due to risk of barium medi-
astinitis or aspiration of gastrograffin. Early examination may un-
derestimate injury. EGD is the preferred test.

Pill esophagitis Nonspecific findings of single or multiple esophageal ulcers, usually
in the midesophagus and occasionally associated with stricture for-
mation. EGD is the preferred diagnostic test.

Infectious Candida: nonspecific, cobblestone, serpiginous ulcers with raised
esophagitis edges, shaggy appearance.

HSV: nonspecific, small erosions to large deep ulcers in the mid-
esophagus.

CMV: nonspecific, discrete, superficial lesions to large, flat elongated
ulcer(s).

HIV: nonspecific, solitary ulcer.

ing these forms of esophageal injury; see Table 6. Characteristic histological
findings of reflux esophagitis include hypertrophy of the basal zone and elonga-
tion of the papillae such that they extend more than two-thirds of the way to the
mucosal surface (113,114). With low grades of esophagitis, only reactive epithe-
lial changes will be seen. The presence of intraepithelial polymorphonuclear cells
or eosinophils suggests high-grade changes of GERD (113,114). Caustic inges-
tion causes a series of time-related histological changes: first liquefaction necro-
sis, then sloughing casts, and finally fibroblastic proliferation and collagenous
repair. Pill esophagitis causes focal mucosal desiccation, with absence of sur-
rounding involvement and/or infectious causes by appropriate stains. Candida
esophagitis is characterized by mycelia invasion and budding yeast forms, best
seen with periodic acid Shiff or Gormethamine silver stain. Herpes esophagitis
is histologically characterized by the presence of multinucleated giant cells and
infection of epithelial cells with intranuclear inclusion bodies (Cowdry A bodies).
Sampling the edge of the ulcer to obtain squamous epithelium provides the high-
est yield for HSV esophagitis. CMV esophagitis is identified by infection of
fibroblasts with both intranuclear and intracytoplasmic inclusion bodies. Sam-
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Table 6 Comparison of Histological Findings

Condition Findings

GERD Papillae elongation and the presence of lymphocytes, eosinophils, and
neutrophils. Mucosal erosions or ulcers. Barrett’s esophagus charac-
terized by presence of metaplastic columnar epithelium with pres-
ence of goblet cells by periodic acid Schiff or Alcian Blue stain.

Lye ingestion Acute phase (1–4 days): liquefaction necrosis, vascular thrombosis.
Subacute phase (5–14 days): sloughing of casts, granulation tissue,
extensive fibroblastic activity, and collagenous repair.

Cicatrization (15 days–3 months): further fibroblastic proliferation
and collagenous repair.

Pill esophagitis Variable: mucosal desiccation, acute and chronic inflammation, ab-
sence of viral and fungal infection.

Infectious Candida: invasion with mycelia elements and copious budding yeast
esophagitis forms. Periodic acid Shiff or Gormethamine stain best for diag-

nosis.
HSV: Biopsies from the edge of ulcers show multinucleated giant

cells, infection of epithelial cells intranuclear inclusion bodies
(Cowdry A bodies). Immunoperoxidase stains and culture are
helpful.

CMV: biopsies from the base of ulcers show infection of fibroblasts
with evidence of both intranuclear and intracytoplasmic inclusion
bodies. Immunoperoxidase stains and culture are helpful. Stomach
lesions should be biopsied, because coincident gastric infection is
common.

pling the base of the ulcer to obtain fibroblasts provides the best yield for CMV
esophagitis.
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INTRODUCTION

Gastroesophageal reflux (GER) is a disease entity with a broad spectrum of mani-
festations and potential complications. From the occasional acute discomfort of
pyrosis to the development of reflux esophagitis with peptic stricture to Barrett’s
esophagus with its increased risk of adenocarcinoma, gastroesophageal reflux is
a common problem. The weekly prevalence of heartburn or acid regurgitation in
the general population is 19.8%, with a yearly prevalence of up to 58.7% (1). In
spite of our current understanding of the LES and crural diaphragm, transient
lower esophageal sphincter relaxation (TLESR), and hiatal hernia in the patho-
physiology of GERD, active research in this area persists.

In this chapter, we will review the current literature concerning risk factors
for developing gastroesophageal reflux. We will discuss the mechanisms of how
these risk factors affect GER and thoroughly review the clinical, experimental

The opinions or assertions contained herein are the private views of the authors and are not to be
construed as official or as reflecting the views of the Department of the Army or the Department of
Defense.
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and epidemiological evidence that supports or refutes these risk factors as a cause
of GER.

HIATAL HERNIA

As discussed in another chapter, hiatal hernia has been intensively researched
and debated over the last 40 years with respect to its role in the etiopathogenesis
and pathophysiology of gastroesophageal reflux (Table 1). Whether hiatal hernia
raises the risk for GER, and to what extent, is still a topic of active research,
despite advances in radiological and manometric modalities to demonstrate re-
flux. We have chosen to discuss hiatal hernia first as it holds a central position
in understanding the mechanisms that lead to GERD. We will briefly review the
normal function of the lower esophagus and the antireflux barrier created by the
lower esophageal sphincters (LES) and crural diaphragm to contrast the normal
state with the pathological state seen in hiatal hernia.

Herniation of part of the stomach through the diaphragmatic hiatus is not
uncommon with an estimated prevalence of 5 per 1000 in the general population.
There is no clear gender predominance and radiographic studies demonstrate that
50% of patients over the age of 50 have hiatal hernia (2). About 75–90% are of
the sliding type in which a transient bulbous structure referred to radiographically
as the phrenic ampulla or esophageal vestibule is seen when the esophagus short-
ens during swallowing and the gastric cardia moves proximally through the dia-
phragmatic hiatus into an intrathoracic location (3). Despite the movement of the
cardia from a positive- to a negative-pressure intrathoracic location, gastroesoph-
ageal reflux rarely occurs. The anatomical features of the gastroesophageal junc-
tion discussed in another chapter normally act to maintain a competent antireflux
barrier to the flow of gastroduodenal contents, even after swallow-induced LES
relaxation.

In the normal state, the LES is composed of an area of thickened smooth
muscle at the distal 4 cm of the esophagus. The right crus of the diaphragm forms
the diaphragmatic hiatus and encircles the proximal 2 cm of the sphincter such
that part of the sphincter lies normally within the intrathoracic esophageal hiatus
while the remainder is normally intra-abdominal. The gastroesophageal junction
maintains an effective antireflux barrier through the combination of the pressure
exerted by the contraction of the smooth muscle of the LES as well as the contrac-
tion of the skeletal muscle of the crural diaphragm. The crural diaphragm con-
tracts during inspiration with proportional increases in LES pressure and in doing
so can fortify LES pressure during rapid increases in intragastric pressure such
as with coughing, straining, or Valsalva maneuvers (4). Any of these maneuvers
could promote gastroesophageal reflux down the pressure gradient exerted by
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high intra-abdominal pressure were it not for the contribution of the crural dia-
phragm on the LES.

The presence of a hiatal hernia is felt to raise the risk for GER through
several different mechanisms. Decreased acid clearance (5), retrograde flow of
retained gastroduodenal refluxate, and impairment of the sphincter-like action of
the diaphragmatic crura on the esophagogastric junction (6) are all felt to contrib-
ute to the greater risk of reflux seen with hiatal hernia. Epidemiological evidence
in support of this has been demonstrated in the higher prevalence of hiatal hernia
among patients with moderate to severe manifestations of gastroesophageal re-
flux, as 50–60% of patients with hiatal hernia have endoscopic esophagitis, but
�90% with endoscopic esophagitis have hiatal hernia (7).

Sloan and Kahrilas studied the impairment of esophageal emptying in hiatal
hernia using videofluoroscopy and manometry during barium esophagogram in
22 patients with axial hiatal hernia and 14 volunteer subjects (8). The two groups
were analyzed with respect to hiatal hernia length. Controls were those subjects
with maximal phrenic ampullary length �2 cm while the other two groups ana-
lyzed were patients or volunteers with �2-cm reducing hernias and patients with
nonreducing hernias. Statistically significant (p � 0.05) differences in esophageal
emptying and acid clearance times were noted. Complete esophageal emptying
without retrograde flow was noted in 86% of the controls, 66% of the reducing-
hernia group, and 32% of the nonreducing-hernia group. The nonreducing group
also had longer acid clearance times than the controls (p � 0.05). A pattern of
early retrograde flow of gastric contents immediately after swallow-induced LES
relaxation was seen in 48% of the patients with nonreducing hernia in contrast
to the control subjects and the patients with reducing hernias, who had no evi-
dence of early retrograde flow. Furthermore, the nonreducing-hernia patients
demonstrated manometric evidence of a weakened LES mechanism. The inspira-
tory augmentation normally seen as a result of the contraction of the crural dia-
phragm, which serves to prevent retrograde gastroesophageal flow, was evident
in the control and reducing-hernia groups but was absent or markedly diminished
in the nonreducing group. This radiographic and manometric evidence allowed
the authors to conclude the competence of the gastroesophageal junction was
severely impaired among patients with nonreducing hernias. The study also dem-
onstrated that the normal mechanism of esophageal emptying was dependent on
the distal esophageal segment being surrounded by intra-abdominal pressure with
the diaphragmatic crura acting as a one-way valve during respiration.

In another study, 34 patients with endoscopic evidence suggesting hiatal
hernia and 16 asymptomatic volunteers were evaluated to demonstrate the effects
of abrupt increases in intra-abdominal pressure on gastroesophageal competence
(9). This study measured the size of hiatal hernia from videotaped barium esopha-
gogram examinations and measured LES pressures immediately before increases
in intra-abdominal pressure. Nonreducing hiatal hernias on videotaped barium
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swallows were defined upon noting gastric folds or a hernia pouch above the
diaphragm between or during swallows. Barium swallow noted that 20 of the 34
patients and none of the asymptomatic volunteers had hiatal hernias. The provoc-
ative maneuvers utilized included the Valsalva and Müller maneuvers, leg lifts
to 30 degrees, 10 successive coughs, and the gradual inflation of an abdominal
cuff placed below the ribs to 100 mmHg. Barium reflux into the esophagus during
a maneuver was considered a positive test with an overall reflux score calculated.
Esophagitis was statistically more prevalent in the patients with hernias than the
patients without hernias (15/20 vs. 5/14, p � 0.05). A lower LES pressure was
also noted in the group of patients with hernia compared to those without hernias
(5.3 � 4.3 vs. 12.9 � 7.1 mmHg). Hernia size, LES pressure, and the relationship
between these two factors were the major determinants of gastroesophageal junc-
tion competence. According to the model developed by this study, a patient with
a hypotensive LES and a large hernia was several times more likely to experience
GER during abrupt increases in intra-abdominal pressure than a patient with a
hypotensive LES but no hiatal hernia. Furthermore, the study demonstrated that
as hernia size increased, LES pressure diminished (Fig. 1).

Figure 1 Relationship between LES pressure, hernia size, and gastroesophageal reflux.
From Sloan, 1992.
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Mittal questioned whether the reflux noted in response to the maneuvers
originated from within the hiatal hernia or from the stomach below the diaphragm
(10). This distinction is important because reflux originating from the hernia sac
may occur in the presence of normal sphincteric closure of the crural diaphragm,
whereas reflux originating below the diaphragm implies impaired sphincteric clo-
sure of the crural diaphragm and is one of the mechanisms that increase the risk
of GER.

A study by Peck and colleagues measured the crural pressure in 57 patients
with known reflux as documented by 24-h pH monitoring (11). Mean crural pres-
sure in 41 patients with hiatal hernia was 5.0 mmHg compared with 15.0 mmHg
in 16 patients without hiatal hernia (p � 0.01). These results demonstrate the
importance of the diaphragmatic crura in maintaining the resting pressure of the
LES at a level sufficient to protect against reflux.

The studies discussed above used the reflux of barium seen on videotaped
barium esophagram as a means of determining whether gastroesophageal reflux
had taken place. Although no diagnostic modality is 100% sensitive or specific
for diagnosing gastroesophageal reflux, most authorities consider 24-h pH mea-
surement the best means of documenting gastroesophageal reflux. A number of
studies have been performed that used 24-h pH monitoring as a means of corre-
lating hiatal hernia with the risk for gastroesophageal reflux (11–16).

In a well-designed study analyzing LES pressure, hiatal hernia, and esopha-
gitis, Sontag and colleagues compared the endoscopic, histological, 24-h esopha-
geal pH monitoring and manometric results to determine the importance of hiatal
hernia in reflux esophagitis (12). Of 184 patients studied, LES pressure, acid
contact time, and frequency of reflux episodes were all highly associated with
hiatal hernias (p � 0.003). The authors concluded that the presence of a hiatal
hernia, not LES pressure, was the most important predictor of reflux frequency,
acid contact time, and esophagitis. Approximately 89% of patients with esophagi-
tis and 64% of those without esophagitis had hiatal hernias. Using a hiatal hernia
prevalence of 33% in healthy controls, it was determined that individuals with
esophagitis had 16.5 times as many hiatal hernias when compared to healthy
controls. Hiatal hernias were defined as gastric folds extending at least 2 cm above
the diaphragmatic hiatus during quiet respiration. We know that the sphincter
mechanism of the crural diaphragm may still be intact and able to guard against
reflux esophagitis with a smaller or reducing hernia. Unfortunately, this study
did not classify hernias according to whether they were reducible or nonreducible
in terms of hernia size and therefore the degree of GER could not be assessed
according to hernia characteristics.

Despite these convincing studies, some data continue to question the associ-
ation of hiatal hernia with gastroesophageal reflux. In a recent retrospective radio-
logical study, Ott et al. evaluated the correlation between heartburn, 24-h pH
monitoring, and the radiographic examination of the esophagus (13). The preva-
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lence of heartburn versus hiatal hernia was 37% and 63%, respectively. Seventy-
one percent (94/132) of symptomatic patients had hiatal hernia, esophagitis, or
stricture with only 41% (39/94) having abnormal pH studies. However, 95% of
patients with abnormal 24-h pH had hiatal hernia plus esophagitis or stricture.
Although this study showed that pH monitoring results did not correlate with the
presence or absence of heartburn, a statistically significant higher percentage of
abnormal 24-h pH results was demonstrated among those with hiatal hernia,
esophagitis, or stricture compared to those with a radiographically normal esopha-
gus. The study questioned the utility of 24-h monitoring as a gold standard for
diagnosing GER, but the higher risk of GER in the setting of hiatal hernia versus
a normal esophagus was still evident in this study.

The size of the hiatal hernia appears to be correlated with the risk for devel-
oping gastroesophageal reflux. Patti et al. evaluated 139 patients undergoing eval-
uation for GERD with upper endoscopy, esophageal manometry, and 24-h pH
monitoring (14). Ninety-five patients from this total were found to have increased
esophageal acid exposure and formed the study group. Hiatal hernias (n � 51)
were subdivided according to hernia size with 31 being less than 3 cm in length,
14 between 3 and 5 cm, and 6 greater than 5 cm in axial length. These groups
were compared with the remaining 44 patients without hernia who were found
to have had increased esophageal acid exposure. Heartburn and regurgitation
were found to be more common in the group with hernias larger than 5 cm.
Patients with hernias greater than 3 cm had shorter LES with lower resting pres-
sure and lower contraction amplitudes in the distal esophagus than patients with
no hernia or hernias smaller than 3 cm. The patients with longer hernias also had
more esophageal acid exposure and reduced acid clearance in comparison to those
with small or no hernias.

Ott et al. have also published a large series of 319 patients who had under-
gone barium esophagogram and 24-h pH monitoring to determine the correlation
between presence and size of hiatal hernia using 24-h pH monitoring as a measure
of degree of gastroesophageal reflux (15). Hiatal hernias were documented radio-
graphically and categorized as ‘‘minimal’’ or ‘‘larger’’ (�2 cm axial length). A
total of 199 patients (62%) had hiatal hernias; 104 (52%) were classified as mini-
mal, 95 (48%) as larger. The mean total esophageal acid exposure was noted to
be statistically significantly lower (p � 0.05) among patients without hernias
(3.7% exposure time) than patients with larger hernias (6.6%). Overall, the pa-
tients without hiatal hernias had fewer abnormal 24-h pH studies than those with
larger hernias (18% vs. 35%, p � 0.05). This study concluded that the presence
and size of hiatal hernia raise the risk for gastroesophageal reflux; however, the
results were most significant in those patients with larger hernias. Concerns were
noted regarding the limitations of radiographically defining hiatal hernias while in
the prone position since normal dynamic changes of the esophagogastric junction
during this test can create a ‘‘physiological herniation’’ that would increase the
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number of hernias reported and lower the overall percent of acid exposure mea-
sured via 24-h pH monitoring.

Petersen et al. reported on the relationship between endoscopic hiatal hernia
with and without concomitant esophagitis and GER symptoms (16). They studied
930 patients who had submitted to upper endoscopy secondary to any symptoms
referable to the gastrointestinal tract. While 14% had esophagitis, 17% of patients
had hiatal hernia. Of the patients with hiatal hernia, 49% had esophagitis, com-
pared with 7% without hiatal hernia. Of the patients with esophagitis, 60% had
hiatal hernias, compared with only 10% of those without esophagitis. After ex-
cluding patients with peptic ulcer or malignancy, it was found that patients with
hiatal hernia as the only pathological finding had significantly (p � 0.01) more
GER symptoms than the patients with no major endoscopic abnormality.

Finally, the most current evidence supports the role of hiatal hernia size
as the principal determinant of esophagitis in patients with symptomatic gastro-
esophageal reflux (17). An evaluation of 66 symptomatic GER patients and nine
controls demonstrated that hiatal hernia size was the strongest predictor of esoph-
agitis severity. LES pressure and male sex were weaker, but equivalent, pre-
dictors. The study found that abnormalities in 24-h pH monitoring were strongly
correlated with hiatal hernia size and not independent predictors of esophagitis
in and of themselves.

OBESITY

While obesity is associated with numerous adverse affects on the gastrointestinal
tract (18), it is unclear whether obesity increases the risk for GER. If there is an
increased risk, is this related to differences in LES pressure, the gastroesophageal
pressure gradient, esophageal and gastric emptying, or some other anatomical
factors such as hiatal hernia? The lack of clarity between obesity and GER may
also relate to the wide variation in patient populations studied, which have ranged
from massively obese patients referred for gastric reduction surgery to mildly or
moderately obese patients treated with low-calorie diets. Many of these studies
were also conducted without control groups, which further impairs the data. The
differences in patient populations and the paucity of research in this area have
resulted in a poor understanding between obesity and gastroesophageal reflux
(Table 2).

A review of gastroesophageal reflux and obesity by Beauchamp in the early
1980s centered on the role of surgery for obese patients with complicated reflux
(19). Those patients with esophageal stenosis, hemorrhage, or severe esophagitis
unresponsive to medical management (in the pre–proton pump era) defined com-
plicated reflux. Of 102 patients evaluated for GER, 52 were selected for surgery
for complicated reflux but only 13 of these 52 patients, all of whom were 21–
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38% over ideal weight, were included in the study group. All 13 of this select
group had hiatal hernias with endoscopic esophagitis on preoperative evaluation.
After Nissen fundoplication, no patient had endoscopic esophagitis or recurrence
of reflux symptoms. Though preoperative LES manometry was seen to increase
from a mean of 3 mmHg to a postoperative mean of 23.5 mmHg, the low LES
pressure was likely related to the finding of hiatal hernia rather than obesity. The
investigators did not study all obese patients undergoing surgery; therefore, one
could not determine whether hiatal hernias were more common in obese versus
nonobese patients.

Stene-Larsen and colleagues reported on the degree of obesity and its rela-
tionship to hiatal hernia and reflux esophagitis among 1224 patients referred for
upper endoscopy over a 1-year period (20). The study reported the endoscopic
findings of hiatal hernia, defined as circular extension of gastric mucosa more
than 1.5 cm above the diaphragm, and endoscopic as well as histological esopha-
gitis. Unfortunately, the incidence of GER in this population was not measured
by the more sensitive method of 24-h pH monitoring. Overall, there was no statis-
tically significant difference between the patients with esophagitis and those with-
out esophagitis with regard to mean weight; however, the weight-for-height index
calculated for each patient showed an average degree of obesity of approximately
5% for patients with esophagitis or hernia. Patients without esophagitis or hernia
had normal body weight, while patients with coexisting reflux esophagitis and
hiatal hernia were significantly more obese (p � 0.01) and represented the most
obese group of patients. The study found a strong correlation of typical GER
symptoms with esophagitis and found that hiatal hernia was more common in
the setting of esophagitis; however, the study did not specifically analyze the
data with regard to the presence of obesity. In doing so, the study suggested an
association between obesity, hiatal hernia, and GER, but failed to present the
data in a manner that clearly demonstrated a greater risk of reflux esophagitis
with obesity. Several difficulties exist when comparing this seemingly positive
study to future studies. One was the failure to document reflux by means of 24-
h pH monitoring another was the failure to analyze the subgroups by the presence
or absence of hiatal hernia with or without obesity. Finally, the low levels of
obesity in the study population, wherein more than 10% over ideal weight was
considered the most severely affected group, makes it difficult to compare the
study with other studies in the massively obese.

Wilson and colleagues reported a similar, large, retrospective, case-control
study that examined the relationship between obesity, hiatal hernia, and GER
(21). After having performed upper endoscopy on 189 patients with esophagitis
with 1024 controls and 151 patients with hiatal hernia with 1053 controls, the
investigators stratified the patients by body mass index (thin � BMI � 20, nor-
mal � BMI 20–25, mildly obese � BMI 25–30, and obese � BMI � 30).
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Multivariate analysis of the results found that BMI was significantly associated
with the presence of both hiatal hernia (p � 0.01) and esophagitis (p � 0.05).
Hiatal hernia was also significantly associated with esophagitis (odds ratio 4.2,
95% CI 2.9–6.1).

Studies from the mid-1980s sought to document mechanisms whereby obe-
sity could increase the risk for prolonged acid exposure by increasing the gastro-
esophageal pressure gradient. Mercer and colleagues investigated whether ele-
vated intra-abdominal pressure in obesity affected esophageal transit as measured
by radionuclide scintigraphic technique (22). The study evaluated eight patients
without reflux and five reflux patients who were 2–6% over ideal body weight
versus 16 obese reflux patients who were 28% over ideal body weight. Esopha-
geal manometry was used to assess esophageal peristalsis, GER, and gastroesoph-
ageal pressure gradient simultaneously. Subjects with known esophageal motility
disorders were excluded from the study. No differences were noted between the
lean reflux patients and the lean patients without reflux while obese reflux patients
were significantly different in all measured parameters. Mean body mass, gastro-
esophageal pressure gradient, and mean transit time were significantly greater in
the very obese versus the minimally obese group (p � 0.01–0.001). This study
suggested that delayed transit of esophageal contents could result in prolonged
exposure to gastroduodenal contents leading to a greater risk of mucosal injury.

A later study from 1989 evaluated radionuclide gastric and esophageal
emptying in the obese to determine whether delayed emptying was related to
body weight (23). This study evaluated 31 obese patients who were 40–174%
over ideal body weight and 31 controls who were within 20% of ideal weight.
Both gastric emptying of the solids (p � 0.001) and liquids (p � 0.02) in addition
to esophageal emptying (p � 0.001) were delayed in the obese patients when
compared to controls but there was no correlation between symptoms and the
test results. Unfortunately, GER was not assessed. Other studies have failed to
show differences in gastric emptying between obese and normal-weight subjects
(18,24) or even abnormally rapid gastric emptying in obese subjects (25) thus
adding to the controversy that GER results from delayed esophageal and gastric
emptying in the obese.

Lundell et al. prospectively tested for GER by means of a standardized
questionnaire, 24-h ambulatory pH monitoring, and endoscopy in 50 massively
obese patients with a mean weight of 125.5 � 17 kg (mean body mass index
42.5 kg/m2) who were referred for weight-reduction gastroplasty (26). Sympto-
matically, mild heartburn and acid regurgitation were reported in 37% and 28%,
respectively, while endoscopic esophagitis and pH studies showed no differences
from the control population (mean weight 72.4 � 11 kg). Multivariate linear
regression analysis was performed between body weight, waist-to-hip ratio, BMI,
and percent total, upright, and supine reflux time. No measure of obesity was
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associated with an increased acid reflux into the esophagus and unpublished 1-
year follow-up data noted no reduction in acid reflux despite gastroplasty-related
weight reduction.

Finally, Kjellin et al. reported that GER in obese patients did not decrease
with weight reduction (27). In this study, obese patients had a mean body mass
index of 31.4 kg/m2 (range 28–42 kg/m2) while the normal range was defined
as 19–25 kg/m2. Twenty patients with proven 24-h pH reflux and symptoms
requiring daily medication were divided into two groups with one receiving a
very-low-caloric diet and the other a normal diet. The treated group lost 10.8 �
1.4 kg whereas the control group gained 0.6 � 0.7 kg (p � 0.001). No reduction
in GER was noted by pH monitoring and the subjects remained symptomatic.
Likewise, when the control group lost weight (9.7 � 1.6 kg), reflux persisted
with patients remaining on medication for reflux.

In an interesting commentary that reviewed yet another investigation in
which there was no detectable relationship between massive obesity and GER
(28), Castell (29) reminds us of the role that dietary fat plays in lowering LES
pressure and increasing TLESRs. A study by Rigaud and colleagues (30) of 20
morbidly obese patients had also correlated more frequent reflux events with fat
intake. Before we assume that our obese patients suffer from GER as a result of
their body habitus, we should first be cognizant of the important role that diet
plays in all patients.

The concept that GER is more commonly seen in obese individuals and that
weight loss in obese patients results in improvement of GER is widely accepted as
part of the pathophysiology of GERD (31) despite the different conclusions from
some of the studies discussed. Perhaps the image of an obese patient with heart-
burn is so prevalent among health care providers we have accepted this connec-
tion as fact without the proof of valid scientific study. On the other hand, the
degree of GERD in obese patients may be so severe that our measurable parame-
ters are too insensitive to note changes following weight reduction. Clearly, con-
tinued careful research in obesity needs to be performed.

ALCOHOL USE

In contrast to the poor correlation between obesity and GER, there is more evi-
dence that links alcohol use to GER. Hogan et al. demonstrated that normal sub-
jects had impaired propulsive motor activity of the esophagus and a reduction in
LES pressure following the administration of 350 mL of bourbon (104 g alcohol)
suggesting that one could be susceptible to GER with substantial alcohol inges-
tion (32). Keshavarzian et al. showed that 13 of 13 healthy controls demonstrated
a transient decrease in LES pressure and in 10 of 13, a moderate decrease in
esophageal contraction amplitude after the intravenous administration of 0.8 g/kg
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ethanol (33). The alcoholic group in this study had significantly less inhibition
of LES pressure indicating a degree of tolerance. The esophageal contraction
amplitude in the alcoholic group was actually increased compared to normals in
agreement with prior studies of esophageal motor dysfunction in alcoholics (34).
Alcohol has also been shown to reduce the normal clearing capacity of infused
hydrochloric acid (35) and to diminish stimulated salivary output from the parotid
glands (36,42), both of which could lead to more severe manifestations of GER.

In 1978, Kaufman and Kaye demonstrated that alcohol could cause GER
in normal, healthy, young volunteers (37). Twelve patients without symptoms of
GER were monitored with esophageal pH probes after consuming 180 mL of
100-proof vodka (90 g) versus consuming 180 mL of water. Eleven of the 12
patients had more GER following alcohol consumption and clearly demonstrated
that at this ethanol dose, there was a measurable increase in GER. Vitale and
colleagues (38) administered 120 mL of 80-proof scotch whiskey (48 g) to 17
healthy, young volunteers (average age 23.8 years) who underwent ambulatory
24-h pH monitoring pre– and post–alcohol ingestion. Seven of the 17 subjects
had prolonged supine reflux episodes on the night of the alcohol ingestion while
none of the subjects had reflux on the control night (p � 0.01). All of the pro-
longed reflux episodes occurred within 6 h of ingestion of the whiskey, while
the subjects were asleep. The subjects were not aroused by the reflux episodes,
and the subjects remained asymptomatic the following morning. The evidence
for an increased risk of GER due to the ingestion of alcohol is well supported
by these studies and is related to a decrement in LES pressure and decreased
acid clearance from the esophagus.

Additionally, alcohol appears to differentially affect gastric acid secretion
and serum gastrin depending upon the ethanol content of the alcohol ingested.
With beer and wine (low ethanol content), ethanol stimulates acid secretion and
gastrin release, while whiskey, gin, and cognac (high ethanol content) have little
effect on these parameters (39). Unfortunately, resting LES pressure is probably
not affected by physiological levels of serum gastrin. Mayer et al. reported that
alcohol significantly inhibits the LES response to pharmacological doses of penta-
gastrin in a dose-dependent fashion whether the alcohol was given intravenously
or by intraesophageal infusion (40). The authors felt that though not specifically
investigated, a neural mechanism, rather than direct effects on the smooth muscle
of the LES, mediated the observed effects. In contrast to these findings, Keshavar-
zian et al. used the cat model as a means of evaluating the effects of acute ethanol
on esophageal motility (41). They found that both bilateral cervical vagotomy
and the intravenous injection of the neurotoxin tetrodotoxin before the adminis-
tration of ethanol did not prevent the effects of ethanol on the LES pressure.
These results would argue for a direct effect of acute ethanol on muscle.

Based on the available literature in normal volunteers, the recommendation
to avoid acutely imbibing more than 40–45 g of alcohol appears to prevent the
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induction of GER. In vitro studies using the cat model and clinical studies with
humans (33,41,42) have demonstrated a decrease in LES pressure in response to
the acute administration of ethanol. Interestingly, however, only a few studies
have specifically evaluated the effects of alcohol on esophageal function and
GER in chronic alcoholics. In fact, most studies in chronic alcoholics agree in
demonstrating an elevated LES pressure, together with a higher incidence of
esophageal motor dysfunction and changes in both salivary composition and flow
rate (33,34,43,44), yet no specific studies of GER in this population have been
performed. Finally, all of the studies that we evaluated studied normal, healthy
control subjects. A need remains for studies evaluating the acute effects of alcohol
in nonalcoholic patients with known GER.

CIGARETTE SMOKING

Long suspected of having an exacerbating role in GER, the effects of tobacco
smoking on the esophagus and LES became more clearly understood as a result
of work performed by Dennish and Castell in the early 1970s (45) (Table 3).
They evaluated six normal male volunteers who were chronic cigarette smokers
but had no symptoms of GERD. Esophageal manometry demonstrated a signifi-
cant (p � 0.001) decrement in LES pressure from baseline while smoking two
consecutive cigarettes with LES pressure returning to normal within 2–3 min of
finishing the cigarettes. Puffing on an unlit cigarette revealed no change in LES
pressure from baseline. These results suggested an acute effect of cigarette smok-
ing on lowering LES pressure.

Stanciu and Bennett used pH monitoring in addition to manometry to evalu-
ate GER in 25 chronic smokers who complained of heartburn (46). All patients
had symptoms characteristic of heartburn related to posture and the postprandial
state; 14 had radiographic evidence of GER and all smoked 15–60 cigarettes
daily at baseline. During the study, LES pressure fell significantly (p � 0.01)
within 1–4 min of smoking and returned to the starting pressure within 3–8 min
after finishing the cigarette. The number of reflux episodes as measured by pH
monitoring rose significantly (one event every 156.6 min vs. one event every
13.9 min, p � 0.001) when compared prior to and during smoking. Puffing on
an unlit cigarette as a control again found no significant change from basal LES
pressure. Again, chronic smokers were found to have acute lowering of LES
pressure as well as an increase in reflux events while smoking.

Chattopadhyay and colleagues also evaluated the effect of smoking on LES
pressure in 10 asymptomatic volunteers and 10 subjects with symptoms of GER
(47) 8/10 of whom had endoscopic esophagitis and 10/10 had sliding hiatal her-
nias found on barium swallow. There was a significant drop in LES pressure
during smoking and a return to baseline upon finishing cigarette smoking al-
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though the study did not identify whether any of the subjects were chronic
smokers.

The majority of the early evidence regarding smoking and GER substanti-
ated an increased risk based on effects at the LES and an accompanying increase
of reflux events. As we know that the manifestations of GER, such as esophagitis,
are dependent on the extent of acid contact time, there appeared to be little room
to dispute this relationship. One of the first studies to dispute the relationship
between smoking and reflux was reported by Shindlbeck et al. in 1987 (48). In
this study, the effect of smoking on GER was studied in 30 healthy volunteers
(15 chronic smokers, 15 nonsmokers) and 10 smokers with known GER. The
authors reported a significant increase in reflux episodes in the smokers compared
to the nonsmokers though the percentage of time with pH � 4 and the duration
of reflux episodes was similar in both groups. Abstaining from smoking for 24
h did not affect the results of repeat 24-h pH studies in smokers. The authors
stated that it was ‘‘questionable whether abstaining from smoking has a beneficial
effect in patients with reflux disease.’’

In a well-designed study, Kahrilas and Gupta reported a study involving
eight nonsmoking volunteers and 16 chronic cigarette smokers (49). The aim was
to define and compare the immediate effects of cigarette smoking on esophageal
acid clearance time and salivary function—two additional parameters that deter-
mine the severity of GER. In chronic smokers, the acute effect of smoking re-
sulted in a significant (p � 0.05) prolongation of acid clearance time. A similar
finding was noted when smokers who refrained from smoking were compared
to the nonsmokers (p � 0.05) suggesting an acute and lasting effect of smoking
on acid clearance time. Because the oral stimulation inherent in smoking was
felt to potentially counteract nicotine’s pharmacological effect of hyposalivation,
the after-smoking period was analyzed and revealed a slight reduction in salivary
titratable base secretion. Smokers who did not smoke during the experiment
showed lower (p � 0.05) salivary base excretion than the nonsmokers indicating
that reduced salivary function in chronic smokers contributed to a decrease in
acid clearance time compared to a nonsmoking control group.

Despite earlier studies demonstrating that healing of esophagitis is impaired
in smokers (50), Waring et al. suggested that the cessation of smoking did not
significantly affect esophageal acid exposure among patients with symptoms and
endoscopic evidence of GERD (51). Subjects smoked 20 cigarettes one day and
no cigarettes on the following day while undergoing 24-h pH monitoring. Sig-
nificant improvement in upright reflux was noted with the cessation of smoking
as the number of smoking-induced transient LES relaxations decreased; how-
ever, as in Shindlbeck’s study (48), the total reflux time did not significantly
change. The authors concluded that recommending cessation of smoking was
reasonable but questioned whether improvement in overall esophagitis would be
noted.
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In another study by Kahrilas and Gupta (52), esophageal manometry and
pH monitoring were performed to determine the effect of smoking on LES func-
tion in eight normal nonsmokers, nine asymptomatic smokers, and nine smokers
with hiatal hernia and endoscopic or histological evidence of esophagitis. Base-
line manometry revealed that LES pressures were lowest in the smokers with
GERD, higher in asymptomatic smokers, and highest in the nonsmoking controls.
No correlation was seen between duration of smoking and baseline LES pressure.
Manometric studies during smoking could not be meaningfully interpreted be-
cause of frequent swallowing, coughing, and respiratory artifact. An increase in
the mean hourly rate of transient LES relaxations (TLESR) was noted in both
groups of smokers, though most of these events were not associated with acid
reflux by the pH electrode. When acid reflux events did occur, they were associ-
ated with coughing and deep inspiration, especially in patients with low LES
pressure. Reflux events noted in the nonsmokers were entirely due to TLESR.
The authors postulated that the increased rate of TLESRs in the smokers was a
mechanism for venting the intragastric gas that had accumulated during smoking
and not a dominant mechanism of GER as in the nonsmoking group.

To clarify the controversy regarding cigarette smoking and gastroesopha-
geal reflux, Kadakia and colleagues studied 14 patients with daily heartburn,
endoscopic esophagitis, and a smoking habit of 20 or more cigarettes per day
(53). Each subject had ambulatory 24-h pH monitoring first after a 48-h washout
period of no smoking and then resumed smoking for 48 h and had a repeat study
while smoking at least 20 cigarettes over a 14-h period. In contrast to Waring
and Shindlbeck’s studies (48,51), Kadakia et al. found that the total reflux time
was significantly increased (p � 0.007) during the 24 h of smoking, especially
in the upright position where a 114% increase in daytime heartburn following
reflux events was seen. Prior studies probably failed to show a significant change
in acid exposure because of a short washout period that resulted in incomplete
washout of serum nicotine. This study by Kadakia et al. reaffirmed the finding
that cigarette smoking raised the risk for symptomatic reflux and clarified some
important controversies in this area.

Most recently, Pehl and colleagues (54) studied 280 patients with various
symptoms suggesting reflux to see if smoking influenced the results of 24-h pH
monitoring. Of these 280 patients, 78 were smokers and 202 were nonsmokers.
Forty-five of the 78 smokers continued to smoke during the pH study while 33
abstained. No difference in reflux episodes or the fraction of pH time �4 was
noted among the various groups, including those whose pH studies were consis-
tent with GER. No mention of degree of smoking (packs per day), no standardiza-
tion of the number of cigarettes smoked during the study, nor nicotine washout
period was obtained, making it difficult to determine the full extent of the influ-
ence that smoking had in these patients. Interestingly, while a high percentage
of patients from each group (50–53%) had pH monitoring indicating GER, none
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of them appeared to have severe GER and the only within-group comparison
made was based on three 10-min periods. Whether smoking contributed to this
high percentage is not given in the presentation of the data. Despite these potential
shortcomings, the investigators concluded that neither smoking nor abstaining
from smoking affected GER as measured by pH monitoring.

The evidence that cigarette smoking raises the risk for GER does not enjoy
a unanimous opinion; however, the majority of the studies that we have discussed
favor an increased risk of GER with smoking. Numerous pathophysiological
mechanisms have been discussed in the literature (55) and include reduced LES
pressure with increases in reflux from coughing or inhalation of smoke, increase
in TLESRs, reduction in salivary base secretion, decreased acid clearance times,
and possible irritant effects on the esophageal epithelia (56) from cigarette smoke.
The literature is replete with evidence to demonstrate an increased prevalence of
complicated reflux such as erosive esophagitis and the sequelae of severe reflux
such as Barrett’s esophagus and adenocarcinoma of the esophagus in smokers.
We feel that it is prudent to continue to urge current smokers toward cessation
especially in symptomatic GER.

NASOGASTRIC INTUBATION

The association between a nasogastric tube (NGT) and GER has been studied
since the late 1950s (Table 4) although evidence of associated esophagitis has
been noted since the 1930s. These early studies were retrospective, uncontrolled
case reports, often from autopsy findings or in severely ill, hospitalized patients.
In addition, the presence of multiple confounding factors such as preexisting
GER, recumbency, vomiting, surgical trauma, or comorbid illness could also be
reasons for esophagitis in these patients. In 1936, Butt and Vinson showed that
31% of 213 patients with autopsy-proven esophagitis had been previously intu-
bated with an NGT and that the history of severe vomiting also correlated with
esophagitis (57). In another postmortem study of 82 patients, Bartels disagreed,
noting no greater prevalence of esophagitis in previously intubated patients (58).

Nagler and colleagues, in 1960, studied whether a rubber Levin tube placed
in the stomach was associated with gastroesophageal reflux during a standard
barium upper gastrointestinal study (59). No evidence of gastroesophageal reflux
of barium was noted during the time of the study or immediately following the
removal of the nasogastric tube.

The same authors then studied the effects of prolonged (3 h) NGT intuba-
tion while the patient remained in the supine position (60). At baseline, esopha-
geal pH only transiently fell below 4.0; however, the pH decreased for 2 h imme-
diately following the instillation of 300 mL of 0.1 N hydrochloric acid into the
stomach with the patients complaining of progressively severe heartburn. Subcu-
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taneous histamine also caused heartburn and at no time was there a change in
LES pressure or associated esophageal spasm. When the subjects were restudied
in the sitting position, no change in intraesophageal pH was seen even after the
intragastric instillation of 300 mL 0.1 N hydrochloric acid. When the NGT was
positioned 5 cm proximal to the LES, no reflux was noted despite the instillation
of acid into the stomach and with the patient being in the supine position. Finally,
when the subjects were studied in the supine position and at 10, 30, 45, and 90
degrees, esophageal reflux was seen only in the supine position. These authors
concluded that the following conditions must be present for NGT-associated
GER: a sufficient amount of acid must be available for reflux, the patient must
be supine, and the NGT must cross the LES. Despite their findings, the authors
were unable to describe the mechanism by which gastric intubation induced reflux
since LES integrity was normal and reflux by capillary action could not be in-
voked as reflux did not occur in any of the upright positions. They postulated
that transient relaxations allowed acid to become trapped around the tube with
impaired acid clearance due to the presence of the tube.

Vinnik and Kern (61) performed a similar study in which 12 normal sub-
jects had a 16-Fr Levin NGT placed for 48 h. In seven of 12 subjects, the pH
fell below 4 with resolution of reflux following the NGT removal. Persistent
reflux of 6 and 14 h was noted in two subjects despite NGT removal. It was
suggested that the NGT might cause a transient alteration in the competency of
the sphincter though no specific mechanisms were elucidated by this study.

In contrast to these studies, a prospective randomized study conducted on
146 surgical patients evaluated the incidence of gastric regurgitation and aspira-
tion during general anesthesia and found that regurgitation was actually less com-
mon (6% vs. 12%) in the presence of a nasogastric tube (62). After evacuation
of the gastric contents with a 14-Fr sump NGT, regurgitation was evaluated fol-
lowing the intragastric instillation of 2 cc of indigo carmine dye. Patients were
randomized to tube removal or tube retention and the presence of the dye was
sought in the oropharyngeal or endotracheal location just prior to and after the
removal of the endotracheal tube. This study was limited by its design because
esophageal regurgitation could not be assessed, gastric contents were aspirated
from the stomach, and 2 cc of dye could have easily emptied from the stomach
during the surgery.

Emde et al. (63) determined that a 3-mm pH probe placed across the LES
and into the stomach did not increase intraesophageal acid exposure in normal
subjects. However, Singh and Richter (64) noted that three of 10 healthy volun-
teers had increases in their supine acid exposure times when a pH electrode
crossed the LES. In patients with known GER, a significant (p � 0.01) increase
in supine esophageal acid exposure time was measured when the electrode was
across the LES compared to intraesophageal-placed electrodes (12.1% vs. 4.4%).
Interestingly, 5/9 initially had normal supine parameters, becoming abnormal
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only after the electrode was passed beyond the LES. These data suggested that
poor acid clearance was the cause of the patients’ increased supine acid exposure
times and that even the presence of a 3-mm-diameter pH electrode across the
LES could promote GER, primarily in the supine position.

NGT diameter has been specifically studied to determine its effect on GER.
Two separate studies (65,66) noted that NGT size was not an important determi-
nant of GER. These studies were small, with 11 and eight normal subjects, and
of short duration (1 h and 6 h). The first study (65) evaluated GER by technetium
99m sulfur colloid scintigraphy at baseline and after passage of an 8-Fr and 14-
Fr NGT in the supine position. An abdominal binder was inflated from 0 to 100
mmHg in 20-mmHg increments to provoke reflux in these subjects but no GER
was noted. The second study (66) randomly measured esophageal pH at baseline
without an NGT tube, with a 2.1-mm pH probe across the gastroesophageal junc-
tion, and with a 3.8-mm NGT attached to a 2.1-mm pH probe traversing the GE
junction. No abnormal reflux was demonstrated during the 6 h that these normal
volunteers were in the supine position.

The effect of patient position while intubated with an NGT has also been
specifically studied to determine its impact on the tendency to reflux (67,68).
These studies were performed on critically ill patients, the majority of whom
were being mechanically ventilated in an intensive-care setting. Both studies
overwhelmingly concluded that GER was more common in patients with orotra-
cheal intubation and nasogastric intubation; however, the influence of confound-
ing factors made it very difficult to determine the relative contribution of each
variable.

In summary, it seems that NGT can cause GER if the following conditions
are met: (1) the patient is in the supine position, (2) there is a fairly large amount
of acid in the stomach (300 mL or more), and (3) the NGT remains in the patient
for a protracted period (72 h or more). Patients with preexisting GER are more
prone to NGT-associated GER, and while the exact causative factor for GER is
not known in intubated subjects, GER seems to be a common problem in the
patient with an NGT.

MEDICATIONS

The gastroesophageal effects of medications that contribute to a higher risk of
GER may include alterations in LES pressure, esophageal motility, or gastric
emptying. Medications may also cause caustic or inflammatory changes to the
esophageal mucosa resembling reflux or pill-induced esophagitis. It is imperative
that physicians know what medications predispose one to GER so that symptoms
may be ameliorated by discontinuing the offending agent. In this section, we will
review the agents that are felt to contribute to GER.
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Anticholinergics

The major cholinergic neurotransmitter, acetylcholine, exerts a direct effect that
increases the pressure of the smooth-muscle LES. Likewise, metoclopramide,
domperidone, and cisapride act by releasing acetylcholine and indirectly increas-
ing LES pressure. An antagonist of acetylcholine such as atropine should decrease
LES pressure and increase the risk of GER. Brock-Utne et al. in 1977 (69) studied
the effects of hyoscine and atropine on LES tone in normal human subjects,
noting a decrease in LES pressure of approximately 11 cm H2O (p � 0.01), and
increased GER on pH monitoring. In another study (70), a similar decrement in
LES pressure by an anticholinergic agent was reversed by domperidone.

While these anticholinergic agents were known to reduce the pressure of
the LES, it had not been clearly shown that their therapeutic or diagnostic use
led to increased GER. Hyoscine butylbromide is an anticholinergic agent known
to reduce the pressure of the LES and is used as a hypotonic agent during upper-
gastrointestinal examinations. McLoughlin et al. evaluated 112 consecutive pa-
tients for the presence or absence and the severity of GER before and after the
injection of this agent (71) and found no significant difference in the overall
occurrence (p � 0.41) or degree (p � 0.81) of reflux before and after injection
of hyoscine butylbromide. Mittal et al. (72) reported similar results in 1995 when
evaluating 13 normal subjects to determine the effects of atropine on LES pres-
sure. They found that atropine reduced the basal LES pressure (16.4 � 3 to 8.7
� 2 mmHg) but that the frequency of reflux actually decreased (p � 0.05) after
the injection of atropine compared to the control period. When GER did occur
during periods of atropine-induced low LES pressure, TLESR and inhibition of
the crural diaphragm were found to be the major mechanisms. Overall, atropine-
induced low LES pressure did not predispose to GER in normal subjects, but
instead reduced the frequency of reflux by inhibiting the TLESRs. The results
demonstrated that a reduction in LES pressure in normal subjects did not neces-
sarily cause pathological reflux and that other physiological effects of the pharma-
cological agent may actually reduce the amount of reflux seen in normal pa-
tients—wherein TLESRs are felt to be the mechanism responsible for the
majority of reflux episodes. This study did not address patients with low to low-
normal LES pressure or those with known GER. Lidums et al. reported a subse-
quent study with 15 reflux patients in 1998 (73), and again demonstrated that
atropine inhibits reflux through the inhibition of TLESR and swallow induced
LES relaxation.

Theophylline

The most common xanthines to adversely affect GER are caffeine and theophyl-
line. Stein et al. in 1980 (74) compared the effects of theophylline on LES pres-
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sure in a group of normal volunteers and a group of asthmatics with symptoms
of GER. Esophageal manometry was performed on four normal subjects and six
asthmatics with symptoms of GER at baseline and after intravenous aminophyl-
line was infused to obtain therapeutic levels. All four controls and five of the six
asthmatics had a significant mean decrease (p � 0.02) in the LES pressure from
baseline although GER was not evaluated.

A randomized, double-blind study (75) measured the effect of oral theoph-
ylline on acid reflux in 24 normal adults. Fifteen were randomized to receive
theophylline and nine were given placebo. All of the theophylline patients demon-
strated a 14% reduction in LES pressure, while only two of nine (22%) adults
given placebo demonstrated such numbers. Thirteen of the 15 patients given the-
ophylline had normal acid reflux tests at baseline. Eight of these 13 (61.5%)
developed positive acid reflux tests by pH monitoring in comparison to none of
the eight patients with normal baseline tests given placebo. One of nine (11%)
placebo subjects reported heartburn compared to 11 of 15 (73%) theophylline
subjects. The study concluded that oral theophylline inhibited LES pressure and
induced GER in otherwise normal adults.

Johannesson et al. (76) provided additional evidence that theophylline also
stimulated gastric secretion (77), which could contribute to GER in the setting
of a relaxed LES. They compared the effects of another antiasthmatic xanthine,
enprofylline, with theophylline using LES manometry and gastric acid secretory
studies in eight normal, healthy volunteers. The study found that both medications
lowered LES pressure to the same extent, but only theophylline stimulated gastric
secretion via a mechanism independent of gastrin stimulation.

In a randomized, double-blind, crossover study, Hubert and colleagues (78)
compared the effects of theophylline (mean dose 9.8 � 1.6 mg/kg/day) and pla-
cebo on the incidence of GER in 16 adult patients with asthma. Nocturnal intra-
esophageal pH monitoring (15 h) was performed after 1 week in each arm of the
study. There was a trend for the number of reflux episodes to be higher with
theophylline than placebo, which was very close to statistical significance (p �
0.051).

The evidence is clear that theophylline will lower the tone of the LES and
increase gastric secretion. Obviously these effects will not lead to uniform reflux
in all patients who use these medications, but it is worthwhile reminding patients
with severe GER and asthma that theophylline is a medication that may worsen
the manifestations of reflux.

Calcium Channel Blockers

The family of medications known as calcium channel antagonists comprises three
structurally separate groups of medications: the benzothiazepines, represented by
diltiazem; the diphenylalkylamines, represented by verapamil; and the dihydro-
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pyridines, represented by nifedipine. Each of these groups has different affinities
for different types of smooth muscle and has come to occupy its own therapeutic
niche for various medical disorders.

Although these medications could relieve the discomfort associated with
esophageal motility disorders, the question remained as to whether decreased
LES pressure could lead to GER and pain from esophagitis. If so, this class of
medications might represent a double-edged sword, curing esophageal chest pain
from dysmotility on one side, but raising the risk of GER and esophagitis on the
other.

The ability of these medications to lower the LES pressure was reviewed
by Richter et al. in 1985 (79). In this review it was mentioned that diltiazem
decreased LES pressure in achalasia patients but had no effect in healthy volun-
teers or patients with the ‘‘nutcracker esophagus.’’ Nifedipine, however, had been
shown to demonstrate a dose-related decrease in LES pressure in normal volun-
teers and patients with the nutcracker esophagus, in addition to its effects in
achalasia (79,80).

An Italian study published in 1992 reported on ‘‘oesophageal angina’’ in
patients with angina pectoris (81). In this study, the authors evaluated 18 subjects
in whom nitrates and calcium channel antagonists did not improve or prevent
angina-like chest pain. Eighteen patients with underlying angina pectoris under-
went endoscopy, manometry, acid perfusion testing, and 24-h ambulatory pH
monitoring of the esophagus. Ten of the 18 subjects had severe esophageal motil-
ity disorders, the most common of which was diffuse esophageal spasm. Basal
LES tone was significantly lower than normal in all subjects and pathological
GER was demonstrated in 14/18. It was postulated that the chronic use of nitrates
and calcium channel antagonists might lead to angina-like chest pain by virtue
of their ability to promote GER or esophageal motility disorders.

These studies indicate that in patients with preexisting GER, or in patients
with other risk factors that would raise their risk independent of these medica-
tions, the calcium channel antagonists should be avoided if at all possible. If a
calcium channel antagonist must be used for other indications, e.g., angina pecto-
ris, diltiazem is the agent with the least effect on the LES in normal patients.

Other Pharmacological Agents

Other medications have been investigated with regard to their effects on the LES
and the associated risk that gastroesophageal reflux might be induced or exacer-
bated. Singh et al. reported on the effect of the benzodiazepine alprazolam on
esophageal motility and acid reflux in 1992 (82). They evaluated 10 healthy vol-
unteers in a randomized, placebo-controlled study while administering alprazo-
lam three times a day or placebo. While alprazolam had no significant effect on
LES pressure or motility in the esophagus, one-third of the subjects had abnormal
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nocturnal acid reflux as measured by 24-h pH during the alprazolam phase of
the study. The researchers felt that the alprazolam depressed the central nervous
system resulting in deeper sleep levels with difficulty arousing to clear refluxed
acid. The researchers pointed out that alprazolam interferes with arousal from
sleep and therefore acid clearance is diminished. Though not specifically studied,
commonly prescribed benzodiazepines such as diazepam, midazolam, and te-
mazepam affect sleep and depress the central nervous system and one should be
cautious in prescribing these agents to patients with GERD.

Nonsteroidal anti-inflammatory drugs (NSAIDs) have been implicated in
a myriad of gastrointestinal complaints including inflammation, erosion and ul-
ceration, pill-induced injury, and GER. Prior studies (83) have shown that PGE2

inhibits LES pressure and decreases esophageal contractions while PGF2α has
the opposite effect. Hence, the administration of NSAIDs could interfere with
the synthesis of both classes of prostaglandins and lead to an increase or decrease
in LES pressure. One prior study, in which a single rectal dose of indomethacin
increased LES pressure, demonstrated a beneficial influence on potential GER
(84).

To determine whether NSAIDs could induce GER, Scheiman et al. studied
the effects of naproxen on reflux parameters and esophageal function (85). Nine
healthy volunteers received either naproxen 500 mg orally twice a day or placebo
for 1 week followed by esophageal manometry and 24-h pH monitoring. After
a 14-day washout period, the patients were crossed over and repeat studies were
performed after a week on the other drug. Although reflux did increase in some
subjects while taking naproxen, the NSAID had no significant effect on motility
parameters nor did it induce GER in normal subjects. Prior endoscopic studies
demonstrated that NSAID users had less esophagitis than gastric or duodenal
injury. This suggested that a local irritative toxicity, rather than esophageal reflux,
was the probable mechanism of action behind esophageal symptoms in NSAID
users. Based on these results, the researchers postulated that pyrosis experienced
during NSAID use might not even arise from the esophagus or might reflect an
alteration in esophageal mucosal sensitivity secondary to NSAIDs. They sug-
gested that the effects of NSAIDs on individuals with an increased risk for reflux
be further studied.

Premedications used in patients undergoing general anesthesia have been
studied with regard to GER and pulmonary aspiration. During induction of anes-
thesia, the loss of airway protection is unavoidable. Hall et al. (86) studied the
effects of morphine sulfate, pethidine hydrochloride, and diazepam in 35 human
volunteers and eight rhesus monkeys using esophageal manometry and esopha-
geal pH probe. All three medications lowered LES pressure and were therefore
felt to increase the probability of reflux in both monkey and human. Penagini
and Bianchi (87) noted the opposite effect with morphine after evaluating eight
healthy subjects and eight patients with reflux disease. Esophageal pH, LES, and
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esophageal pressures were simultaneously recorded for 30-min periods at base-
line, after morphine, and after naloxone. Morphine reduced the number of reflux
episodes (p � 0.02) and the time at pH � 4 (p � 0.05) in the reflux patients
but not in the healthy controls. Morphine did not affect LES pressure in this
study, but was seen to markedly reduce the number of transient LES relaxations
(p � 0.05) in the reflux patients, in whom TLESRs were found to be the major
mechanism responsible for reflux. Naloxone completely reversed the effects of
morphine.

Rattan and Goyal published a study of the deleterious effects of intravenous
dopamine on the tone of the LES of the opossum in 1976 (88), but when this
agent was studied in normal humans (89) neither dopamine nor normal saline
changed the LES pressure or raised the risk for clinically evident reflux.

Though not considered medications, enteral nutritional solutions are used
as a source of nutrition in hospitalized, critically ill patients. The effects of intra-
venously and intragastrically administered amino acids (vs. saline control) on the
LES pressure and frequency of TLESRs were studied by Gielkens et al. (90)
using esophageal manometry and pH monitoring in six healthy volunteers. No
significant changes in LES pressure or esophageal pH were seen in response to
an intravenous or intragastric saline infusion; however, intravenous amino acid
infusion caused a rapid and sustained decrease in LES pressure. Intragastric infu-
sion of amino acids had a similar, but more gradual and temporary effect on LES
pressure. The frequency of TLESRs, number of GER episodes, and duration of
reflux did not differ between the baseline study, the two infusions of amino acids,
or saline. The authors presented a discussion of the possible mechanisms whereby
amino acids could influence GER to include LES relaxation resulting from the
effects of nitric oxide donated from l-arginine. Whether amino acid infusion
would lead to increased reflux in patients with a less competent antireflux barrier
remains unanswered.

Finally, the effects of transdermal nicotine also merit discussion as to their
impact on gastroesophageal reflux. Rahal and Wright presented data on 20 volun-
teers (91). Twelve were smokers, eight subjects were nonsmokers, and none had
any history of GER. All were studied with a 24-h pH/motility apparatus while
wearing a placebo patch followed by 24-h wearing a 21-mg nicotine patch. Smok-
ers were not permitted to use any tobacco products during the study period though
no prior washout period was performed. The study demonstrated a significant
increase in acid exposure while wearing the nicotine patch compared to placebo
with the differences noted during the supine period rather than upright. There
was no significant difference in esophageal motility in response to nicotine.

Kadakia et al. evaluated 10 healthy, nonsmoking volunteers (92). Baseline
esophageal manometry was performed followed by repeat manometry after wear-
ing a 15-mg nicotine patch for 12 h. Plasma nicotine and cotinine levels were
drawn prior to the two studies and demonstrated undetectable levels at baseline
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followed by significantly elevated levels after 12 h. LES pressure fell by 31%
when measured by rapid pull-through technique and 27% by station pull-through
after 12 h of the patch. No effects on motility of the esophageal body were demon-
strated. The study concluded that transdermal delivery of nicotine resulted in
significant reductions in LES pressure in healthy adult subjects. While pH moni-
toring was not performed, the demonstrated decrease in LES pressure provides
a mechanism to explain de novo gastroesophageal reflux in healthy subjects as
well as an explanation for more severe reflux in patients with preexisting GER.
In their discussion, the authors highlighted the fact that further studies of the
effects of transdermal nicotine in smokers with and without GER remain to be
performed.

In this subsection, we have discussed various medications that have been
linked with an increased risk of GER. As demonstrated by a review of the litera-
ture, the mechanisms by which medications lead to symptoms of heartburn or
frank GER are often not entirely known. It appears unlikely that a single mecha-
nism or common chemical mediator such as nitric oxide is involved in mediating
GER, though this is still an area of active research. We should remind ourselves,
our patients, and our colleagues of the possible effects that seemingly innocuous
medications and substances can have on worsening underlying GER as well as the
potential for development of de novo GER in otherwise asymptomatic patients.

PREGNANCY

The physiological changes that accompany the normal gravid state include effects
involving the gastrointestinal system. GER is probably the most commonly seen
gastrointestinal condition associated with pregnancy. Reports of the frequency
of reflux have ranged from 48% (93) to 79% (94) in various studies with the true
incidence of GER during pregnancy difficult to determine owing to a lack of large
investigational studies to document its occurrence. Obstetricians are reluctant to
place an expectant mother or her fetus at unnecessary risk such as that attendant
to conscious sedation and especially radiographic studies. As a consequence, it
is difficult to perform statistically relevant studies in this patient population.

Owing to the difficulty in performing procedures on pregnant patients in
research protocols, much of the data regarding the prevalence of GER in preg-
nancy has come from questionnaires and other noninvasive techniques. One of
the largest studies was a self-administered questionnaire given to 607 pregnant
women at an antenatal clinic by Marrero et al. (95). This study reported an in-
crease in the prevalence of heartburn with gestational age (22% in the first trimes-
ter, 39% in the second, and 72% in the third), though the symptom of pharyngeal
regurgitation did not increase at the same rate. The researchers postulated that a
hormone-related impairment on distal esophageal clearance was most likely in-
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volved in the higher incidence with time. Mechanical compression from the fetus
was less likely as evidenced by the lack of improvement after fetal head de-
scent.

Earlier theories concerning the pathophysiology of pregnancy-induced
heartburn were a reflection of the state of technical expertise and the presumed
psychic influence on pregnancy. Subsequent studies paralleled the expanding
knowledge about the pathophysiology of GER and focused on the role of the
LES in maintaining a competent antireflux barrier, the actions of gestational hor-
mones on the esophagus, and the role of increased intra-abdominal pressure from
the growing fetus.

One of the earliest studies to examine the role of the LES was done by
Nagler and Spiro in 1961 (96). This study evaluated 39 pregnant women—20
with heartburn and 19 asymptomatic controls. Symptomatic patients were found
to have a hypotensive LESP that progressively decreased with gestation and re-
turned to normal after delivery. A later study by Van Theil and colleagues evalu-
ated four pregnant women at 12, 24, and 36 weeks of gestation and again at 1–
4 weeks postpartum (97). Again, LES pressure was seen to progressively fall
during pregnancy and return to normal postpartum (Fig. 2).

These trends in reduction of LES pressure and increase in heartburn paral-
leled known increases in the female sex hormones with pregnancy (Fig. 3) and
stimulated further research to specifically evaluate the role of estrogen and pro-
gesterone in pregnancy-related GER. Animal research using the opossum model

Figure 2 Measurement of LES pressure (mean values) in four women during pregnancy
and in the postpartum period. Adapted from Van Thiel, 1977.
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Figure 3 Relationship among prevalence of heartburn, symphysis-fundus height,
plasma progesterone and urinary oestriol excretion with gestational age. Adapted from
Marrero, 1992.

had demonstrated that the combination of estrogen and progesterone led to more
pronounced decrements in LES muscle function than either estrogen or progester-
one alone (98,99). Van Thiel and colleagues carried out similar human studies
(100). They evaluated the effects of sequential estrogen and progesterone on LES
pressure and found no change in LES pressure from baseline when estrogen was
taken alone, but demonstrated a significant decrease in LES pressure on the days
that both estrogen and progesterone were given. Further evidence was contributed
by Filippone et al. in an interesting abstract published in 1983 (101). They studied
five male transsexuals during a control period before hormone administration
and while taking estrogen and progesterone in combination. The combination of
hormones led to a significant decrease in resting LES pressure from baseline
(11.2 � 2.1 to 5.0 � 0.7 mm Hg, p � 0.02), while neither hormone alone influ-
enced changes significantly different from baseline (estrogen 11.0 � 1.8 mmHg,
progesterone 8.5 � 1.7 mmHg, p � 0.05).

The commonly held belief regarding increased abdominal pressure
(secondary to the enlarging gravid uterus) in the pathophysiology of pregnancy-
related GER may be a misperception. It was originally felt that the enlarging
uterus could increase gastric pressure, increase reflux down a gradient favoring
retrograde flow across the gastroesophageal junction, and mechanically delay
gastric emptying. A study in 1967 by Spence et al. examined intragastric pres-
sures during anesthesia in 23 men, 36 children, 43 nonpregnant women, and 31
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pregnant women (102). They found that intragastric pressure in the pregnant pa-
tients was twice that of the other groups and decreased immediately after delivery,
suggesting the responsible role of the gravid uterus. On the other hand, a study
by Lind and others in 1968 evaluated 10 nonpregnant asymptomatic controls,
nine pregnant patients without heartburn, and 11 pregnant patients with heartburn
(103). All of the pregnant women had been asymptomatic prior to pregnancy and
none of the nonpregnant women were receiving hormonal therapy. The study
demonstrated a normal increase in LES pressure in the controls with abdominal
compression. Both groups of pregnant patients demonstrated an elevated baseline
intragastric pressure equivalent to that obtained with abdominal compression in
the normal controls. The interesting finding, however, was the differences in the
maximal LES pressure measurements between the three groups. The pregnant
patients without heartburn had a maximal sphincter pressure of 44.8 cm H2O,
which was significantly higher than the pressure of 34.8 cm H2O found in the
normal controls (p � 0.02). The symptomatic pregnant patients had a decreased
maximal sphincter pressure of 23.8 cm H2O, which was statistically significantly
lower than that of both comparison groups. These findings demonstrated that
asymptomatic pregnant patients were able to increase the maximal LES pressure
over normal to compensate for an increased intragastric pressure while those
women who could not generate this compensatory greater LES pressure had
symptoms of heartburn. Postpartum studies conducted on some of the sympto-
matic women revealed a return toward normal control values. The authors did not
offer an explanation why some pregnant women developed incompetent sphincter
mechanisms and some did not, despite the fact that all were experiencing the
same stressor in the form of an enlarged gravid uterus.

In an interesting study to isolate the true contribution of the gravid uterus
as a potential mechanism in increasing reflux, Van Thiel and Wald studied LES
pressure in 10 cirrhotic men with tense ascites before and after diuresis (104).
None of the men had heartburn or evidence of acid reflux before or after diuresis.
The tense ascites was felt to represent a pseudopregnant state in which abdominal
pressure was increased to a level analogous to that of a pregnant woman at term
and offered the opportunity to study the potential for GER due to this mechanism.
The authors found that LES pressure was increased prior to diuresis when intra-
abdominal pressure was increased. After diuresis, when intra-abdominal pressure
had normalized, LES pressure returned to normal. At no time did increased ab-
dominal pressure lead to symptoms of reflux. These data are similar to those
generated by the asymptomatic pregnant women studied by Lind et al. (103) in
which LES pressure increased with pregnancy (tense ascites) but returned to nor-
mal postpartum (after diuresis). The simplicity of this study strengthened the case
against the role of increased abdominal pressure in the pathogenesis of preg-
nancy-related GER and refocused importance on the role of progesterone in preg-
nancy-associated reflux.
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The role of delayed gastric emptying as a mechanism of GER in pregnancy
has yet to be extensively studied. One small study by Wald et al. demonstrated
delayed mouth-to-cecum transit using breath hydrogen testing in 15 women in
the third trimester and at 4 weeks postpartum (105). This delay could not be
clearly attributed to alterations in gastric or small bowel transit. A study by Brav-
erman and colleagues, however, evaluated the postpartum restoration of pro-
longed intestinal transit using lactulose hydrogen breath tests in 10 women in
the third trimester and at postpartum days 2 and 4 and compared these results
with those of eight control women (106). These authors were able to demonstrate
that intestinal transit improves early and is related to the fall in serum progester-
one at delivery. These results suggest that the delayed transit measured by Wald
et al. (105) was of intestinal rather than gastric origin. Another small study evalu-
ated gastric emptying between 16 and 19 weeks of gestation and at 6 weeks after
therapeutic abortion (107). Despite the relaxant effects of progesterone on smooth
muscle, no difference in gastric liquid emptying was observed when the subjects
were compared to themselves or to normal menstruating controls. None of these
studies (105–107) evaluated the relationship between alterations in gastrointesti-
nal motility and GER in these patients.

It now appears evident that GER in pregnancy is related to the effects of
progesterone on the LES. These effects increase throughout the duration of preg-
nancy as progesterone levels rise and return to normal at parturition when levels
return to normal. Previously held beliefs in the contribution of psychic factors
and mechanical effects of the gravid uterus have largely been dismissed as our
understanding of GER in general has evolved. We conclude this section with a
reminder of the effects of estrogen and progesterone replacement in menopausal
women. While the cardiovascular and bone-mineral-enhancing effects of these
medications are of undisputed importance, the wary clinician should use these
medications with caution in the patient with severe GERD.

PROGRESSIVE SYSTEMIC SCLEROSIS (SCLERODERMA)

Scleroderma is a systemic connective tissue disease of unknown etiology charac-
terized by excessive deposition of collagen in the skin and internal organs.
Involvement of the gastrointestinal tract was originally described in 1903 by Ehr-
mann (108), and has since been found to be the second most common manifesta-
tion of this disorder following Raynaud’s phenomenon. Esophageal abnormalities
such as decreased or absent peristalsis in the distal two-thirds (smooth-muscle
portion) of the esophagus and reduced LES pressure have been reported in up
to 90% of patients with scleroderma. To the extent that these abnormalities are
known to contribute to GER, symptoms and manifestations of GER are corre-
spondingly increased in this patient population. Some studies that reported on
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the symptoms of heartburn and dysphagia in the scleroderma esophagus focused
on deranged motility and decreased peristalsis of the distal esophagus secondary
to smooth muscle atrophy, while others highlighted the contribution of acid reflux
in the pathogenesis of these symptoms. Other pathophysiological mechanisms in
this population include decreased clearance of refluxed acid and reduced acid-
neutralizing capability secondary to associated sicca syndrome (109). Interest in
qualifying the relative importance of motility versus reflux has grown with the
introduction of histamine receptor antagonists, promotility agents, and proton
pump inhibitors as effective medical treatments for GERD. Several studies over
the last 20 years have specifically addressed GER in systemic sclerosis.

A 1976 study by Orringer and colleagues evaluated 53 patients with sclero-
derma using history, barium swallow, and a battery of esophageal function tests
to define the extent of esophageal involvement with scleroderma (110). While
abnormal motility, manifest by diminished primary peristalsis on barium swal-
low, was seen in 43 subjects (81%), GER was radiographically evident in only
nine subjects (17%). The battery of esophageal function tests were more sensitive,
revealing abnormal motility in 51 (96%), abnormal acid clearance in 50 (94%),
and moderate to severe acid reflux by pH testing in 38 (72%). The findings of
abnormal acid clearance and abnormal motility in 50 and 51 patients, respec-
tively, correlated well with the reported presence of esophageal symptoms in 48
of the 53 patients. The results argued strongly for the importance of the combined
roles of acid reflux, poor clearance from diminished peristalsis, and increased
mucosal acid contact time in the pathogenesis of esophagitis in scleroderma. The
study demonstrated that GER, and not just abnormal peristalsis, was an important
major contributor to the esophagitis seen in scleroderma and stressed the impor-
tance of an antireflux regimen in this population.

Hendel and colleagues further demonstrated the important relationship be-
tween symptomatic acid reflux and the endoscopic finding of esophagitis in scle-
roderma 10 years later (111). In their study, 18 scleroderma patients with symp-
tomatic GER were treated with ranitidine 150 mg twice daily for 6 weeks and
then randomized to 3 months of continued therapy at the same dose or placebo.
These authors evaluated subjects by interview of symptoms, esophageal manome-
try, esophageal pH measurement, and endoscopy at baseline, after 6 weeks, and
after 3 months. After 6 weeks of ranitidine, the investigators found an improve-
ment in symptoms of heartburn in 16 (two unchanged, p � 0.01), improvement
in mucosal appearance at endoscopy in 15 (three unchanged, p � 0.01), and
improvement in dysphagia in three (15 unchanged, NS). Six of the eight subjects
randomized to receive placebo noted an aggravation of their heartburn symptoms
with a corresponding worsening of the esophageal mucosal appearance in seven.
Of the 10 subjects who continued to use ranitidine, eight had no change or an
improvement in symptoms of heartburn. Mucosal appearance at endoscopy was
unchanged or improved in seven while dysphagia was unchanged in all 10 treated
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subjects. Esophageal motility and pH studies were unchanged in response to the
treatment with ranitidine or placebo. The study concluded that acid suppression
was effective in relieving heartburn symptoms and in healing esophageal mucosa
in the scleroderma population but did not affect esophageal motility or relieve
dysphagia.

A 1987 study by the same authors sought to determine whether esophageal
manometry or esophageal pH monitoring was of superior diagnostic ability over
the other in selecting scleroderma patients for antireflux therapy (112). Fifty-five
unselected patients with scleroderma were evaluated for GER using esophageal
manometry, 12-h pH monitoring, and symptom questionnaires. The investigators
found that only 30 patients had pathological GER by pH monitoring despite re-
ported symptoms of GER from 39. Forty-six (84%) of the patients had impaired
motility of the distal two-thirds of the esophagus. There were 13/39 with reflux
symptoms who did not have pathological GER and 4/16 without symptoms who
did have pathological GER (33% false positives, 25% false negatives). When all
three study methods (manometry, pH, and symptoms) were combined, a positive
correlation of 60% was found in patients with reduced distal esophageal peristal-
sis and GER. The investigators concluded that manometry alone was too insensi-
tive to determine who had pathological GER and that sensitive esophageal pH
monitoring should be performed in all scleroderma patients to ensure proper de-
tection of pathological GER.

In contrast to this, a study by Zamost and colleagues published the same
year suggested that esophageal manometry was the best test to identify those
who required further evaluation for esophagitis (113). These investigators evalu-
ated 53 scleroderma patients with endoscopic biopsy and found erosive esophagi-
tis in 32 (60%). All patients with erosive esophagitis had an aperistaltic distal
esophagus, including five asymptomatic patients. None of the patients with nor-
mal esophageal motility had erosive esophagitis. Those with erosive esophagitis
had significantly more frequent episodes of heartburn and dysphagia, more fre-
quent episodes of reflux, and single episodes of reflux of longer duration than
those subjects without erosive esophagitis. Although supine pH was significantly
lower in those with erosive esophagitis than in those without, upright reflux did
not differ. The data suggested that acid clearance in the aperistaltic patients was
hampered to a greater degree when supine and that these circumstances were
critical in combining to promote the development of erosive esophagitis. In this
regard, esophageal manometry was crucial in its ability to demonstrate which
patients were aperistaltic and therefore at greatest risk for developing more severe
esophagitis.

Along similar lines, a study by Murphy et al. (114) reported that decreased
distal esophageal smooth-muscle peristalsis appeared to be the most important
factor in determining the degree of acid exposure and esophageal injury seen in
scleroderma. The group studied seven scleroderma patients with known severe
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esophagitis using simultaneous intraesophageal pH monitoring and scintigraphy
following a radiolabeled meal. They compared the findings from the scleroderma
patients to those from nine patients with identical endoscopic findings but with
no evidence of a connective-tissue disorder. The investigators sought to determine
whether decreased clearance of reflux events and/or increased frequency of reflux
events was primarily responsible for the postprandial reflux seen in scleroderma
patients. The study found that scleroderma patients had significantly fewer reflux
events (p � 0.01), but the events that did occur were of significantly longer
duration (p � 0.01). By using scintigraphy and pH monitoring together, the in-
vestigators demonstrated that additional reflux events were able to occur before
complete clearance of the preceding reflux event. The prolonged clearance in the
scleroderma patients was predominantly due to decreased peristaltic contractions.
An additional contribution secondary to diminished salivary neutralization of acid
from sicca syndrome could not be dismissed. This study focused on the important
role that prolonged acid clearance played in the pathogenesis of esophagitis in
scleroderma and demonstrated a lessor role for increased reflux events due to an
incompetent LES.

Subsequent studies (115) have supported the findings of Zamost et al. (113)
and Murphy et al. (114) in reporting that the severity and extent of GER and
esophagitis in scleroderma are most closely influenced by the integrity of distal
esophageal peristalsis. If one accepts that a weakened peristaltic wave would
hinder expulsion of the majority of the acid refluxate and delay delivery of neu-
tralizing saliva to the residual acid remaining in the distal esophagus (116), the
factors responsible for the high incidence of esophagitis in scleroderma can be
more easily understood. That abnormally delayed esophageal emptying plays a
key role in the degree of GER experienced by progressive systemic sclerosis
(PSS) patients is also highlighted by the fact that the outcome of antireflux sur-
gery in this group of patients is usually poor. The pathogenesis of gastroesopha-
geal reflux in the scleroderma patient is therefore appreciated in a different light
than that of the nonscleroderma patient wherein the competency of the LES and
frequency of TLESRs play a more central role.

ZOLLINGER-ELLISON SYNDROME

While the Zollinger-Ellison syndrome (ZES) is characterized by severe ulcer dis-
ease, gastric acid hypersecretion, and hypergastrinemia, the relationship between
GERD and ZES must be examined separately from the effects of gastrin on
the LES.

The relationship between gastrin, the LES, and GERD was intensively stud-
ied in the late 1960s and early 1970s. For a time, gastrin was believed to play
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a major role in determining LES pressure. Several early studies demonstrated
marked increases in LES pressure in response to pharmacological stimulation
or intravenous administration of gastrin, while others demonstrated sphincteric
hypotension in the setting of diminished levels of endogenous gastrin (117–122).
The finding of an increased LES pressure in a small study of six ZES patients
compared to eight control subjects added to the early evidence supporting gas-
trin’s importance as a regulator of LES pressure (123). Contradictory evidence
was later presented, however, when McCallum and Walsh demonstrated similar
basal LES pressures among patients with ZES versus normals (124) and when
Snyder and Hughes demonstrated similar basal LES pressure in ZES- versus non-
ZES-related duodenal ulcer patients (125). The possible correlation between LES
pressure and gastrin was further questioned when studies failed to demonstrate
a significant relationship between these two factors in GER patients (126–128).

As part of an effort to clarify the controversy regarding the physiological
versus pharmacological effects of gastrin on LES competence, further studies
evaluating ZES emerged. Earlier literature on the ZES had suggested that esopha-
geal involvement was rare because of the presumed protection afforded by the
hypergastrinemia-enhanced LES pressure. In fact, Ellison’s 1964 review of 260
registered cases of ZES described esophageal ulceration in only two of 166 pa-
tients. Symptoms of heartburn and dysphagia, however, were not specifically
mentioned in the study (129). A later review from the Mayo clinic in 1978 again
failed to mention esophageal symptoms, though it did report endoscopic esopha-
gitis in four of 27 patients (130).

The first study that specifically evaluated for the presence of GERD in the
ZES was published by Richter and colleagues in 1981 (131). Fifteen patients
with known ZES were evaluated using questionnaire, acid reflux test, Bernstein
test, esophageal manometry, endoscopy, and esophageal suction biopsy via Rubin
tube. Interestingly, five patients had originally presented with esophageal disease
as the initial manifestation of the ZES. Despite ongoing long-term use of cimeti-
dine, 6/15 patients reported heartburn, while 9/15 had objective evidence for
reflux disease. LES pressure was significantly higher in the total group of ZES
patients versus controls (25.2 � 2.8 vs. 18.3 � 0.6 mmHg, p � 0.001). Though
ZES patients with heartburn were found to have significantly lower LES pressure
than asymptomatic ZES patients (16.8 � 1.7 vs. 30.8 � 3.4 mmHg, p � 0.001),
their LES pressure remained significantly higher than in those with idiopathic
GER (16.8 � 1.7 vs. 5.4 � 0.4 mmHg, p � 0.01) (Fig. 4). No correlation was
seen between LES pressure and fasting serum gastrin concentration in the ZES
patients.

A retrospective review of the medical and radiographic records of 18 pa-
tients with ZES by Agha (132) demonstrated esophageal disease in six (33%).
Esophagogram, endoscopy, or histopathological evaluation of esophageal biopsy
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Figure 4 Comparison of LES pressure in patients with GER, controls and subjects with
Zollinger-Ellison syndrome (with and without heartburn). Data points are individual LES
pressures. From Richter, 1981.

material established the diagnosis of esophageal involvement. Four of the 18
patients (22%) had had symptoms of heartburn or dysphagia from 6 months to
3 years prior to the diagnosis of ZES.

A larger study of 122 ZES patients from the National Institutes of Health
by Miller and colleagues (133) reported esophageal symptoms of heartburn or
dysphagia in 55 (45%), endoscopic abnormalities of esophagitis, stricture, or Bar-
rett’s esophagus in 51 (42%), or a combination of both in 74 (61%). As in Rich-
ter’s study (131), all patients were on histamine H2-receptor antagonists at entry
into the study. Following an initial endoscopy, histamine H2-receptor antagonist
or proton pump antagonist medications were given at doses sufficient to com-
pletely eradicate signs or symptoms of esophageal disease and patients were reas-
sessed in 2 weeks. Of the 52 patients with reflux esophagitis on initial endoscopy,
40 (77%) had complete mucosal healing with reduction of gastric acid output to
�10 mEq/h at 2 weeks. Twenty patients had partial improvement with reduction
in gastric acid output to �10 mEq/h and required increased doses of histamine
H2-receptor antagonist (19 patients) or proton pump antagonist (one patient) to
reduce acid output to �5 mEq/h. Twelve of the 19 had persistent abnormalities
after 2 weeks at this higher dose and required further suppression of gastric acid
output to �1 mEq/h with omeprazole before resolving the signs or gaining con-
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trol of the symptoms of esophageal disease. Not only did this study demonstrate
a high incidence of esophageal involvement in ZES, it also demonstrated that
some patients with ZES will only have their esophagitis controlled after being
rendered virtually achlorhydric with a proton pump antagonist.

Having demonstrated that gastrin levels and LES competence were unre-
lated and that the incidence of esophageal involvement in ZES was at least as
great as 61% (probably higher if one considers that all patients were on histamine
H2-receptor antagonists at entry), the task of explaining the pathophysiology of
esophageal involvement in ZES remains. Strader and colleagues evaluated 92
patients with ZES (66 with active disease, 26 disease-free after curative resection)
to determine whether the high prevalence of esophageal disease was due to gastric
acid hypersecretion alone or to additional abnormalities in esophageal motility
or LES function (134). At entry, all patients had had acid secretion normalized
by antisecretory medications or surgery for at least 5 weeks to ensure that no
changes were due to gastric acid hypersecretion or secondary to acid-reflux-
induced esophageal damage. No correlation was noted between LES pressure,
esophageal manometry, fasting serum gastrin, or basal or maximal acid output
levels. Esophageal manometry and LES pressure were similar in active ZES pa-
tients and those who were disease-free. The investigators concluded that the high
prevalence of reflux disease in ZES was primarily due to gastric acid hypersecre-
tion. A multivariate analysis of the pathophysiological factors in idiopathic reflux
esophagitis showed that peak acid output was one of three significant independent
parameters along with esophageal acid clearance and LES pressure (135). An
additional report by Straathof and colleagues (135a) studied the effect of gastrin-
17 on the LES in nine healthy controls to determine the effect of this hormone
on TLESR. While the frequency and duration of TLESR were not affected by
the gastrin infusion (15 pmol/kg/h), the percentage of TLESRs associated with
reflux was significantly higher (p � 0.05) in response to gastrin. Further study
comparing TLESR in ZES patients, GER patients, and normals is necessary to
determine whether this finding is truly relevant.

DELAYED GASTRIC EMPTYING

Reflux Patients

Does delayed gastric emptying predispose an individual to GERD, or does GER
itself lead to delayed gastric emptying? Is delayed gastric emptying merely one
manifestation of a broader motility disorder that also affects GER? Could delayed
gastric emptying protect against reflux esophagitis? Are there any medications
or medical conditions associated with delayed gastric emptying that correspond
to a higher incidence of GER? In the following section, we will discuss delayed
gastric emptying as it pertains to GERD and will attempt to answer the questions
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raised by reviewing some of the conditions clinically associated with delayed
gastric emptying.

The medical literature contains evidence that supports and refutes an associ-
ation between delayed gastric emptying and GER. Little et al. (136) evaluated
50 patients with GER diagnosed on the basis of abnormal 24-h esophageal pH.
Twenty-six had esophagitis, while 24 had no esophagitis and there were 15 nor-
mal controls. Gastric emptying was significantly delayed in patients with esopha-
gitis compared to those without esophagitis and normal subjects. Upright reflux-
ers were found to have rapid emptying compared to controls in contrast to the
delayed emptying seen in patients with supine or combined reflux. Manometry
showed no difference in LES characteristics between the groups with and without
esophagitis. In esophagitis patients, there was decreased esophageal acid clear-
ance and more reflux episodes lasting longer than 5 min. The investigators pro-
posed three possible mechanisms whereby delayed gastric emptying increased
GER: (1) delayed gastric emptying results in an increase in gastric contents and
overflow into the esophagus, (2) the higher intragastric pressure may overcome
LES pressure, and (3) gastric dilatation could conceivably cause LES shortening,
sphincter incompetence, and GER.

Other studies have shown that postprandial gastric distension can change
fundic gastric wall tension and lead to increased TLESRs (137,138) and more
frequent reflux events (139,140). Excessive GER by any mechanism could also
lead to severe esophagitis and scarring with subsequent esophageal dysmotility
and delayed acid clearance (136). Biancani et al. (141) noted that esophagitis in
cats led to decreased esophageal contractile amplitude. This decrease was related
to increased prostaglandins associated with inflammation, which then interfered
with storage and transfer of calcium into smooth-muscle cells. Extension of the
inflammatory process to involve vagal fibers leading to the stomach could lead
to gastric emptying abnormalities furthering this vicious cycle.

Studies by Shay et al. (142), Schwizer et al. (143), and Keshavarzian et al.
(144) all concluded that delayed gastric emptying did not play a major role in the
pathophysiology of gastroesophageal reflux in most patients. These three groups
studied a total of 119 patients and 67 controls. GER was defined by abnormal
24-h intraesophageal pH monitoring in all patients (n � 43) in the Shay and
Keshavarzian studies. Patients were entered into the Schwizer study based on
symptoms; however, once enrolled, all patients (n � 76) underwent 24-h pH
monitoring. While 25/76 (33%) had no evidence of abnormal exposure to acid
on 24-h pH, they were still analyzed within the patient group with results signifi-
cantly different from control in all parameters (p � 0.0001). All three studies
found no difference in gastric emptying rates between controls or patients with
or without reflux. Moreover, the Schwizer study found that delayed emptying was
associated with less esophagitis than found in those with normal gastric emptying,
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suggesting that the presence of food within the stomach may have a protective
role in buffering gastric acidity.

It is worth mentioning that Little’s 1980 study (136) was one of few early
studies that defined the reflux group by abnormal 24-h pH. Previous studies that
reported delayed gastric emptying in ‘‘reflux’’ patients defined GER by symp-
toms, radiography, or Bernstein testing (145–147) and may have included a more
heterogeneous group of patients than those with pure GER. The possible inclusion
of patients with nonulcer dyspepsia or other disease states with symptoms that
mimic GER might have affected the results of prior studies as delayed gastric
emptying might be more prevalent in these groups of patients than in those suffer-
ing from isolated GER. Methodological differences in scintigraphic techniques
for measuring gastric emptying have also been implicated in interpretative dis-
crepancies between studies. A 1996 study from Benini and colleagues (148) used
real-time ultrasonography to evaluate whether a mixed meal emptied more slowly
in 25 patients with 24-h proven reflux. Although gastric emptying was signifi-
cantly delayed in reflux patients compared to control, there was no correlation
between delayed emptying and either pH monitoring or the presence of esophagi-
tis. Esophageal acid exposure in the postprandial period was similar in patients
with normal and delayed gastric emptying. These results argue against a direct
causal link between delayed emptying and reflux and suggest the presence of a
broader motility disorder in certain patients with GER.

A recent pediatric study by Cucchiara and colleagues (149) evaluated the
relationship between gastric electrical activity by electrogastrography (EGG) and
gastric emptying by antral ultrasonography in 42 reflux patients. Gastric dys-
rhythmias were detected more frequently in patients than controls (p � 0.01)
and were associated with delayed gastric emptying. Soykan and colleagues (150)
evaluated 50 adult reflux patients with EGG and radionuclide gastric emptying
and found that 52% had gastric motor or myoelectric abnormalities that contrib-
uted to the pathogenesis of their GER. While these two studies provided evidence
that gastric motor abnormalities were prevalent in GER patients, neither study
used esophageal pH nor was able to demonstrate a direct etiological link between
these abnormalities and GER.

A 1991 study by Cunningham and colleagues (151) evaluated the relation-
ship between autonomic nerve dysfunction, esophageal motility, and gastric emp-
tying in 48 patients with GER. They found that 21/48 (44%) had abnormal auto-
nomic nerve function with delayed solid food emptying in 46% and delayed
esophageal transit in 28%. Contrary to the suggestion that vagal nerve impairment
was secondary to severe esophagitis, the study revealed that autonomic nerve
impairment was also unrelated to the degree of esophagitis and therefore a pri-
mary phenomenon leading to delayed esophageal transit, abnormal esophageal
peristalsis, and GER. No significant relation was found between autonomic nerve
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dysfunction and delayed gastric emptying or between endoscopic grade of esoph-
agitis and gastric emptying. The investigators concluded that a high prevalence
of autonomic nerve dysfunction in GER might be of pathogenic importance by
its relation to delayed esophageal transit and abnormal peristalsis.

Diabetes Mellitus

It is well known that delayed gastric emptying may be found in the setting of
the autonomic neuropathy of diabetic gastropathy. A prevalence of 27% was
seen in a study of 30 chronic insulin-requiring patients (152). While those with
autonomic neuropathy secondary to advanced disease are felt to be at greatest
risk, even physiological hyperglycemia has been shown to slow gastric emptying
in both normal subjects and diabetics (153). A study by Samsom and colleagues
(154) demonstrated that hyperglycemia reduced antral contractile activity in eight
type I diabetics with autonomic neuropathy.

Though hyperglycemia has been shown to induce delayed gastric emptying,
there are no studies in the literature that have specifically investigated the relation-
ship between diabetes, gastric emptying, and gastroesophageal reflux. A 1987
study of 20 diabetics (14/20 insulin dependent) by Murray and colleagues (155)
evaluated the relationship between esophageal function, GER, and peripheral
neuropathy; however, the relationship between diabetic peripheral neuropathy,
autonomic neuropathy, and gastric emptying was not explored. One must there-
fore make assumptions or borrow from the results of other studies that have
investigated gastric emptying and GER to draw any conclusions about the risk
of esophageal reflux in the setting of autonomic neuropathy, delayed gastric emp-
tying, and diabetes.

Parkman and Schwartz (156) retrospectively evaluated the prevalence of
gastrointestinal disorders associated with diabetic gastroparesis in 20 patients
who had been hospitalized for intractable nausea and vomiting. Nine (45%) of
these patients had normal upper endoscopy and only four (20%) had erosive
esophagitis on endoscopy, but no patients had 24-h pH monitoring to evaluate
for GER.

While previous investigators had suggested that diabetics with autonomic
neuropathy secreted less gastric acid and therefore had less gastroesophageal re-
flux (157), we now have evidence that shows this to be untrue (153). Until investi-
gations are performed to evaluate whether diabetic gastroparesis/autonomic neu-
ropathy leads to gastroesophageal reflux, this question remains unanswered.

Intestinal Pseudo-Obstruction

In 1959, Murley (158) first described intestinal pseudo-obstruction (IP) as a de-
generative neuromuscular disorder affecting intestinal motility presenting with
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features of intestinal obstruction in the absence of a true mechanical obstruction.
IP can be seen in scleroderma with intestinal involvement and had been thought
to be the consequence of an underlying systemic disorder. Subsequent research
revealed that the difference between scleroderma and IP was the degree of muscle
fibrosis seen in IP versus collagen replacement in scleroderma, suggesting a pri-
mary role of muscle fibrosis rather than collagenous replacement in IP (159).
While the intestinal manifestations of this disorder have been well characterized,
little has been published with regard to gastroesophageal involvement. Schuffler
and Pope (160) noted that five IP patients undergoing esophageal manometry
had complete esophageal aperistalsis in two patients and distal aperistalsis in the
remaining three. This pattern resembled classic achalasia in three patients and
‘‘vigorous’’ achalasia in two and was distinctly different from the manometric
findings of scleroderma of the esophagus.

A 1988 study by Mayer and colleagues (161) evaluated gastric emptying
of solids and liquids in 11 patients with IP and noted that 8/11 had abnormal
gastric emptying. Although specific studies of GER were not part of the evalua-
tion, esophageal manometry noted 4/9 patients with abnormal or absent esopha-
geal peristalsis. One patient had a hiatal hernia and decreased peristalsis and the
other a stricture and esophageal ulceration on the upper-gastrointestinal tract.

These studies demonstrate IP as a heterogeneous disorder, involving the
esophagus as well as segments all along the intestinal tract. When GER is present,
possible contributing factors include delayed gastric emptying or poor acid clear-
ance secondary to an aperistaltic esophagus.

Medications

While we can demonstrate that medications possess pharmacological properties
that affect smooth muscle, vagal tone, or gastric motility, there is a paucity of
evidence that has specifically evaluated the role of these medications in delaying
gastric emptying and an etiological or exacerbating contribution to GER. As a
consequence, much of what we know about the risk of medications exacerbating
GER via a delayed gastric emptying mechanism is derived from observing that
these medications can influence radionuclide studies and translating this knowl-
edge to the evidence regarding delayed gastric emptying in general. Medications
that are commonly implicated in delayed gastric emptying are shown in Table
5 (162,166).

Progressive Systemic Sclerosis (PSS/Scleroderma)

The esophagus is the gastrointestinal organ most frequently involved by PSS
while the stomach is usually the last gastrointestinal organ to be involved by
dysmotility in scleroderma (110). In 1984, a study by Maddern and colleagues
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Table 5 Causes of Delayed Gastric Emptying

Medications
Alcohol (high concentration) Octreotide
Aluminum antacids Opiates
Anticholinergics Phenothiazines
Beta agonists Potassium salts
Calcium channel blockers Progesterone
Fenfluraminea Sucralfate
l-Dopa Tricyclic antidepressants
Nicotine

Mechanical Causes
Peptic ulcer disease Postoperative stenosis

Gastric ulcer Stricture
Pyloric channel ulcer Gastroenterostomy intussusception
Duodenal ulcer Gastroenterostomy edema

Inflammatory Transverse mesocolon obstruction of Billroth II
Crohn’s disease Complications of obesity surgery
Cholecystitis Other
Pancreatitis Annular pancreas

Neoplasm Bezoar
Gastric cancer Caustic stricture
Gastric polyps Duodenal webs
Duodenal polyps Hypertrophic pyloric stenosis
Ampullary carcinoma Superior mesenteric artery syndrome
Pancreatic carcinoma
Metastatic carcinoma

a Ref. 162a.

(163) noted that seven of 12 patients had abnormal esophageal and gastric empty-
ing and symptomatic correlation of dysphagia and GER with these results. This
study and results of other investigations (164,165) have concluded that delayed
gastric emptying may be an important factor in the pathogenesis of GERD in
PSS.

Others (164) have also shown that patients with more severe GER had more
delayed gastric emptying and more severe alterations in interdigestive gastric
motility compared to those with mild GER. Though only these few studies have
specifically investigated the relationship between esophageal and gastric empty-
ing in patients with PSS, they all agree that delayed gastric emptying is seen
almost exclusively in those with abnormal esophageal emptying (165).

Gastric Outlet Obstruction

Gastric outlet obstruction, previously a complication of long-standing peptic ulcer
disease, is now seen less frequently as diagnosis and treatment of peptic ulcer
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disease and Helicobacter pylori has improved over the last decade. Malignancy
now accounts for the major cause of gastric outlet obstruction. Regardless of the
underlying cause (Table 5) (162,166), gastric atony can develop after prolonged
obstruction and lead to gastric retention. The resultant stasis of gastric contents
can increase both the available volume and potential contact time for these con-
tents to reflux into the esophagus. In addition, hypergastrinemia, which can also
delay gastric emptying, can develop due to the gastric distension and retained
food. As such, a high prevalence of GER as well as a more severe degree of
esophagitis might be expected in this population of patients; however, despite an
exhaustive review of the literature, no published studies have investigated this
potential relationship.

Helicobacter pylori

A number of studies (167–174) have examined the possible relationship between
H. pylori and GERD (Table 6) and have stimulated a number of reviews dis-
cussing this pathogen’s putative role in GERD (175–177). While the majority
of studies demonstrate no association or a protective role for H. pylori in GERD,
features of this pathogen, per Vicari et al. (176), suggest mechanisms whereby
this organism could cause or aggravate preexisting reflux disease. First, a study
by El-Omar and colleagues (178) demonstrated that in H. pylori–infected duode-
nal ulcer patients, there was an elevated basal acid output, which decreased back
toward the levels found in H. pylori–negative volunteers 1 year following H.
pylori eradication. The observed increase in acid secretion relates to increased
gastrin secretion as a consequence of the H. pylori infection decreasing somato-
statin release (with subsequent loss of the inhibition of gastrin release). Second,
H. pylori–induced inflammation of the cardia might trigger vagally mediated
receptors, stimulating TLESR and increased GER. Third, cytotoxins elaborated
by H. pylori might cause esophageal mucosal injury. Evidence later published
by Vicari and colleagues showed that CagA positivity was protective of GERD
(173). Finally, H. pylori gastritis might cause GER via delayed gastric emptying.
Though a subset of patients with GER secondary to delayed gastric emptying
may exist (147), numerous studies of gastric emptying of solids and liquids sug-
gest that H. pylori has no effect on this mechanism (179–181).

While the review by Vicari and colleagues described mechanisms by which
H. pylori might contribute to the pathogenesis of GER, current experimental
and epidemiological evidence supports a protective role for H. pylori. Epide-
miological studies demonstrate that where H. pylori CagA� infection rates are
high [China (�80%) (182)], the corresponding incidence of esophagitis is low
(�5%) (183). Furthermore, complications of GER such as Barrett’s esophagus
and esophageal adenocarcinoma are significantly more common in whites than
blacks or Asians, despite the higher prevalence of H. pylori in Asians (184,
185).
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A review by Labenz and Malfertheiner (175) described mechanisms by
which H. pylori might protect against GER. First, H. pylori infection lowers intra-
gastric acidity by generating large amounts of ammonia, which acts as a potent
neutralizing agent. Second, H. pylori, especially CagA� strains, might lead to
more severe corpus gastritis, leading to multifocal atrophic gastritis, destruction
of gastric glands, and eventually, hypochlorhydria. This relationship (186) sug-
gested that decreased acid secretion (or increased ammonia production) second-
ary to severe H. pylori–related gastritis was protective against reflux esophagitis
as reflux esophagitis was seen in 12.9% when infected with H. pylori, rising to
25.8% within 3 years of cure.

Clearly, the presence of H. pylori is cause for concern when found on sero-
logical or histopathological evaluation of the patient with upper gastrointestinal
symptoms. The importance of the patient’s CagA status, whether this has prog-
nostic implications for the development of future gastrointestinal pathology and
whether it should be routinely sought after, is quite uncertain. Conceivably, if
certain strains of this organism prevent reflux esophagitis, current treatment strat-
egies concerning the eradication of this pathogen may change.

SUMMARY

The purpose of this chapter has been to present and discuss the evidence that
currently exists regarding the known risk factors for GER. We have discussed
various types of risk factors as well as the mechanisms by which they are felt
to act. From anatomical considerations such as hiatal hernia to volitional habits
such as cigarette smoking and alcohol consumption to medical conditions beyond
our control such as the ZES and progressive systemic sclerosis, the factors that
are able to contribute to a greater risk of GER are quite diverse. Some risk factors,
such as medications, nasogastric intubation, or pregnancy, may only be a tempo-
rary or transient concern to the affected individual, knowing that manifestations
of GER will resolve at delivery, after removal of the NGT, or once the offending
medication is discontinued. Other risk factors, such as cigarette smoking or alco-
hol consumption, appear to raise the risk of GER, yet are not universally success-
ful in provoking GER in those who partake of these substances. Perhaps there
is a dose-response relationship that has not yet been determined or an individual
susceptibility that is merely unmasked by these substances. The answers to these
questions remain unanswered by the available evidence. As we have found in
our review of the literature, the evidence that currently exists is flawed in many
areas by study design and lack of sophisticated or sensitive techniques to measure
GER (such as 24-h pH monitoring). While we may have provided answers to
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many of the readers’ questions, we hope we have also provoked new questions
that remain to be answered by future studies.
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3
Epidemiology of Gastroesophageal
Reflux Disease

Dawn Provenzale
Duke University Medical Center, Durham, North Carolina

In this chapter the epidemiology of the two major forms of gastroesophageal
reflux disease (GERD) is covered—that is, symptomatic (nonerosive) reflux dis-
ease and erosive esophagitis. In addition, the epidemiology of the esophageal
complications of GERD is reviewed.

Although definitions vary, GERD encompasses a broad spectrum of pathol-
ogy ranging from esophageal to extraesophageal disease. Moreover, the esopha-
geal manifestations of GERD also vary considerably, from an asymptomatic con-
dition to symptoms of heartburn, cough, and chest pain resulting from esophageal
mucosal injury. With continued reflux, there is damage to the esophageal mucosa.
The extent of damage depends on the duration and severity of the reflux, with
reflux esophagitis reflecting histological and endoscopic damage, and esophageal
stricture and Barrett’s esophagus as sequelae of long-term reflux. The broad spec-
trum of findings reflects the variability in the clinical spectrum of the disorder,
with most patients reporting occasional, intermittent symptoms that typically do
not require medical intervention.

SYMPTOMATIC (NONEROSIVE) REFLUX

Data regarding the epidemiology of the esophageal manifestations of GERD are
essentially based on reports of heartburn as the indicator of GERD. From this
vantage point, the prevalence and incidence of GERD vary by region, with the
highest prevalence in Western countries (1). A Gallup survey revealed that 44%
of adult Americans experienced heartburn at least once a month in the United
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States (2), while a survey of presumed normal hospital employees found that 7%
of individuals experienced daily heartburn, 14% experienced weekly heartburn,
and 15% experienced heartburn once a month (3). A survey of residents of
Olmsted County found that 42.4 per 100 residents experienced heartburn at least
one time in the past year while 17.8 per 100 stated that they had heartburn at
least once per week. Acid regurgitation for at least a year and at least once each
week was reported by 45.0 and 6.3 per 100 residents, respectively. Notable is
that 58.7 per 100 residents reported either symptom occurring in the last year,
while weekly episodes were reported by 19.8 per 100 residents (4). In contrast
to other studies that suggest a slight male predominance for GERD (1) and an
increasing prevalence with increasing age (5–9), this survey found no significant
differences by age or sex (4). The survey also demonstrated that heartburn, but
not acid regurgitation, was inversely associated with increasing age (4).

There is substantial geographic variation in the prevalence of reflux, which
may, in part, be explained by differences in definitions of GERD. A large postal
survey in England and Scotland reported an 18% prevalence of reflux symptoms,
but medical attention was sought by only one-quarter of respondents. Although
symptom frequency decreased with age and was not associated with social class,
the proportion seeking medical care increased with age and was greater among
those in the lowest social class (10). A Finnish study found that among 1700
respondents, symptoms suggestive of reflux disease, including heartburn, regurgi-
tation, dysphagia, upper abdominal, and chest pain, were experienced by more
than half of respondents in the previous year, by more than 25% in the past
month, by approximately 15% in the week before, and by 10% on the day they
replied to the questionnaire. They noted that 16% of symptomatic individuals
used medication and 5% sought medical advice for the problem in the last year
(11). A Danish study found that 12% of the interviewees reported heartburn while
9% reported regurgitation in the previous 6 months; 61% and 64% used antacids,
19% and 23% used H2-receptor antagonists, and 63% and 68% sought medical
advice (12). Another Danish study noted that the 1-year prevalence of epigastric
pain, heartburn, and acid regurgitation was 54.3% in men and 46.7% in women
(13), while a Swedish population study reported heartburn in 21%, acid regurgita-
tion in 20%, and noncardiac chest pain in 12% (14). This population was evalu-
ated 10 years later and the prevalence of heartburn, acid regurgitation, and chest
pain was essentially unchanged (15).

In summary, the prevalence of at least occasional reflux symptoms in the
Western world ranges from approximately 12% to 54% (3–7,10,11,13,14). A
Chinese study revealed a prevalence of acid regurgitation, heartburn, or belching
of 16.9% among individuals presenting for routine physical examination (16),
within the range reported by the Western studies.

Gastroesophageal reflux is a common problem among pregnant women,
occurring in 48–81.5% of Caucasian women (17–20). While three studies have
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detected no racial variation in the incidence of pregnancy-associated heartburn
in Britain or the United States (17,19,20), a study by Bassey (18) showed that
both Nigerians living in Nigeria and those living in Britain for more than 2 years
had a lower prevalence of heartburn (9.8%) than Caucasians living in Britain.

REFLUX (EROSIVE) ESOPHAGITIS

Reflux esophagitis, a sequela of chronic GERD, refers to mucosal injury charac-
terized by epithelial erosions, ulceration, and hyperplasia associated with in-
flammation. Most patients are symptomatic, although esophagitis may occasion-
ally occur without symptoms.

The reported prevalence of esophagitis among individuals who undergo
endoscopy for GERD symptoms ranges from 30% to 79% (21–25) (Table 2),
while the prevalence in the general population has been estimated at 2–4% (26).
In one small series, histological esophagitis was found in up to 60% of individuals
who did not have a history of reflux symptoms and who had no evidence of
endoscopic esophagitis, suggesting that while histological evidence of esophagitis
may be common, the utility of using criteria such as squamous hyperplasia and
the presence of inflammatory cells in histological specimens for the diagnosis of
esophagitis in the asymptomatic individual is questionable (27). The incidence
of severe esophagitis (number of new cases in a specified time period) has been
estimated at 4.5 per 100,000 population annually in a population in northeast
Scotland (6), with a dramatic increase after the age of 50 (Fig. 1). The association
between age and esophagitis has also been demonstrated by Zhu et al. (28), who
found endoscopic grades III and IV esophagitis in 20.8% of patients 65–76 years
old compared to 3.4% in patients younger than age 64.

Reflux esophagitis appears to be a disorder of predominantly Western popu-
lations, although the data are limited by a selection bias, in that it has been pre-

Table 2 Prevalence of Erosive Esophagitis Among Those Who Undergo Endoscopy
for GERD

No. of Geographic/ Mean age Erosive
Ref. subjects ethnic origin (years) Gender esophagitis (%)

20 77 American 50 100% male 61
21 100 Swedish 52 36% male 35
22 1217 British — 62% male 9.9

8445 British — — 23
23 50 American 55.2 44% male 46
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Figure 1 Severe peptic esophagitis. Annual incidence per 100,000 of living population
in each age group.

dominantly patients in Western populations who have undergone endoscopy to
document esophagitis. A report from Kashmir, however, found that 5.6% of
symptomatic ulcer patients had endoscopic esophagitis compared to 1.1% of
asymptomatic patients who also underwent endoscopy (29). The high prevalence
of esophagitis in northern Iran and northern China, is not thought to be due to
reflux, but up to 9% of those studied in Iran and 22% of those studied in China
complained of typical reflux symptoms (30).

Gender Differences

Although there is an approximately equal sex ratio for symptomatic reflux from
self-reported questionnaires, the ratio of men to women with esophagitis has gen-
erally been reported to range from 1.5:1 to 3:1 (31–34). There have been a
few studies, however, that suggest a female predominance of both nonstenotic
esophagitis (1:1.8) and peptic stricture (1:1.9) (6,35).

Genetic Factors

The role of genetic factors in GERD is unknown. However, Romero et al. found
that reflux symptoms were significantly more prevalent among parents and sib-
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Figure 2 Prevalence of GERD symptoms among proband relatives and spouse control
relatives of patients with adenocarcinoma, Barrett’s esophagus, and reflux esophagitis.

lings of patients with adenocarcinoma than spouse control relatives (43% vs.
23%) (Fig. 2). They also found that patients with Barrett’s esophagus had signifi-
cantly more first-degree relatives with GERD symptoms than their spouse control
relatives (46% vs. 27%). Of note is that first-degree relatives of patients with
reflux esophagitis were not more likely to have significant reflux compared to
spouse control relatives (33% vs. 29%). Reflux was more prevalent among sib-
lings than among spouses of patients with Barrett’s esophagus (41% vs. 12%)
and adenocarcinoma (40% vs. 6%). There was, however, no difference in the
prevalence of reflux symptoms among siblings and spouse control relatives of
patients with reflux esophagitis (24% vs. 32%). The authors concluded that there
may be a genetic predisposition to the development of reflux in families of pa-
tients with Barrett’s esophagus and esophageal adenocarcinoma, but that environ-
mental factors appear more important for uncomplicated reflux (36) (Fig. 2).

COMPLICATIONS OF GERD

The sequelae of chronic gastroesophageal reflux include esophagitis, esophageal
strictures, and Barrett’s esophagus. Few studies have evaluated methods for early
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identification of patients with these sequelae and those at increased risk for their
development. We examined GERD complications among veterans to determine
whether race was associated with sequelae of GERD such as esophagitis, stric-
ture, esophageal ulcers, and Barrett’s esophagus. The results suggested that males
with GERD were 2.58 times more likely to have esophagitis (95% CI, 1.20–
5.53). After adjusting for gender, Caucasians were more likely to have esophagitis
OR 1.51 (95% CI, 1.11–2.04). We noted that dysphagia was the most common
indication for endoscopy in those with esophagitis, esophageal ulcers, and stric-
tures, and heartburn was the most common indication for endoscopy in patients
with Barrett’s esophagus (37) (Fig. 3). We also evaluated demographic and clini-
cal parameters of patients with GERD to determine whether there was an associa-
tion between patient characteristics, clinical symptoms, and Barrett’s esophagus.
We found that age greater than 40 (OR 4.86, 95% CI 1.50–15.80), the presence
of heartburn or acid regurgitation (OR 4.12, 95% CI 1.26–17.00), and heartburn
more than once each week (OR 3.01, 95% CI 1.35–6.73) were associated with
endoscopically and histologically confirmed Barrett’s esophagus, while duration
of symptoms, race, alcohol, and smoking history were not associated with an
increased prevalence of Barrett’s esophagus (38). Although many series suggest
that Barrett’s esophagus is more likely to affect Caucasians than African-Ameri-
cans (39,40), we found that race was not associated with an increased risk for
Barrett’s esophagus in this veteran population with GERD who were referred for
endoscopy. While our study may have had insufficient power to detect all but a
very large risk, our results may also reflect the severity of GERD symptoms in
this population in that only those with the most severe and refractory disease
were referred for endoscopy. This requires further prospective study.

Because there is currently no method to identify those with GERD who
are at increased risk for the development of Barrett’s esophagus, a decision model
that examines the effectiveness and cost-effectiveness of screening for Barrett’s

Figure 3 GERD complications in an asymptomatic Western population. Shown are pro-
portions with erosive esophagitis, stricture, esophageal ulcer, and Barrett’s esophagus.
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esophagus among those with chronic heartburn has been developed. The decision
model examines one-time screening for Barrett’s esophagus in individuals with
5 or more years of GERD and compares this strategy with no screening (41).
Using published literature on the rate of progression of Barrett’s esophagus to
dysplasia and cancer, the authors calculated the remaining quality-adjusted life
expectancy for individuals in each strategy, and the cost. The model suggests
that for a prevalence of Barrett’s esophagus of 10% among those with GERD
and an incidence of cancer of 1/75 patient-years (1.3% annually), one-time
screening is less expensive and more effective than no screening. One-time
screening is less costly than no screening because at this high prevalence of Bar-
rett’s esophagus (10%) and relatively high incidence of cancer (1.3%), it is less
costly to screen patients with GERD, identify Barrett’s patients, and place them
into a surveillance program. Waiting for the development of symptomatic cancer
among a proportion of those with Barrett’s esophagus is more costly and less
effective because symptomatic cancer is associated with a poor prognosis (5-year
survival of 17% or less) and is expensive to treat (42). If Barrett’s esophagus
were present, surveillance every 2 years would provide the greatest gain in qual-
ity-adjusted life expectancy. The incremental cost-utility ratio for this strategy
would be $82,000 per quality-adjusted life year gained, similar to the cost-effec-
tiveness ratio for heart transplantation in patients less than 50 years of age with
irremediable terminal cardiac disease (160,000/LY gained) (43). The results of
the analysis are dependent upon the estimates for the prevalence of Barrett’s
esophagus among those with GERD and the incidence of cancer among those
with Barrett’s esophagus. Barrett’s esophagus has been reported in up to 20%
of individuals undergoing upper endoscopy, though recent estimates suggest that
the prevalence of Barrett’s esophagus is as low as 2% in those undergoing endos-
copy (44) and approximately 3–5% in individuals with gastroesophageal reflux
(45). The incidence of adenocarcinoma in patients with Barrett’s esophagus, an-
other critical parameter in this analysis, has been reported to be as low as 0.2%
per year (46) and as high as 2.1% per year (47). The authors performed a sensitiv-
ity analysis on these parameters varying them over a broad range to examine
their impact on the most effective strategy. The analysis showed that if the preva-
lence of Barrett’s esophagus were only 4% or less among those with GERD, and
the incidence of cancer in this group were 1/200 patient-years (0.5% annually)
or less, similar to recent reports (45,48) then no screening would be less costly
and more effective. Few patients who would undergo screening would actually
have Barrett’s esophagus, and in those who did, the development of cancer would
be uncommon (0.5% annually). Therefore, the risks and costs of screening would
outweigh any benefit in terms of cancer death prevented. This analysis identifies
the uncertainties surrounding the management of patients with gastroesophageal
reflux, particularly the incidence and prevalence of Barrett’s esophagus in patients
with GERD and the incidence of cancer in patients with Barrett’s esophagus.
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The management of patients with Barrett’s esophagus, a known sequela of
GERD, is controversial. The incidence of cancer, a critical parameter in manage-
ment strategies for surveillance and subsequent esophagectomy, varies in pub-
lished reports, reflecting the uncertainty about the cancer risk in this group
(46,47). We developed a decision model that evaluates the impact of cancer risk
on surveillance strategies in patients with Barrett’s esophagus (42). The simula-
tion model begins 1 year after a baseline endoscopic biopsy demonstrates Bar-
rett’s esophagus without evidence of dysplasia. The model evaluates surveillance
every 1–5 years with esophagectomy performed for the development of high-
grade dysplasia, and compares these strategies to no surveillance. To model the
natural history of Barrett’s esophagus, we included states for the possible devel-
opment of dysplasia and cancer. The model assumes that cancer develops as a
progression from Barrett’s esophagus to low-grade dysplasia to high-grade dys-
plasia, and finally to cancer. Over time, patients with Barrett’s esophagus and
no evidence of dysplasia may remain in this health state or may progress toward
cancer, and move to a low-grade dysplasia state, then to a high-grade dysplasia
state, and finally to a cancer state; or they may die. The model includes published
data on the incidence of dysplasia and cancer, the risks associated with endoscopy
and esophagectomy, and the prognosis for those who develop esophageal cancer.
The simulation also considers that patients may be willing to forgo some portion
of their life to avoid the inconvenience of endoscopy, and the morbidity of an
endoscopic complication or esophagectomy. We, therefore, adjusted for both the
short- and long-term morbidity associated with the surveillance endoscopy and
esophagectomy (49).

The model permits calculation of the average life expectancy, the cumula-
tive incidence of cancer, and the number of endoscopic and surgical procedures
for each strategy (42).

Costs for endoscopy, for endoscopy with a complication, for elective and
urgent esophagectomy, and for follow-up of postesophagectomy patients and of
those with esophageal cancer are included. The model records the costs as they
occur during the lifetime of the patient, e.g., as procedures and surgery are per-
formed, and calculates the average lifetime cost per patient for each strategy. The
model also calculates the additional cost per quality-adjusted life-year gained (the
incremental cost-utility ratio) for each strategy.

The results suggest that surveillance every 2–3 years with esophagectomy
performed if high-grade dysplasia is diagnosed will increase quality-adjusted life
expectancy by up to 1.2 years compared to no surveillance. When costs are con-
sidered, this strategy is dominated by less frequent surveillance because it costs
more and yields a lower-quality-adjusted life expectancy than less frequent sur-
veillance. Costs are higher and quality-adjusted life expectancy is lower because,
on average, there are more endoscopies, endoscopic complications, and surgeries
in this group (Fig. 4). Surveillance every 4 years provides the greatest gain in
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Figure 4 Cost-utility analysis. Average discounted lifetime cost per patient and dis-
counted quality-adjusted life-years for each strategy. The incremental cost-utility ratio
(addition cost/increase in quality-adjusted life expectancy) of moving to a more frequent
surveillance strategy is shown above the line connecting the strategies. (See text for de-
tails.)

quality-adjusted life expectancy, and has an incremental cost-utility ratio of
$276,700 per quality-adjusted life-year gained, similar to the incremental cost-
effectiveness ratio for cervical cancer screening with pap smear every 3 years
(250,000/LY gained) (50). Surveillance every 5 years also increases quality-ad-
justed life expectancy and, with an incremental cost-utility ratio of $27,400, is
similar to breast cancer screening with mammography in women over the age
of 50, which has an incremental cost-effectiveness ratio of $22,000 per life-year
gained (51).

Because of the uncertainty surrounding the cancer risk in patients with
Barrett’s esophagus, we performed a sensitivity analysis in which we varied the
parameter over the range of reported values [0.2% per year (46) to 2.1% per year
(47)] (Fig. 5). The model suggests that for an incidence of cancer of less than
0.5% annually (1/200 patient-years) no surveillance is the preferred strategy. The
risk of surveillance and esophagectomy outweighs any benefit in length and qual-
ity of life. If the cancer incidence is 1% or 1/99 patient-years, as reported in one
summary (48), surveillance every 4 years would provide the greatest benefit. If,
for any given population, the risk of cancer is less than 0.5% (1/200 patient
years), however, no surveillance is the preferred strategy, because the risk of
surveillance and esophagectomy outweighs any benefit in terms of length and



Epidemiology of GERD 95

Figure 5 Effect of the cumulative incidence of cancer on surveillance with esophagec-
tomy for high-grade dysplasia (considering both length and quality of life). As the inci-
dence of cancer increases, more frequent surveillance provides a greater gain in quality-
adjusted life expectancy.

quality of life. If the cancer risk approaches 2%, or the reported 1/52–1/56
patient-years (52–54), aggressive surveillance every 2 years is the preferred
strategy. If, for any given population, the cancer incidence exceeds 2.0%, and
is 1/48 patient-years as suggested by one report (47), surveillance every year is
preferred (42).

Thus, as shown in Figure 5, the decision about surveillance depends on the
cancer risk in those with Barrett’s esophagus. To summarize, our model suggests
that when costs are considered surveillance every 4 years will maximize quality-
adjusted survival if the cancer incidence is 1%. For a cancer risk of 2%, surveil-
lance every 2 years will maximize quality-adjusted survival. If the cancer inci-
dence exceeds 2%, surveillance every year is optimal, but if the cancer risk falls
below 0.5% annually, no surveillance is preferred.

SUMMARY

GERD is a diverse disorder ranging from occasional symptoms of heartburn with-
out endoscopic evidence of mucosal damage, to esophagitis, strictures, and Bar-
rett’s esophagus. The epidemiology of the disorder is as diverse as its clinical
spectrum, although most series report both an increased prevalence and incidence
of symptoms in Western populations and an increased prevalence of symptoms
among those with first-degree relatives with Barrett’s esophagus and cancer (36).
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While the prevalence appears to be approximately equal among men and women,
GERD complications, including esophagitis and Barrett’s esophagus, appear
more common in men (26,55). Furthermore, increasing age, the presence of heart-
burn, and frequent heartburn (more than once each week) may be associated with
Barrett’s esophagus (38), although it has been difficult to identify a high-risk
group for Barrett’s esophagus among those with GERD. In the absence of well-
defined risk factors for Barrett’s esophagus, a decision analysis has been per-
formed to examine the effectiveness and cost-effectiveness of screening for Bar-
rett’s esophagus among those with GERD. Screening and subsequent surveillance
is both effective and cost-effective if the prevalence of Barrett’s esophagus is 10%
among those who undergo endoscopy for GERD symptoms and the incidence of
cancer is at least 1/75 patient-years in patients with Barrett’s esophagus (41).
Because of the increased risk for the development of adenocarcinoma in patients
with Barrett’s esophagus, decision analysis has been employed to evaluate the
most effective and cost-effective surveillance strategies for this group. Surveil-
lance strategies are based on cancer risk. Surveillance is effective if the incidence
of cancer is at least 0.5%. As the cancer risk increases, more frequent surveillance
is warranted (42).
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Diagnostic Tests for
Gastroesophageal Reflux Disease
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A range of tests are available to the physician pursuing the diagnosis of gastro-
esophageal reflux disease (GERD). Many times, these studies are unnecessary
as the history is sufficiently revealing to identify the presence of troubling reflux
disease. However, this may not be the case and the clinician must decide which
tests to choose to arrive at a diagnosis in a reliable, timely, and cost-effective
manner. Furthermore, the various esophageal tests need to be selected carefully
depending on the information desired. For example, identifying the presence of
gastroesophageal reflux is different than proving that the patient’s symptoms are
due to the reflux episodes. Additionally, defining that acid reflux exists may not
be enough. To tailor appropriate medical or surgical therapy requires knowing
whether complications of GERD are present as well as the possible mechanisms
by which abnormal GER occurs. A thorough and well-devised investigation strat-
egy requires knowledge of testing procedures ranging from radiology and pathol-
ogy to physiology and endoscopy. An informed background in these areas allows
the clinician and investigator to address not only the presence of reflux and its
correlation to patients’ symptoms, but also the severity of esophageal injury and
even the mechanism by which the damage is done. By using the available tests
judiciously, one can increase the opportunity of making a correct diagnosis of
GERD quickly while at the same time limiting the potential inconveniences or
cost to the patient. This chapter will review the currently available diagnostic
tests for GERD, categorizing them into the question each answers and addressing
the advantages and disadvantages of each compared to other available tests.
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CLINICAL HISTORY

The cardinal manifestation of GERD is the symptom of ‘‘pyrosis,’’ otherwise
known as heartburn. Heartburn is typically described as a substernal burning
sensation that migrates from the epigastrum upward into the chest and in the
direction of the neck or throat. It is often associated with regurgitation, which is
the sensation of a bitter or acid taste in the mouth due to the presence of gastric
contents. These symptoms most often occur after meals and may be heightened
by the ingestion of certain foods such as fats, alcohol, chocolate, or peppermint
(1). Bending at the waist or lying supine may worsen the sensation, while antacids
or other buffers such as water or bicarbonate tend to ease this discomfort. The
frequency of symptoms may range anywhere from once or twice a year to multi-
ple times a day.

Dysphagia is a symptom of GERD relating to the impaired movement of
food through the esophagus. It tends to occur with solids but may slowly progress
to affecting liquids. Dysphagia typically appears in patients who complain of
heartburn for prolonged periods. When related to reflux disease, dysphagia often
represents the formation of a peptic stricture. If symptoms are intermittent and
nonprogressive, it may reflect the presence of a ring. Other less common etiolo-
gies for dysphagia in reflux patients include esophagitis, peristaltic dysfunction,
and esophageal adenocarcinoma arising from a background of Barrett’s esopha-
gus. Odynophagia can signify the development of ulcerative esophagitis. How-
ever, it is a rare symptom arising from reflux alone and should prompt an investi-
gation for other concurrent problems such as pill or infectious esophagitis, or
bullous disease of the esophagus. Water brash, a salty or sour fluid in the mouth,
results from excess salivary gland production in response to intraesophageal acid
exposure. Other less common symptoms of GER include excessive belching,
burping, chronic hiccups, nausea, and vomiting (2).

More recently, atypical symptoms of reflux disease are increasingly being
recognized. Referred to as ‘‘atypical’’ or ‘‘supraesophageal’’ because of their
extraesophageal location, these complaints are often initially evaluated by a
cardiologist, pulmonologist, or otolaryngologist (3). Atypical symptoms include,
but are not limited to, chest pain, asthma, hoarseness, chronic cough, sore throat,
and globus sensation. Studies suggest these presentations of GERD may be very
common. For example, in one study of 100 patients with chest pain, almost three-
fourths (74%) had heartburn and two-thirds (67%) had acid regurgitation (4).
Among asthmatics, studies suggest that 34–89% of patients may have some
or all of their respiratory symptoms attributed to reflux disease. ENT patients
are commonly diagnosed as having GERD. Of patients with unresponsive
hoarseness, 55–79% are found to have abnormally high amounts of acid reflux.
Reflux has been indicated as the precipitating factor in as many as 20% of individ-
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uals with chronic cough; other studies suggest reflux as the etiology for 25% and
50% of sore throat and globus complaints, respectively (1).

Unfortunately, not all patients with GERD are symptomatic. This is espe-
cially true in the elderly population (5). Possibly because of impaired acid produc-
tion or attenuated perception of heartburn, elderly patients often are asymptomatic
until they develop reflux complications such as dysphagia from a stricture, Bar-
rett’s esophagus, or adenocarcinoma. Furthermore, symptoms alone cannot dis-
tinguish between GERD patients with and without esophagitis. For example,
studies show that only 50–65% of patients with esophagitis complain of frequent
heartburn, while nearly 30% of patients with Barrett’s esophagus are free of heart-
burn (1,6–8). Thus, the reflux of gastric material into the esophagus may lead
to symptoms alone, esophagitis, both, or neither (Fig. 1) (9). This discordance

Figure 1 Relationship between GERD, symptoms, and esophagitis.
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between symptom severity and mucosal damage makes the history alone an unre-
liable predictor of the presence of esophagitis or Barrett’s esophagus, often neces-
sitating further testing to address these issues.

In patients presenting with the classic symptoms of GERD, a presumptive
diagnosis of reflux disease can be made without formal testing. This concept
evolved from an important study by Klauser and associates, who evaluated over
300 patients with the chief complaint of heartburn and regurgitation (8). Heart-
burn was a major complaint in 68% of GERD patients confirmed by pH testing
versus only 48% of patients without reflux (p � 0.0009). Complaints of acid
regurgitation were present in 60% of patients with pathological pH tests com-
pared to only 48% of normals (p � 0.03). Thus the sensitivity and specificity
of heartburn for predicting GERD was 38% and 89%, respectively, whereas the
sensitivity of acid regurgitation was only 6%, but its specificity 95%. Other symp-
toms were unable to predict GERD reliably (Table 1). Thus, the presence of
heartburn and/or acid regurgitation allows the physician to confidently treat pa-
tients empirically for GERD without further testing; however, the absence of
these complaints does not exclude the diagnosis (8). If patients describe less
common complaints or symptoms suggestive of more aggressive reflux disease,
such as dysphagia, odynophagia, or gastrointestinal bleeding, further investiga-
tion is warranted. Atypical complaints such as chest pain, hoarseness, sore throat,
chronic cough, and asthma also deserve early exploration for esophageal reflux

Table 1 Prevalence of Symptoms in Patients with Normal and
Abnormal Esophageal pH Monitoring

Normal esophageal Abnormal esophageal
pH monitoring pH monitoring

Symptom (n � 138) (%) (n � 166) (%)

Heartburn 48 68
Acid regurgitation 48 60
Odynophagia 8 10
Pharyngeal pain 15 19
Nausea 32 38
Belching 40 49
Epigastric pain 53 54
Retrosternal pain 61 57
Retrosternal burning 49 61

Derived from 304 patients with symptoms of reflux disease with an abnormal
pH test consisting of esophageal pH � 4 for more than 8.2% of the upright
or more than 3.0% of the supine recording time.
Percentage values are derived from the individual subgroups.
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with diagnostic testing. Patients with symptoms refractory to treatment should
undergo a thorough clinical investigation as well.

TESTS FOR REFLUX

Esophageal pH Monitoring

Continuous ambulatory pH monitoring of the distal esophagus is the most reliable
test for determining quantitatively the amount of esophageal acid exposure (10).
The test is performed by passing a thin pH probe transnasally to a level 5 cm
above the manometrically defined lower esophageal sphincter (LES). Fluoros-
copy, endoscopy, and the pH step-up technique have been tried to define eventual
probe location, but are inaccurate compared to manometry (11,12). The pH probe
is connected to a battery-powered data logger capable of recording pH values
transmitted from the probe, typically at a rate of every 4–6 s. Patients can supple-
ment this information by writing in a diary or pressing a manual event marker
on the data logger indicating the appearance of symptoms, the timing of meals,
periods of sleep, or other activities that may affect reflux. This method of record-
ing data allows the physician to calculate a number of variables that attempt to
identify the study as either normal (physiological) or abnormal (pathological).
The current consensus is to measure the percentage of time that pH in the esopha-
gus is �4 (13). If the esophageal acid exposure time is greater than an established
threshold value, the test is considered positive. The most commonly cited normal
value for percentage total time esophageal pH � 4 is 4.2% or less; however,
different studies have defined various normals (Table 2). Other parameters that
can be assessed with esophageal pH monitoring include: percentage of recumbent

Table 2 Esophageal Acid Exposure Values in Normal, Healthy Subjects

% time esophageal pH � 4

Ref. Total Upright Supine

Kasapidas (n � 18) 1.9 � 1 2.6 � 1.6 0.5 � 0.6
Matteoli (n � 20) 1.87 � 1.56 2.78 � 2.42 0.66 � 0.81
Vitale (n � 22) — 2.2 � 0.4 1.0 � 0.5
Masclee (n � 27) 1.7 (0.1–9.0) 2.6 (0.1–13.6) 0.0 (0.0–9.4)
Schindlbeck (n � 42) 2.6 (0–45.2) 3.8 (0–53.3) 0.5 (0–26.5)
Johnsson (n � 50) 3.4 4.6 3.2
DeMeester (n � 50) 4.5 � 1.4 8.4 � 2.3 3.5 � 1.0
Richter (n � 110) 5.48 8.20 2.98

n � Number of subjects in study.
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time pH � 4, percentage of time upright pH � 4, total number of reflux episodes,
duration of longest reflux episode, and number of episodes greater than 5 min
(14,15).

Prolonged esophageal pH monitoring for 16–24 h offers many advantages
over other forms of reflux testing. Compared to scintigraphy and the older stan-
dard acid reflux test, pH monitoring is truly ambulatory. The patient can leave
the testing facility to go home and conduct normal daily activities. Also, there
is no limitation on diet and the patient is encouraged to eat regular meals. This
is more comfortable for the patient and more likely to evoke GER than earlier
approaches where diet was controlled (i.e., no food with pH � 4) and activities
were limited (10). The probes are thin and well tolerated. Compared to radio-
graphic testing, there is no radiation exposure. Testing allows different character-
istics of reflux to be analyzed. The investigator can discern positional variations
in reflux, upright versus supine events, meal- and sleep-related episodes, and even
perform symptom correlation with reflux events (Fig. 2).

One important problem with continuous pH monitoring is that there exists
no absolute threshold value that reliably identifies the presence of GERD. Valida-
tion studies comparing the presence of endoscopic esophagitis with pH measure-
ments reveal a general difference between the pH exposures of patients with
and without esophagitis (16–21). Reported sensitivities range from 77% to 100%
with specificities from 85% to 100%. In the clinical setting, however, patients
with endoscopic evidence of reflux esophagitis rarely need pH testing. Instead,
patients with suspected reflux and no endoscopic evidence of esophagitis (i.e.,
nonerosive refluxers) should benefit most from ambulatory pH monitoring. How-
ever, the data are much less conclusive in this group. Studies reveal considerable
overlap in esophageal acid exposure times between controls and nonerosive re-
fluxers, thereby making interpretation of individual readings difficult (Table 3).
Other drawbacks include possible equipment failure, the pH probe missing a
reflux event because it is buried in a mucosal fold, and false-negative studies
due to dietary or activity limitations resulting from irritation from the probe.
Nevertheless, ambulatory 24-h pH monitoring is the best test available for diag-
nosing GERD.

The clinical indications for ambulatory pH monitoring are summarized in
Table 4. Testing is valuable in the setting of antireflux surgery. Prior to fundopli-
cation, pH testing is performed when endoscopy fails to identify reflux esophagi-
tis (22). In this setting, pH monitoring can document the presence of GERD
before committing to surgical intervention. If esophagitis is present, esophageal
pH testing is not necessary because the disease has already been proven. When
pH monitoring is performed prior to antireflux surgery, drugs (especially proton
pump inhibitors, PPIs) are discontinued 1 week prior to esophageal testing to
allow a washout period for the medications. Ambulatory pH testing also has a
role after antireflux surgery. If the patient persists with symptoms or has evidence
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Figure 2 Common patterns of 24-h esophageal pH monitoring.
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Table 3 Esophageal Acid Exposure Values in Controls
vs. EGD-Negative Patients with GERD

Controls
% time esophageal EGD-negative patients

pH � 4 % time esophageal
Ref. (upper limit of normal) pH � 4 (mean)

Kasapidas 3.9 11.6 � 4.8
Matteoli 5.0 1.9 � 1.6
Vitale 7.2 5.8 � 1.1
Masclee 4 6.4 (0.3–18.7)
Schindlbeck 7.0 10.2 (1.3–78.7)

Means are provided with either ranges (in parentheses) or standard devia-
tions (�).

of continued esophagitis on endoscopy, pH monitoring can confirm that the
changes are indeed due to recurrent esophageal acid exposure (15).

Esophageal pH monitoring is indicated for evaluating patients who have
symptoms suggestive of reflux disease that are resistant to treatment and in whom
endoscopy is negative or equivocal (23). Two populations are defined by testing:
those with and without continued esophageal acid exposure. The group with per-
sistent acid reflux represents treatment nonresponders, and therapy should be ad-
vanced by either doubling the dose of PPIs or possibly adding H2 blockers. The
cohort of patients with normal reflux values denotes those with problems other

Table 4 Guidelines for the Clinical Use of Esophageal pH Monitoring

Definite indications
To document abnormal esophageal acid exposure in an endoscopy-negative patient

being considered for antireflux surgery
To evaluate patients after antireflux surgery who are suspected by symptoms of

persistent esophagitis to still have ongoing abnormal reflux
To evaluate patients with either normal or equivocal endoscopic findings and reflux

symptoms that are refractory to PPIs
Possible indications

To evaluate patients for suspected atypical or extraesophageal presentations of
GERD

Not indicated
To detect or verify reflux esophagitis, which is best done by endoscopy with

biopsies
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than acid reflux such as bile reflux, aerophagia, dyspepsia, or psychological prob-
lems.

Ambulatory pH testing also helps further define the patients with extra-
esophageal manifestations of GERD. In this group, pH testing can be done ini-
tially to confirm the coexistence of GERD; however, this does not guarantee the
causality of symptoms. Therefore, an alternative approach is to treat the patient
first aggressively with PPIs if acid reflux is suspected, reserving pH testing only
for those patients not responding after 4–8 weeks of therapy (15).

Technetium 99 Scintiscanning

The technique of ingesting a radionuclide colloid to quantitate gastroesophageal
reflux is known as gastroesophageal scintigraphy. It is performed by having a
supine patient ingest a set volume of water containing a radionuclide-labeled
colloid, usually 99mtechnetium, that is routinely used in liver-spleen scans. Subse-
quently, serial images of the chest are obtained with a gamma camera to observe
both the esophagus and stomach. These baseline measurements are followed by
provocative maneuvers to induce reflux, such as Valsalva or application of an
abdominal binder. The presence of reflux is determined by gross visual review
of the serial images and by assessing the amount of radioisotope in the stomach
compared to that in the esophagus. Analysis is generally done by computer mea-
surements (24).

Advantages of this test are that it is noninvasive and exposes the patient
to minimal amounts of radiation. It does not require prolonged monitoring and
can be conducted quickly. Because it measures mechanical function and volume
of the refluxate, it is an ‘‘acid independent’’ test. Indeed, Shay and associates
demonstrated that scintigraphy identified 61% of postprandial reflux events as
opposed to 16% for pH monitoring (25). The greater sensitivity of scintigraphy
was primarily due to its ability to identify reflux occurring immediately after a
meal when the food buffers the gastric acid, raising the pH to a level greater than
4, or when the pH was already less than 4 in the esophagus. During these periods,
pH monitoring cannot detect most reflux events because the intraesophageal pH
does not change significantly.

Disadvantages to scintigraphy are primarily related to its poor sensitivity
and specificity for detecting GERD. The reported sensitivity of scintigraphy in
adults ranges widely from 14% to 90% with an average of 65%. Specificity is
only slightly better, ranging from 60% to 90% (26–29). Additionally, this test
suffers from its relatively short monitoring period and the fact that reflux by
nature occurs intermittently and frequently after meals, even in healthy subjects.
Use of the abdominal binder increases the sensitivity of scintigraphy but does
so at the expense of specificity, thereby decreasing the positive predictive value
of the test (30). Specificity is also diminished when false-positive results are due
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to double swallows and hiatal hernias. Finally, the cost of scintigraphy can be a
drawback, approaching the cost of endoscopy in some centers. In clinical practice,
pH monitoring has replaced esophageal scintigraphy, except in the situation
where nonacid reflux is suspected.

Barium Esophagram

The barium esophagram is the cheapest and most readily available test for assess-
ing gastroesophageal reflux. Technique varies according to the question being
asked and the suspected underlying pathology, yet all phases of testing involve
the patient ingesting a quantity of barium contrast followed by radiographic moni-
toring. The double-contrast method displays the esophagus by having the upright
patient swallow high-density barium as well as a gas-forming agent. Initially,
double-contrast views of the esophagus are obtained that detail the esophageal
mucosa, attempting to highlight mucosal lesions. Next, double-contrast views of
the gastric cardia are gathered to check for possible causes of dysphagia. Next,
the patient is placed in the prone position and esophageal motility assessed fluo-
roscopically by observing multiple swallows of barium separated by 20 s to allow
for esophageal recovery. In the same position, single-contrast views of the esoph-
agus are also obtained while the patient quickly ingests a thin barium solution.
This act maximally distends the esophagus and esophagogastric junction reveal-
ing small strictures, rings, and hiatal hernias. Finally, various maneuvers are per-
formed to provoke reflux, including coughing, rolling side to side, leg lifting,
and the water-siphon test (2).

Barium studies identify gastroesophageal reflux when contrast moves in a
retrograde fashion from the stomach into the esophagus. If this occurs repeatedly
or to a significant degree well into the mid- or proximal esophagus, the test is
positive. ‘‘Free reflux’’ occurs when spontaneous retrograde movement of barium
is present. Sensitivities reported in the literature range from 20% to 73% with an
average of 39% for detecting free reflux. ‘‘Stress reflux’’ occurs if a provocative
maneuver, such as the water-siphon test, is used to induce these episodes (30).

Major advantages to barium testing are its availability, noninvasive nature,
and relatively inexpensive cost. With fluoroscopy, the extent and frequency of
reflux can be addressed as well as the effectiveness of esophageal clearance.
Some have suggested that provocative maneuvers decrease the specificity of iden-
tifying GER. However, we found that provocative tests increased the sensitivity
of the barium esophagram to 70% compared to pH testing with a concomitant
specificity of 74%, yielding a positive predictive value of 80% (31). Perhaps the
greatest advantage of barium testing, though, is its ability to demonstrate struc-
tural narrowing of the esophagus. Subtle findings such as Schatzki’s rings, webs,
or small peptic strictures are often seen only with an esophagram, being missed
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Figure 3 (Left) Barium esophagram suggesting a subtle stricture. (Right) Same patient
with ring well defined with hiatal hernia after Valsalva maneuver.

by endoscopy, which may not adequately distend the esophagus (Fig. 3). When
a 13-mm radioopaque pill or marshmallow is consumed along with the barium
liquid, this method is the most sensitive test for detecting esophageal narrowing,
with values reported between 95% and 100%. Hiatal hernias also are best diag-
nosed with the barium esophagram (30).

Disadvantages of the barium esophagram rest on the test’s poor ability
to demonstrate fine mucosal detail. While sensitivities of 79–93% have been
reported for detecting moderate esophagitis and 95–100% for severe esophagitis,
mild esophagitis with lesser mucosal alterations is frequently missed. In patients
with mild reflux disease, radiographic detection varies from 0% to 53%, de-
pending on the definition used in grading the esophagitis endoscopically (30).
Barium testing also falls short when addressing the presence of Barrett’s esopha-
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gus. Although its presence is suggested by seeing an area of focal esophagitis,
ulcer, or stricture separated by normal mucosa from a hiatal hernia, biopsies are
necessary to make the diagnosis of Barrett’s esophagus.

The barium esophagram is primarily used in the evaluation of the GERD
patient complaining of dysphagia. It should be the first diagnostic study in the
patient with new-onset dysphagia because of its ability to define subtle strictures
and rings as well as assess motility. On the other hand, endoscopy is the diagnos-
tic test of choice in the patient with recurrent dysphagia known to have a stricture
or when the suspicion of cancer is high.

Bilirubin (Bile) Monitoring

Recently, the concept that symptoms and/or complications of GERD may be
related to reflux of duodenal contents has received attention. Known as duodeno-
gastroesophageal reflux (DGR), duodenal constituents such as trypsin, lysoleci-
thin, and bile acids are postulated to initiate esophageal mucosal injury when
mixed with the gastric contents, pepsin, and hydrochloric acid. Animal studies
and human investigations have demonstrated that esophagitis occurs when conju-
gated bile acids persist in the esophagus within an acidic environment (32–34).
Studies identifying mucosal damage from bile salts or trypsin in an alkaline envi-
ronment are less conclusive and more controversial (35–37).

One of the major problems in studying DGR is the lack of a tool accurately
identifying its presence. Methods attempted in the past, including endoscopy,
scintigraphy, aspiration studies, and pH monitoring with a pH � 7 defined as
‘‘alkaline’’ reflux, either yielded marginal results or were difficult to perform.
Initially, pH was thought to be an ideal marker of DGR because duodenal contents
usually have a pH greater than or equal to 7. To be confident of this assumption,
however, other possible causes of pH � 7 have to be excluded, such as equipment
error, dietary considerations, dental infections raising salivary pH, pooling of
saliva in the esophagus, and increased salivation secondary to irritation from the
pH probe or acid reflux (38). Recent studies suggest these latter factors, especially
increased salivation, are the most common causes of an esophageal pH � 7
(39,40).

The most sensitive method for detecting DGR is bilirubin monitoring. This
technique utilizes the spectrophotometric property of bilirubin, the most common
pigment in bile (Fig. 4). Using a fiberoptic probe, a light source is introduced
into the esophagus with a data collection system worn on a waist belt, similar
to esophageal pH monitoring. A spectrophotometer measures the absorption of
wavelengths at 450 nm (bilirubin) and 490 nm or 565 nm (reference) every 8 s.
An integrated microcomputer calculates the differences of the absorbances, which
is directly proportional to the bilirubin concentration in the sample. The presence
of bilirubin as a surrogate marker of bile suggests the presence of DGR. Normal
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Figure 4 Tracings representing simultaneous 24-h pH and bilirubin monitoring in pa-
tient with Barrett’s esophagus. Note rise in bilirubin absorption associated with fall in pH
� 4 confirming that acid and bilirubin (bile) reflux occur simultaneously.

values have been established for total, upright, and supine exposure times to
bilirubin. Abnormal DGR exists if bilirubin absorbance is detected �1.8% of the
total monitoring time (32).

Advantages of bilirubin monitoring for defining DGR are its ambulatory
nature, ease of performance, and relative independence of pH. Disadvantages
also exist. Bilirubin undergoes a transformation from a monomer to dimer at pH
� 3.5, and the absorption band of the dimeric form shifts to 400 nm. Therefore,
at low pH, the degree of DGR may be underestimated. Also, other substances
may have an absorption characteristic similar to bilirubin; hence patients must
remain on a standardized diet to ensure there is not an overestimation of DGR.
Even with these limitations, bilirubin monitoring has yielded good correlation
with aspiration studies confirming DGR with r-values of 0.71 and 0.82
(38,41,42).

Bilirubin monitoring has limited clinical utility and is primarily a research
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tool. We use it combined with pH monitoring in evaluating patients with reflux-
like symptoms who are post gastric surgery or gastrectomy where alkaline reflux
is problematic. We have not found it useful in patients with intact stomachs as
bilirubin reflux always parallels acid reflux (43).

TESTS FOR SYMPTOM CORRELATION WITH REFLUX

Esophageal pH Monitoring

One of the values of 24-h esophageal pH monitoring is its ability to associate
symptoms with acid reflux into the esophagus. During testing, the patient is en-
couraged to push an event marker on the data logger when symptoms are noted
as well as recording them in a diary. When the study is complete, the data are
downloaded and analyzed permitting an evaluation of the relationship between
reflux episodes and symptoms. The key to successful testing is ensuring that the
patient has a typical day, thereby providing the best opportunity to evoke a num-
ber of symptom episodes.

Reflux episodes are not always associated with symptoms. In patients with
well-established GERD, from either a positive endoscopy or pH study, the symp-
tom of heartburn correlates with a pH � 4 80–90% of the time. Overall, however,
only 10–20% of reflux episodes are associated with the symptom of heartburn
or acid regurgitation (44). The relationship of symptoms to acid reflux is also
important in patients with atypical presentations of reflux disease. For example,
in a study evaluating the etiology of chest pain, 50 of 100 patients with chest pain
and normal coronary arteries experienced the onset of pain with the occurrence of
esophageal acid reflux (45). Additionally, an investigation in 48 patients examin-
ing the temporal relationship between asthma and esophageal reflux identified
that 45% of wheezing episodes happened either just before, during, or just after
a reflux event in 48 patients (46).

Since it is rare for all reflux episodes to produce symptoms, different statis-
tical analyses have evolved attempting to define a significant association between
these two variables (Table 5). Initially the ‘‘symptom index’’ was devised. This
is defined as the percentage of symptom episodes associated with acid reflux
divided by the total symptom episodes (47). This was modified to produce the
‘‘symptom sensitivity index,’’ or the percentage of reflux-associated symptom
episodes per total number of reflux episodes (48). Most recently, the ‘‘symptom-
association probability’’ (SAP) was developed. This scheme evaluates the four
possible associations between reflux events and symptoms: reflux with symp-
toms, reflux without symptoms, symptoms without reflux, and no reflux without
symptoms (49). The advantage of the SAP is that all the relevant data are taken
into account. By breaking the 24-h study period into 720 2-min blocks, one can
establish a 2 � 2 contingency table comparing symptoms to reflux events. A p-
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Table 5 Endoscopic Grading Systems for Degrees of Esophagitis

Savary-Miller classification Hetzel classification

Grade 0 NA Normal-appearing mucosa
Grade I Single, erosive or exudative lesion, Mucosal edema, hyperemia, and/or

oval or linear, taking only one friability of mucosa
longitudinal fold

Grade II Noncircular multiple erosions or ex- Superficial erosions involving
udative lesions taking more than �10% of mucosal surface of last
one longitudinal fold with or 5 cm of esophageal squamous
without confluence mucosa

Grade III Circular erosive or exudative lesion Superficial erosions/ulcerations in-
volving 10–50% of distal esoph-
agus

Grade IV Chronic lesions: ulcers, strictures, Deep peptic ulceration anywhere in
or short esophagus, isolated or as- the esophagus or confluent ero-
sociated with lesions grade I–III sion of �50% of the distal esoph-

ageal squamous mucosa
Grade V Barrett’s epithelium isolated or as- NA

sociated with lesions grade I–III

Los Angeles classification

Grade A One or more mucosal breaks confined to the folds, each no longer than
5 mm

Grade B At least one mucosal break more than 5 mm long confined to the mucosal
folds but not continuous between the tops of the mucosal folds

Grade C At least one mucosal break continuous between the tops of two or more
mucosal folds but not circumferential

Grade D Circumferential mucosal break

value can be computed, and if it is less than 0.05, then the probability that the
symptom-reflux association is not caused by chance is at least 95%.

Another important factor in determining symptom correlation is the defini-
tion of the time interval around a pain episode where a reflux episode is deemed
causative. Different studies have used time windows ranging from 10 min before
or after pain to 2–5 min before pain ensues (50). Lam et al. investigated a group
of patients with noncardiac chest pain using times up to 6 min before and 6 min
after a pain episode to define a time window (51). With the use of mathematical
modeling, they concluded that the time window ranging from 2 min before a
pain episode until the onset of the symptom was optimal.

Unfortunately, despite the eloquence of these analyses, no studies to date
have defined the accuracy of any of the symptom scores in predicting response
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to therapy. Therefore, although pH testing and symptom correlation defines an
association between these two processes, only treatment trials address the true
definition of a causal relationship.

Bilirubin Monitoring

The same techniques utilized by patients undergoing 24-h pH testing can be used
by patients being monitored for the presence of DGR. Again, an event recorder
identifies the appearance of symptoms with a mark on the data strip while record-
ing bilirubin absorbance and pH in the esophagus. After testing is complete, an
assessment of DGR events and symptoms can be conducted.

Using this technique, Vaezi and Richter studied 32 patients with partial
gastrectomies and upper gastrointestinal (GI) complaints, assessing the role of
acid and DGR in symptom production (43). A total of 133 symptoms were re-
ported during the 24-h monitoring periods. Simultaneous reflux of both DGR and
acid was recorded in 92% of heartburn episodes, 70% of abdominal pain events,
and 89% of regurgitation symptoms. The vast minority of symptoms were associ-
ated with DGR only: 6% of heartburn episodes, 30% of abdominal pain events,
and 11% of regurgitation symptoms. Most interestingly, esophagitis occurred
only in the patients with both abnormal amounts of DGR and acid and not in
the DGR-alone group. This suggests that symptoms may be caused by DGR
alone, but acid is required for the development of mucosal injury.

Bernstein Test

The Bernstein test helps address whether a patient’s symptoms are due to acid
in the esophagus (52). With the patient seated or supine, normal saline is infused
through a nasogastric tube located in the middle third of the esophagus (Fig. 5).
This is followed by the introduction of 0.1 N HCl at the rate of 6–8 mL/min. If
typical symptoms arise (i.e., heartburn or chest pain) in the following 15–30 min,
the acid drip is halted and saline again infused. If this eases or relieves the symp-
toms, the patient is exposed to acid again and the sequence repeated. A positive
test is defined as symptom production with acid, which is then relieved with
saline. To accurately reflect an esophageal origin of pain, the sensation of chest
discomfort provoked by testing must be similar to the spontaneous pain episodes.
If not, the test is considered indeterminate.

Multiple studies have evaluated the value of the Bernstein acid perfusion
test. When the production of heartburn is the endpoint for GERD, sensitivities
of 42–100% have been published with specificities ranging from 50% to 100%
(2). If studying atypical chest pain and GERD, the sensitivity of the Bernstein
test is poor, only 7–36%, yet the specificity is better, ranging from 83% to 94%
(53–55). Thus, a positive test reliably attributes a patient’s complaint of chest
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Figure 5 Acid perfusion (Bernstein) test.

pain to esophageal acid exposure, whereas a negative study has little clinical
importance.

These studies highlight the limitations of the Bernstein test. Furthermore,
the Bernstein test is found lacking when compared to 24-h esophageal pH moni-
toring. The latter test is not dependent on exogenous acid and can monitor multi-
ple episodes of pain and relate them to position, meals, and activity. Therefore,
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24-h pH monitoring has replaced the Bernstein test for ascribing symptoms to
acid reflux episodes.

Empirical Trial of Medication

Although a multitude of different tests exist to help establish the diagnosis of
GERD, no tool is yet 100% sensitive or specific. Tests vary in cost and may be
poorly tolerated by patients. In addition, most tests are at least minimally invasive
and therefore carry some degree of risk. Furthermore, these tests do not ensure
that acid reflux is causing the patient’s symptoms. Because of these issues, the
use of acid-suppressing medications as a tool to diagnose GERD has become
more accepted (56,57). The decision to take this approach was aided by the intro-
duction of the PPIs. Unlike H2-receptor antagonists, PPIs drastically reduce the
amount of acid produced in the stomach as well as the time to heal esophagitis
(58–61). Symptoms usually respond in 7–14 days. If symptoms disappear with
therapy and then return with medication cessation, GERD may be assumed. This
approach makes sense clinically and is supported by the literature as being a cost-
effective method of diagnosing GERD.

A patient presenting with typical complaints of heartburn and acid regurgi-
tation is an excellent candidate for empirical therapy with a PPI (1,62). After the
history is obtained, the patient is given a high dose of either omeprazole (40–
80 mg orally per day) or lansoprazole (60–90 mg orally per day) for not less
than 14 days. If the patient reports symptom improvement of at least 50%, the
medication is discontinued. If symptoms recur within the next 2 weeks, the patient
is diagnosed as having GERD and therapy is reinstituted. If the patient reports
minimal or no symptom improvement, the medication can be increased for an-
other 2 weeks. If still no improvement, the patient is diagnosed as having a prob-
lem other than GERD. Using this approach, Schindlbeck and colleagues observed
that an empirical trial of omeprazole 40 mg orally twice daily showed a sensitivity
above 83% for determining the presence of GERD (63).

Patients with atypical GERD complaints are particularly well suited for
empirical therapy. Fass and colleagues demonstrated the benefits of this treatment
approach, which they called the ‘‘omeprazole test,’’ in a cohort of patients with
noncardiac chest pain (64). Participants were initially evaluated by endoscopy
and 24-h esophageal pH monitoring. Treatment was initiated with omeprazole
40 mg po orally every morning and 20 mg orally every evening or placebo for
7 days. The study incorporated a washout period and patient crossover. Empirical
therapy was found to have a sensitivity of 78% and specificity of 86% in detecting
GERD, when compared to traditional testing.

An empirical trial of PPI for diagnosing GERD has many advantages. The
test is office based, easily performed, relatively inexpensive, available to all phy-
sicians in the community, and avoids many needless procedures. Fass and col-
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leagues highlighted the economic benefits of empirical testing (64). They showed
a savings of greater than $570 per average patient due to a 59% reduction in the
number of diagnostic tests performed when evaluating patients with noncardiac
chest pain. Similarly, a cost analysis performed on patients with chronic cough
by Ours and colleagues demonstrated the cost benefits of empirical testing over
manometry and pH testing, showing savings of almost $1000 per patient (65).

Disadvantages are few but include false-positive results secondary to a pla-
cebo effect from the medication. Furthermore, no assessment is made of the
esophageal mucosa, nor is any attempt made to quantitate the amount of reflux.
These issues aside, empirical therapy with the acid-suppressing PPIs has become
the preferred method of initially diagnosing and managing patients suspected of
having both typical and atypical presentations of GERD.

Who does not fit the criteria for an empirical therapy trial? Any patient
with ‘‘alarm’’ symptoms suggesting progressive or complicated disease needs
more conclusive testing. Complaints of dysphagia, odynophagia, GI bleeding, or
long-standing symptoms of at least 5 years warrant initial testing with endoscopy
to assess the esophageal mucosa for strictures, cancers, and Barrett’s esophagus
as well as exclude other gastroduodenal pathology (66).

TESTS FOR TYPE/SEVERITY OF ESOPHAGEAL INJURY

Endoscopy

When the diagnosis of GERD is suspected, endoscopy is usually the first test
pursued to identify the presence of esophagitis and exclude other etiologies for
the patient’s complaints (67). The advancements in the optical capabilities of
endoscopy provide the physician an excellent opportunity to visualize directly
the esophageal mucosa and assess tissue injury. A number of endoscopic criteria
have evolved helping to diagnose reflux esophagitis; unfortunately, the interpreta-
tion of some of these signs is subject to interobserver and even intraobserver
variability (68–70). This problem is less a factor when dealing with mucosal
erosions and ulcerations, but is more apparent when attempting to diagnose
esophagitis when minimal inflammation exists. Furthermore, only 40–60% of
patients with abnormal esophageal reflux by pH testing have endoscopic evidence
of esophagitis. Thus the sensitivity of endoscopy for GERD is 60–70% at best,
but it has excellent specificity at 90–95% (70,71).

Mucosal abnormalities associated with GERD include erythema, edema,
friability, and granularity. Complications of reflux recognized by endoscopy in-
clude erosions, ulcers, exudate, stricture, and Barrett’s esophagus. The earliest-
encountered endoscopic abnormalities of GERD include edema and erythema.
Edema is noted when there is loss of the fine vascular pattern just above the
squamocolumnar junction. Erythema (i.e., redness) reflects a further degree of
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inflammation. Neither of these findings is specific for GERD as some degree of
edema can be seen in up to 60% of healthy subjects and both are very dependent
upon the quality of endoscopic visual images (70). More reliable are the findings
of friability, granularity, and red streaks. Friability, or the easy bleeding that
occurs with gentle pressure on the mucosa, results from the development of en-
larged capillaries near the mucosal surface in response to acid. Red streaks may
extend upward from the esophagogastric (EG) junction along the ridges of esoph-
ageal folds. In studies evaluating these stigmata, nearly all patients were found
to have GERD (72). When acid injury progresses, erosions develop (Fig. 6).
These are characterized by shallow thinning of the mucosa associated with a
white or yellow exudate surrounded by erythema. They are most commonly lo-
cated just above the EG junction and may be either single lesions or coalesced
regions. Typically, they occur along the tops of mucosal folds, areas most prone
to acid exposure (73). Erosions may also be caused by NSAID use, heavy smok-
ing, and infectious esophagitis (e.g., Candida, herpes); therefore, they are not
100% specific for the diagnosis of GERD (72). Ulcers reflect more severe damage
to the esophagus. These have depth into the mucosa, tend to have either a white
or yellow discolored base, and may be seen either isolated along a fold or sur-
rounding the EG junction (Fig. 7).

Beyond these mucosal findings, other complications of acid reflux disease
often are noted at endoscopy including rings, strictures, or Barrett’s mucosa. The
Schatzki’s ring is a thin, pearly white tissue structure located at the squamoco-

Figure 6 Two linear erosions extending proximally from squamocolumnar junction at
the proximal border of a hiatal hernia.
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Figure 7 Circumferential ulcer with stricture of esophagus.

lumnar junction. Its etiology is controversial but recent debate suggests it is a
complication of GERD for several reasons: (1) the mucosa above the ring resem-
bles the mucosa of chronic reflux, devoid of submucosal vessels; (2) the ring
may be associated with other evidence of endoscopic esophagitis; and (3) some
rings progress to strictures. Peptic strictures cause narrowing of the distal esopha-
gus because of chronic acid-induced inflammation, which eventually stimulates
collagen formation and the creation of a shortened, thick, noncompliant region
of scarring. Like rings, peptic strictures tend to occur distally at the EG junction.
They are typically short and less than 1 cm in length. If they are longer, other
etiologies such as Zollinger-Ellison syndrome, pill esophagitis, or mechanical
trauma from a long-term indwelling nasogastric tube should be sought (70). Fur-
ther evidence of esophagitis is often seen proximal to the stricture. Barrett’s
esophagus, which appears as a salmon- or pink-colored mucosa in the tubular
esophagus, is another complication of GERD (Fig. 8). Although the diagnosis
can be suggested at endoscopy, mucosal biopsies are always necessary to confirm
the presence of specialized intestinal metaplasia (67).

Endoscopic grading of GERD depends upon the endoscopist’s interpreta-
tion of these visual images. Unfortunately, there exists no standard classification
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Figure 8 Barrett’s esophagus.

scheme for endoscopic findings. Instead, several grading systems are available
but none are completely satisfactory (Table 6). The most commonly employed
scheme is the Savary-Miller classification (74). A score of 0 reflects normal-
appearing mucosa while a value from I to III is assigned depending upon the
degree of mucosal erosions. Grade IV is reserved for any complication of GERD
such as ulceration, stricture, or Barrett’s esophagus. The MUSE system stands
for metaplasia, ulceration, stricture, and esophagitis (9). It calls for the individual
grading of these findings on a scale from 0 to 3. Unfortunately, this scheme is
cumbersome and difficult to use routinely. The Hetzel system grades severity not
by the number of erosions but instead by the area of injury to the esophageal
mucosal surface (75). The Los Angeles system uses a grading scale from A to
D. The number, length, and location of mucosal breaks determine the degree of
esophagitis (69). These different classification systems diverge the most when
defining the subtlest degree of injury. When erythema, edema, and indistinct Z-
line are included, the sensitivity of diagnosing GERD rises at the expense of
specificity.

Even though endoscopy offers many advantages in diagnosing GERD and
defining the extent of disease, most patients with reflux disease are treated ini-
tially without endoscopy. The important exception to this rule is the patient expe-
riencing ‘‘alarm’’ symptoms. These are defined as dysphagia, odynophagia,
weight loss, and gastrointestinal bleeding. Here, endoscopy should be performed
early to rule out the presence of other entities such as infections, ulcers, cancer,
or varices.
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Table 6 Indices Relating Reflux Events and Symptoms

Symptom index (SI):

SI �
(number of reflux episodes � related symptom episodes)

total number of symptom episodes
� 100%

Symptom sensitivity index (SSI):

SSI �
number of symptomatic reflux episodes

total number of reflux episodes
� 100%

Symptom association probability (SAP):

Symptoms (S)

� �

� S�R� �R� R�

� S�R� S�R� R�

S� S� Total

R
efl

ux
(R

)

Calculate p-value using Fisher Exact test:

p �
(R � !) (R � !) (S � !) (S � !)

(Total!) (S � R � !) (S � R � !) (S � R � !) (S � R � !)

SAP � (1 � p) � 100%

The role of endoscopy in GERD patients without alarm symptoms is more
controversial. Initially, it was felt that endoscopy could dichotomize patients into
two groups, nonerosive or mild disease and severe erosive disease, and better
direct their management. Since the former population rarely develops complica-
tions, they could be treated less aggressively with H2-receptor antagonists or
promotility agents. The latter group, being more prone to complications and re-
quiring maintenance therapy, needed more aggressive treatment with PPIs or sur-
gery. Endoscopy was performed to assess disease severity either before initiating
treatment or when symptoms relapsed after medications were discontinued. This
practice is now less popular with the use of PPIs as first-line therapy for GERD.
Since this drug class treats both groups of patients equally well, early endoscopy
has less impact in influencing the choice of therapy. Currently, the most important
reason to perform endoscopy in GERD patients is to identify peptic strictures or
Barrett’s esophagus. The latter is diagnosed most reliably on biopsy, and the
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presence of dysplasia can be affected adversely by active inflammation (76).
Therefore, biopsies are usually not taken to exclude Barrett’s mucosa if acute
inflammation is present, but rather the patient is treated aggressively with PPIs
for 8 weeks, and then endoscopy is repeated with biopsies. This allows better
definition of the classic finding of Barrett’s epithelium and prevents false-positive
grading of low- or high-grade dysplasia due to inflammation. Using this rationale,
the vast majority of patients with chronic GERD need only one endoscopy while
on therapy. If Barrett’s esophagus is identified, enrollment into an endoscopic
surveillance program is appropriate (66).

Even though endoscopy is a vital tool in the diagnosis and surveillance of
GERD, it should be used prudently. The test adds cost to the medical care of the
patient, has a small but real potential for complications, and may prolong the
length of time between the patient’s presentation to the physician and initiation
of therapy.

Esophageal Biopsy

The ability to obtain tissue during endoscopy is very important. Biopsies of the
esophagus are warranted to identify the presence of reflux injury, exclude other
esophageal diseases and confirm the presence of complications, especially Bar-
rett’s esophagus. Microscopic changes indicative of reflux may occur even when
the mucosa appears normal endoscopically (77). In the presence of macroscopic
abnormalities, such as a stricture or ulceration, biopsy provides tissue to exclude
other possible diagnoses such as neoplasm, infection, pill injury, or bullous dis-
ease. Often, the presence of intestinal metaplasia is in question. What appears to
be Barrett’s esophagus due to the classic endoscopic salmon-colored mucosal
appearance may actually represent gastric mucosa. Biopsy evidence of goblet
cells suggests intestinal metaplasia while their absence confirms the presence of
gastric cardia–type mucosa (76).

The most sensitive histological markers of reflux disease are reactive epi-
thelial changes characterized by an increase in the basal cell layer greater than
15% of the epithelium thickness or papillae elongation into the upper third of
the epithelium (Fig. 9). These changes represent increased epithelial turnover of
the squamous mucosa. Papillae, or rete peg, height increases due to loss of surface
cells from acid injury, while basal cell hyperplasia is indicative of mucosal repair.
Unfortunately, these changes are also noted in up to 50% of normal individuals
when biopsies are taken from the distal 2–3 cm of the esophagus and in up to
20% of normal individuals with biopsies from the more proximal esophagus (76).
Hence, these changes are sensitive markers for GERD but have poor specificity.

More severe esophageal inflammation is characterized by cellular infiltra-
tion. Neutrophils and eosinophils are not usually present in the esophageal mu-
cosa; therefore, their appearance in biopsy tissue is highly suggestive of GERD
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Figure 9 Reparative changes secondary to reflux disease characterized by basal cell
hyperplasia and marked elongation of the rete pegs.

(76). Current theory suggests that reflux causes an acute injury to the vascular bed
of the esophagus, leading to the release of vasoactive substances, which promotes
edema and stimulates the migration of neutrophils and eosinophils into the area.
Unfortunately, the detection of neutrophils is an insensitive marker for reflux
disease, being present in no more than 40% of GERD patients (78). The sensitiv-
ity of eosinophils for GERD is better, reported as high as 69%; however, specific-
ity may be lacking. In one study, 4 of 12 (33%) normal individuals were noted
to have rare eosinophils present on biopsy (79). It is hypothesized that this decline
in specificity reflects an association of eosinophilia with other diseases such as
asthma or eosinophilic gastroenteritis. Interestingly, the sensitivity and specificity
in children is much stronger reflecting the lack of eosinophils in the juvenile
inflammatory response (76,80).

Further evaluation of microscopic changes associated with reflux disease
can be assessed with electron microscopy. Studies with transmission electron
microscopy performed on human esophageal biopsies demonstrate the presence
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of dilated intercellular spaces in patients with both erosive and nonerosive reflux
diseases (81). This finding precedes the onset of gross morphological damage,
thus representing one of the earlier alterations in GERD. Scanning electron mi-
croscopy also has been used to study the pathological changes associated with
reflux. Initially, studies identified a decrease in the number of microridges, in-
foldings of the plasmalemma on the luminal surface of the squamous epithelium,
in patients with heartburn or reflux esophagitis (82,83). Further studies, however,
failed to confirm an association between microridge loss and the presence of
GERD (84).

Unfortunately, performing esophageal mucosal biopsies is not without its
problems. The diagnostic yield is dependent upon the sample size, biopsy loca-
tion, and tissue orientation. Initial studies were performed with pinch biopsies
taken tangentially to the esophageal surface. This practice yielded small amounts
of tissue, which were challenging to interpret because of difficulty in proper tissue
orientation. To improve upon the pinch biopsy method, the suction biopsy and
the jumbo biopsy techniques were developed. These allow a greater sampling
volume per biopsy and therefore provide tissue that is easier to study. If lesions
associated with GERD are present, such as ulcers or erosions, biopsies are ob-
tained from the base of the lesion to demonstrate the depth of tissue injury as
well as the reparative process. Biopsy of the surrounding area discloses the local
cell infiltration. In contrast, if no lesions are noted at the time of endoscopy,
biopsies are performed at least 3 cm above the EG junction (Z-line) to look for
reactive changes due to reflux. Multiple biopsies are gathered because of the
sporadic nature of the histological changes. Tissue closer to the Z-line is not
sampled because of the decreased specificity for diagnosing GERD (76,85).

Esophageal Manometry

Esophageal manometry provides information on the functional ability of the
esophageal muscles by quantifying the contractile activities of the esophageal
sphincters and body during swallowing. The equipment necessary to perform
manometric testing includes a catheter, pressure transducers, and a recorder. Test-
ing is performed by first passing the catheter apparatus into the esophagus. The
assembly is capable of recording multiple pressure readings simultaneously from
within the esophagus. The number of readings is dependent upon the number of
sensors, typically spaced 3–5 cm apart along the catheter. From three to eight
sensors are connected to transducers that convert the physical changes of pressure
to electrical signals. These signals are transmitted to a recorder that transforms
the information to a visual display by way of a polygraph. Either a water-perfused
catheter system or one based on solid-state circuitry is typically employed. The
solid-state systems are more expensive and fragile; however, they are better able
to accurately record pressures in both the esophagus and pharynx, and testing
can be performed with solid and semisolid boluses in addition to water. With
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this technique of resting pressures of the lower and upper esophageal sphincters
as well as the timing and completeness of their relaxations are recorded. In the
esophageal body, peristalsis is evaluated by assessing the presence, propagation,
velocity, amplitude, and duration of contraction waves (2,15).

The measurement of lower esophageal sphincter (LES) pressure logically
should be associated with the severity of GERD because of its importance as a
major barrier to reflux. In fact, the majority of patients investigated in early stud-
ies, usually those with severe esophagitis prior to surgery, had LES pressures �
10 mmHg. However, recent studies find that over 60% of patients with GERD
have a normal resting LES pressure of 10–30 mmHg, while an occasional asymp-
tomatic subject has pressures below this value (86). This observation is not sur-
prising since current studies find that transient relaxations of the LES are the
primary mechanisms by which reflux occurs. In between these episodes, the basal
LES pressure, which is traditionally measured by stationary manometry, is nor-
mal. Consequently, LES pressure in a given patient is too imprecise for identi-
fying the potential for reflux (70).

Quantitative assessment of peristaltic activity in the esophageal body is
also an important test in assessing the severity of reflux disease (20). As the
degree of GERD worsens, increasing dysmotility is noted characterized by fre-
quent simultaneous or nonconducted contractions and low-amplitude (�35
mmHg) peristaltic contraction (Fig. 10). These changes are termed ‘‘ineffective
peristalsis’’ as they do not predictably clear the esophagus of refluxed acid. In
our experience, ineffective peristalsis in the distal esophagus is much more com-
mon (30–40%) than low LES pressure (approximately 10%). Manometry is cru-
cial for identifying these abnormalities in esophageal function (71).

In clinical practice, esophageal manometry has no role in the evaluation
of uncomplicated GERD. Manometry serves as an integral component of pH
monitoring by accurately defining the location of the LES, a task poorly per-
formed by endoscopy, fluoroscopy, or the pH pull-through technique. However,
it is an essential test in the preoperative evaluation of patients prior to antireflux
surgery (22,87). A normal LES pressure does not preclude surgery for the reasons
previously discussed, yet occasionally a diagnosis of achalasia or scleroderma is
made, changing the clinical approach. Most importantly, the presence of ineffec-
tive peristalsis suggests a weak esophageal pump and helps tailor the antireflux
surgery. In these patients, adapting the surgical approach to incorporate an incom-
plete Toupet procedure rather than a Nissen fundoplication minimizes the risk
of postoperative dysphagia (15,88).

Esophageal Potential Difference Measurement

The potential difference across the esophageal epithelium is due to the transport
of ions, principally sodium, across the cell’s basolateral membrane in conjunction
with the resistance to passive ion movement across tight junctions and cellular
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Figure 10 Examples of ineffective peristalsis by esophageal manometry. (A) Low-
amplitude peristalsis (normal � 35 mmHg). (B) Frequent nontransmitted contractions
(NT) in the distal esophagus.

membranes. This active process (requiring ATP) sets up concentration gradients
of ions between the intracellular and extracellular spaces. Using Ohm’s law:

PD (millivolts) � I (microamps) � R (ohms⋅cm2)

where PD is potential difference, I is current, and R is electrical resistance, a
voltage potential can be calculated for normal esophageal tissue. If this tissue is
damaged structurally or functionally, the potential difference changes. With acid
exposure, there is a brief rise in the measured voltage that is followed by a gradual
decrease. The fall in voltage reflects the movement of ions back along the concen-
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tration gradient toward a state of equilibrium. Initially, this is due to increased
permeability of the intercellular tight junctions secondary to acid-related injury.
As acid exposure continues, the active transport of Na is disturbed and eventually
disrupted completely. When the potential difference is zero, normal epithelial
function is absent. This reflects either complete necrosis or scar formation of the
tissue. A potential difference other than normal or zero reflects the degree of
tissue injury or possibly the transition to an alternate epithelium such as Barrett’s
esophagus (89,90).

The measurement of the resting electrical potential difference across the
epithelium is primarily a research technique used to assess the integrity of the
esophageal epithelium. Currently, it has no use in the clinical diagnosis of GERD.

TESTS FOR MECHANISMS OF ESOPHAGEAL INJURY

Esophageal Manometry/pH Monitoring

As discussed earlier, manometry has limited ability to distinguish the severity of
GERD. It does, however, have a role in determining the mechanism of esophageal
injury. By assessing the character of esophageal peristalsis along with the func-
tion of the esophageal sphincters, manometry can identify functional abnormali-
ties promoting the development of reflux. More importantly, manometry may
identify specific problems, which helps tailor possible surgical therapy for GERD.
Support for this rationale comes from retrospective studies. In one review, preop-
erative manometry influenced surgical technique in 10% of patients undergoing
laparoscopic fundoplication. Results of surgery demonstrated a 96% success rate
(22). In another study, patients with impaired esophageal motility underwent
laparoscopic antireflux surgery. More severe dysphagia was reported in the Nis-
sen fundoplication group (57%) versus the Toupet group (9%) (91). These find-
ings demonstrate that manometry is an important preoperative test to customize
antireflux surgery.

Esophageal pH monitoring also helps in understanding the mechanisms of
acid reflux injury. Johnson and DeMeester found that the circadian pattern of
GER helps to predict the degree of acid injury and esophagitis (92,93). Patients
with reflux only during the day have frequent symptoms but minimal esophagitis
due to rapid acid clearance. In contrast, nocturnal reflux is frequently associated
with esophagitis and the complications of GERD. At night in the supine position,
poor acid clearance occurs because of the lack of gravity, peristalsis, and saliva
production while asleep. Nevertheless, acid reflux patterns and total acid exposure
times overlap considerably in individual patients with GERD suggesting that
other factors such as mucosal resistance are important in protecting esophageal
integrity.
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Barium Esophagram

Direct visualization of the esophagus with fluoroscopy is another method for
determining the mechanism of esophageal injury. With this technique, abnormali-
ties such as nonperistaltic contractions, incomplete primary peristalsis, and aper-
istalsis may be observed. These findings typically occur in the lower half of the
esophagus. Observing barium swallows compares favorably to manometry in
evaluating primary esophageal motility. Barium can also estimate esophageal
clearance. Normal individuals in a recumbent position should remove all barium
swallowed with one peristaltic sequence. Finally, barium may disclose the pres-
ence of a hiatal hernia, which acts to decrease the integrity of the LES by altering
the anatomical relationships between the gastroesophageal junction, diaphragm,
and associated ligaments (30).

CONCLUSION

The diagnosis of GERD at times poses a challenge for even the most skilled
clinician. Without a test that is 100% sensitive and specific for disease, the physi-
cian must assimilate the patient’s presentation and adopt an individualized strat-
egy that will best arrive at a diagnosis. This demands a fundamental understand-
ing of the many tests available for detecting GERD, the strengths and weaknesses
of each test, and the indications for their use. By employing this approach, the
physician optimizes his or her opportunity to correctly identify GERD and its
relationship to the patient’s complaints.
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Pathophysiology of
Gastroesophageal Reflux Disease

The Antireflux Barrier and Luminal Clearance
Mechanisms

Peter J. Kahrilas and Guoxiang Shi
Northwestern University Medical School, Chicago, Illinois

Gastroesophageal reflux disease (GERD) encompasses a spectrum of disorders
inclusive of both symptomatic conditions related to the reflux of gastric juice
across the esophagogastric junction (EGJ) and potential damage to the esophageal
or supraesophageal epithelium related to that reflux. In either case, the fundamen-
tal aberration is excessive esophageal or supraesophageal epithelial exposure to
gastric refluxate. However, it is important to note that no absolute cutoff values
exist for what constitutes pathological reflux. A minority of individuals with
GERD will have visually evident erosion, ulceration, stricture formation, or meta-
plasia, in which cases it is clear that the caustic exposure sustained exceeded the
defensive ability of the involved epithelium. On the other hand, in the majority
of individuals without visual evidence of the disease, symptoms emanate from
reflux either because of changes in the fine structure of the epithelium not evident
endoscopically, or because the epithelium is excessively sensitive to what would
be a tolerable exposure to refluxate for another individual. Thus, a comprehensive
understanding of the pathogenesis of GERD must consider both the determinants
of epithelial acid exposure and the defensive mechanisms of the epithelium. Sig-
nificant aberration in either of these pathophysiological influences can tip the
balance from a compensated condition toward a decompensated condition, be
that heartburn, chest pain, laryngitis, or esophagitis. The intermittent nature of
symptoms in many individuals with GERD suggests that the aggressive and de-
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fensive forces are part of a delicately balanced system susceptible to perturbation
not only by the quantitative attributes of reflux, but also by cofactors related to
diet, concurrent medications, voice use, cigarette smoking, or emotional stress.
This chapter will focus on the determinants of esophageal acid exposure, spe-
cifically, gastroesophageal reflux and mechanisms of acid clearance. A subse-
quent chapter will review our current understanding of epithelial defense mecha-
nisms.

MECHANISMS OF ACID REFLUX

The prerequisite for the development of GERD is movement of gastric juice from
the stomach into the esophagus. Under normal circumstances, reflux is prevented
as a function of the EGJ. The antireflux barrier at the EGJ is an anatomically
complex zone whose functional integrity has been variably attributed to intrinsic
lower esophageal sphincter (LES) pressure, extrinsic compression of the LES by
the crural diaphragm, the intra-abdominal location of the LES, integrity of the
phrenoesophageal ligament, and maintenance of an acute angle of His (the angle
of entry of the esophagus into the stomach). Although there is probably some
merit to each of these possibilities, supporting evidence is more compelling in
some cases than in others. Quite possibly, competence of the antireflux barrier
is attributable to more than one factor and incompetence becomes increasingly
severe as more antireflux mechanisms are disabled. The antireflux barrier needs
to be dynamic because it must guard against reflux in a variety of circumstances.
Furthermore, the dominant mechanism protecting against reflux may vary with
circumstance. For example, the intra-abdominal segment of the LES may be im-
portant in preventing reflux during swallowing, the diaphragmatic crus may be
of cardinal importance during abdominal straining, and basal LES pressure may
be of primary importance during restful recumbency. The total number of reflux
events sustained would then increase progressively as each of these protective
mechanisms is compromised.

The complexity of the antireflux barrier has led investigators to focus on
several different potential mechanisms of reflux. Three dominant theories of
pathogenesis attribute EGJ incompetence to: (1) transient lower esophageal
sphincter relaxations (tLESRs) without any necessary accompanying anatomical
abnormality, (2) simply a result of a hypotensive LES, again, without any accom-
panying anatomical abnormality, or (3) anatomical disruption of the EGJ inclu-
sive of, but not limited to, hiatal hernia. Individuals can be found exemplifying
each of these mechanisms; however, what proportion of the entire GERD popula-
tion can be attributed to each mechanism remains a hotly debated issue. Recent
evidence also suggests that the dominant mechanism may vary as a function
of disease severity with tLESRs dominating with mild disease and mechanisms
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associated with a hiatus hernia and/or weak sphincter dominating with more se-
vere disease (1).

Transient Lower Esophageal Sphincter Relaxations

There is compelling evidence that tLESRs account for the overwhelming majority
of reflux events in healthy individuals and in GERD patients with normal LES
pressure (�10 mmHg) at the time of reflux (2–4). Figure 1 highlights differences
between tLESRs and swallow-induced LES relaxation: tLESRs occur without an
associated pharyngeal contraction, are unaccompanied by esophageal peristalsis,
and persist longer (�10 s) than do swallow-induced LES relaxations (6). How-
ever, not all tLESRs are accompanied by reflux, with different investigators re-
porting reflux during as many as 93% or as few as 9–15% (4,5). What has become
clear is the role of tLESRs in belching (7,8). The frequency of tLESRs is greatly
increased by distension of the stomach by gas as it is by an upright as opposed
to the supine posture. It seems likely that some of the confusion surrounding
tLESRs stems from lack of a consistent definition; some investigators invoke the
phenomenon with any nonswallow LES relaxation and others require more pre-
cise characteristics of the relaxations. Furthermore, it is increasingly appreciated
that tLESRs are integrated motor responses involving not only LES relaxation,
but also inhibition of the crural diaphragm and contraction of the costal dia-
phragm (9). In view of the circumstances in which they appear, it seems most
likely that tLESRs are a physiological response to gastric distension by food or
gas and are the mechanism responsible for gas venting of the stomach; acid reflux
is an inconstant associated phenomenon.

Some investigators have suggested that tLESRs are manifestations of ‘‘sub-
threshold swallows’’ in response to pharyngeal stimulation (4). Supportive evi-
dence of this includes the demonstration of isolated LES relaxation in response
to pharyngeal stimulation with water (10,11) and from the observation made on
a small number of gastrostomy patients (in whom LES recordings could be made
through their gastrostomy site) that tLESR frequency was greatly enhanced dur-
ing periods in which the free end of a second catheter was left dangling in the
hypopharynx (12). However, it is clear that in at least some of these circum-
stances, investigators are invoking the phenomenon of tLESR with any nonswal-
low LES relaxation, ignoring the other components of the integrated response
(crural diaphragm inhibition, costal diaphragm contraction, relaxation in excess
of 10 s, esophageal aftercontraction) (9). It is also unclear to this investigator
(PJK) what the relevant proposed indigenous stimulus would be to argue the
importance of the pharyngeal stimulation mechanism. Thus, while there is con-
vincing evidence that a variety of pharyngeal stimuli can elicit partial or complete
LES relaxation, it remains disputable as to whether such relaxations have a clini-
cally relevant relationship to tLESRs.
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Figure 1 Example of a tLESR. Lower-esophageal-sphincter pressure is referenced to
gastric pressure by the horizontal dotted line on the LES tracing (0 mmHg) representing
mean intragastric pressure. Note that the tLESR persisted for 30 s while the swallow-
induced LES relaxation to the right (Sw) persisted for only 5 s. Also note the absence of
a submental EMG signal during the tLESR indicating the absence of a swallow. Finally,
the associated esophageal motor activity is different in the two types of LES relaxation:
the swallow is associated with primary peristalsis while the tLESR is associated with a
vigorous, repetitive ‘‘off-contraction’’ throughout the esophageal body. (From Ref. 5, with
permission.)
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Recognizing the importance of tLESRs in promoting reflux, several groups
of investigators are exploring the pharmacological manipulation of tLESRs as a
potential therapy for GERD. Cholecystokinin (CCK) is one of the most exten-
sively studied. Cholecystokinin-8 infused intravenously increased the occurrence
of tLESRs in a dose-dependent fashion in both dogs and human subjects and this
effect was blocked by CCK-A antagonists (13,14). Endogenous CCK was also
demonstrated to play a role in the occurrence of tLESRs triggered by gastric
distension with a barostat (14), gastric air distension (15), cholestyramine admin-
istration (16), oral administration of a liquid meal (17) or duodenal infusion of
a liquid meal (18). These effects could not be demonstrated with infusion of CCK-
33 (19), the hormonally acting form, suggesting that the effects are attributable to
CCK acting as a neurotransmitter (20). Other interesting data pertain to morphine
and atropine. Morphine decreased the number of tLESRs triggered by dextrose
infusion into the stomach of GERD patients and this effect was blocked by nalax-
one (21). Atropine potently inhibited tLESRs triggered by gastric distension or
a meal in healthy subjects (22,23) or by a meal in GERD patients (24). Atropine,
however, also reduces basal LES pressure and peristaltic efficacy (25), effects
generally viewed as deleterious in GERD patients.

Hypotensive Lower Esophageal Sphincter

Physiologically, the LES is a 3–4-cm segment of tonically contracted smooth
muscle at the distal end of the esophagus. Resting tone of the LES varies among
normal individuals from 10 to 30 mmHg relative to intragastric pressure. Lower
esophageal sphincter pressure is least in the postprandial period and greatest at
night (2). Intra-abdominal pressure, gastric distension, peptides, hormones, vari-
ous foods, and many drugs affect the LES pressure (Table 1). The mechanism
of LES tonic contraction is not fully understood but seems to be a property of
the muscle itself rather than of nerves affecting the sphincter. This conclusion is
supported by the observation that pressure within the sphincter is minimally af-
fected following the elimination of neural activity by close intra-arterial injection
of tetrodotoxin (27). Furthermore, biochemical evidence suggests that the proper-
ties of the sphincter are defined by properties of the circular muscle. Specifically,
the tonic contraction of the sphincter is not wholly associated with electrical
transients (28,29), it has a lower resting membrane potential than the adjacent
circular muscle (30,31), it exhibits increased passive permeability to potassium
(32), and it seems to have a higher intracytosolic concentration of calcium (33).
Sphincter tone may be maintained by the inositol phosphate–mediated continuous
release of intracellular calcium. Although, inositol phosphates are found in higher
concentrations in the LES than in adjacent circular muscle, resting sphincter tone
is readily altered by exogenous agents such as hormones and a multitude of nerves
as shown in Table 1. Further, 50–70% of LES tone of humans can be inhibited
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Table 1 Substances Influencing LES Pressure

Increase LES pressure Decrease LES pressure

Hormones Gastrin Secretin
Motilin Cholecystokinin
Substance P Glucagon

Somatostatin
Gastric inhibitory polypeptide (GIP)
Vasoactive intestinal polypeptide (VIP)
Progesterone

Neural agents α-Adrenergic agonists α-Adrenergic antagonists
β-Adrenergic antagonists β-Adrenergic agonists
Cholinergic agonists Cholinergic antagonists

Botulinum toxin
Foods Protein Fat

Chocolate
Ethanol
Peppermint

Miscellaneous Histamine Theophylline
Antacids Prostaglandins E2 and I2
Metoclopramide Serotonin
Domperidone Meperidine
Prostaglandin F2α Morphine
Cisapride Dopamine
Vecuronium Calcium channel blockers

Diazepam
Barbiturates
Nicotine
Halothane
Isoflurane
Suxamethonium

Source: Modified from Ref. 26.

by atropine (25). Such influences may be especially important in modification
of closure force in response to stimuli such as feeding and fasting.

Gastroesophageal reflux can occur with a diminished LES pressure by ei-
ther strain-induced reflux or free reflux. Strain-induced reflux results when a hy-
potensive LES is overcome and ‘‘blown open’’ by an abrupt increase of intra-
abdominal pressure (Fig. 2). Free reflux is characterized by a fall in intraesopha-
geal pH without an identifiable change in either intragastric or LES pressure.
Manometric data suggest that stress reflux or free reflux is relatively unusual,
operant mainly when the LES pressure is less than 10 mmHg and 4 mmHg,
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Figure 2 Example of stress reflux induced by coughing in an individual with a hypoten-
sive LES. Lower-esophageal-sphincter pressure is referenced to gastric pressure with the
horizontal dotted line (0 mmHg) representing mean intragastric pressure. Note the abrupt
increase in intra-abdominal pressure associated with coughing and the associated episode
of intraesophageal acidification. Although it is difficult to be exact, it appears that the
resting LES pressure at the time of reflux was 8 mmHg. (From Ref. 5, with permission.)
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respectively (34). However, it should be noted that these studies were not con-
trolled for the potential activity-limiting effect of the required instrumentation
(recumbent subjects reading or watching television with a manometric assembly
and a pH probe in their nose), or of a hiatal hernia.

A puzzling clinical observation and one that supports the importance of
tLESRs is that only a minority of individuals with GERD have an LES pressure
of less than 10 mmHg when determined by isolated fasting measurements
(35,36). This observation can be somewhat reconciled when one considers the
dynamic nature of LES pressure. The isolated fasting measurement is probably
useful only in identifying patients with a grossly hypotensive LES, i.e., individu-
als constantly susceptible to strain-induced reflux and perhaps sometimes suscep-
tible to free reflux. However, there is probably a larger group of patients with
mild or moderate GERD susceptible to strain-induced reflux when their LES
pressure has been temporarily diminished as a result of specific foods, drugs, or
habits (5) (see below).

The Diaphragmatic Sphincter, Hiatal Hernia, and Other
Anatomical Variables

The esophagus is normally anchored to the diaphragm such that the stomach
cannot be displaced through the hiatus into the mediastinum. The main restraining
structures are the phrenoesophageal ligament and an aggregation of posterior
structures including the vagus nerve, tributaries of the left gastric vein, and
branches of the left gastric artery (37,38). The phrenoesophageal ligament is
formed from the fascia transversalis on the undersurface of the diaphragm and
fused elements of the endothoracic fascia. This elastic membrane inserts circum-
ferentially into the esophageal musculature, close to the squamocolumnar junc-
tion, and extends for about a centimeter above the EGJ at which point it thins
and merges with the perivisceral fascia of the esophagus (39). The axial position
of the squamocolumnar junction is normally within or slightly distal to the dia-
phragmatic hiatus (40). The diaphragmatic hiatus is most commonly formed by
the right diaphragmatic crus, which originates from the anterior longitudinal liga-
ment over the upper lumbar vertebrae and inclines forward to arch around the
esophagus. Once muscle fibers emerge from this tendinous origin, they form two
overlying bundles that diverge and then cross each other in a scissor-like fashion
as they approach the hiatus. The lateral fibers of each hiatal limb insert into the
central tendon of the diaphragm, but the medial fibers, which form the hiatal
margins, incline toward the midline and merge anteriorly in front of the esopha-
gus (41). Although variations of this pattern exist, the basic organization of two
flattened muscle bundles first diverging like a scissor and then merging anterior to
the esophagus is common to all arrangements with about a centimeter of muscle
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separating the anterior rim of the hiatus from the central tendon of the diaphragm
(Fig. 3).

With sliding hiatal hernia, there is a widening of the muscular hiatal tunnel
and circumferential laxity of the phrenoesophageal ligament, allowing the gastric
cardia to herniate upward. In marginal instances, sliding hiatal hernia is an exag-
geration of the normal phrenic ampulla. Owing to this subtle distinction, estimates
of hernia prevalence in adults vary enormously, from 10% to 80% (42). With a
large hernia, the esophageal hiatus abuts directly on the central tendon of the
diaphragm and the anterior hiatal muscles are absent or very atrophic (41). Asso-
ciated with this, the phrenoesophageal ligament becomes attenuated but, nonethe-
less, remains intact containing the herniated gastric cardia within the posterior
mediastinum (42). When a sliding hiatal hernia enlarges, such that �3 cm of
gastric pouch is herniated upward, its presence becomes obvious because gastric
folds are evident traversing the diaphragm. Although there are instances in which
trauma, congenital malformation, or surgical manipulation can be implicated,
sliding hiatal hernias are usually acquired, typically in the fifth decade of life
(43). Pregnancy is also an inciting factor (38,44). Conceptually, Marchand argues
that the compounded stresses of age-related degeneration, pregnancy, and obesity

Figure 3 The most common anatomy of the diaphragmatic hiatus in which the muscular
elements of the crural diaphragm derive from the right diaphragmatic crus. The right crus
arises from the anterior longitudinal ligament overlying the lumbar vertebrae. Once muscu-
lar elements emerge from the tendon, two flat muscular bands form that cross each other
in scissor-like fashion, form the walls of the hiatus, and decussate with each other anterior
to the esophagus. (Modified from Ref. 41.)
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take their toll on a relative weak point of the anatomy that is vulnerable to visceral
herniation because it faces directly into the abdominal cavity. Furthermore, since
the esophagus does not tightly fill the hiatus, the integrity of this opening depends
upon its intrinsic structures, especially the phrenoesophageal ligament (41). Add
to this vulnerability the repetitive stresses of coughing, respiration, Valsalva, vom-
iting, physiological herniation of swallowing, and postural change, and then com-
pound the stress by packing the abdominal cavity with adipose tissue or a gravid
uterus, and eventually the integrity of the hiatus is compromised. Another poten-
tial source of stress on the phrenoesophageal ligament is tonic contraction of the
esophageal longitudinal muscle induced by reflux and mucosal acidification (45).

In contemplating the significance of hiatal hernia, it is instructive to read
the work of Allison, who exhibited masterful understanding of the EGJ (43):
‘‘and that the position of the stomach in relationship to the diaphragm is only
important in so far as the diaphragm acts as a sphincter. . . . When the right crus
of the diaphragm contracts, its action on the cardia is twofold: first, it compresses
the walls of the esophagus from side to side, and second, it pulls down and
increases the angulation of the esophagus.’’ Allison also understood the analogy
between the EGJ and the anal sphincters:

The alimentary canal passes through two diaphragms, the thoracoabdominal
and the pelvic. In each of these nature has adopted the same device to achieve
continence. In each the canal is made to take a fairly abrupt bend, and at the
bend is supported by an intrinsic and an extrinsic muscular mechanism. At
the anorectal junction the internal sphincter is relatively well developed, but
the main factor for continence is the puborectalis muscle which forms a lasso
round the bend and hitches it forward to the back of the pubic bone. At the
EGJ there is no thickening of the circular muscle fibers of the esophagus to
form a sphincter, but the canal takes a bend forward and to the left, and this
bend is lassoed and maintained by the right crus of the diaphragm which
hitches it down to the lumbar spine.

As detailed below, recent investigations have now supported this ‘‘two-sphincter
hypothesis’’ of EGJ competence (46,47).

Evidence of a specialized sphincteric role of the crural diaphragm begins
with the observation that the costal and crural diaphragm can function indepen-
dently. During esophageal distension, vomiting, and belching, electrical activity
of the crural fibers is absent at the same time as the dome of the diaphragm is
active, suggesting that the crural diaphragm is inhibited in some instances of
LES relaxation (48,49). This reflex inhibition disappears with vagotomy (50).
Conversely, crural contraction augments the EGJ with abrupt increases of intra-
abdominal pressure as occur during inspiration, coughing, or abdominal straining
(51). The importance of this mechanism was evident in studies of individuals
with graded severity of hiatal hernia in whom the susceptibility to reflux with
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abrupt increases of intra-abdominal pressure depended upon both LES pressure
and the presence of a hiatus hernia (52). When these data were modeled using
a stepwise regression analysis that considered a host of anatomical and physiolog-
ical factors as potential entry variables, the size of hiatal hernia was identified
as having the highest correlation with the susceptibility to strain-induced reflux.
The second significant factor was the instantaneous LES pressure, and the third
was an interaction term between these two variables (Fig. 4) (52). The implication
is that patients with hiatal hernia exhibit progressive impairment of EGJ compe-

Figure 4 Model of the relationship between lower esophageal sphincter (LES) pressure,
size of hernia and the susceptibility to gastroesophageal reflux induced by provocative
maneuvers that increase intra-abdominal pressure as reflected by the reflux score on the
Z-axis. The equation of the model is:

Reflux score � 22.64 � 12.05 (hernia size in cm) � 0.83 (LESP)

� 0.65 (LESP * Hernia size)

The multiple correlation coefficient of this equation for the 50-subject data set was 0.86
(r2 � 0.75). Thus, the susceptibility to stress reflux is dependent upon the interaction of
the instantaneous LES pressure and the size of hiatal hernia. With progressive increase
in the axial dimension of hiatal hernia, individuals are increasingly dependent upon the
LES as an antireflux barrier and, hence, increasingly vulnerable to foods, habits, etc. that
diminish the LES pressure. (From Ref. 52, with permission.)
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tence proportional to the extent of axial herniation. Therefore, although neither
hiatus hernia nor a hypotensive LES alone results in severe EGJ incompetence,
the two conditions interact with each other according to the relationship graphed
in Figure 4. This conclusion is consistent with the clinical experience that exer-
cise, tight-fitting garments, and activities involving bending at the waist exacer-
bate heartburn in GERD in many patients (most of whom have a hiatal hernia),
especially after having consumed meals that reduce LES pressure.

An interesting observation in the above investigation of hiatal hernia pa-
tients was that hiatal hernia size and LES pressure were inversely correlated sug-
gesting that reduced LES pressure may be a consequence of hiatal hernia. Rele-
vant animal data come from severing the phrenoesophageal ligament in dogs,
analogous to the effect of axial hiatal hernia in which the ligament is stretched
and its diaphragmatic attachments loosened (40,53). Severing the ligament sub-
stantially reduced peak EGJ pressure, which was then restored with reanastomosis
(54). Analogous studies in humans include topographic analyis of the effect of
hiatal hernia and hernia reduction on EGJ pressure (55). This was done with the
aid of a mucosal clip, endoscopically placed at the squamocolumnar junction
such that manometric, anatomical, and fluoroscopic data on the EGJ could be
precisely correlated. As shown in Figure 5, topographic representation of the EGJ
high-pressure zone of the hernia patients revealed separate intrinsic sphincter and
hiatal canal pressure component, and repositioning the intrinsic sphincter back
within this hiatal zone practically ‘‘normalized’’ the sphincter (55). These findings
are consistent with an analysis by Klein et al. of the thoracoabdominal junction
of 10 patients after resection of cancers at the EGJ; the ‘‘sphincterless’’ EGJ still
exhibited an end-expiratory intraluminal pressure of 6 � 1 mmHg (56). Perhaps,
the only contradictory data are from diaphragmatic electromyographic (EMG)
recordings, which support the notion of a phasic, but not tonic, diaphragmatic
contribution to EGJ pressure (46,51,57). However, relying upon EMG recordings
to completely represent the diaphragmatic contribution to EGJ pressure ignores
the possible contribution of other forces such as diaphragmatic and ligamentous
tension or elasticity to intraluminal pressure. Certainly, in the case of the upper-
esophageal sphincter, such noncontractile forces contribute an intraluminal pres-
sure of similar magnitude after experimental abolition of the myogenic tone (58).

The one aspect of the EGJ not normalized by the transposition illustrated
in Figure 5 was the subdiaphragmatic segment, which was attenuated in the hiatal
hernia subjects, even after transposition. This distal segment of the LES may be
attributable to the sling fibers and clasp fibers of the gastric cardia, also referred
to as the intra-abdominal segment of the esophagus (59,60). This is probably the
most confusing segment of esophageal anatomy, referred to by Inglefinger as an
anatomical and functional ‘‘no-man’s-land’’ (61). Highlighting this confusion,
Wolf remarked, ‘‘It is indeed strange that, when normally located below the hia-
tus, the ‘submerged segment’ resembles the esophagus while, when displaced
above the hiatus, it resembles stomach. In fact, when a large hiatal hernia is
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Figure 5 Pressure topography of the EGJ of normal subjects (top) and hiatal hernia
patients (center). Position zero on the axial scale at the bottom is the midpoint of the
diaphragmatic hiatus. The wire-frame representations are rotated such that the right ante-
rior pressure is at the top and left posterior pressure is at the bottom, thereby accentuating
the radial pressure asymmetry. The proximal clip indicates the median position of the
squamocolumnar junction (SCJ) and the distal clip marks the median position of the intra-
gastric aspect to the EGJ as imaged endoscopically. All values of length and pressure are
the medians of the seven subjects in each subject group. Simulation of reducing the hiatus
hernia (bottom) was done by algebraically repositioning the pressure values of the intrinsic
LES (pressure peak proximal to the squamocolumnar junction) to within the extrinsically
determined pressure of the hiatal canal. For each subject the positioning of the proximal
high pressure zone was such that the squamocolumnar junction mucosal clip attained the
median normal position, 0.5 cm distal to the hiatus. The shaded area indicates the portion
of the sphincter segment distal to the squamocolumnar junction in the normals and in the
transposed panels. All values of length and pressure are the medians of the subject groups.
(From Ref. 55, with permission.)
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present, the original submerged segment is incorporated into the hernia sac’’ (62).
Lieberman-Meffert et al. described a ‘‘fold transition line,’’ evident in postmor-
tem specimens, which appears analogous to the intragastric margin of the EGJ
as imaged endoscopically and related to the angle of His as identified externally
(59). The squamocolumnar junction was 10.5 � 4.4 mm proximal to the fold
transition line when measured along the greater curvature. Although the relevance
of this distal sphincter segment is controversial, Hill et al. found the integrity of
this ‘‘flap valve’’ to correlate with EGJ competence against an antegrade pressure
gradient in postmortem experiments (Fig. 6) (63). With progressive proximal

Figure 6 Three-dimensional representation of the progressive anatomical disruption of
the gastroesophageal junction as occurs with development of an axial (sliding) hiatal her-
nia. In the grade I configuration (upper left), a ridge of muscular tissue is closely approxi-
mated to the shaft of the retroflexed endoscope. In the grade II configuration (upper right),
the ridge of tissue is slightly less well defined and there has been slight orad displacement
of the squamocolumnar junction along with widening of the angle of His. In the grade
III appearance (lower left), the ridge of tissue at the gastric entryway is barely present
and there is often incomplete luminal closure around the endoscope. Grade III deformity
is nearly always accompanied by an obvious hiatal hernia. With grade IV deformity (lower
right), no muscular ridge is present at the gastric entry. The gastroesophageal area stays
open all the time, and squamous epithelium of the distal esophagus can be seen from the
retroflexed endoscopic view. A hiatal hernia is always present. (Modified from Ref. 63.)



Pathophysiology of GERD 151

displacement of the squamocolumnar junction above the hiatus, this distal seg-
ment eventually becomes disrupted and splays open, creating a radiographically
evident saccular structure identifiable as a nonreducing hiatal hernia (53). These
observations suggest that shortening of the LES high-pressure zone commented
on by surgeons as indicative of a mechanically defective sphincter (60,64,65) is
probably related to anatomical changes in this region. In a recent investigation,
Ismail et al. studied ‘‘yield pressure’’ of four subject groups graded by the visual
integrity of the cardia when viewed endoscopically (64). They found a direct
correlation between the ability of the cardia to withstand intragastric pressure
and both the grade of cardia integrity and the size of hiatal hernia; no correlation
was found with LES pressure.

Evident from the above discussion, retrograde competence of the EGJ is
dependent upon several anatomical and physiological variables. Investigators
have attempted to model EGJ competence in vitro using either excised cadaveric
esophagi (66,67) or flaccid rubber tubes in pressure chambers (68). Although the
precise findings vary with the details of the models, universal findings among
investigators were that reflux frequency was inversely proportional to sphincter
length and was exacerbated by an intrathoracic location of the sphincter. A model
that included simulated respiration found that the associated cyclic pressure varia-
tions further increased the vulnerability to reflux (68). All models suggest that
EGJ competence is a mechanical rather than a pharmacological or physiological
process. However, this is not surprising because, by their very nature, in vitro
models are limited in the physiological variables that can be introduced; none
has attempted to simulate crural diaphragm contraction, dynamic changes in the
angle of His, reflexive changes in LES tone, or the anatomical configuration of
the cardia. Thus, although they provide useful data for understanding the contri-
bution of some of the anatomical variables that contribute to EGJ competence,
in vitro models cannot enhance our understanding of the complexities of the EGJ
beyond that. Lacking are data on the interplay between anatomical variables and
physiological responses. Obtaining these data will depend upon expanding our
conceptualization of the EGJ beyond an ‘‘either/or’’ paradigm to a recognition
that, just as GERD exists along a continuum of severity, so do the contributing
pathophysiological factors. Only when these data are in hand will it be possible
to truly model the integrity of the EGJ, and that will require mathematical simula-
tion based on actual anatomical and physiological data.

ESOPHAGEAL ACID CLEARANCE

Following reflux, the period that the esophageal mucosa remains at a pH � 4 is
defined as the acid clearance time. Acid clearance begins with emptying the re-
fluxed fluid from the esophagus by peristalsis and is completed by titration of
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the residual acid by swallowed saliva (Fig. 7) (69). It takes about 7 mL of saliva
to neutralize 1 mL of 0.1 N HCl with 50% of this neutralizing capacity attribut-
able to salivary bicarbonate, and the typical rate of salivation is 0.5 mL/min (70).
Thus, with normal esophageal emptying, increasing salivation with oral lozenges
or gum chewing will hasten acid clearance. Of note, salivation virtually ceases
during sleep, severely compromising the mechanism of acid clearance when re-

Figure 7 Relationship between esophageal peristalsis, distal esophageal pH, esophageal
volume clearance, and esophageal acid clearance during an acid clearance test done with
radiolabeled 0.1 N HCl. The calculation of bolus volume within the esophagus is derived
from scintiscanning over the chest. DS denotes dry swallow. Note that, although all but
about 1 mL of the infused fluid is cleared from the esophagus by the first peristaltic con-
traction, the distal esophageal pH remains unchanged. Stepwise increases in distal esopha-
geal pH occur with subsequent swallows. (From Ref. 69, with permission.)
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flux occurs during, or immediately prior to, sleep. However, some acid clearance
is probably achieved during sleep by bicarbonate secretion from esophageal sub-
mucosal glands (71,72).

Prolongation of esophageal acid clearance among patients with esophagitis
was demonstrated along with the initial description of an acid clearance test.
Subsequent investigations have demonstrated heterogeneity within the patient
population such that only about half of GERD patients have prolonged values.
Of greatest relevance, a review of a large data set on 24-h esophageal pH record-
ings also suggested heterogeneity within the population of patients with symp-
tomatic reflux disease such that individuals with known hiatal hernias tended to
have the most prolonged recumbent acid clearance times (73). From what we
know regarding the mechanisms of acid clearance, the two major potential causes
of prolonged esophageal acid clearance are impaired esophageal emptying and
impaired salivary function.

Esophageal Emptying in GERD

Patients with abnormal acid clearance show improvement with an upright posture
suggesting that gravity can be used to augment impaired fluid emptying. Two
mechanisms of impaired esophageal emptying have been identified: peristaltic
dysfunction and ‘‘rereflux’’ associated with some hiatal hernias. Peristaltic dys-
function in esophagitis has been described by a number of investigators. Of par-
ticular significance are the occurrence of failed peristaltic contractions and hy-
potensive (�30 mmHg) peristaltic contractions that incompletely empty the
esophagus (74). Peristaltic dysfunction is increasingly common with increasing
severity of esophagitis (36). Recently, the term ‘‘ineffective esophageal motility’’
has been applied to this type of peristaltic dysfunction, defined by the occurrence
of �30% ineffective contractions (amplitude � 30 mmHg or failed peristalsis)
out of 10 test swallows. Patients with ineffective esophageal motility exhibit sig-
nificantly greater recumbent esophageal acid exposure time and longer esopha-
geal acid clearance time than individuals with normal esophageal motility, diffuse
esophageal spasm, hypertensive LES, or ‘‘nutcracker esophagus’’ (75). Whether
or not peristaltic dysfunction associated with peptic esophagitis is reversible is
disputed. Most likely, acute dysfunction associated with active esophagitis is at
least partially reversible but that associated with structuring or extensive fibrosis
is not. Indeed, esophageal motor function was unchanged after healing of esopha-
gitis by acid inhibition (76) or by antireflux surgery (77).

Hiatal hernias also impair esophageal emptying. Concurrent pH recording
and scintiscanning show rereflux from the hernia sac during swallowing with
most hiatal hernias (78). A more recent analysis categorized hernias as reducing
or nonreducing depending upon whether they were evident only during peristal-
sis-induced esophageal shortening (79). Each subject performed 10 barium swal-
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lows and the outcome of each in terms of esophageal emptying was noted. Possi-
ble outcomes were of complete clearance, minimal clearance because of failed
peristalsis, late retrograde flow of barium from the ampulla back up the tubular
esophagus (Fig. 8), or early retrograde flow from the ampulla (rereflux) occurring
coincident with LES relaxation (Fig. 9). The overall efficacy of esophageal emp-
tying was significantly impaired in both hiatal hernia groups but it was especially

Figure 8 Concurrent manometric and videofluorographic recording of a 10-mL barium
swallow in a subject with a reducing hiatal hernia characterized by late retrograde flow.
The tracings from the video images on the right correspond to the four selected times
from the swallowing sequence indicated by the numbers at the top of the vertical lines
intersecting the manometric record. The schematic diagram to the left indicates the relative
spacing of the pressure sensing ports (side holes located proximal to the markers in the
fluoroscopic images). The lines at the bottom of the tracing indicate the timing and direc-
tion of barium flow. Image #1 depicts the instant of swallowing when barium was visible
only in the stomach. Image #2 depicts the instant the stripping wave was at the level of
the most proximal sensor; the hiatal hernia had formed and sensors #2, #3, and #4 were
in a common cavity within the hernia. Image #3 depicts when retrograde flow began at
which point sensors #2 and #3 were above the hernia, sensor #4 was measuring intrahernial
pressure, sensors #5 and #6 were at the level of the diaphragm, and sensor #7 remained
within the stomach. Image #4 shows residual barium in the distal esophagus and no hiatal
hernia with sensors #3, #4, #5, and #6 now straddling the high-pressure zone comprised
of the LES and diaphragm. (From Ref. 79, with permission.)
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Figure 9 Concurrent manometric and fluoroscopic recording of a 10-mL barium swal-
low with early retrograde flow in a subject with a nonreducing hiatal hernia. Tracings
below the manometric record correspond to the times on the manometric tracings inter-
sected by the vertical lines. The schematic diagram to the left depicts the spacing of the
pressure sensors. The arrows next to the images indicate the direction of barium flow.
The first image to the far left shows a barium-filled hiatal hernia at the time of swallow
with sensor #1 in the distal esophagus, sensor #2 in the LES, sensor #3 within the hernia,
sensor #4 measuring crural contractile activity, and sensor #5 within the abdominal stom-
ach. The second image, 1 s after the swallow, depicts the onset of retrograde flow; intraher-
nial pressure was 2 mmHg and LES pressure was 0 mmHg. Retrograde flow continued
for 5 s until the peristaltic contraction reached the distal esophagus. The third image depicts
antegrade flow with the stripping wave progressing down the esophagus and LES pressure
increasing to equal intrahernia pressure (�4 mmHg). The final image to the far right shows
barium cleared from the esophagus with the LES pressure now exceeding intrahernial
pressure. (From Ref. 79, with permission.)
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poor in the group with nonreducing hernias. The group with nonreducing hernias
had complete emptying in only one-third of test swallows and exhibited early
retrograde flow, a phenomenon unique to this group, in almost half.

Observations made on normal subjects offer some insight into the mecha-
nism of early retrograde flow seen in nonreducing hernia patients (80). Under
normal circumstances, LES relaxation is evident within 3 s of the swallow. How-
ever, sphincter (ampullary) opening is not evident until it is distended by the
bolus being propelled by esophageal peristalsis, 5–10 s later. Thus, relaxation and
opening of the LES do not occur simultaneously. Mechanistically, for opening to
occur, pressure acting on the lumen of the sphincter must exceed the pressure
surrounding the sphincter. However, because the normal position of the distal
esophagus is intra-abdominal, intragastric pressure acting to open the sphincter
is negated by the external pressure of equal magnitude. The effect of eliminating
this intra-abdominal segment is evident with nonreducing hernias. Although her-
nia and nonhernia subjects demonstrated complete LES relaxation following each
swallow, only the nonreducing hernia group demonstrated early retrograde flow.
During early retrograde flow events, the LES opens from below immediately
following swallow-induced LES relaxation. For this to occur, intragastric pres-
sure within the sphincter must exceed the extrasphincteric pressure, indicating
that the extrasphincteric pressure was less than intra-abdominal pressure (i.e.,
closer to intrathoracic pressure) in these individuals.

Another mechanism promoting EGJ competence during esophageal empty-
ing is the crural diaphragm (79). In normal individuals the esophageal ampulla
fills from above as the bolus is propelled ahead of the peristaltic contraction. As
the peristaltic contraction arrives at the distal esophagus, intra-ampullary pressure
increases to about 10 mmHg at which time ampullary emptying begins (80).
During emptying, the diaphragmatic crura function as a one-way valve. Dur-
ing expiration, at which time the esophageal-gastric pressure gradient favors
antegrade flow, the crus is relaxed and visibly open. However, during inspira-
tion when intra-abdominal pressure increases, the crus contracts and closes, pre-
venting gastroesophageal flow. The valvular effect of the crural diaphragm is
impaired with nonreducing hernias because a gastric pouch persists above the
diaphragm, thereby disabling this one-way valve function.

Salivary Function in GERD

Just as impaired esophageal emptying prolongs acid clearance, reduced salivary
rate or diminished salivary neutralizing capacity has the same effect. Diminished
salivation during sleep, for instance, explains why reflux events during sleep or
immediately prior to going to sleep are associated with markedly prolonged acid
clearance times. Similarly, chronic xerostomia is associated with prolonged
esophageal acid exposure and esophagitis (81). However, there has been no con-
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vincing systematic difference found in the salivary function of GERD patients
compared to controls (82). One group of subjects shown to have prolonged esoph-
ageal acid clearance times due to hyposalivation is cigarette smokers. Even those
without symptoms of reflux disease were found to have acid clearance times 50%
longer than those of nonsmokers and the salivary titratable base content of the
smokers was only 60% of that of the age-matched nonsmokers (83). Reduced
salivation of cigarette smokers is mediated by an anticholinergic effect similar
to that observed in patients using anticholinergic medications.

In addition to bicarbonate, saliva contains a number of growth factors that
have the potential to enhance mucosal repair. Epidermal growth factor (EGF),
produced primarily in duodenal Brunner’s glands and submaxillary ductal cells,
has been the most extensively studied (84). In animal models, epidermal growth
factor has been shown to provide cytoprotection against irritants, enhance the
healing of gastroduodenal ulceration, and decrease the permeability of the esoph-
ageal mucosa to hydrogen ion (85–87). One group of investigators found reduced
salivary EGF secretion in response to intraesophageal exposure to an acid/pepsin
solution in patients with grade II esophagitis compared to controls (88). However,
studies have not shown consistent differences in EGF concentration in esophagitis
or Barrett’s patients (89). Thus, at present it is not possible to implicate perturba-
tions of EGF secretion (or other growth factors) in the pathogenesis of GERD
or its complications.

SUMMARY

A fundamental abnormality in GERD is excessive reflux of gastric contents
across the EGJ. Guarding against this, the EGJ is composed of a smooth muscle
element (the LES), specialized anatomy, and the crural diaphragm. This high
degree of anatomical and physiological specialization is designed to minimize
reflux at rest, during dynamic stresses associated with increased intra-abdominal
pressure, and during deglutitive LES relaxation, while at the same time selec-
tively permitting belching. When reflux does occur, it is attributable to tLESRs,
abdominal straining, or extreme LES hypotension. Virtually all reflux events oc-
curring during periods of normal LES pressure occur by tLESR. Susceptibility
to strain-induced reflux (abrupt increase in intra-abdominal pressure) is inversely
proportional to LES pressure. Furthermore, this susceptibility is increased by
anatomical compromise of the EGJ, exemplified by hiatal hernia. In addition to
the occurrence of reflux events, esophageal acid exposure is also related to the
process of acid clearance, which depends upon effective esophageal emptying
and neutralization of residual acid by swallowed saliva. Esophageal emptying can
be impaired in GERD patients either because of impaired peristalsis or because of
hiatal hernia. Failed peristalsis and hypotensive peristalsis are common in chronic
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GERD. Hiatal hernias also impair the process of esophageal emptying (and conse-
quently acid clearance) by permitting retrograde flow of gastric juice during de-
glutitive LES relaxation. These functional impairments of the EGJ associated
with hiatal hernia lead to increased esophageal acid exposure and offer one expla-
nation for the observed chronicity of reflux disease.
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Gastroesophageal Reflux Disease

Offensive Factors and Tissue Resistance

Roy C. Orlando
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Gastroesophageal (acid) reflux is an almost universal and daily occurrence, even
in asymptomatic healthy subjects. Nevertheless, only a small percentage of the
population at risk—which is everyone—develops gastroesophageal reflux dis-
ease (GERD), the latter heralded by symptoms, such as heartburn, or (micro-
scopic and/or macroscopic) signs of damage to the esophageal mucosa (1). This
attests to the effectiveness of the three-tiered esophageal defense against injury
to the esophageal mucosa from the noxious factors within gastric juice (Fig. 1).
The first, and most well-studied, tier of the defense is the antireflux barrier. Com-
prised primarily of the lower esophageal sphincter and diaphragmatic support,
the antireflux barriers are designed to limit the frequency and volume of contact
between refluxate and esophageal epithelium. When these barriers fail, the second
tier of defense, known as the esophageal luminal clearance mechanisms come
into play to limit the duration of contact between refluxate and esophageal epithe-
lium. These consist of esophageal peristalsis and gravity, for volume clearance,
and swallowed salivary secretions and secretions from esophageal submucosal
glands, for acid clearance and restoration of a neutral pH. However, esophageal
clearance, even under optimum circumstances, is not instantaneous, usually re-
quiring 3–5 min to restore pH to neutrality after a single episode of reflux (2).
Moreover clearance of the refluxate is often considerably slower at night since all
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Figure 1 The esophagus protects itself from reflux-induced mucosal injury through a
three-tiered system: antireflux barriers, luminal clearance mechanisms, and epithelial resis-
tance. (Reprinted with permission from Orlando RC. Reflux esophagitis. In: Yamada T,
Alpers DH, Laine L, Owyang G, Powell DW, eds. Textbook of Gastroenterology. Philadel-
phia: Lippincott Williams & Wilkins, 1999:1235–1263.)

investigated components (submucosal glands are yet to be studied) are inoperable
during rapid-eye-movement sleep (3–5). On average, the daily dwell time for
acid within the lumen of the esophagus is on the order of 2 h or more. For this
reason, a third tier of defense is needed to maintain the health and integrity of
the esophageal epithelium; this is known as ‘‘tissue resistance.’’ Tissue resistance
includes those factors associated with the mucosa that are designed to limit dam-
age during contact of refluxate with esophageal epithelium (6). Ultimately, the
interplay between the noxious luminal factors and epithelium are the final arbiters
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of disease—disease heralded clinically by heartburn and morphological changes
within the epithelium. This chapter reviews the mechanisms comprising tissue
resistance and their respective roles in preventing injury during contact with nox-
ious elements in the refluxate. It also describes the pathophysiological sequence
by which acid and acid-pepsin overcomes tissue resistance to lead to esophagitis
and, based on this knowledge, provides an alternative hypothesis to lower esopha-
geal sphincter (LES) dysfunction to account for the development of GERD in
patients with normal acid contact time on 24-h pH monitoring.

NOXIOUS FACTORS IN THE REFLUXATE

The evidence that GERD is an appropriately named disorder is derived from the
success of surgical fundoplication. Fundoplication controls GERD by mechani-
cally altering access of gastric contents to the esophagus. Since it does not alter
what is ingested or present within the stomach, the implication is that contact of
the esophageal epithelium with gastric contents is essential for the development
of GERD. Among the substances in gastric juice that may be noxious to the
esophagus are: hydrochloric acid, pepsin, conjugated and unconjugated bile salts,
and a host of pancreatic enzymes, especially trypsin. Nonetheless, the most nox-
ious component in the refluxate is gastric (hydrochloric) acid. This is evident by
the observation that heartburn can be relieved by ingestion of antacids and con-
trolled by medication that inhibits acid secretion, i.e., H2-receptor antagonists and
proton pump inhibitors (1). While this establishes gastric acid as a key component
in the development of GERD, it does not exclude acid acting in concert with
other elements in the refluxate.

Other elements within the refluxate that may assist in mucosal damage
are pepsin, a gastric protease secreted by chief cells, bile salts (conjugated and
unconjugated), detergents secreted by liver and entering stomach via duodenogas-
tric reflux, and pancreatic enzymes, e.g., proteases such as trypsin, that also enter
the stomach by duodenogastric reflux. Under conditions in which gastric pH (and
so the refluxate) is acidic, pancreatic enzymes are inactive and unconjugated bile
salts insoluble, making these agents unlikely candidates to contribute to (esopha-
geal) mucosal damage (7,8).

In contrast to pancreatic enzymes and unconjugated bile salts, the addition
of pepsin to acidic solutions of pH � 3.0 increases the rate and degree of esopha-
geal damage (9,10). This makes it a likely contributor to acid damage in GERD,
though the magnitude of the contribution is unclear because agents that control
acidity also inactivate pepsin. Ideally, the contribution of pepsin to damage in
GERD is best determined by a drug that is purely antipepsin but not antiacid.
However, no such therapy is currently available. Despite this uncertainty, the
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primacy of acid remains unchallenged since acid alone at physiological concen-
trations (pH � 2.0) can damage the esophagus while pepsin without acid (i.e.,
pH � 3) is innocuous in the esophagus (76).

Conjugated bile salts can also contribute to acid damage in GERD. This
is because they are usually present in gastric juice and their addition, experimen-
tally, to acid solutions increases the rate and degree of damage to the esophagus
over that of acid alone (8,11). Yet, the clinical relevance of these observations
remains uncertain because the bile salt concentrations in gastric juice of GERD
patients are at levels that are noncytotoxic, ranging from 0.05 to 0.5 mM (vs.
cytotoxic levels of 5 mM shown for sodium taurocholate experimentally) (12).
However, noncytotoxic concentrations of conjugated bile salts at acidic pH may
still accumulate in esophageal epithelium to reach cytotoxic concentrations. This
occurs because at acid pH these molecules are lipid soluble and can cross the
cell membrane. Once in the cell, they ionize at neutral pH and so are effectively
trapped within the cytoplasm. Nonetheless, though plausible, this sequence re-
mains unsupported by quantitative studies documenting increased bile salts in
the esophageal epithelium of GERD patients or by morphological studies show-
ing unique morphological changes within esophageal epithelium injured by bile
salts. These changes, or pathological footprints, include both bile salt deposition
within esophageal epithelial cells, apparent on light microscopy, and microve-
siculation of cell membranes, a finding demonstrable by electron microscopy
(13,14). In effect, the pathological features of GERD do not reflect those pre-
dicted were bile salts a major injurious factor, and remain entirely consistent with
that due to contact of the epithelium with acid and pepsin (detailed later).

TISSUE RESISTANCE

Tissue resistance refers to the structural and functional elements within the esoph-
ageal mucosa that protect the epithelium against damage. In the context of GERD,
the focus is on those elements of defense that protect against the luminal attack
by acid and acid-pepsin. Tissue resistance against luminal acid is considerable.
This is evident by the absence of damage to esophageal epithelium despite contin-
uous exposure to HCl, pH 2.0, for 3.5 h in rabbits and by absence of symptoms
or signs of damage despite continuous exposure to HCl, pH 1.1, for 30 min in
humans (Bernstein test) (10,15). The ability of the epithelium to tolerate such
acidity is multifactorial and the factors are best understood by viewing mucosal
defense as a three-compartment model. The first compartment, preepithelial de-
fense, includes those factors that reside on the lumen side of the epithelium; the
second compartment, epithelial defense, includes those factors within the epithe-
lium proper; and the third compartment, postepithelial defense, includes those
factors that reside on the serosal or blood side of the epithelium (Table 1).
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Table 1 Potential Components of Tissue Resistance Against Acid Injury in the
Esophagus

Preepithelial defense
1. Mucous layer
2. Unstirred water layer
3. Surface bicarbonate ion concentration

Epithelial defense
4. Structures

a. Cell membranes
b. Intercellular junctional complexes (tight junctions, glycoconjugates)

5. Functions
a. Epithelial transport (e.g., Na�/H� exchanger, Na�-dependent Cl�/HCO3

�

exchanger)
b. Intracellular and extracellular buffers
c. Cell replication

Postepithelial defense
6. Blood flow
7. Tissue acid-base status

Source: Adapted with permission from Orlando RC. Esophageal epithelial resistance. In: Castell DO,
Wu WC, Ott DJ, eds. Gastroesophageal Reflux Disease: Pathogenesis, Diagnosis, Therapy. Mount
Kisco, NY: Futura Publishing Co., 1985:55.

Preepithelial Defense

The preepithelial defense against acid damage to stomach and duodenum has
been most thoroughly studied, and consists of a surface mucous and unstirred
water layer rich in bicarbonate ions (Fig. 2). This defense is largely created by
secretion of both mucus and bicarbonate from epithelial surface cells and (in
duodenum) Brunner’s glands, and by paracellular diffusion of bicarbonate from
blood to lumen. The result is an alkaline microenvironment interposed between
highly acidic gastric juice and the epithelial surface (16,17). Mucus, comprised
of high-molecular-weight glycoproteins, is a viscoelastic substance with gel-like
properties that can physically trap and hinder pepsin diffusion from lumen to
epithelial surface. Though an ineffective barrier to H�, mucus protects against
H� by expanding the unstirred water layer and its capacity for entrapping bicar-
bonate ions. Consequently, the preepithelial defense in stomach and duodenum
has considerable capacity, being able to maintain a neutral or near-neutral cell-
surface pH even when luminal acidity is as low as pH 2.0 (18).

The preepithelial defense in esophagus has been less well characterized,
but the data that exist indicate that it has limited capacity for protection of the
epithelial surface against exposure to acid in both humans and animals (rabbit,
opossum). For example, Quigley and Turnberg showed that in vivo perfusion of
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Figure 2 Preepithelial defense. In gastric and duodenal epithelia, H� must cross the
mucus–unstirred water layer–bicarbonate barrier before contact can be made with the
surface of the epithelium. Diffusion of pepsin but not H� is blocked by mucus; however,
H� can be neutralized by HCO3

� residing in the unstirred water layer. In contrast to gastric
and duodenal epithelia, the preepithelial defense in the esophagus is poorly developed,
having an ineffective mucus-HCO3

� barrier to buffer backdiffusing H�. [Reprinted with
permission from Orlando RC. Esophageal epithelial defense against acid injury. J Clin
Gastroenterol 1991; 13(suppl 2):1–5.]

the human esophagus with acid (HCl) resulted in a lumen:surface pH gradient
of only 10:1; i.e., at luminal pH 2.0 the surface pH dropped to 3.0 (18). Moreover,
in an in vitro comparative study in the submucosal gland-free rabbit esophagus
and submucosal gland-bearing opossum esophagus, neither the rabbit nor the
opossum was able to sustain a lumen:surface pH gradient when luminally per-
fused with HCl, pH 2.0 (19). Yet, the opossum, but not the rabbit, could sustain
a luminal :surface pH gradient at a luminal pH of 3.5, and this could be enhanced
by exposure to carbachol. These observations suggest that submucosal gland se-
cretions contribute to the preepithelial defense, but its protective capacity is lim-
ited to acidity � pH 2.0. Why this defense is so poorly developed in esophagus
is unclear, but possible reasons include: (1) lack of a surface mucous layer to
trap bicarbonate, (2) lack of bicarbonate secretion by stratified squamous epithe-
lium, and (3) low rates of bicarbonate diffusion across the junctions in this ‘‘elec-
trically tight’’ tissue (20–22). The apparent lack of a surface mucous layer is
notable given esophageal exposure to mucins secreted by salivary and submuco-
sal glands. Yet, either these soluble proteins lack the capacity to cross-link to form
a viscoelastic layer or the underlying epithelium lacks the requisite chemistry for
fixation of mucus to its surface. Irrespective of cause, however, the inadequacy
of the preepithelial defense in esophagus shifts the burden of defense against
luminal acidity directly onto the epithelium proper. This shift, moreover, has
clinical consequences and likely explains the need for greater levels of control
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over gastric acid secretion in patients with GERD than required for patients with
peptic ulcer disease of the duodenum or stomach (23). Specifically, epithelial
repair requires an environment in the tissue of neutral or near-neutral pH. There-
fore, in the presence of an effective preepithelial defense as for stomach and
duodenum, gastric acid secretion needs only moderate inhibition—as afforded by
H2-receptor antagonists—to achieve this pH, while in the absence of an effective
defense, gastric acid secretion needs to be more tightly controlled—as afforded
by proton pump inhibitors—to achieve such a pH.

Epithelial Defense

Structural Components

Epithelial defense comes into play when acid or acid-pepsin penetrates the preepi-
thelial defense and consists of structural and functional elements within the epi-
thelium proper. In human esophagus the epithelium proper is a nonkeratinized,
stratified squamous epithelium, whose 30–40 cell layers are subdivided into three
regions: stratum corneum, stratum spinosum, and stratum (basalis) germinativum
(24). The stratum corneum consists of 5–10 layers of flat, pancake-shaped cells
lining the luminal surface. These cells are in varying stages of degeneration and
serve as a barrier layer for protection against both physical and chemical injury
(25,26). Below the stratum corneum is the stratum spinosum. It consists of 10–
20 layers of mature, somewhat less flattened cells. These cells are metabolically
active and principally responsible for the active epithelial transport of sodium
ions (Na) from lumen to blood. In addition, these cells are transitional, migrating
upward as they mature to replace the degenerating surface cells of the barrier
layer as they slough into the lumen. The stratum germinativum consists of the
lowest one to two cell layers. These cells, which are cuboidal to columnar in
shape, are attached to the basement membrane by hemidesmosomes and represent
the only cells within the epithelium capable of mitosis and replication.

The structural defense within esophageal epithelium viewed at the cellular
level consists of a ‘‘fence-like’’ formation of cell membranes and intercellular
junctions. The intercellular junctions are comprised of a series of tight junctions
between which are sandwiched an intercellular glycoprotein matrix (Fig. 3)
(25,26). Together these structures are responsible for the epithelium’s high elec-
trical resistance (1000–3000 ohms/cm2) and protect by creating throughout the
stratum corneum a barrier to diffusion of acid-pepsin into the epithelium. The
lumen-facing, apical cell membrane, in particular, is highly impermeant to H�,
despite possession of Na channels, discussed below (27,28). The junctions are
also effective at limiting the rate of acid entry into the tissue through the paracel-
lular route. This is achieved by tight junctions via the formation of protein bridges
between neighboring cell membranes, such bridges encircling all cells within the
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Figure 3 Epithelial defense. Some of the recognized epithelial defenses against acid
injury are illustrated. Structural barriers to H� diffusion include the cell membrane and
intercellular junctional complex. Functional components include intracellular buffering by
negatively charged proteins and HCO3

� and H� extrusion processes (Na�/H� exchange
and Na�-dependent Cl�/HCO3

� exchange) for regulation of intracellular pH. (Adapted
from Orlando RC. Esophageal epithelial resistance. In: Castell DO, Wu WC, Ott DJ, eds.
Gastroesophageal Reflux Disease: Pathogenesis, Diagnosis, Therapy. Mount Kisco, NY:
Futura Publishing Co., 1985:55.)

layer. The junctions, however, are not completely impermeant as they permit
diffusion of small ions and water-soluble molecules across them (22,29). Also,
the junctions are lined by negative charges (e.g., carboxyl, phosphate, and sulfate
groups) and so tend to be cation selective. While this would initially appear to
favor the passage of H�, there is evidence that suggests that at low luminal pH,
this pathway changes its permselectivity from cation to anion selective and thus
prevents further H� diffusion through this route (22,29,30).

Noteworthy is that the rabbit and human esophageal tight junctions have
in freeze-fracture replicas only a few bridging strands per cell layer. As strand
number generally correlates with electrical tightness, this seemed inconsistent
with the esophageal epithelium having a high electrical resistance. Yet comple-
menting the barrier function of the tight junctions of the stratum corneum in
esophagus is the intercellular glycoprotein matrix. Its contribution was demon-
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strable in rabbit esophagus using the electron-dense tracer lanthanum, and a simi-
lar substance observed in the stratum corneum of human esophagus (26,31). The
precise nature of the glycoproteins remains unknown, but it is apparent that they
are synthesized and secreted as membrane-coating granules from the cells of the
stratum spinosum into the intercellular space (25). In the intercellular space, this
matrix synergizes with the tight junctions to form the barrier to H� diffusion for
the paracellular pathway. In effect, the structural defense in esophageal epithe-
lium provides the physical barrier to H� and pepsin diffusion into the epithelium,
with apical cell membranes controlling transcellular diffusion and junctional pro-
teins controlling paracellular diffusion. By slowing the rate of H� diffusion, this
defense works in concert with functional elements, discussed below, which buffer
and transport H� from the tissue for removal by the blood stream.

Functional Components

The functional components of the epithelial defense consist primarily of cellular
and intercellular buffers and basolateral membrane transport proteins. These pro-
tect by neutralizing H� within cytoplasm and intercellular space and by trans-
porting H� from cytoplasm to intercellular space (Fig. 3). Buffering substances
within the epithelium include proteins, phosphates, and bicarbonate ions. Within
the cytoplasm, bicarbonate generation from water and carbon dioxide is catalyzed
by carbonic anhydrase while extracellular bicarbonate is derived in large measure
by diffusion from the blood supply (1,32). Bicarbonate and other buffers act
within the cytoplasm to prevent a drop in pHi as H� enters across the membrane.
When the cytosolic buffer capacity is exceeded and pHi becomes acidic, two
acid-extruding basolateral membrane proteins, the Na/H exchanger (NHE-1 iso-
type) and Na-dependent Cl/HCO3 exchanger, operate at increased rate to trans-
port excess H� from cytoplasm to intercellular space (33–35). Both transporters
are driven by the Na gradient across the cell membrane, with the Na/H exchanger
transporting H� for extracellular Na and the Na-dependent Cl/HCO3 exchanger
transporting Cl in exchange for extracellular HCO3. (HCO3 entry into the cyto-
plasm is, through H� buffering, the equivalent to H� removal from the cyto-
plasm.) The end-result of transporter activity is to raise low pHi back to neutrality
by dumping H� into the intercellular space. Notably, this process works well as
long as there remains adequate buffer within the intercellular space (see below).

Squamous epithelial cells come equipped with a third basolateral mem-
brane transporter that is important for regulation of pHi, and that is the Na-inde-
pendent Cl/HCO3 exchanger (34). Under physiological conditions, this trans-
porter operates to restore pHi to neutrality when pHi becomes too alkaline. This
is done by exchanging HCO3 for extracellular Cl, and since HCO3 removal
equates to H� gain, the transporter effectively lowers pHi by absorption of HCl.
In the context of GERD, one situation in which this mechanism may come into
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play is during recovery following cell acidification—the exuberance of the mech-
anisms for acid extrusion overshooting as it were by extruding more H� than
necessary to restore neutral pHi. Restoration of pHi then is achieved by activation
of the Na-independent Cl/HCO3 exchanger to compensate for the overshoot. In
effect, pHi of squamous cells is a highly regulated process, being restored to and
maintained at a neutral set point by changes in rates of acid extruders and acid
absorber.

Postepithelial Defense

The postepithelial defense is created by the blood supply, and is the foundation
upon which all other components depend for their existence. For example, an
adequate blood supply is essential for regulation of tissue acid-base balance as
well as for providing oxygen and nutrients for cell metabolism, growth, and re-
pair. With respect to acid-base balance, the blood supply provides a high concen-
tration of bicarbonate to the tissue for neutralization of excess H� resulting from
both cell metabolism and back-diffusion from the lumen during acid reflux. Fur-
ther, the blood supply is adaptable, with flow rates being shown to increase during
periods of low luminal pH, presumably to enhance its capacity for removal of
excess H� (36). The mediator of this increase in flow, at least in the opossum,
appears to involve the release of nitric oxide and histamine, the latter derived
from mast cells within the tissue (37). The essential value of blood-derived bicar-
bonate is best illustrated by experiments in which esophageal epithelium is
mounted in Ussing chambers and exposed to an innocuous concentration of lumi-
nal acidity, HCl pH 2.0. Tissues in which bicarbonate is present on the serosal
(blood) side tolerate such luminal acidity for hours without injury while similarly
handled tissues deprived of serosal bicarbonate (or other buffer) develop exten-
sive necrosis (38).

PATHOPHYSIOLOGY OF ACID INJURY

The pathophysiology of acid injury has been most thoroughly explored using the
rabbit esophageal epithelium as a model for human esophageal epithelium. This
is because, like human esophageal epithelium, that of the rabbit is a Na-absorbing,
‘‘electrically tight,’’ stratified squamous epithelium whose junctional complexes
consist of tight junctions with few strands and intercellular glycoprotein matrix.
Moreover, rabbit, like human, esophageal epithelium responds to high luminal
acidity with a time-dependent biphasic change in transepithelial potential differ-
ence (PD) (see below), whose individual squamous cells utilize a basolateral
membrane, acid-extruding, Na/H exchanger (NHE-1 isotype) as a principal
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mechanism for regulation of pHi. Two dissimilarities between rabbit and human
esophagus are notable, but neither impacts negatively on using rabbit esophageal
epithelium as a model for studies on the mechanism of acid injury. One is in the
degree of epithelial keratinization, rabbit being partially keratinized and human
being nonkeratinized, and the other is that the human, but not the rabbit, esopha-
gus contains submucosal glands. Submucosal glands secrete mucin and bicarbon-
ate, so quantitative differences should exist between human and rabbit esophagus
with respect to rate of luminal acid clearance and magnitude of the lumen-to-
surface pH gradient—such differences already shown between the gland-free
rabbit and gland-bearing opossum esophagus (19). Nonetheless, since the capac-
ity of the contribution of submucosal gland secretion to the preepithelial defense
is limited, studies using high luminal acidity, pH � 2.0, result in patterns of
damage that are remarkably similar for human and rabbit esophageal epithelia
(as described below).

With rabbit as model, the mechanisms by which luminal acid damages the
esophageal epithelium were initially elucidated by a combination of morphologi-
cal and electrophysiological studies (39–41). Perfusion of rabbit esophagus in
vivo with HCl, pH 1.4, resulted in a biphasic pattern in esophageal PD—PD
increasing initially, then, declining progressively to zero (Fig. 4). Ussing chamber
experiments subsequently established that the first stage of increasing PD was
due to H� diffusion from lumen to serosa, the second stage of declining PD was
due to increased epithelial permeability, and the third stage was due to increased
epithelial permeability coupled with inhibited ion transport. By filling in the de-
tails at these various stages one obtains a fairly clear picture of how high luminal
acidity ultimately gets translated into symptoms and signs of epithelial damage.
For example, when H� diffuses from lumen to serosa, it must traverse the epithe-
lium via the transcellular pathway, paracellular pathway, or both. Using intracel-
lular pH microelectrodes it is evident that little or no H� enters the cytoplasm
of esophageal epithelial surface cells across the apical cell membrane. This is
obvious in that exposure to luminal acid, pH � 2.0 results in no significant change
in pHi (27). This observation, as noted previously, is also somewhat surprising
since the apical cell membrane contains cation channels that permit Na� to diffuse
across the apical membrane to enter the cytosol and at far lower concentration
gradients. Yet, studies have shown that luminal pH � 2.0 inhibit the cation chan-
nel in such a manner as to block the movement through it of all cations, including
H� itself (28). Moreover, since at pH � 2.0 there is no evidence for a H� diffusion
potential across the epithelium, the implication is that at these luminal concentra-
tions H� can traverse neither the transcellular nor the paracellular pathway. This
in effect is a testament to the potency of the barrier characteristics of the healthy
esophageal epithelium. So why does PD rise when the tissue is exposed to pH
	 2.0? The answer is that at these concentrations H� breaks the barrier, creating
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Figure 4 The percent change in rabbit esophageal transmural potential difference (∆PD)
is shown plotted against the time of exposure to 80 mmol HCl–80 mmol NaCl. A transient
increase in PD occurs during the first 10 min. This is followed by a progressive decline
in PD until it reaches zero at 1 h. Values are means � standard error, n � 11. PD � �30
mV � 2 mV. (Reprinted with permission from Orlando RC, Powell DW, Carney CN.
Pathophysiology of acute acid injury in rabbit esophageal epithelium. J Clin Invest 1981;
68:286–293.)

a H� diffusion potential across the epithelium. The pathway that H� takes across
the epithelium will become clear from studies focusing on the second stage of
the model.

The second stage of declining PD during luminal acid exposure at pH 	
2.0, as defined in Ussing chamber experiments, is due to an increase in epithelial
permeability, a reflection of a broken barrier. Moreover, this increase in perme-
ability was due to an increase in ion permeation via the paracellular, and not the
transcellular, route. Support for these conclusions was obtained by mounting tis-
sues in Ussing chambers—after perfusion with acid in vivo until the PD was
50% below initial values—and showing that the decline in electrical resistance
correlated with an increase in transepithelial mannitol flux (39–41). Moreover,
these same tissues appeared normal macroscopically and histologically on light
microscopy, and had normal short-circuit currents in the Ussing chamber indicat-
ing that transcellular Na transport remained intact. These data, en toto, suggest
that the acid-induced decline in PD—indicating a break in the barrier—is the
result of acid damage to the junctional complex rather than to the cell and its
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membranes. A similar conclusion, i.e., that acid or acid-pepsin damage to the
esophageal epithelium begins with a direct (extracellular) attack on the junctions,
was also reached when acid- or acid-pepsin-damaged tissues were subjected to
circuit analysis (42). Before completely accepting this hypothesis, however, it
is important to note that when PD declined, pHi, as monitored by intracellular
microelectrodes, simultaneously declined by 1 pH unit, i.e., from neutral levels,
pH 7.4, to pH 6.4. This at least raised the possibility that the change in junctional
permeability was not primary but secondary to cell acidification—presumably
luminal acidity of pH � 2.0 enabling sufficient H� to diffuse directly across the
apical membrane. Nonetheless, one way that this possibility was excluded was
by demonstrating that acidification of surface cells with HCl to pH 6.4 by means
other than using such high luminal acidity did not increase junctional permeabil-
ity (27). (The means chosen was by acidification of the serosal solution with
HCl, pH 3.0—see details below.)

The data above establish that the second stage of acid damage to esophageal
epithelium—when PD declines—is the result of an increase in paracellular per-
meability. Notably, at this stage the esophagus appeared normal grossly and by
light microscopy. However, transmission electron microscopy (TEM) showed the
epithelium to be abnormal, with prominently dilated intercellular spaces, such
dilatations presumably a reflection of increased salt and water flow across more
leaky junctions (Fig. 5). As TEM revealed no apparent morphological change to
cells or the membrane region of the junctions, dilated intercellular spaces can
be viewed as the earliest morphological evidence of acid damage in esophageal
epithelium.

When there is continued perfusion of rabbit esophagus with HCl, pH �
2.0, the second stage of acid damage proceeds inexorably to the third stage of
acid damage. The third stage is recognized by the continued decline in the in
vivo PD effectively to zero (39–41). The third stage is also readily recognizable
morphologically by the appearance of macroscopic erosions and ulceration and
light microscopically by the presence of extensive cell edema and necrosis. How
this evolution takes place is both fascinating and clinically important since with-
out necrosis the development of such complications of esophagitis as peptic stric-
ture and Barrett’s esophagus is unlikely. Fundamentally the transition from sec-
ond to third stage occurs when the rate of acid diffusion across the damaged
junctions is sufficient to overcome intercellular buffer capacity, resulting in acidi-
fication of the intercellular space. The consequences of intercellular acidification
become most apparent in experiments in which healthy esophageal epithelium
mounted in Ussing chambers is exposed to high luminal acidity in the presence
or absence of buffer (bicarbonate) in the serosal solution. Notably, though both
exposures result in similar increases in paracellular permeability as reflected by
a decline in R, only the tissues exposed to bicarbonate-free solution exhibit cell
necrosis. Moreover, similar and equal protection against acid-induced necrosis
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Figure 5 Electron micrograph of lower stratum spinosum in rabbit esophagus after in
vivo HCl exposure lowered potential difference by 50% (perfusion time approximately
30 min). There is prominent dilatation of the intercellular spaces, but the cells themselves
show no evidence of damage. Original magnification �6375. (Reprinted with permission
from Carney CN, Orlando RC, Powell DW, Dotson MM. Morphologic alterations in early
acid-induced epithelial injury of the rabbit esophagus. Lab Invest 1981; 45:198–208.)

is afforded by serosal HEPES, a buffer that is cell-impermeant and confined to
the intercellular space (38). These effects support the following two conclusions.
One is that acid protection by buffer in this model was afforded below the level
of the junctions (since acid reduced R similarly in buffered and unbuffered solu-
tions), and two, a prerequisite for the development of cell necrosis is for H� to
enter and acidify the intercellular space. A third supposition that can be made
from this study is that acid-induced cell necrosis occurs after acidification of the
intercellular space because H� comes in contact with and crosses the basolateral
membrane (producing intracellular acidification) more efficiently than across the
apical membrane (Fig. 6). Direct support for this latter concept was subsequently
obtained by showing with intracellular pH microelectrodes that serosal acidifica-
tion—with direct access of H� to the basolateral membrane—leads to cell acidi-
fication at levels of acidity (pH 	 6 to 2) that have essentially no effect on pHi
when in contact with the epithelium from the luminal side where H� have direct
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Figure 6 The pathway is depicted by which luminal HCl attacks and damages the cells
within esophageal epithelium. Initially, high luminal acidity directly attacks and damages
the intercellular junctional barrier, resulting in increased rates of acid diffusion into the
intercellular space. Subsequent acidification of the intercellular space results in acidifica-
tion of the cell cytosol by the access of HCl to the acid-permeant basolateral cell mem-
brane. One important mechanism for acid absorption across the basolateral cell membrane
is through operation of the (Na-independent) Cl�/HCO3

� exchanger.

access to the apical membrane (27). Another point of interest here is to recall
that luminal pH 1.6, after increasing junctional permeability, lowers pHi by 1
pH unit. Since serosal acidity of pH 3.0 similarly results in a 1-pH-unit decline
in pHi of surface cells, one can infer that luminal pH 1.6 lowered pHi by first
acidifying the intercellular space to approximately pH 3.0.

To summarize: High luminal acidity directly attacks and damages the junc-
tions, increasing paracellular permeability. This increase in permeability leads to
greater H� diffusion and acidification of the intercellular space, and acidification
of the intercellular space readily acidifies the cell cytosol because of H� contact
with the more acid-permeant basolateral membrane. Acidification of the cytosol
is then the crucial event that promotes cell edema and necrosis.

Additional details of this model have also been forthcoming in that the
greater permeability of the basolateral membrane to H� has been attributed to its
possession of a Na-independent, Cl/HCO3 exchanger (43). This transmembrane
transporter, as previously discussed, normally serves to extrude excess bicarbon-
ate from the cytosol, restoring an alkaline pHi to neutrality. Noteworthy, how-
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ever, is that it is extracellular serosal pH—normally a direct reflection of that of
blood—that governs what the cell cytosol considers neutrality. Consequently,
when serosal pH falls to acidic levels—as occurs when acid acidifies the intercel-
lular space—pHi falls to a new lower set point, achieving what it perceives as
the new level of ‘‘neutrality.’’ The level of reduction in pHi in this situation
directly reflects the degree of intercellular acidity because for each HCO3 ex-
changing out of the cell along its gradient, the cell accumulates a H� (this is due
to carbonic acid being the source of the lost HCO3 so that its loss equates directly
to H� gain). Moreover, since Cl is the counterion to bicarbonate, each lost HCO3

or gained H� is associated with gain of a Cl ion, resulting effectively in cell
absorption of extracellular HCl (Fig. 6). The major reason that intercellular acid-
ity does not ultimately translate into similarly low levels of pHi is the direct
opposition and continued activity of the basolateral membrane Na/H exchanger,
the latter extruding excess intracellular H� for extracellular Na (see above). This
is supported by the ability of amiloride, an inhibitor of Na/H exchange, to result in
greater lowering of pHi at a fixed level of extracellular acidity (43,44). Additional
experimental data in support of this overall schema for cell acidification and
necrosis are the ability to prevent acidification of esophageal cells in primary
culture and cell necrosis in intact sections of esophageal epithelium exposed to
serosal acidity by inhibitors of Cl/HCO3 exchange, e.g., the disulfonic stilbene
derivative DIDS or SITS, and by use of a Cl-free solution (43).

Another facet of the model that has been explored is the mechanism by
which the acid-induced reduction in pHi that occurs with the lowering of intercel-
lular pH produces cell swelling and edema. Using both primary cultures of esoph-
ageal cells and whole sections of esophageal epithelium from the rabbit, cell
swelling was identifiable when extracellular pH was lowered to pH � 2.0 (45,46).
The mechanism for this occurrence appears to involve the ability of low pHi to
elevate intracellular calcium, the latter then activating a transmembrane, bumeta-
nide-sensitive, basolateral membrane NaK2Cl cotransporter. Activation of this
cotransporter results in increased cytosolic uptake of Na, K, and Cl ions, and at
a time that low pHi inhibits mechanisms for ion extrusion that are critical for
volume regulation, e.g., basolateral membrane Na,K,ATPase and K channels
(40,41,47). Consequently, ions enter in excess of loss resulting in an osmotic
force favoring net water uptake and cell swelling. In one respect cell swelling
can be viewed as an extraordinary means, through dilution, at protection against
a highly acidic intracellular environment—the cell effectively sacrificing volume
regulation to defend its internal pH. Moreover, cell swelling, taken to the extreme
of membrane rupture, may be one means that acid-exposed esophageal cells even-
tually undergo necrosis. Alternatively, cell necrosis due to low pHi may produce
cell edema and cell death through parallel but independent pathways. For in-
stance, cell death at low pHi, as described in hepatocytes, may induce necrosis
or apoptosis via activation of the mitochondrial permeability transition. The mito-
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chondrial permeability transition occurs by the generation of high-conductance,
cyclosporin A–inhibitable pores within the inner mitochondrial membrane. These
pores nonselectively permit large numbers of small solutes to penetrate the mito-
chondria, resulting in mitochondrial depolarization, uncoupling of oxidative
phosphorylation, and mitochondrial swelling. Depending, then, upon the presence
or absence of ATP, the induction of the mitochondrial permeability transition is
followed by necrotic or apoptotic cell death, respectively (48). While such a se-
quence has not been established in esophageal epithelial cells, apoptosis as a
means of cell death is known to occur in healthy (human) esophageal epithelium.
Moreover, there is evidence that this is in part mediated by the interaction of Fas
ligand with Fas receptors on squamous cells (49). Nonetheless, whether luminal
acid exposure increases esophageal cell death through the apoptotic process re-
mains to be established.

Although acid-induced cell death (necrosis and/or apoptosis) represents the
end of life for the cell, this alone should not pose a problem to the otherwise
intact epithelium, particularly if it has the capacity for rapid repair. Unfortunately,
the multilayered esophageal epithelium, unlike gastric or duodenal epithelium,
lacks the means for ‘‘epithelial restitution.’’ Epithelial restitution is the process
whereby viable cells adjacent to an injury rapidly migrate over and seal a defect,
and usually can do so in 30–60 min (50,51). The speed of healing in this case
reflects the fact that ‘‘restitution’’ does not require protein synthesis. Restitution,
however, requires the presence of an intact basement membrane to serve as scaf-
fold for cell attachment and migration, access to such a structure lacking for all
but the lowest of this multilayered epithelium. In addition, restitution requires
the support of an effective preepithelial defense to maintain regional pH in a
near-neutral range. This is evident in that restitution is markedly inhibited if the
mucus layer overlying the damaged epithelium is removed either mechanically
or chemically. Since the esophageal epithelium, as noted previously, lacks a mu-
cus layer, were restitution possible, it would likely be limited by the inability to
maintain a neutral or near-neutral pH in the injured region (20). Instead of restitu-
tion, then, the esophageal epithelium must rely on cell replication and migration
lumenward from the basal layers to seal its defects. This unfortunately takes
considerably longer than the normal cell turnover of 5–8 days (52,53), and even
though shortened somewhat in acid-exposed tissues due to increased cell turnover
(54,55), there remains ample time (clinically) for repeat exposure to acidic re-
fluxates for H� to penetrate the broken barrier and damage cells of ever-deeper
layers. The end result of this cumulative process is conversion of focal areas of
microscopic necrosis into macroscopic defects known as erosions.

A characteristic of the transition from microscopic (nonerosive) to macro-
scopic (erosive) disease is the presence of acute and chronic inflammatory cells
within the acid-damaged epithelium and subepithelial layers of esophagus. This,
on the one hand, is an expected response to injury, migration of cells triggered
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by the release of, yet to be defined, cytokines and chemokines from both injured
and uninjured squamous cells and resident immune cells within the tissue. These
cells, as part of the containment and repair process, are presumably programmed
for digestion and removal of necrotic debris. Yet, these same inflammatory cells
may act indiscriminantly, at times serving to amplify, instead of reducing, the
epithelial injury. For example, it was shown in acid-perfused rabbit esophagus
in vivo that pretreatment with ketotifen to inhibit white-cell migration reduced
the degree of macroscopic and microscopic injury to the epithelium (56). Further,
since pretreatment in this same model with superoxide dismutase, and to a lesser
extent catalase, could also reduce the degree of injury, white-cell production of
oxygen-derived free radicals, especially superoxide anion and hydrogen peroxide,

Figure 7 The effects of continuous esophageal acid perfusion (0.1N HCl) on esophageal
transmural electrical potential difference (PD) in patients with positive (�), n � 11, and
negative (�), n � 8, Bernstein tests and healthy control subjects, n � 10. Esophageal PD
increases early during acid perfusion, and then falls progressively toward zero. The fall
toward zero PD is noted to be most dramatic for the endoscopy negative patients with
a positive Bernstein test suggesting the presence of impaired epithelial barrier function.
(Reprinted with permission from Orlando RC, Powell DW. Studies of esophageal epithe-
lial electrolyte transport and potential difference in man. In: Allen A, Flemstrom G, Garner
A, Silen W, Turnberg LA, eds. Mechanisms of Mucosal Protection in the Upper Gastroin-
testinal Tract. New York: Raven Press, 1984: 75–79.)
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was believed to be an important contributor to their toxic action. From this per-
spective, it is apparent that there are both intrinsic (inflammatory cells) and extrin-
sic (acid reflux) means for perpetuation and amplification of the epithelial injury,
and when chronic and uncontrolled, this injury may progress to complications.
The complications include ulceration with either hemorrhage and/or perforation
(rare) or formation of a peptic stricture and/or a specialized columnar-lined lower
(Barrett’s) esophagus (common). Although the precise mechanisms responsible
for stricture formation and Barrett’s esophagus remain unknown, both can be
viewed as aberrant attempts at repair (1).

Parallels Between the Rabbit Model and GERD

Two key observations in humans support a similar pathogenesis for acid injury
to esophageal epithelium as defined in the rabbit model. First, luminal perfusion
in vivo with high concentrations of HCl (Bernstein test) produces in humans a
similar biphasic pattern in esophageal potential difference (PD). This is evident
in healthy and mildly acid-damaged (nonerosive GERD) esophageal epithelium
(Fig. 7) while PD is abolished in severely damaged human esophageal epithelium
as in those with erosive GERD (57,58). Second, patients with both erosive and
nonerosive GERD have the same morphological hallmark of early acid damage to
esophageal epithelium, i.e., dilated intercellular spaces (Fig. 8) (59). The clinical

Figure 8 Transmission electron photomicrographs of an esophageal mucosal biopsy
from a (control) subject without esophageal disease, a subject with heartburn and erosive
esophagitis, and a subject with heartburn and nonerosive esophagitis on endoscopy. Note
the widened intercellular spaces in the two subjects with heartburn. Original magnification
�3000. (Modified and reprinted with permission from Tobey NA, Carson JL, Alkiek RA,
Orlando RC. Dilated intercellular spaces: a morphological feature of acid reflux-damaged
human esophageal epithelium. Gastroenterology 1996; 111:1200–1205.)
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Figure 9 Photomicrograph showing the nerve fibers (f) traversing the intercellular
spaces of esophageal epithelium in macaque. OsO4-ZnI2 solution. �320. (Reprinted with
permission from Rodrigo J, Hernandez CJ, Vidal MA, Pedrosa JA. Vegetative innervation
of the esophagus. III. Intraepithelial endings. Acta Anat 1975; 92:242–258.)

implications of finding both a similar PD pattern during acid perfusion and similar
morphological changes is considerable because it suggests that, as in the rabbit
model, the pathogenesis of GERD involves the direct attack and damage of the
intercellular junctions by refluxed gastric acid-pepsin. If acid initially damages
the junctions and increases their permeability, it follows that the occurrence of
heartburn in nonerosive GERD reflects the greater accessibility of luminal H�

to the afferent (sensory) nerves in esophageal epithelium. These afferent sensory
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Figure 10 (A) Normal esophageal suction biopsy from a healthy subject without esoph-
agitis. Basal zone thickness is approximately 10% of total epithelial thickness; papillae
extend approximately one-half the distance to the epithelial surface. (B) Abnormal suction
biopsy from a subject with symptomatic reflux. Basal zone thickness is approximately
35% of total epithelial thickness; papillae extend over two-thirds of the distance to the
epithelial surface. BZ: basal zone; SZ: stratified zone; P: papillae; LP: lamina propria.
Hematoxylin and eosin �170. (Reprinted with permission from Ismail-Beigi F, Horton
PF, Pope CE II. Histological consequences of gastroesophageal reflux in man. Gastroenter-
ology 1970; 58:163–174.)
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terminals are calcitonin-gene-related peptide positive and known to be accessible
since they reside within the intercellular space just below the surface cell layers
(Fig. 9) (60,61). Further, vagal sensory afferents—as shown in airway epithe-
lia—will signal in response to acidic pH � 6.2 and signal maximally at acidic
pH of 5.0 (62). Also, given their accessibility to luminal contents, vagal afferents
may also signal in response to, for example, hypertonicity, and this may account
for the development of heartburn during esophageal perfusion with tomato juice
at neutral pH (63). Moreover, these observations provide a compelling argument
against the phenomenon of esophageal visceral hypersensitivity as the cause for
the ‘‘acid-sensitive’’ esophagus in patients with nonerosive GERD (64). In this
instance visceral hypersensitivity is inappropriate since the sensory nerve endings
in patients with nonerosive GERD respond appropriately to an excess level of
intercellular acidity. Further, if acid initially damages the junctions, a means is
provided as to how repeated H� exposure can progress from nonerosive to ero-
sive GERD (Fig. 6). This occurs when excess H� entry across the ‘‘leaky’’ junc-
tions acidifies the intercellular space to access the more acid-permeable basolat-
eral membrane. Interestingly, as acid injures the surface cells and they are shed
into the lumen, two additional morphological changes may occur in human esoph-
ageal epithelium that have previously been recognized as ‘‘early’’ hallmarks of
GERD (65). One is elongation of the rete pegs, the rete pegs appearing closer
to the esophageal lumen—due to the greater rate of surface cell layer damage
and desquamation—and the other is basal cell hyperplasia—due to increased
rates of cell replication, a reparative attempt in response to increased loss of
surface cells (Fig. 10). Finally, if acid initially damages the junctions, it also
explains in part the stimulus for basal cell hyperplasia, and that is by the ability
of swallowed salivary EGF to now access the EGF receptors located on the
basolateral membranes of basal cells (66).

GERD—AN EPITHELIAL DISEASE?

Traditionally, reflux esophagitis has been considered exclusively a motor disease,
the major motor disturbance being increased frequency of transient lower esopha-
geal sphincter relaxations (1). However, a case can be made that GERD is, at
least in part, due to an impairment in epithelial resistance. The most compelling
evidence for this is the observation that up to 50% of patients with nonerosive
disease and 30% with erosive disease have normal acid contact times on 24-h
pH monitoring (Fig. 11) (67–69). Since normal acid contact time implies that
the antireflux and luminal clearance mechanisms are functioning normally,
esophagitis in these patients must result from either an excessively noxious re-
fluxate or a defect in epithelial resistance. As the data suggest that the potency
of the refluxate in GERD patients is no different than that of healthy subjects—
and specifically patients with GERD and healthy subjects have similar rates of
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Figure 11 Upright and supine esophageal acid exposure times are shown in A and B,
respectively. Although supine acid exposure time did not differ between control patients
and patients with reflux symptoms and a normal endoscopy (group 1), there was a signifi-
cant difference in their upright acid exposure times. Patients with reflux symptoms and
erosive esophagitis (group 2) had significantly more acid exposure time in both positions
than the first two groups. Despite this, marked overlap was seen between all groups. Mean
� 1 SD is shown for each group. Two standard deviations above the mean is shown for
controls (---). *p � 0.05 versus control. **p � 0.01 versus control group 1. (Reprinted
with permission from Schlesinger PK, Donahue PE, Schmid B, Layden TJ. Limitations
of 24-hour intraesophageal pH monitoring in the hospital setting. Gastroenterology 1985;
89:797.)

acid and pepsin secretion (70)—the likely explanation is the presence of impaired
epithelial resistance. Moreover, there are many ways that the epithelium can de-
velop defects that would subsequently predispose it to damage upon contact with
gastric acid during physiological reflux. Among these are esophageal exposure
to alcohol, heat, hypertonic solutions, cigarette smoke, or medications such as
nonsteroidal anti-inflammatory drugs (71–75). All of these factors have been
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shown to impair one or more important tissue defenses described above. For
example, alcohol, hypertonicity, and heat can all increase the permeability of the
junctions, making them effectively more leaky to H�. Cigarette smoking, how-
ever, has no effect on epithelial permeability but can inhibit active sodium trans-
port. The consequence of inhibition of Na transport is to impair the activity of
enzymes dependent on the transmembrane Na gradient, e.g., the acid-extruding
mechanisms such as Na/H exchange. Consequently, epithelium exposed to ciga-
rette smoke would have difficulty restoring pHi to neutrality following acidifica-
tion. In the case of those that increase junctional permeability to H�, e.g., hyperto-
nicity, such exposures have the capacity to lower epithelial resistance so that
previously innocuous concentrations of H� can become noxious. For example,
prior exposure to hypertonic urea (1200 mosm/Kg.H2O) can take a nondamaging
luminal acidity, HCl, pH 2.0, and convert it into one that produces tissue necrosis
(74). Based on these observations, it is clear that even common exposures at
times may alter the resilience of the esophagus to protect itself from physiological
reflux, and this effectively can provide the foothold for either the initiation or
perpetuation of acid injury.
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Esophageal Complications (Other
Than Barrett’s) of Gastroesophageal
Reflux Disease

Nicholas J. Shaheen and Eugene M. Bozymski
University of North Carolina, Chapel Hill, North Carolina

Because of the ubiquity of gastroesophageal reflux disease (GERD), multiple
esophageal complications of the disease are commonly encountered by the prac-
ticing gastroenterologist. Among the esophageal complications of GERD are
stricture, hemorrhage, ulceration, and possibly Schatzki’s ring. Columnar-lined
lower esophagus, also known as Barrett’s esophagus, another esophageal compli-
cation of GERD, is considered in another chapter.

Following brief discussions of hemorrhage and ulceration, this chapter will
focus primarily on esophageal strictures. The epidemiology, pathogenesis, clini-
cal presentation, diagnosis, and management of strictures will be considered.

ULCERATION

Most disruption of esophageal epithelium occurs in the setting of erosive esopha-
gitis. Deep ulcers in the squamous epithelium are rarely encountered in reflux
disease. If deep ulcers are seen in the esophagus, the differential diagnosis is
broad and includes those entities listed in Table 1. Most of these causes can
be excluded by taking a careful history. Many nonpeptic causes of esophageal
ulceration are especially prevalent in immunocompromised hosts, making assess-
ment of human immunodeficiency virus (HIV) status a useful investigation fol-
lowing the discovery of such a lesion. Indeed, in our experience, esophageal
ulceration has been the first indication of HIV positivity in some patients.

193



194 Shaheen and Bozymski

Table 1 Differential Diagnosis of Esophageal
Ulcers

Infectious
Viral

Cytomegalovirus
Herpes simplex
Human immunodeficiency virus

Bacterial
Tuberculosis
Atypical mycobacteria
Other

Fungal
Reflux-induced

Barrett’s ulcer
Non-Barrett’s ulcer

Mechanical
Mallory-Weiss tear
Cameron’s ulcer

Iatrogenic
Nasogastric tube–induced
Postsclerotherapy or variceal ligation
Pill-induced
Radiation-induced
Graft-vs.-host disease

Neoplastic
Benign

Leiomyoma
Lipoma

Malignant
Adenocarcinoma
Squamous cell carcinoma
Lymphoma
Sarcoma
Nonesophageal primary

Idiopathic
Bullous pemphigoid
Epidermolysis bullosa dystrophica
Crohn’s disease
Sarcoid
Behçet’s disease
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The most common presenting symptom of esophageal ulceration is odyno-
phagia; however, dysphagia, anorexia, and chest pain are also commonly encoun-
tered. Because the endoscopic appearance of an esophageal ulcer may be similar
for different pathogenic mechanisms, biopsies for pathological analysis are often
essential. Additionally, depending on the patient’s profile and the appearance of
the lesion, cultures for viral organisms, fungi, atypical mycobacteria, or other
pathogens may be appropriate (1,2). In patients with reflux-induced ulceration
and Barrett’s esophagus, attention should be paid to whether the ulceration occurs
in the area epithelialized by columnar cells. These ‘‘Barrett’s ulcers’’ are some-
times resistant to medical therapy, and may be an independent risk factor for
dysplasia or adenocarcinoma of the esophagus (3,4). Perforation of a Barrett’s
ulcer is an unusual, but well-documented indication for esophageal resection
(3,5,6). Pill-induced ulcerations are associated with multiple different medica-
tions, with tetracycline, NSAIDs, and potassium supplements among the most
common offenders (7).

HEMORRHAGE

Although erosive esophagitis has been reported in up to 20% of patients undergo-
ing endoscopy for reflux symptoms (8), the incidence of hemodynamically sig-
nificant hemorrhage secondary to reflux-induced mucosal damage is quite low.
Most reported series of patients presenting with acute upper-gastrointestinal
bleeding show the proportion of patients suffering from hemorrhage from erosive
esophagitis to be 10% or less of the total (9,10). Conversely, the overall rate of
hemorrhage from any esophageal source is generally greater than 30% in these
series, with esophageal variceal bleeding, and Mallory-Weiss tears responsible
in the majority of patients. Certain patient groups may be at increased risk for
hemorrhage from erosive esophagitis. These include the elderly, those with
chronic renal insufficiency, and those taking anticoagulants or NSAIDs (11).

Ulceration associated with a hiatal hernia (‘‘Cameron’s’’ ulcer) is an under-
recognized etiology of upper gastrointestinal hemorrhage (12). This lesion is
thought to be secondary to local ischemic effects in the gastric wall at the level
of the diaphragm. While not secondary to GERD per se, the frequent association
of a hiatal hernia with GERD symptoms makes this diagnosis a consideration in
GERD patients presenting with upper gastrointestinal bleeding. This lesion is
commonly overlooked, and may be responsible for an increased incidence of iron
deficiency anemia in patients with large hiatal hernias (13,14).

SCHATZKI’S RING

Schatzki’s ring occurs at the junction between the squamous esophageal and co-
lumnar gastric mucosa. The upper surface of Schatzki’s ring is lined by squamous
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Figure 1 Radiographic view of a Schatzki’s ring. (From Ref. 85, used with permission.)

mucosa, while the lower surface is covered by columnar epithelium (15). The
ring is usually quite thin, measuring less than 5 mm in most radiographic views
(Fig. 1). Pronounced invagination of the ring into the esophageal lumen is a
common cause of dysphagia (Fig. 2).

The etiology of Schatzki’s ring is unclear. It may be a congenital variant
of normal. However, there is some evidence that GERD may be more prevalent
in those with a Schatzki’s ring (16). Given that many patients with symptomatic
rings have no GERD symptoms, and most GERD patients do not have rings, any
association between the two, while interesting, remains speculative.

ESOPHAGEAL PEPTIC STRICTURES

Epidemiology

Approximately 10% of patients receiving medical attention for GERD will de-
velop strictures (17). Reliable prognostic factors for stricture development among
those patients with GERD do not exist. The severity of GERD only weakly corre-
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Figure 2 Endoscopic view of a Schatzki’s ring, a common cause of dysphagia.

lates with the propensity to form strictures. The incidence of peptic strictures
does increase with age, perhaps reflecting the cumulative insult of decades of
reflux disease (18). Other risk factors for stricture formation among those with
GERD include Caucasian race and male sex (19,20). Additionally, those condi-
tions in which NSAID use is common have been shown to be associated with
the formation of esophageal stricture (21).

Pathogenesis

The pathogenesis of peptic strictures, like the pathogenesis of GERD, appears
to be multifactorial. While the factors leading one individual with reflux disease
to stricture and another to heal without complication are not clear, several obser-
vations shed light on the etiology of strictures in reflux disease (22). GERD pa-
tients with strictures appear to be less sensitive to intraesophageal acid than
GERD patients without strictures (23). Also, while low resting lower esophageal
sphincter (LES) pressures are not consistently seen in patients with uncompli-
cated GERD, patients with peptic strictures generally do have lower resting LES
pressures than either typical GERD patients or controls (24,25). In fact, a resting
LES pressure of less than 8 mmHg is highly predictive of stricture formation in
GERD patients. Next, the presence of a hiatal hernia is more common in those
GERD patients with strictures than those without (26). Finally, patients with stric-
tures appear to have decreased amplitude and frequency of esophageal peristalsis,
leading to reduced acid clearance (20). This concept is supported by data showing
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that those patients who develop strictures have higher levels of gastric acid expo-
sure on 24-h pH monitoring than those with uncomplicated GERD. Other host
factors, such as differences in fibrogenesis or gastric acid hypersecretion in stric-
ture formers, have been postulated but not proven.

Stricture formation appears to take place in several stages. In response to
early reflux episodes, mucosal edema and muscular spasm occur. The histological
picture at this stage may include basal cell hyperplasia and infiltration of the
mucosa with eosinophils. These conditions are usually reversible with vigorous
acid suppression (27). Continued exposure to pathological levels of gastric acid
leads to ulceration, with reactive fibrosis. As this fibrotic reaction extends into
the muscularis propria, the muscular and neural elements responsible for peri-
stalsis are damaged, impairing the clearance mechanisms of the esophagus and
leading to increased dwell times of the refluxate within the esophagus. In the
ongoing struggle to repair the esophagus, increasing amounts of collagen are
deposited, which over time result in the loss of esophageal luminal caliber and
stricture formation.

Presentation

While the majority of patients with peptic strictures will have a history of GERD
symptoms predating their presentation, approximately one in three patients with
strictures will have had no previous history of reflux symptoms (27). This phe-
nomenon has been attributed to the decrease in sensitivity to esophageal acid
described above. The majority of patients presenting with peptic strictures have
dysphagia with solids as a presenting symptom; however, odynophagia and food
impaction are also common presentations. Localization of the level of obstruction
by the patient’s symptoms may be accurate in the majority of cases; however,
in a significant subset of patients, the sensation of dysphagia will not correspond
to the level of the obstruction (28).

Diagnosis

Approximately 70% of strictures result from chronic reflux. The differential diag-
nosis of peptic strictures is broad (Table 2). Most nonpeptic causes of esophageal
stricture can be ruled out by history. Neoplastic strictures, especially adenocarci-
nomas arising near the gastroesophageal junction, can be difficult to differentiate
from benign peptic strictures, making multiple biopsies of such lesions essential
at endoscopy.

Two diagnostic tests are commonly used in the evaluation of dysphagia.
The first is esophageal contrast radiography (Fig. 3). This modality is sensitive
for detecting mild, early, and/or subtle strictures (29). Stricture morphology is
easily assessed, and distal portions of the stricture sometimes not accessible by
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Table 2 Differential Diagnosis of Esophageal
Strictures

Ingestion of caustic substances
Alkali
Acid

Iatrogenic
Radiation therapy
Photodynamic therapy
Variceal sclerotherapy or banding
Chronic graft-vs.-host disease
Postoperative
Pill-induced
Chronic nasogastric tube–induced

Idiopathic diseases
Epidermolysis bullosa dystrophica
Tylosis
Pemphigus
Bullous pemphigoid
Scleroderma
Esophageal webs or strictures
Eosinophilic esophagitis
Crohn’s disease
Sarcoidosis

Acid peptic
Barrett’s associated
Non–Barrett’s associated

Neoplasia
Adenocarcinoma
Squamous cell carcinoma
Nonepithelial tumors

Infectious
Syphilis
Candida
Herpes simplex
Cytomegalovirus
Tuberculosis

endoscopy may be visualized. Also, digestion of a tablet or solid may enhance
the sensitivity of this examination for detecting abnormalities associated with
dysphagia (30,31). The second, often complementary examination is upper en-
doscopy. Upper endoscopy has the advantage of being both a therapeutic and
diagnostic maneuver (see below). Additionally, tissue samples can be taken to
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Figure 3 Barium radiograph of an esophageal stricture. (From Ref. 85, used with per-
mission.)

rule out malignancy. However, in tight strictures (Fig. 4, a and b), passage of
even a neonatal or pediatric endoscope is impossible.

While it has been suggested that barium esophagram is the examination of
choice for the evaluation of dysphagia (32), many clinicians will proceed directly
to upper endoscopy. This may be especially appropriate in the older patient with
weight loss, where the pretest probability of significant disease is high, and either
a therapeutic intervention or tissue sampling is likely (33). If this diagnostic strat-
egy is to be followed, the clinician may occasionally be faced with a peptic stric-
ture that will not allow passage of the endoscope, and whose distal morphology
is unknown. Without knowledge of the morphology of the stricture, it may be
wise to defer dilatation until a barium esophogram has been obtained.

Management

Medical

While esophageal dilatation has long been the cornerstone on which the therapy
for peptic strictures rests, increasing amounts of data suggest that pharmacologi-
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(a)

(b)

Figure 4 (a and b) Endoscopic views of tight strictures. Note the watermelon seeds in
(b) for scale. (From Ref. 85, used with permission.)
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cal interventions in patients with peptic strictures positively impact their course.
This is logical for several reasons. First, decreasing the active inflammation of the
esophagus may actually increase luminal caliber by decreasing mucosal edema.
Second, acid suppression may slow or halt the ongoing mucosal insult, resulting
in improved luminal caliber in the long term. Finally, the sensation of dysphagia
is not dependent on luminal caliber alone. Data show that the degree of mucosal
inflammation present is actually more predictive of the degree of dysphagia that
patients with strictures experience than is the luminal diameter (34).

The frequency of dilatations necessary to insure adequate luminal caliber
is the most commonly used yardstick in the medical literature to assess the effect
of pharmacological interventions on peptic strictures. This measure is suboptimal
for several reasons. It may hide physician-specific differences in the practice of
dilatation, such as the threshold of dysphagia necessary to prompt dilatation.
Also, it fails to recognize specific subgroups of patient profiles based on the
pathophysiological mechanisms outlined above. For instance, salutary effects in
patients with early strictures amenable to acid suppression may well be hidden
by a lack of effect in older, more established fibrotic strictures. Next, the percep-
tion of dysphagia, as well as the psychological distress it causes, may vary dra-
matically from patient to patient. Finally, when compared to historical or non-
medicated controls, the placebo effect of the medication itself may actually delay
the patient’s request for dilatation, regardless of any physiological effect of the
medication. Other measures, such as dysphagia scores and endoscopic evaluation
of mucosal damage, have been used to supplement this outcome measure.

Data regarding the effect of rigorous acid suppression support its routine
use in patients with peptic strictures. While early data reporting the use of H2-
receptor antagonists on patients with strictures failed to show any decreased need
for dilatation (35,36), several investigators have demonstrated that proton pump
inhibitors (PPIs) positively impact their clinical course. PPIs decrease the need
for recurrent dilatation, speed healing of coexistent esophagitis, and improve dys-
phagia more effectively than H2-receptor antagonists or placebo (37–41). Despite
the higher cost of PPIs, these medications are actually more cost-effective for
managing patients with peptic strictures, owing to decreased ‘‘downstream’’
costs (42). For these reasons, PPIs should be considered first-line pharmacologi-
cal therapy for patients with peptic stricture.

Dilatation

The mainstay of medical management of established peptic strictures is esopha-
geal dilatation. Dilatation is a centuries-old practice. Initial descriptions of dilata-
tion date to the 16th century, when wax candles were used to perform dilatation.
In fact, the term ‘‘bougienage’’ originates from the Algerian town of Bouginhay,
the capital of the wax candle trade in the Middle Ages (43). Blunt-tipped mercury
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dilators were first used in 1915 by the British surgeon Arthur Hurst. His design
was later modified by Maloney to include a tapered end to allow passage through
tight strictures. In 1951, an over-the-wire method of dilatation utilizing oval metal
dilators, termed ‘‘olives,’’ was developed by Eder and Peustow. This system
could be monitored fluoroscopically, but has become obsolete with the advent
of more recent over-the-wire methods for dilatation.

Three types of esophageal dilatation systems are presently commonly used
in the United States. These include blunt or tapered mercury-filled bougies, over-
the-wire polyvinyl graduated-sized bougies, and through-the-scope (TTS) bal-
loon dilators. Following is a brief description of each system, as well as the
techniques involved in using it.

Mercury-Filled Bougienage. Despite the advent of more sophisticated
systems for esophageal dilatation, mercury-filled bougienage remains a popular
and commonly used method for achieving esophageal dilatation. The reasons for
this are several. First and foremost is simplicity. Mercury-filled bougienage re-
quires no fluoroscopy, or guidewires. Because these adjunct measures are not
necessary, costs are relatively low. Also, because mercury-filled bougies have
been available for so long, many clinicians are very experienced and confident
with their use.

Two types of mercury-filled bougies are commonly used in the United
States. The first is the Hurst dilator, which is a relatively blunt-tipped instrument,
and the second is the Maloney dilator, which has a tapered end (Fig. 5). The
technique involved in using both systems is the same. Some previous assessment

Figure 5 Hurst (above) and Maloney dilators. (From Ref. 85, used with permission.)
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of stricture caliber, by either barium radiograph or endoscopy, is essential. The
patient is placed in the sitting or left lateral decubitus position. The initial dilator
size should be approximately the same size as the tightest diameter of the stric-
ture. Topical pharyngeal anesthesia and lubrication are applied. Systemic sedation
is not essential, but is sometimes helpful in the anxious patient. The head is
slightly hyperextended. Held like a pencil in the dominant hand, the dilator is
slid into the posterior pharynx over the dorsal surface of the first and second
fingers of the nondominant hand (Fig. 6). The patient is asked to swallow, and the
dilator is smoothly slid into the esophagus when the upper-esophageal sphincter
relaxes. The deepest penetration of the dilator should be such that the dilator’s
maximal diameter goes several centimeters past the most distal extent of the
stricture. This is especially important when performing dilatation with a Maloney
dilator, since resistance can be encountered with the tapered tip well before the
maximal diameter of the dilator is through the stricture. This procedure is re-
peated with gradually increasing sizes of dilators.

The optimal number of dilatations performed at a single sitting is not clear,
and varies based on the morphology of the stricture, the tolerance of the patient,
and the amount of resistance encountered. A useful empirical guideline is that
no more than three dilatations to resistance in any single session is advisable (the
so-called ‘‘rule of three’’). While the rule of three may be useful, it must be

Figure 6 Appropriate technique for insertion of a Hurst dilator with the patient in the
upright position. (From Ref. 85, used with permission.)
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stressed that any time undue force is necessary to pass a dilator, it is inadvisable
to continue with larger dilators. The goal of dilatation is to accomplish a luminal
diameter of 45–60 Fr (15–20 mm). At this diameter, most patients are free of
dysphagia (44). This goal can usually be accomplished in less than three sittings.
Objective criteria, such as the passage of a barium tablet of 12-mm diameter,
may represent a superior goal for dilatation (45).

Mercury-filled dilators are especially useful in several situations. Patients
who have well-characterized, short, simple strictures are good candidates for mer-
cury-filled bougienage. Also, those with Schatzki’s rings or congenital webs re-
spond well to a single passage of a large (�50 Fr) dilator. Most patients with
Schatzki’s ring will be asymptomatic after this therapy (46). These dilators are
less useful in tortuous strictures or very tight strictures. Especially in tight stric-
tures, these dilators may impact on the shoulder of the stricture, coil in the proxi-
mal esophagus, and never traverse the stricture zone. Mercury-filled dilators
should not be used in strictures associated with adjacent esophageal pseudodi-
verticula (Fig. 7), where a wire- or endoscopically guided technique provides
more reliable dilatation.

While success rates of greater than 85% in relieving dysphagia are com-
monly reported, there is some suggestion in the literature that the performance of
mercury-filled bougienage with fluoroscopic guidance might improve outcomes

Figure 7 Stricture with pseudodiverticulae. Dilatation of this stricture with mercury
bougienage may place the patient at increased risk of perforation.
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(47,48). However, the markedly increased cost per session this entails, as well
as the mandatory radiation exposure, makes mercury-filled bougienage less at-
tractive. Additionally, dilatation without fluoroscopy appears safe for the vast
majority of patients (49). Redilatation rates vary markedly among patients, but
as many as 40% of patients will require only one dilatation for symptom relief
(50,51). Some patients may need weekly sessions for several months to ensure
adequate luminal caliber, and others may need maintenance dilatations to avoid
recurrent dysphagia or food impactions. Predictors of the need for recurrent dila-
tation include fibrous strictures, a maximal dilator size of less than 44 Fr, and
more than two initial sessions to relieve dysphagia (50).

Self-Dilatation with Mercury-Filled Dilators

In patients who require frequent regular dilatations of benign peptic strictures to
remain symptom-free, self-dilatation with a mercury-filled dilator can be effective
and convenient. The limited data available on this practice suggest that it is safe
in selected, motivated patients (52). If this course is to be attempted, proper in-
struction in technique, as well as follow-up to assure that complications have not
occurred, is essential (53). Also, the age and condition of the dilator(s) need to
be monitored to avert cracking or spillage of mercury.

Polyvinyl Over-the-Wire Dilators. Two commercially available polyvinyl
over-the-wire dilators exist in the United States, the Savary dilating system (Wil-
son Cook) and the American Endoscopy dilating system (Bard) (Fig. 8). They

Figure 8 Savary dilators, with guidewire. (From Ref. 85, used with permission.)
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differ slightly in the shape of the dilator and the design of the guidewire. Addi-
tionally, the Savary system has only a radiopaque band at the point where the
dilator reaches its widest diameter, while the American Endoscopy system is
impregnated along the entire dilator with barium sulfate for easier fluoroscopic
visualization. The techniques involved in dilating with both systems are the same.

Before performing any procedure, one must make sure that the mouthpiece
will allow passage of the largest dilator to be used. First, routine endoscopy with
either a standard upper endoscope or, in the case of tight or angulated strictures,
a pediatric or neonatal endoscope is performed. The diameter of the narrowest
portion of the stricture is assessed, using the known diameter of the endoscope
as a guideline. Next, the guidewire is placed. The spring-tipped end of the wire
is placed through the scope and, under direct visualization, advanced until the
tip of the wire lies along the greater curve of the stomach in the antrum. The
scope is then ‘‘traded out,’’ or exchanged, with the guidewire being advanced
through the scope 4 or 5 cm for every 4 or 5 cm of scope withdrawn. If this is
done correctly, the scope can be completely withdrawn leaving approximately
60 cm of wire in the patient. Careful note should be made of the wire markings
at the patient’s teeth, so that after each dilatation, minimal wire migration either
forward or backward can be assured.

Next, the dilators are passed. To do this, an assistant fixes the wire in space
such that it does not advance with the advancing dilator. Again, the patient’s
neck is slightly hyperextended to allow easier passage of the dilator through the
cervical area. After the wire is lubricated with silicone, the stiff end of the wire
is inserted into the hollow tip of the dilator. With the dilator held like a pencil
in the dominant hand, it is passed over the wire, with the assistant applying gentle
traction on the wire to avoid advancement of the wire with the dilator. The dilator
should be inserted until the maximal diameter of the dilator is completely through
the stricture zone. For strictures that are either tight or tortuous, correct dilator
placement is best ascertained by use of fluoroscopy. The dilator is then with-
drawn, while the wire is forwarded through it. When the dilator is removed, the
position of the wire as measured by the markings on it should be within 5 cm
of the initial starting point. If significant wire migration has occurred, especially
outward, removal of the wire and reinsertion of the endoscope may be necessary
to properly replace the wire. Do not try to reinsert the endoscope over the wire,
as doing so will almost certainly cause damage to the inner channel of the scope.
If reinsertion of an endoscope over a guidewire is unavoidable, a plastic ERCP
catheter can be inserted into the working channel of the scope to protect it as
the wire is put through the scope in a retrograde fashion.

As with mercury-filled bougies, the rule of three is a useful guideline as
to how many wire-guided dilators to pass. On the final dilatation, both the wire
and the final bougie are removed simultaneously. If significant resistance to pas-
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sage of the dilator is met, the operator should reassess the wire position, as back-
migration of the wire may cause the tip of the dilator to impact on the spring
end.

Through-the-Scope (TTS) Balloons. TTS balloons provide effective dila-
tation of esophageal strictures (Fig. 9). Polyethylene balloons ranging from 4 to
18 mm are available, though sizes 9–18 mm are most commonly used in the
esophagus. Balloon lengths range from 5 to 8.5 cm. While data exist demonstrat-
ing adequate relief of dysphagia and low complication rates with TTS dilatation
(54,55), this method is less commonly used by practicing gastroenterologists.
This may be because of the associated costs of the single-use balloon catheters,
or because the technology is newer than either over-the-wire methods or mercury-
filled bougienage.

Like over-the-wire dilatation, TTS dilatation is usually prefaced by a stan-
dard endoscopic examination. Endoscopes with working channels of 3.2 or

Figure 9 Through-the-scope (TTS) balloons of various sizes. The fluid-filled syringe,
when inserted into the gun device, provides water insufflation of the balloon at controlled
pressures. (From Ref. 85, used with permission.)
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greater mm should be used. Approximation of stricture diameter is made during
this examination. Also, assessment of stricture morphology is made, so that ap-
propriate balloon selection can be made. In situations where the stricture is too
narrow to allow passage of even a small-caliber scope, a barium study will help
delineate stricture morphology.

After the examination, the balloon is inserted through the scope. Prior to
insertion of the balloon, it should be checked outside the patient for patency.
Most balloons have a lifespan of 5–10 uses if handled carefully. We generally
use water to expand the balloons; however, dilute contrast may also be used in
situations where fluoroscopy may also be performed.

Balloon selection is important. A long, uncomplicated stricture may re-
spond well to dilatation using a single long balloon. On the other hand, it may be
advisable to dilate a long, angulated stricture in segments with a shorter balloon to
minimize the chance of perforation. The tip of the balloon is coated with silicon
for easier passage. The balloon is then passed through the scope and across the
portion of the stricture to be dilated. The rim of the plastic catheter shaft must
be visualized prior to any inflation of the balloon, to assure that the entire balloon
has exited the scope. The balloon is then slowly inflated. Usually, as the balloon
is inflated, there is a cephalad migration, because the proximal portion of the
balloon fills first, causing the balloon to ‘‘back out’’ of the stricture zone. For
this reason, frequent repositioning of the balloon may be necessary during infla-
tion. No balloon should ever be inflated across a stricture without knowledge of
the morphology of the stricture, as inflation of a long, rigid balloon in a sharply
angulated stricture may cause perforation by the distal balloon. Balloons are in-
flated to their maximal dilating pressures, and held in place for 2 min (Fig. 10).
This may be repeated 2–3 times; however, if fluoroscopy shows obliteration of
the waist of a stricture, dilatation is successful and little is to be gained by addi-
tional inflations. After inflation, complete deflation of the balloon must be
achieved prior to withdrawal through the scope.

TTS balloons exert only radial, not shearing, force. Therefore, investigators
hoped that more aggressive dilatation of strictures might be possible, since dam-
age to the tissues might be less (56). Unfortunately, attempts to dilate tight stric-
tures to adequate diameters in a single session with TTS balloons appear to be ill-
advised (57). Like over-the-wire and mercury-filled dilatations, the most prudent
approach to tight strictures is serial sessions. These sessions can combine dilating
modalities, for example, using TTS for an initially very tight stricture, with over-
the-wire or mercury-filled dilatations for later sessions.

Complications of Dilatation

Potential complications of dilatation of peptic strictures include those inherent
to the dilatation, and, in the case of TTS or over-the-wire dilatations, those inher-
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Figure 10 TTS balloon inflated across an esophageal stricture. (From Ref. 85, used
with permission.)

ent in the endoscopy as well. The main risks of esophageal dilatation include
perforation, bleeding, and bacteremia. The risks of endoscopy include bleeding,
perforation, aspiration, and sedation-related complications. In addition to the risk
of bleeding, which appears to be marginally increased in patients with strictures,
the risks of endoscopy appear to be similar to those of other patients undergoing
diagnostic upper endoscopy.

Esophageal perforation is the most morbid complication of esophageal dila-
tation. In most published series, the rate of perforation is low, usually less than
4 per 1000 procedures (58–62). In patients who do suffer perforation, it may be
the cervical esophagus, not the stricture zone, in which the perforation occurs.
This is especially true in series utilizing the Eder-Puestow olives. Among the
current commonly used methods of dilatation, perforation rates appear to be simi-
lar. Although routine use of fluoroscopy has been suggested to lower the risk of
perforation, no randomized studies have demonstrated lesser risk. In fact, investi-
gators using only endoscopy as an adjunct to dilatation have reported acceptably
low complication rates (62). Risk factors for perforation have been assessed in
several series, and include long strictures, very tight strictures, large hiatal her-
nias, and angulation within the stricture zone (57,63). Although plain radiography
demonstrating subcutaneous emphysema or air in the mediastinum may suggest
the diagnosis, postprocedure esophageal perforations are best demonstrated by
contrast radiography using nonbarium contrast agents. Multiple views in different
patient positions may be required to demonstrate small leaks. Surgical consulta-



Esophageal Complications of GERD 211

tion is essential, but many perforations can be managed medically with good
outcomes.

Bleeding requiring blood transfusion occurs in about 5 in 1000 patients.
Bleeding may occur from the dilated stricture zone itself, or from mucosa above
the stricture zone that was abraded by the shearing force of a push dilator. Repeat
endoscopy with injection of epinephrine or saline may halt bleeding and allow
reepithelialization. Bleeding requiring operative intervention is rare.

Many patients undergoing dilatation experience transient bacteremia (64).
In the vast majority of patients, this is of no consequence. However, there have
been reported cases of serious infectious complications, including endocarditis,
meningitis, and brain abscess (61,65–67). Although there are few data to support
their use, antibiotics are often given to patients with prosthetic heart valves, a
history of endocarditis, or other high-risk profiles, to decrease the chance of infec-
tious complications after dilatation.

Stricture Recurrence After Dilatation

Most studies report that greater than 50% of patients undergoing dilatation of
peptic strictures to goal diameters will have recurrence of dysphagia necessitating
repeat dilatation (50,51,68). This appears to be true regardless of the system used
in the initial dilatation. Moreover, the number of recurrences of stricturing ap-
pears to predict the likelihood of future stricturing. For example, in one reported
cohort, if a patient experienced two recurrences of peptic stricturing requiring
dilatation, chances were 94% that a third episode of stricturing requiring dilata-
tion would occur (50). Other predictors of the need for frequent dilatations in-
clude weight loss and the lack of the sensation of heartburn (69).

Comparative Studies Between Dilating Systems

Conclusive, prospective, randomized comparative studies of the currently utilized
dilating systems have not been performed. Given the low rate of major complica-
tions with all of the current systems, thousands of patients might be necessary
to show significant differences between the systems. One study comparing TTS
balloons to Savary dilators in treating benign esophageal strictures showed no
difference in complication rates or success rates between the two systems (54).
This study did suggest, however, that the need for long-term recurrent dilatation
may be lower in those patients treated with TTS balloons. A second study com-
paring balloons to Savary dilators again showed no difference in safety. In this
study, however, those undergoing dilatation with Savary dilators required fewer
subsequent dilatations and had larger esophageal diameters 1 year after the initial
dilatation (55). Given the conflicted nature of the data, at present no firm recom-
mendation for one system over the other can be made. Investigators have demon-
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strated equal efficacy, lower complication rates, and greater patient comfort with
Savary dilators compared to Eder-Puestow olives (70), prompting the abandon-
ment of the latter system by most clinicians.

Stenting of Benign Esophageal Strictures

In patients with strictures unresponsive to attempts at dilatation, esophageal stent-
ing has been proposed as an alternative to surgery. This procedure may be espe-
cially attractive in those patients who are elderly or those whose multiple comor-
bid conditions make surgery prohibitive (71). Several groups have now reported
their initial experience with the placement of expandable metal stents in benign
esophageal strictures (72–74). While these reports feature high patency rates, the
unclear long-term consequences of stenting in benign esophageal disease make
this option inadvisable for the patient with a considerable life expectancy. Despite
the relative infancy of expandable metallic stents, multiple reports of stent migra-
tion, occlusion by overgrowth of hyperplastic tissue at the ends of the stent, and
other problems exist (74,75).

Surgical Management of Strictures

Indications

Clearly, the best management of esophageal strictures is early and adequate medi-
cal therapy to avert their development. The role of surgery in peptic strictures
has changed with both the advent of laparoscopic surgical procedures and the
development of better acid suppression. In patients with an esophagus of normal
length and a stricture responsive to dilatation, the indications for surgery are
similar to those of the general GERD population. In these patients, a standard
laparoscopic antireflux procedure is generally the procedure of choice. As with
all GERD patients, preoperative esophageal manometry demonstrating good mo-
tility is essential. When surgical antireflux procedures are performed in a patient
with a stricture, postoperative rates of dysphagia may be higher than in the general
GERD population (76). For this reason, some have advocated the Belsey partial
fundoplication in this group (77). In general, results of surgical fundoplication
in stricture patients appear as good as those of the general GERD population.

In the patient with a fibrotic shortened esophagus and a stricture amenable
to dilatation, an esophageal lengthening procedure coupled with an antireflux
procedure may give good relief of symptoms and control of GERD without an
esophageal resection. Standard antireflux procedures often fail in this patient pop-
ulation because inadequate lengths of the distal esophagus can be mobilized, and
the fundoplication is under tension. Two procedures, the Collis-Belsey gas-
troplasty and the Collis-Nissen gastroplasty, have been reported to provide good
results in this patient population (78,79). In both of these procedures, the high
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cardia is tubularized and serves as an elongation of the esophagus. The fundopli-
cation then occurs around this length of tubularized cardia. Results of these proce-
dures are good in 50–80% of cases.

In patients with strictures unresponsive to recurrent dilatation, esophageal
resection may be necessary. In these situations, interposition of other luminal
organs such as colon or jejunum may be performed (80–82), or mobilization of
the stomach, with esophagogastric anastamosis in the chest. Gastric interposition
combined with pyloroplasty is the most commonly performed procedure, because
it requires only one anastamosis. Published results with this procedure show good
or excellent function in 70% of patients, and an operative mortality of �5% (83).
In young patients, left colonic interposition has been advocated (84). Although
this procedure is more technically demanding and has a higher operative mortality
rate, its long-term functional results may be superior to those of gastric or jejunal
interposition.

Limited data exist on the use of laparoscopic surgical procedures in the
patient with peptic esophageal stricture. Although earlier investigators felt that
esophageal stricture might be a contraindication to the laparoscopic approach
because of inability to mobilize the esophagus and fully assess the stricture, more
recent work reports high rates of success of the laparoscopic Nissen fundoplica-
tion in patients with strictures. Reports of success with laparoscopic esophageal
lengthening and resection procedures exist, but definitive studies of their safety
and efficacy are necessary.

CONCLUSION

Esophageal complications of GERD, including stricture, ulceration, and Barrett’s
esophagus, are commonly encountered by the practicing gastroenterologist. Our
main goal in treating patients with reflux disease is to prevent complications with
a rigorous antireflux program. Significant improvements in the management of
stricture patients include wire-guided and through-the-scope dilating systems, as
reviewed above. Maintenance of patients with peptic strictures on chronic acid
inhibition with proton pump inhibitors improves symptoms, and decreases the
need for recurrent esophageal dilatation. Despite these improvements in manage-
ment, a small portion of patients will go on to require surgery. The choice of the
surgical procedure depends on the characteristics of the patient and the stricture,
as well as the experience of the surgeon.
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Barrett’s Esophagus

Stuart Jon Spechler
Dallas Veterans Affairs Medical Center, Dallas, Texas

DEFINITION AND DIAGNOSIS

Barrett’s esophagus is the condition in which an abnormal columnar epithelium
replaces the stratified squamous epithelium that normally lines the distal esopha-
gus (1). The condition is a sequela of chronic gastroesophageal reflux disease
(GERD) in most, if not all, cases. On histological examination, the columnar
lining of Barrett’s esophagus usually is an incomplete form of intestinal meta-
plasia that may have features of small intestinal, colonic, and gastric epithelia
(Fig. 1) (2). This metaplastic lining has been called specialized columnar epithe-
lium or specialized intestinal metaplasia, and it appears to be more resistant to
reflux-induced injury than the native squamous mucosa (3). Unfortunately, the
metaplastic cells of Barrett’s esophagus are predisposed to develop genetic
changes that lead to malignancy. Indeed, GERD and Barrett’s esophagus are the
major recognized risk factors for esophageal adenocarcinoma (1,4).

The diagnosis of Barrett’s esophagus usually is suspected on endoscopic
examination when an abnormal mucosa is seen lining the distal esophagus. The
diagnosis is confirmed when biopsy specimens of the abnormal mucosa reveal
specialized intestinal metaplasia. Although these diagnostic steps may seem
straightforward, there has been intense controversy recently regarding the diag-
nostic criteria for Barrett’s esophagus (5). The deceptively simple, conceptual
definition of the disorder as the condition in which an abnormal columnar epithe-
lium replaces squamous epithelium in the distal esophagus does not translate
easily into practical diagnostic criteria for two reasons: (1) It is difficult to identify
the precise point at which the esophagus ends and the stomach begins (i.e., the
anatomical gastroesophageal junction), and (2) normal, gastric-type columnar ep-
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Figure 1 High-magnification photomicrograph of specialized intestinal metaplasia in
Barrett’s esophagus. Note that there are gastric surface-type cells, intestinal-type goblet
cells, and cells that resemble intestinal absorptive cells with a rudimentary brush border.
(From the Clinical Teaching Project of the American Gastroenterological Association.)

ithelium (grossly indistinguishable from the metaplastic epithelium of Barrett’s
esophagus) might line a short segment of the distal esophagus in normal individu-
als (6). These two factors make it difficult for the endoscopist to determine
whether short segments of columnar epithelium that appear to line the distal
esophagus in fact line the esophagus and not the proximal stomach (the gastric
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Figure 2 Endoscopic photograph showing the characteristic appearance of traditional
Barrett’s esophagus, with long segments of columnar epithelium extending well above
the gastroesophageal junction. (From the Clinical Teaching Project of the American Gas-
troenterological Association.)

cardia), and whether the columnar epithelium is abnormal irrespective of its loca-
tion.

The gastroesophageal junction has been defined variably by anatomical,
radiological, physiological, and endoscopic features, and the location of the junc-
tion identified by these various approaches may differ by several centimeters or
more (7). Columnar epithelium, with its reddish color and velvet-like texture,
usually can be distinguished readily from the pale, glossy squamous epithelium
of the esophagus on endoscopic examination (8). Therefore, Barrett’s esophagus
is identified easily when the endoscopist sees long segments of columnar epithe-
lium that extend up from the stomach to reach the middle and proximal esophagus
(Fig. 2). As noted above, diagnostic difficulties arise for patients who have short
segments of columnar epithelium that appear to be confined to the most distal
esophagus. Without precise landmarks for the gastroesophageal junction, one
cannot ascertain whether these short segments of columnar epithelium in fact
line the distal esophagus, or whether they line a segment of the gastric cardia
that the endoscopist has mistakenly identified as esophagus. In an attempt to
avoid making false-positive diagnoses of Barrett’s esophagus in this situation,
early investigators established arbitrary criteria for the extent of esophageal co-
lumnar lining necessary to include patients in their studies. Published diagnostic
criteria varied considerably, ranging from as few as 2 cm to as many as 5 cm
of esophageal columnar lining (1). These criteria that were based on arbitrary
measurements, designed by and for investigators, became embraced by clinicians
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who adopted the investigative criteria into their clinical practices. By adherence
to these diagnostic criteria, clinicians limited the problem of false-positive diag-
noses of Barrett’s esophagus, but failed to recognize short segments of metaplas-
tic epithelium in the distal esophagus.

In a seminal study in which manometric techniques were used to ensure
that biopsy specimens were obtained above the lower esophageal sphincter (i.e.,
in the esophagus and not the gastric cardia), three types of columnar epithelia
were identified in Barrett’s esophagus (9): (1) specialized columnar epithelium
(specialized intestinal metaplasia), (2) gastric fundic-type epithelium with oxyntic
glands containing chief and parietal cells, and (3) junctional-type epithelium com-
prised almost exclusively of mucus-secreting cells. The latter two epithelial types
can be indistinguishable from the normal lining of the gastric fundus and cardia.
The histological demonstration of these gastric epithelial types in biopsy speci-
mens obtained endoscopically from the gastroesophageal junction region does
not establish a diagnosis of Barrett’s esophagus because there is no way to prove
that these epithelia were acquired through the process of metaplasia. In contrast,
specialized intestinal metaplasia with its prominent goblet cells (which are not
found normally in either esophagus or stomach) is clearly metaplastic.

In an attempt to eliminate diagnostic difficulties, some authorities have
proposed that the diagnosis of Barrett’s esophagus should be based solely on
the presence of specialized intestinal metaplasia, not on any specific extent of
esophageal columnar lining (10). Unfortunately, even this approach does not ob-
viate diagnostic problems. Without precise criteria for the anatomical gastro-
esophageal junction, it is difficult to determine whether the specialized intestinal
metaplasia found in this region is esophageal or gastric in origin. Perhaps the
major problem with defining Barrett’s esophagus solely by the presence of spe-
cialized intestinal metaplasia relates to the frequency with which short segments
of this metaplastic epithelium can be found in the gastroesophageal junction re-
gion. In 1994, investigators in Boston reported that they found short, inconspicu-
ous segments of specialized intestinal metaplasia in the region of the gastroesoph-
ageal junction in 18% of patients in a general endoscopy unit, many of whom
had no signs or symptoms of GERD (11). A number of subsequent studies have
confirmed these observations (Table 1) (12,13). The risks for developing cancer
and GERD complications have not yet been defined for patients with short seg-
ments of specialized intestinal metaplasia in the region of the gastroesophageal
junction. To distinguish this condition from traditional (‘‘long-segment’’) Bar-
rett’s esophagus that clearly is associated with cancer and severe GERD, some
authorities have proposed terms like ‘‘short-segment Barrett’s esophagus’’ for
patients who have fewer than 3 cm of specialized intestinal metaplasia lining the
distal esophagus (Table 2) (14,15). Others have suggested that the artificial term
‘‘Barrett’s esophagus’’ should be eliminated altogether, and that the condition
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Table 1 Frequency of Intestinal Metaplasia in the
Gastroesophageal Junction Region

Frequency of
Study No. of metaplasia
author Country patients (%)

Johnston U.S. 170 9
Voutilainen Finland 1019 10
Hirota U.S. 889 13
Spechler U.S. 142 18
Chalasani U.S. 87 18
Trudgill U.K. 120 18
Nandurkar Australia 158 36
Overall 2585 14

Table 2 Proposed Classification for Columnar-Lined
Esophagus

Long-segment Barrett’s esophagus (intestinal metaplasia �3 cm)
Short-segment Barrett’s esophagus (intestinal metaplasia �3 cm)
Gastric cardia intestinal metaplasia

Source: Ref. 15.

Table 3 Proposed Classification for Columnar-Lined Esophagus

Columnar-lined esophagus with specialized intestinal metaplasia
Columnar-lined esophagus without specialized intestinal metaplasia
Specialized intestinal metaplasia at the GE junction

Source: Ref. 1.

should be called simply ‘‘columnar-lined esophagus’’ with or without specialized
intestinal metaplasia (Table 3) (1).

Although the debate over terminology still rages, it is clear that recognition
of a columnar-lined esophagus requires precise criteria by which to delimit the
esophagus and the stomach. Figure 3 shows endoscopically recognizable land-
marks that can be used to identify structures at the gastroesophageal junction.
The squamocolumnar junction (SCJ, or Z-line) is the visible line formed by the
juxtaposition of pale, glossy squamous epithelium and red, velvet-like columnar
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Figure 3 Landmarks at the gastroesophageal junction region. The squamocolumnar
junction (SCJ, or Z-line) is the visible line formed by the juxtaposition of squamous and
columnar epithelia. The gastroesophageal junction (GEJ) is the imaginary line at which
the esophagus ends and the stomach begins. The GEJ corresponds to the most proximal
extent of the gastric folds, and marks the proximal extent of the gastric cardia. When the
SCJ is located proximal to the GEJ, there is a columnar-lined segment of esophagus. (From
Ref. 18.)

mucosa. The gastroesophageal junction (GEJ) is the imaginary line at which the
esophagus ends and the stomach begins anatomically. The GEJ has been defined
by endoscopists, somewhat arbitrarily, as the level of the most proximal extent
of the gastric folds (16). In normal individuals, the proximal extent of the gastric
folds generally corresponds to the point at which the tubular esophagus flares to
become the sack-shaped stomach in the region of the lower esophageal sphincter.
In patients with hiatal hernias whose lower esophageal sphincters are weak and
in whom there may be no clear-cut flare at the GEJ, the proximal margin of the
gastric folds is determined when the distal esophagus is minimally inflated with
air because overinflation obscures this landmark (15). When the SCJ is located
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Figure 4 The SCJ and GEJ coincide. In this situation, the entire esophagus is lined by
squamous epithelium. (From Ref. 18.)

proximal to the gastroesophageal junction, there is a columnar-lined segment of
esophagus. When the SCJ and the GEJ coincide (Fig. 4), the entire esophagus
is lined by squamous epithelium. There is no reported description of an SCJ located
distal to the GEJ. The gastric cardia, by definition, starts at the GEJ. There are
no endoscopic landmarks that define the distal extent of the gastric cardia.

PATHOGENESIS OF INTESTINAL METAPLASIA

Intestinal metaplasia is associated with adenocarcinoma both in the esophagus
and in the stomach (1,17). For patients with short segments of intestinal metapla-
sia in the region of the GEJ, the issue of whether the metaplastic epithelium
arose from esophageal or gastric tissue has practical significance only if there
are important pathogenetic and clinical features that depend on the metaplasia’s
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site of origin. If intestinal metaplasia has the same pathogenesis and predisposi-
tion to cancer regardless of its location, then debates over terminology (e.g., short-
segment Barrett’s esophagus vs. intestinal metaplasia of the gastric cardia) can be
considered trivial, semantic arguments. However, if there are substantial clinical
differences between esophageal and gastric intestinal metaplasia, then it is impor-
tant for clinicians to distinguish between the conditions. Much evidence suggests
that there are indeed fundamental differences between gastric and esophageal
forms of intestinal metaplasia (18).

In the body and antrum of the stomach, Helicobacter pylori infection is
strongly associated with the development of intestinal metaplasia and cancer
(17,19). The International Agency for Research on Cancer has deemed H. pylori
a group I carcinogen (a definite cause of gastric cancer in humans) (20), and the
recent demonstration that infection with H. pylori induces the development of
intestinal metaplasia and gastric cancer in Mongolian gerbils provides compelling
evidence of a pathogenetic role for H. pylori in these conditions (21). The gastric
pathway to carcinogenesis proposed by Correa and others is shown in Figure 5
(22). Strains of H. pylori that have a CagA gene (associated with cytotoxin ex-
pression) can cause a particularly severe form of gastritis that is especially predis-
posed to progress to cancer (23).

GERD is an important risk factor for esophageal adenocarcinoma (4), pre-

Figure 5 Proposed carcinogenetic pathways in the esophagus and stomach. Note that
the development of intestinal metaplasia is a key feature of carcinogenesis for both organs.
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sumably because GERD leads to the development of intestinal metaplasia in the
esophagus (Fig. 5). GERD causes reflux esophagitis and, in some individuals,
the damaged esophageal epithelium heals through the process of intestinal meta-
plasia. As in the stomach, the development of intestinal metaplasia precedes the
development of neoplasia in the esophagus. In contrast to the stomach, infection
with H. pylori does not appear to play a direct role in the pathogenesis of esopha-
geal inflammation and metaplasia. A number of studies on this issue have found
no positive association between gastric infection with H. pylori and either reflux
esophagitis or Barrett’s esophagus (24–31). Indeed, recent reports have suggested
that gastric infection with H. pylori actually may protect the esophagus by pre-
venting the development of reflux esophagitis and Barrett’s esophagus (32,33).
Also, recent studies have found a significant negative association between esoph-
ageal adenocarcinoma and H. pylori infections, particularly for infections with
CagA-positive strains (34–36). For example, Vicari et al. found CagA positivity
in 11 of 26 (42%) control subjects who were infected with H. pylori, but in
none of seven infected patients who had dysplasia or adenocarcinoma in Barrett’s
esophagus (36). Graham and Yamaoka have proposed that H. pylori infections
that cause severe pangastritis also cause a decrease in gastric acid production
that may protect against GERD (37). Regardless of the mechanisms involved,
evidence suggests that H. pylori infection is a risk factor for intestinal metaplasia
in the distal stomach but not in the esophagus, whereas GERD is the major risk
factor for intestinal metaplasia in the esophagus.

In addition to pathogenetic differences, there are data to suggest that certain
morphological histochemical, and clinical features of intestinal metaplasia in the
esophagus differ from those of intestinal metaplasia in the stomach. Several
schemes have been proposed for the classification of gastric intestinal metaplasia
(38–40). These schemes focus on how ‘‘complete’’ the metaplasia is (i.e., how
strongly the epithelium resembles that of the normal small intestine) and, if the
metaplasia is incomplete, on whether the mucus-secreting cells contain colonic-
type sulfomucins that stain with high iron-diamine. Complete, or type I intestinal
metaplasia is comprised largely of (1) absorptive cells that do not secrete mucus
and that have a well-defined brush border containing distinctive small intestinal
enzymes such as alkaline phosphatase, aminopeptidase, and disaccharidases;
(2) numerous goblet cells containing sialomucins that stain with Alcian blue; and
(3) occasional Paneth cells. Incomplete forms of intestinal metaplasia have few
or no absorptive cells and generally are devoid of Paneth cells. In incomplete
intestinal metaplasia, the predominant cell type is a columnar ‘‘intermediate’’
cell that secretes mucus. Incomplete forms of intestinal metaplasia also contain
numerous goblet cells that secrete sialomucins, sulfomucins, or both. The intesti-
nal metaplasia is categorized as type II if the intermediate cells secrete neutral
mucins (as do normal gastric surface cells) and acid sialomucins, and as type III
if the intermediate cells secrete predominantly acid sulfomucins. Type I is the
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predominant form of intestinal metaplasia found in the stomach, both in benign
conditions and in patients with gastric cancer (40,41). Type III intestinal metapla-
sia is the least common form in the stomach, but the one most strongly associated
with gastric cancer (17,42,43).

Although the intestinal metaplasia found in Barrett’s esophagus can be mor-
phologically indistinguishable from that in the stomach, it has not been a common
practice for investigators to characterize intestinal metaplasia in the esophagus ac-
cording to type. However, studies that have focused on the morphology and mucin
histochemistry of Barrett’s esophagus suggest that the characteristic specialized
intestinal metaplasia is usually incomplete (type II or III) (44–46). In addition,
specialized intestinal metaplasia has been found to react with a monoclonal anti-
body (called 7E12H12 or MAb DAS-1) raised against colonic epithelial cells (47).

Morphological studies of Barrett’s esophagus using scanning electron mi-
croscopy have revealed distinctive features of esophageal intestinal metaplasia.
In biopsy specimens taken from the SCJ of patients with Barrett’s esophagus,
Shields et al. found a peculiar hybrid cell that had both microvilli (a feature of
columnar cells) and intercellular ridges (a feature of squamous cells) on its sur-
face (48). Another line of evidence that there are fundamental differences be-
tween esophageal and gastric intestinal metaplasia comes from recent studies
showing that the cytokeratin staining pattern of intestinal metaplasia in the esoph-
agus may differ from that of intestinal metaplasia in the stomach. Cytokeratins
are a family of at least 20 structural proteins that are found in the cytoplasm of
epithelial cells. Ormsby et al. recently identified unique patterns of staining for
two cytokeratins (cytokeratins 7 and 20) in biopsy specimens of intestinal meta-
plasia from the esophagus and stomach (49). Salo et al. found that intestinal
metaplasia in Barrett’s esophagus showed immunoreactivity for cytokeratin 13
(a cytokeratin normally found in squamous epithelium) (50), and Boch et al.
found immunoreactivity for both squamous and glandular cytokeratin markers
in esophageal columnar epithelium that exhibited the phenomenon of multilay-
ering (51). These observations suggest that esophageal columnar metaplasia
might arise from squamous precursor cells that are not present in the stomach.
Table 4 summarizes some of the major differences between intestinal metaplasia
in the stomach and esophagus. If one accepts the premise that there are important
differences in the metaplasia found in these two organs, then it is important for
investigators who take biopsy specimens in the region of the gastroesophageal
junction to ascertain whether those specimens are taken from the distal esophagus
or from the gastric cardia.

CLINICAL FEATURES OF BARRETT’S ESOPHAGUS

Most studies on the clinical features of Barrett’s esophagus were conducted be-
fore 1994 (when the frequency of short-segment disease was first recognized)



Barrett’s Esophagus 229

Table 4 Features of Intestinal Metaplasia (IM) in the
Esophagus and Stomach

IM in IM in
stomach esophagus

H. pylori association Positive Negative
GERD association No Yes
Usual type of metaplasia Complete Incomplete
‘‘Barrett’s’’ CK7/20 pattern No Yes

and, consequently, are comprised almost exclusively of patients with traditional,
long-segment disease. The conclusions of these studies may not be applicable
to patients who have short segments of intestinal metaplasia in the region of
the GEJ.

Traditional Barrett’s esophagus usually is discovered in middle-aged and
older adults, although the condition has been described in children as young as
age 5 (52,53). Children with Barrett’s esophagus often have comorbid disorders
such as neurological diseases or cystic fibrosis (53). In adults, the average age
at the time of diagnosis of Barrett’s esophagus is approximately 55 years, and
the condition is not usually associated with comorbid disorders (other than
GERD). White males predominate in most series. For unknown reasons, Barrett’s
esophagus rarely affects black individuals. Most patients are seen initially for
symptoms of the underlying GERD such as heartburn, regurgitation, and dys-
phagia. The metaplastic epithelium itself causes no symptoms, and even may
be less pain-sensitive to noxious stimuli such as acid than the native squamous
mucosa (54).

Among patients who have endoscopic examinations for symptoms of
GERD, traditional Barrett’s esophagus can be found in approximately 10% (55).
A study of 701 patients with GERD symptoms evaluated by gastroenterologists
in community practices showed that the likelihood of finding Barrett’s esophagus
on endoscopy increased with the duration of GERD symptoms (56). For patients
who had symptoms for less than 1 year, only 4% had Barrett’s esophagus,
whereas for those with more than 10 years of GERD symptoms, endoscopy
showed Barrett’s esophagus in 21%. For many patients with Barrett’s esophagus,
however, symptoms of GERD are either absent or judged too trivial to warrant
endoscopic evaluation. These cases are not recognized unless endoscopy is per-
formed for other reasons. There are data suggesting that more than 90% of indi-
viduals with Barrett’s esophagus in the general population do not seek medical
attention for esophageal symptoms, and therefore most cases go unrecognized
(57). Among patients seen by physicians, however, the GERD associated with
traditional Barrett’s esophagus often is severe and complicated by esophageal
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ulceration, stricture, and hemorrhage. In contrast, patients with short-segment
Barrett’s esophagus often have no signs or symptoms of GERD (12).

GERD IN PATIENTS WITH BARRETT’S ESOPHAGUS

Patients with traditional Barrett’s esophagus have been shown to have a number
of physiological abnormalities that might contribute to the severity of GERD.
Some patients exhibit hypersecretion of gastric acid, for example, and may re-
quire high doses of antisecretory drugs to effect esophageal healing (58,59). Some
patients have duodenogastric reflux and, consequently, bile and pancreatic juice
may be present in the stomach (60). With these abnormalities, the gastric contents
available for reflux may be exceptionally caustic, containing high concentrations
of acid, bile, and pancreatic secretions. Manometric study of the Barrett esopha-
gus often reveals extreme hypotension of the lower esophageal sphincter (an
important barrier to gastroesophageal reflux), and therefore these patients are
exceptionally predisposed to reflux (61). Poor esophageal contractility also has
been described, a phenomenon that may delay the clearance of noxious material
from the esophagus (62). Some patients have diminished esophageal pain sensi-
tivity, and consequently the reflux of caustic material into the Barrett esophagus
may not cause heartburn (54). Without heartburn, patients may have no warning
that they are experiencing gastroesophageal reflux and little incentive to comply
with antireflux therapy. Finally, decreased salivary secretion of epidermal growth
factor, a peptide that enhances the healing of peptic ulceration, has been reported
in some patients with Barrett’s esophagus (63). Decreased salivary secretion of
this growth factor might delay the healing of the reflux-damaged esophagus. In
summary, patients with Barrett’s esophagus may be exceptionally predisposed
to the reflux of unusually caustic gastric material into the esophagus. Such reflux
might not elicit pain, the esophagus may be unable to clear the noxious material
effectively, and healing of the resulting esophageal injury may be delayed. In
view of this substantial predisposition to reflux esophagitis, it is not surprising
that patients with traditional Barrett’s esophagus often have severe GERD com-
plicated by esophageal ulceration, stricture, and bleeding.

The physiological abnormalities that predispose to the severe GERD that
characterizes traditional Barrett’s esophagus have not been described in patients
with short-segment disease. As mentioned, many of the latter patients have no
signs or symptoms of GERD whatsoever. Some data suggest that the length of
metaplastic mucosa in Barrett’s esophagus may be related to the duration of
esophageal acid exposure as measured by 24-h pH monitoring (64). Thus, patients
with short-segment Barrett’s esophagus may have 24-h esophageal acid exposure
values that are normal or only minimally increased.

Given the propensity for severe GERD in patients with traditional Barrett’s
esophagus, one might assume that metaplasia should progress in extent over the
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years as columnar epithelium replaces more and more squamous epithelium that
is damaged by ongoing reflux. Such progression is observed infrequently, how-
ever, and Barrett’s esophagus appears to develop to its full extent relatively
quickly in most cases. For example, Cameron and Lomboy reviewed the records
of 377 patients found to have Barrett’s esophagus at the Mayo Clinic between
1976 and 1989 (65). When these patients were grouped according to age, the
length of esophagus lined by columnar epithelium was not found to differ signifi-
cantly among the various age groups (i.e., 20-year-old patients had a segment of
columnar-lined esophagus similar in length to that of the 80-year-olds). Further-
more, no significant change in the extent of metaplastic epithelium was found
among 101 patients who had follow-up endoscopic examinations performed after
a mean interval of 3.2 years. It is not known why Barrett’s esophagus usually
does not progress in extent despite ongoing GERD.

CANCER RISK IN BARRETT’S ESOPHAGUS

Through the 1960s, the vast majority of esophageal cancers in the United States
were squamous cell carcinomas (66). Adenocarcinoma of the esophagus was con-
sidered such an uncommon tumor that some authorities questioned its very exis-
tence. Over the past two decades, however, the frequency of adenocarcinoma of
the esophagus has nearly quadrupled (66–69). Today, adenocarcinomas comprise
approximately 50% of all esophageal malignancies in this country. GERD and
Barrett’s esophagus are the major recognized risk factors for these lethal tumors
(1,4). For patients with traditional Barrett’s esophagus, the reported incidence of
esophageal adenocarcinoma has ranged from 0.2% to as high as 2.1% per year
(70). A recent meta-analysis of six prospective studies has suggested that the
mean annual incidence of esophageal cancer in this condition is approximately
1% (Table 5) (71). All reports on cancer incidence in patients with Barrett’s

Table 5 Prospective Studies on Cancer Incidence in Barrett’s Esophagus

No. of Follow-up Cases of Annual cancer
Study author patients (patient-yrs) cancer incidence (%)

Hammeeteman 50 260 5 1.9
Bonelli 71 110 2 1.8
Robertson 56 224 4 1.8
Miros 81 289 3 1.0
Iftikhar 102 462 4 0.8
Drewitz 170 834 4 0.5
Total 530 2179 21 1.0

Source: Data from Ref. 71.



232 Spechler

esophagus have concluded that the risk of developing esophageal cancer is in-
creased at least 30-fold above that of the general population. Esophageal adeno-
carcinoma remains a relatively uncommon tumor in the general population, how-
ever, despite the dramatic increase in its frequency over the past 20 years. In
1995, for example, it was estimated that there were only approximately 6000
new cases of esophageal adenocarcinoma in the United States (72). Even a 30-
fold increase in this low incidence rate represents a small risk for an individual
patient, and esophageal cancer appears to be an uncommon cause of death for
patients with Barrett’s esophagus (73). Two groups of investigators have found
that the actuarial survival of their patients with endoscopically obvious Barrett’s
esophagus (whose mean age was greater than 55 years) did not differ significantly
from that of age- and sex-matched control subjects in the general population
(74,75). Many of these older patients succumbed to other diseases before devel-
oping adenocarcinoma in their Barrett’s esophagus.

The results of studies on cancer risk for patients with endoscopically obvi-
ous Barrett’s esophagus may not be applicable to the ‘‘silent majority’’ of patients
who have inconspicuous, short segments of intestinal metaplasia at the GEJ. For
the latter patients, the risk of developing esophageal cancer is not known. Consid-
ering the large number of such individuals and the relative infrequency of cancers
in this location, it would appear that the risk imposed by short segments of intesti-
nal metaplasia at the GEJ is small (76). Carcinogenesis in metaplastic cells is
judged to proceed through a series of genetic mutations that activate oncogenes
and disable tumor suppressor genes (77). The risk for acquiring such mutations
might increase as the number of predisposed cells increases and, therefore, pa-
tients with long segments of intestinal metaplasia would be expected to have a
higher risk for cancer development than those with short segments. Data from
several studies support this contention (73,78,79). Assume, for the sake of argu-
ment, that a patient with a long segment of specialized intestinal metaplasia is
10 times more likely to develop adenocarcinoma than a patient with a short seg-
ment of this epithelium. Short-segment disease in the general population appears
to be more than 10 times as frequent as long-segment disease (11). Despite the
higher individual risk of cancer development imposed by long segments of intes-
tinal metaplasia, adenocarcinomas of the GEJ will be seen more frequently in
patients with short-segment disease simply because there are so many more of
them in the general population. The precise risk of malignancy for patients with
short-segment Barrett’s esophagus or intestinal metaplasia of the gastric cardia
remains to be determined.

DYSPLASIA IN BARRETT’S ESOPHAGUS

Carcinogenesis in the metaplastic cells of Barrett’s esophagus begins with genetic
alterations that activate proto-oncogenes (e.g., c-erbB-2), disable tumor suppres-
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Figure 6 Proposed carcinogenetic pathway in the metaplastic epithelium of Barrett’s
esophagus.

sor genes (e.g., p53), or both (Fig. 6) (77,80). These mutations endow the cells
with certain growth advantages, and the advantaged cells hyperproliferate. During
hyperproliferation, the cells acquire more genetic changes that eventuate in auton-
omous cell growth (neoplasia). When enough DNA abnormalities accumulate, a
clone of malignant cells emerge that have the ability to invade adjacent tissues
and to proliferate in unnatural locations. Before the cells acquire enough DNA
damage to become frankly malignant, the earlier genetic alterations often cause
histological changes that can be recognized by the pathologist as dysplasia. Dys-
plastic cells are neoplastic, but not necessarily malignant. In dysplasia, the neo-
plastic cells remain confined within the basement membranes of the glands from
which they arose (81). The dysplastic changes are graded as low-grade or high-
grade depending upon the degree of alterations in nuclear morphology and glan-
dular architecture. Endoscopic surveillance for cancer in Barrett’s esophagus is
performed primarily to seek high-grade dysplasia, with the rationale that removal
of the dysplastic epithelium should prevent the progression to invasive malig-
nancy (82).

Biopsy sampling error is a major problem that limits the utility of dysplasia
as a biomarker for malignancy in Barrett’s esophagus. Among patients who have
esophageal resections performed because endoscopic examination reveals high-
grade dysplasia, approximately one-third have been found to have an inapparent
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malignancy in the resected specimen that was missed due to biopsy sampling
error (83). Sampling error can be reduced by increasing the number of biopsy
specimens obtained during the endoscopic examination. For example, Levine et
al. reported that they could differentiate high-grade dysplasia from early adeno-
carcinoma in Barrett’s esophagus by adherence to a very rigorous endoscopic
biopsy protocol wherein the esophagus was sampled extensively (84). They ob-
tained four-quadrant biopsy specimens using ‘‘jumbo’’ biopsy forceps at 2-cm
intervals throughout the columnar-lined esophagus, and took many additional
samples from sites of known dysplasia. After preoperative evaluation by this
protocol, none of seven patients who had an esophageal resection for high-grade
dysplasia in Barrett’s epithelium was found to have invasive cancer in the re-
sected esophagus. For each of those seven patients, however, an average of 99
preoperative biopsy specimens were available for review. In one patient, 185
biopsy specimens were obtained during five preoperative endoscopies from a
segment of columnar epithelium that spanned only 3 cm. This extensive sampling
undoubtedly minimized the problem of biopsy sampling error. In an earlier study
from the same group, four patients were described who had high-grade dysplasia
associated with intramucosal carcinoma in Barrett’s esophagus (85). In one pa-
tient, the intramucosal cancer was found in only one of 154 biopsy specimens.
This, and other observations, led the investigators to conclude that ‘‘there is no
doubt that some intramucosal carcinomas accompanying high-grade dysplasia
will be missed by endoscopic biopsies.’’

The use of jumbo biopsy forceps has not been shown to influence the prob-
lem of biopsy sampling error. In one recent study, 38 patients with high-grade
dysplasia in Barrett’s esophagus had preoperative evaluation with four-quadrant
biopsy specimens taken at intervals of every 2 cm (the so-called Seattle biopsy
protocol) (86). In 16 patients in whom the preoperative specimens were obtained
with standard biopsy forceps, invasive cancer was found in the resected specimen
in 6 (38%). In 12 patients in whom the specimens were taken with jumbo forceps,
invasive cancer was found in four (33%). Thus, the use of jumbo forceps did not
significantly increase the cancer detection rate, and the sampling error rate was
substantial. Extensive biopsy sampling can reduce, but cannot eliminate, the prob-
lem of biopsy sampling error in Barrett’s esophagus.

Although high-grade dysplasia in Barrett’s esophagus is widely regarded
as the precursor of invasive cancer, the natural history of this lesion is not well
defined. Some studies suggest that high-grade dysplasia progresses to malignancy
often and rapidly. For example, Hameeteman et al. described eight patients with
high-grade dysplasia in Barrett’s esophagus, five of whom developed adenocarci-
noma within 1 year of the discovery of high-grade dysplasia (87). However, there
are reports of patients in whom high-grade dysplasia persisted for years with no
apparent progression to carcinoma (88). In the aforementioned study by Levine
et al., seven of 29 patients (24%) with high-grade dysplasia were found to pro-
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gress to invasive cancer during a follow-up period of 2–46 months (84). A prelim-
inary report of a large series of patients with Barrett’s esophagus followed at the
Hines VA Hospital described 69 patients who had high-grade dysplasia and no
evidence of invasive cancer on initial endoscopic evaluation (89). Only 10
(14.5%) of these patients developed adenocarcinoma during a mean follow-up
period of 3.8 years. The reasons underlying the disparate results of these studies
are not clear. Thus, the precise rate at which patients with high-grade dysplasia
develop invasive cancer remains poorly defined.

Interobserver variation in the grading of dysplasia in Barrett’s esophagus
is another factor that limits the utility of this histological finding as a biomarker
for malignancy. In one study in which eight expert morphologists were asked to
grade dysplastic changes in Barrett’s esophagus, interobserver agreement rates
of 85% and 87% were found for the diagnoses of high-grade dysplasia and intra-
mucosal carcinoma, respectively (90). When differentiating low-grade dysplasia
from reactive epithelial changes caused by reflux esophagitis, the interobserver
agreement was unacceptably poor. Thus, there can be substantial variation among
expert pathologists in the grading of dysplastic changes in Barrett’s esophagus.

ALTERNATIVE BIOMARKERS FOR MALIGNANCY
IN BARRETT’S ESOPHAGUS

Noting the above-mentioned shortcomings of dysplasia as a biomarker for the
malignant potential of Barrett’s esophagus, investigators have sought alternative
biomarkers as summarized in Table 6. Much attention has focused on the p53
tumor-suppressor gene that is located on the short arm of chromosome 17 (allele
17p). Expression of mutated p53 protein and deletion of a normal 17p allele have
been reported for a number of human malignancies including cancers of the lung,

Table 6 Proposed Biomarkers for Malignancy in Barrett’s Esophagus

Ornithine decarboxylase
Carcinoembryonic antigen (CEA)
Mucus abnormalities
Flow cytometry—aneuploidy
Flow cytometry—abnormal cellular proliferation
Chromosomal abnormalities (allelic imbalance in 3q,4q,5q,6q,9p,10q,12p,12q,17q,18q)
Oncogenes (c-Ha-ras, c-erb-B)
Tumor suppressor genes (p53)
Growth regulatory factors (EGF, TGF-α, EGF-R)
Cell proliferation markers—proliferating cell nuclear antigen, Ki67
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breast, and colon. In these tumors, carcinogenesis appears to involve mutation
of one p53 gene with deletion of the 17p allele that harbors a normal p53 gene
(a phenomenon, called loss of heterozygosity, that is characteristic of tumor sup-
pressor genes). Allelic deletions of 17p have been found in the majority of cancers
in Barrett’s esophagus (91,92). Furthermore, enhanced expression of p53 protein
(presumably a mutated protein) by the metaplastic epithelium adjacent to the
cancers has been found in one-half to two-thirds of cases (91,93–95). In patients
with no apparent adenocarcinoma, immunohistochemical staining for p53 has
been shown to correlate with the histological finding of dysplasia (96,97), and
p53 abnormalities can be found occasionally in metaplastic mucosa with no histo-
logical signs of dysplasia (97–99). One recent report has even described the find-
ing of antibodies to p53 in the serum of 11 of 33 patients with esophageal carci-
noma and in three of 36 patients with benign Barrett’s esophagus (100).

DNA abnormalities in Barrett’s esophagus can be recognized by flow cy-
tometry, a technique in which cell nuclei prepared from tissue specimens are
treated with a fluorescent dye that binds to DNA (97,101,102). The treated nuclei
are passed through a flow cytometer wherein the DNA-bound dye is excited by
laser irradiation, and an estimate of DNA content is obtained by measuring the
intensity of fluorescent light emitted. Flow cytometry can identify aneuploid cell
populations (cells with an abnormal amount of DNA), and can provide informa-
tion on the proportion of diploid cells (cells in the G0/G1 phase of the cell cycle
that contain two copies of each chromosome) and tetraploid cells (cells in the
G2/M phase that contain four copies of each chromosome) in the sampled tissue.
In a prospective study, Reid et al. found flow-cytometric abnormalities (aneu-
ploidy or increased G2/tetraploid populations) in biopsy specimens of Barrett’s
mucosa obtained during the initial endoscopic evaluation for 13 of 62 patients
(101). During a mean follow-up period of 34 months, nine of the 13 patients
with flow-cytometric abnormalities on initial evaluation developed high-grade
dysplasia, adenocarcinoma, or both. In contrast, none of the 49 patients without
flow-cytometric abnormalities developed high-grade dysplasia or cancer. During
the apparent progression from dysplasia to adenocarcinoma, flow cytometry fre-
quently showed multiple aneuploid populations of cells. No patient in this series
progressed to invasive cancer without first exhibiting high-grade dysplasia on
histological examination, however.

The studies mentioned above suggest that flow-cytometric and p53 abnor-
malities may be earlier and more specific markers for cancer development than
the histological finding of dysplasia. Nevertheless, these markers do not yet pro-
vide sufficient additional information to justify their routine application in clinical
practice (99,103). Indeed, none of the biomarkers listed in Table 6 provides such
information. Despite the problems, the finding of dysplasia remains the most
appropriate biomarker for the clinical evaluation of patients with Barrett’s esoph-
agus.
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ENDOSCOPIC TECHNIQUES TO IDENTIFY DYSPLASIA

During endoscopic surveillance for patients with Barrett’s esophagus, clinicians
usually rely on the results of random biopsy sampling to detect early neoplasia
in the metaplastic epithelium. Several techniques have been proposed to improve
the yield of surveillance endoscopy by enabling the endoscopist to identify areas
of abnormal tissue during the endoscopic examination. These techniques include
chromoendoscopy, endosonography, optical coherence tomography, and fluo-
rescence detection techniques.

Chromoendoscopy involves the perendoscopic application of vital dyes to
the esophagus to enhance the detection of metaplastic and dysplastic epithelia.
Studies on chromoendoscopy for Barrett’s esophagus have evaluated Lugol’s io-
dine (which stains the squamous epithelium black) (104), toluidine blue (105)
and methylene blue (which stain intestinal metaplasia blue) (106), and indigo
carmine (which highlights mucosal surface features) (107). Magnification endos-
copy also has been used to identify the villous surface pattern of intestinal meta-
plasia (107). These studies are interesting, but limited in extent, and none has
shown that chromoendoscopy provides sufficient additional information to justify
its routine application in clinical practice.

Endoscopic ultrasonography has been used for the evaluation of tumors
and dysplasia in Barrett’s esophagus. The transducer is applied directly to the
wall of the esophagus, enabling the use of high-frequency ultrasonic waves (e.g.,
12 or 20 MHz) that can provide detailed images of the wall of the esophagus
and its adjacent structures. For cancer surveillance purposes, endoscopic ultraso-
nography conceivably could demonstrate mucosal thickening indicative of dys-
plasia or early cancer. Preliminary studies addressing the role of endosonography
in the evaluation of dysplasia in the columnar lined esophagus have been disap-
pointing. In one study, for example, nine patients who eventually had esophageal
resections for high-grade dysplasia in Barrett’s esophagus all had preoperative
endosonography (108). Endosonography correctly staged the disease in only four
of the nine cases. In three patients the disease was overstaged, whereas the disease
was understaged in two patients. Both of the latter patients had early cancer in
the resected esophagus even though endosonography revealed no abnormality
suggestive of malignancy. At present, the use of endoscopic ultrasonography for
surveillance of Barrett’s esophagus does not appear to be justified.

Optical coherence tomography (OCT) is an experimental imaging tech-
nique that can provide high-resolution cross-sectional imaging of the esophageal
mucosa (109). The technique is similar in application and principle to ultrasonog-
raphy, but OCT uses infrared light rather than ultrasonic waves for imaging.
Image formation in OCT depends on variations in the reflectance of light from
different tissue layers. OCT does not require direct contact between the optical
fiber and the tissue, and the spatial resolution of the OCT image is up to 10 times
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higher than that of endosonography. Studies are needed to determine whether
OCT will have a role in the management of Barrett’s esophagus.

Fluorescence endoscopy is an exciting new technique that may enable the
endoscopist to identify areas of dysplasia for biopsy sampling during the endo-
scopic examination (110). Different cells contain variable amounts of endogenous
fluorophores, substances like NADH and porphyrins that can absorb laser light
and re-emit it as fluorescent light with wavelengths and intensities that can be
measured by fluorescence spectroscopy. For some tissues, the fluorescence spec-
tra induced by laser irradiation are sufficiently characteristic to distinguish normal
from neoplastic epithelia. Panjehpour et al. used laser-induced fluorescence spec-
troscopy (LIFS) to study 36 patients who had a columnar-lined esophagus with
specialized intestinal metaplasia (111). An excellent correlation was observed
between fluorescence spectral abnormalities and the finding of high-grade (but
not low-grade) dysplasia on histological examination. One major drawback to
the use of LIFS is the time and effort required to sample large areas of mucosa
with these pinpoint ‘‘optical biopsies.’’ Laser-induced fluorescence endoscopy
(LIFE) is a technique that uses real-time fluorescence imaging to study large
areas of the mucosal surface. Preliminary experience with LIFE suggests that the
technique can identify dysplastic lesions in Barrett’s esophagus that are not appar-
ent by conventional (white light) endoscopy (112,113).

Expensive, sophisticated instruments are needed to interpret the spectral
properties of the faint fluorescent light emitted by endogenous fluorophores.
Stronger fluorescent signals that are far easier to measure can be obtained by
administering an exogenous fluorophore that is concentrated selectively in neo-
plastic tissue (111–113). Exogenous fluorophores that have been used in this
fashion include hematoporphyrin derivatives and 5-aminolevulinic acid, a sub-
stance that is metabolized by cells into the potent fluorophore protoporphyrin IX.
More studies are needed before fluorescence endoscopy using either endogenous
or exogenous fluorophores can be recommended for widespread clinical applica-
tion.

TREATMENT

The management of patients with Barrett’s esophagus involves four major com-
ponents: (1) treatment of the associated GERD, (2) prescription of endoscopic
surveillance to detect dysplasia, (3) treatment of dysplasia, and (4) considera-
tion of experimental techniques for ablating the metaplastic mucosa. All of these
components of patient management are controversial because no study clearly
documents the benefit of GERD treatment, endoscopic surveillance, dysplasia
therapies, and mucosal ablation in preventing the development of adenocarci-
noma.
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Treatment of GERD in Barrett’s Esophagus

The goals of GERD treatment for patients with Barrett’s esophagus might include
the following: (1) control of GERD symptoms, (2) prevention of GERD compli-
cations (e.g., esophageal stricture), (3) prevention of the extension of metaplastic
epithelium up the esophagus, (4) induction of the regression of the metaplastic
epithelium already present, and (5) prevention of the progression from metaplasia
to malignancy. Modern antireflux therapies, both medical and surgical, have been
shown to be highly effective for controlling GERD symptoms in patients with
Barrett’s esophagus (114,115). However, very few published data support the
efficacy of any GERD treatment in accomplishing the latter four goals.

The mainstay of modern medical therapy for severe GERD is aggressive
suppression of gastric acid through the administration of proton pump inhibitors
(PPIs) (4). For patients with established peptic esophageal strictures, PPI therapy
both improves dysphagia and decreases the need for subsequent esophageal dila-
tions (117,118). Few reports have documented the development of peptic stric-
tures in patients known to have uncomplicated GERD, however, and no study
has established that any form of antireflux therapy prevents the formation of
these strictures (119). Although it seems logical to assume that aggressive GERD
treatment prevents GERD complications, there are few published data to support
this notion. As mentioned above, esophageal metaplasia usually does not progress
in extent, even in the absence of PPI therapy (65). Thus, there is little support
for the notion that aggressive antireflux therapy is needed to prevent the progres-
sion in extent of Barrett’s esophagus.

Metaplasia is a potentially reversible process if the responsible pathoge-
netic factors can be controlled (120). Unfortunately, control of GERD (the factor
judged to be responsible for metaplasia in Barrett’s esophagus) rarely, if ever,
results in the complete reversal of the metaplastic epithelium (121). Partial regres-
sion of Barrett’s esophagus (with the appearance of islands of squamous epithe-
lium within the metaplastic columnar lining) is observed frequently in patients
treated with PPIs or antireflux surgery, but the importance of this phenomenon
is not known (121). In a prospective study, Sharma et al. obtained 39 biopsy
specimens from squamous islands in 22 patients with Barrett’s esophagus, most
of whom had been treated with PPIs (122). Intestinal metaplasia underlying squa-
mous epithelium was found in 15 of the 39 specimens (39%), suggesting that
the partial regression of metaplasia induced by PPI therapy might have little effect
in decreasing the cancer risk.

The notion that control of acid reflux prevents the progression from meta-
plasia to malignancy in Barrett’s esophagus is based largely on circumstantial
evidence. GERD appears to cause Barrett’s esophagus, and GERD is clearly a
strong risk factor for esophageal adenocarcinoma (4). However, it is not clear
whether GERD predisposes to malignancy by causing the initial metaplasia, by
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promoting the transition from metaplasia to neoplasia, or both. Chronic reflux
esophagitis might predispose to cancer by damaging metaplastic epithelial cells,
thereby increasing their proliferation. While few would argue that GERD treat-
ment is indicated for the treatment of reflux esophagitis, no study has established
that any form of antireflux therapy reduces the risk of cancer in Barrett’s esoph-
agus.

Fitzgerald et al. found that biopsy specimens of Barrett’s esophagus main-
tained in organ culture exhibited cellular hyperproliferation when exposed to
short pulses (1 h in duration) of acid (Fig. 7) (123). This observation suggests that
the episodic acid reflux that occurs frequently in patients with Barrett’s esophagus
might stimulate cellular hyperproliferation and thereby promote carcinogenesis.
Although this study indirectly supports the notion that elimination of acid reflux
might prevent carcinogenesis in Barrett’s esophagus, conventional medical ther-
apy for GERD does not eliminate episodes of acid reflux in most patients. Indeed,
recent studies have shown that approximately 70% of individuals (normal sub-
jects as well as patients with GERD and Barrett’s esophagus) who are treated
with a PPI twice a day experience nocturnal gastric acid breakthrough (defined
as a gastric pH �4 for �1 h at night), and that brief episodes of acid reflux occur
frequently during these breakthrough periods (124,125). Furthermore, patients
with Barrett’s esophagus often exhibit pathological levels of acid reflux, even
during therapy with PPIs in doses that completely eliminate GERD symptoms

Figure 7 Effects of acid exposure on cellular proliferation in Barrett’s esophagus organ
cultures. (Data from Ref. 123.)
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and signs (126,127). Clearly, conventional medical therapy for GERD does not
abolish acid reflux in most patients with Barrett’s esophagus.

Nocturnal acid breakthrough can be eliminated in most patients on PPI
therapy by the addition of a histamine H2-receptor blocker at bedtime (128). Thus,
with polypharmacy that includes PPIs and histamine H2-receptor blockers, it is
possible to abolish acid reflux in patients with Barrett’s esophagus. Nevertheless,
this therapy should not be recommended routinely for the following reasons: (1)
Perfect control of acid reflux clearly is not necessary to effect the healing of
reflux esophagitis in most patients. Indeed, elimination of the symptoms and signs
of GERD can be achieved in most patients who are treated with a PPI taken in
conventional dosage (i.e., only once each day) (129). (2) The evidence to support
the notion that complete elimination of acid reflux reduces the cancer risk in
Barrett’s esophagus is indirect and weak at best. It may not be appropriate to
extrapolate the results of studies performed in the artificial environment of organ
culture to the clinical situation. Furthermore, there are some experimental data
to suggest that elimination of acid reflux may not be desirable. In an experimental
model of esophageal adenocarcinoma involving rats treated with a carcinogen,
for example, exposure of the esophagus to acidic gastric juice protected against
the development of cancer (130). (3) Complete elimination of acid reflux would
entail considerable inconvenience and expense, both for the multiple medications
required and for the esophageal pH monitoring studies necessary to document
the efficacy of therapy in controlling acid reflux. Available data support only the
administration of medications in dosages that will eliminate the symptoms and
endoscopic signs of GERD for patients with Barrett’s esophagus. More aggres-
sive therapy is based on unproved speculation. The general guidelines established
for the medical treatment of GERD (116) seem applicable, irrespective of the
presence of Barrett’s esophagus.

Endoscopic Surveillance

The recommendation for endoscopic surveillance in Barrett’s esophagus is based
on a number of unproved and controversial assumptions including: (1) the as-
sumption that Barrett’s esophagus adversely influences survival, and (2) the as-
sumption that endoscopic surveillance can reliably detect early, curable neoplasia
in the columnar-lined esophagus. As discussed above, no study has yet demon-
strated that Barrett’s esophagus adversely influences survival. Endoscopic sur-
veillance clearly can detect early neoplasia in Barrett’s esophagus, but the reli-
ability of surveillance for detecting curable neoplasia has not been established.
For example, one study compared the outcome for 58 patients who first presented
to the hospital with symptoms of esophageal cancer (in whom Barrett’s esopha-
gus was discovered incidentally during evaluation of the malignancy) with that
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for 19 patients known to have Barrett’s esophagus who had cancers discovered
during endoscopic surveillance (131). The patients whose cancers were discov-
ered during surveillance had tumors in an earlier stage of development than those
who presented to the hospital with cancer symptoms. The 5-year actuarial sur-
vival in the surveillance group (62%) also was significantly better than that in
the patients who presented with cancer (20%, p � 0.007). More recently, these
investigators reviewed their experience with endoscopic surveillance for patients
with Barrett’s esophagus and concluded that the outcome compared favorably to
that of the common practice of mammographic surveillance for breast cancer
(132). These retrospective studies do not prove that endoscopic surveillance re-
duces the mortality from esophageal cancer, but they do show that surveillance
can detect some early, curable esophageal neoplasms in patients known to have
Barrett’s esophagus. Unfortunately, the studies also show that some patients de-
velop advanced cancers in Barrett’s esophagus despite their participation in an
endoscopic surveillance program. Thus, the efficacy of surveillance in decreasing
morbidity and mortality from esophageal cancer remains unclear.

The efficacy of endoscopic surveillance for Barrett’s esophagus is likely
to remain unclear for a long time. Although this issue might be resolved by a
prospective study in which patients are randomly assigned to receive surveillance
or no surveillance, the logistical and ethical issues imposed by such a study are
daunting. Even if one ignores the substantial ethical and practical issues involved
in convincing patients to accept randomization to the no-surveillance arm of the
trial, it has been estimated that the study would require 5000 patients to be fol-
lowed for 10 years in order to show a significant effect for surveillance in decreas-
ing cancer mortality (assuming a cancer incidence rate of approximately 1% per
year) (133). It is highly unlikely that the results of such a study will be available
in the near future.

In the absence of definitive studies, some investigators have used computer
models to estimate the value of endoscopic surveillance. For example, Provenzale
et al. explored the value of different endoscopic surveillance strategies using a
Markov model to construct a computer cohort simulation of 10,000 patients with
Barrett’s esophagus (133). The model was highly sensitive to the value chosen
for the incidence of cancer in Barrett’s esophagus. Using data from this study,
Figure 8 shows the optimal endoscopic surveillance intervals if the goal is to
maximize quality-adjusted life expectancy. Notice how the cancer incidence rate
affects the surveillance recommendations. If the annual cancer incidence rate is
below 0.5%, then no endoscopic surveillance at all is the preferred strategy,
whereas yearly endoscopy is the preferred strategy when cancer incidence ex-
ceeds 2.0%. As shown in Table 5, reported cancer incidence rates in prospective
studies on Barrett’s esophagus range between 0.5% and 1.9%. Applying the com-
puter model, therefore, preferred endoscopic surveillance strategies could range
from no surveillance at all to yearly endoscopy depending on which estimate
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Figure 8 Estimated optimal endoscopic surveillance intervals if the goal is to maximize
quality-adjusted life expectancy. Note how the cancer incidence rate affects the surveil-
lance recommendations. (Data from Ref. 133.)

for cancer incidence is chosen. The choice of preferred surveillance strategy is
exquisitely sensitive to tiny differences in cancer incidence, and all available
estimates of that incidence are imprecise.

Ablative Therapies for Dysplasia and Metaplasia

As discussed above, high-grade dysplasia in Barrett’s esophagus is judged to be
the precursor of invasive cancer. Esophageal resection is the only therapy that
clearly interrupts the progression from dysplasia to malignancy in this condition,
but the role of esophageal resection in the management of patients with high-
grade dysplasia is disputed (134). Some authorities advocate intensive endoscopic
surveillance for patients found to have high-grade dysplasia, and withhold esoph-
ageal resection until surveillance demonstrates invasive cancer. Others favor an
aggressive approach, and recommend esophageal resection (unless precluded by
advanced age or comorbidity) for all patients found to have high-grade dysplasia
in Barrett’s esophagus (135). The arguments for and against esophageal resection
for high-grade dysplasia in Barrett’s esophagus are summarized in Tables 7 and
8. In the absence of definitive studies on this issue, the controversy will continue.

Recently, endoscopic ablation therapy has been proposed as a safer and
easier alternative to esophageal resection for patients with high-grade dysplasia
in Barrett’s esophagus (136). A number of recent studies have shown that it is
possible to ablate the metaplastic columnar lining in Barrett’s esophagus endo-
scopically using thermal or photochemical energy (Table 9) (137). When acid
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Table 7 Arguments Against Esophageal Resection for High-Grade
Dysplasia in Barrett’s Esophagus

High-grade dysplasia may not invariably progress to invasive cancer.
Regression of high-grade dysplasia has been observed occasionally.
Rigorous endoscopic surveillance may detect early, curable cancer.
Mortality for esophageal resection is in the range of 4–10%.
Esophageal resection often causes substantial morbidity.

Table 8 Arguments Favoring Esophageal Resection for High-Grade
Dysplasia in Barrett’s Esophagus

�1/3 of patients with high-grade dysplasia already have invasive cancer.
Exclusion of cancer requires extensive biopsy sampling.
Progression to cancer occurs frequently and may be rapid.
Efficacy of surveillance in detecting curable cancers is not clear.
Established esophageal cancers often are not curable.

Table 9 Modalities for Ablating Barrett’s Esophagus

Thermal energy
Laser (argon, Nd:YAG, KTP)
Multipolar electrocoagulation
Argon beam plasma coagulation

Photochemical energy
Photodynamic therapy

reflux is controlled with PPIs or fundoplication, the ablated columnar epithelium
heals with the regeneration of squamous epithelium. The relative merits of the
various endoscopic ablation methods listed in Table 9 are disputed, and it is not
yet clear which is the ‘‘best’’ form of ablative therapy for Barrett’s esophagus.
When choosing among the available modalities, however, there appears to be a
trade-off between the completeness of mucosal ablation and the frequency of
complications. Modalities that induce relatively superficial mucosal injury (e.g.,
argon laser) cause few complications, but often leave residual foci of metaplastic
epithelium behind. Conversely, modalities that can cause deep injury (e.g.,
Nd:YAG laser) appear to be more effective at eliminating metaplastic mucosa,
but the rate of complications such as esophageal perforation and stricture forma-
tion is high.
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Much attention has focused on photodynamic therapy (PDT) in which pa-
tients are given a systemic dose of a light-activated drug (e.g., a porphyrin) that
is taken up by the metaplastic columnar cells. Using a low-power laser, the esoph-
agus is irradiated endoscopically with laser light (usually red laser light at a wave-
length of 630 nm) that activates the porphyrin. The activated porphyrin can trans-
fer its energy to oxygen, thereby producing singlet oxygen that is toxic to cells.
Thus, any cell that concentrates the photosensitizer is destroyed when the drug
is activated by exposure to laser light. In Barrett’s esophagus, the porphyrin pho-
tosensitizer is concentrated by both neoplastic and nonneoplastic cells. Therefore,
PDT can ablate dysplastic cells, malignant cells, and nonneoplastic cells that line
the esophagus.

There is published experience on two photosensitizing agents used for pri-
mary PDT in Barrett’s esophagus: porfimer sodium and 5-aminolevulinic acid
(5-ALA) (136). Porfimer sodium, a mixture of hematoporphyrins, must be admin-
istered intravenously and produces skin photosensitivity that can last for months.
The endoscopic application of laser light must be delayed approximately 2–3
days after the porfimer sodium is given, and PDT with this agent frequently is
complicated by esophageal stricture formation. 5-ALA normally is produced en-
dogenously as part of the heme biosynthetic pathway. The exogenous administra-
tion of large quantities of 5-ALA results in the intracellular accumulation of pro-
toporphyrin IX, a potent photosensitizer that is the immediate precursor of heme.
Unlike porfimer sodium, 5-ALA can be administered orally, laser light can be
applied only 4–6 h later, skin photosensitivity lasts days rather than months, and
esophageal stricture formation occurs infrequently. Unfortunately, 5-ALA does
not appear to be as effective as porfimer sodium for eradicating dysplasia in
Barrett’s esophagus (138). The published experience with PDT in Barrett’s
esophagus is limited, and comparisons among studies are confounded by differ-
ences in the photosensitizing agent used (porfimer sodium or 5-ALA), the dose
of the agent given (porfimer sodium dose range 1.5–2 mg/kg), the wavelength
of laser light irradiated (630 nm or 635 nm), the dose of light energy administered
(range 100–300 J/cm), and the type of endoscopic delivery system employed
(naked diffuser or centering balloon) (139–144).

Recently, Overholt et al. published the results of PDT with porfimer sodium
for 100 patients who had either superficial cancer or dysplasia in Barrett’s esopha-
gus. The patients were followed for a mean duration of 19 months (range 4–84
months) (144). For 13 patients with superficial cancers, PDT appeared to elimi-
nate the malignancy in 10 cases (77%). Following PDT for 73 patients with high-
grade dysplasia, there was no evidence of dysplasia on follow-up endoscopy in 56
cases (77%). For 14 patients with low-grade dysplasia, PDT resulted in apparent
eradication of dysplasia in 13 cases (93%). Unfortunately, the rate of side effects
and complications was high. Most patients experienced minor problems with pho-
tosensitivity, whereas four of the 100 patients experienced substantial problems
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when they exposed themselves to direct sunlight. Most patients experienced chest
pain and dysphagia of mild-to-moderate severity for 5–7 days after the laser
treatment, and many required treatment with intravenous fluids to maintain hydra-
tion during that period. Small, clinically inapparent pleural effusions also devel-
oped in most patients, a phenomenon suggesting that PDT often causes transmu-
ral injury to the esophagus. Three patients developed atrial fibrillation after PDT,
all of whom were treated successfully without sequelae. Perhaps most worrisome
was the high rate of esophageal stricture formation. Thirty-four patients (34%)
developed esophageal strictures that required one or more sessions of dilation
therapy. This high rate of stricture formation also suggests that PDT inflicts deep
esophageal injury.

To reduce the rate of PDT complications, Laukka and Wang tried ‘‘low-
dose’’ PDT (porfimer sodium 1.5 mg/kg, 175 J/cm light energy) in five patients
who had dysplasia in Barrett’s esophagus (140). All patients experienced partial
regression of columnar metaplasia following PDT (24% mean decrease in overall
length of columnar epithelium), but dysplasia persisted in all five cases. Two
groups have reported the results of PDT using 5-ALA in Barrett’s esophagus
(142,143). Barr et al. treated five patients with high-grade dysplasia (142). No
evidence of dysplasia was found in any patient on endoscopic examinations per-
formed during follow-up periods ranging from 26 to 44 months, but biopsy speci-
mens taken in treated areas revealed residual foci of columnar metaplasia buried
under squamous epithelium in two of the five patients. Gossner et al. used PDT
with 5-ALA to treat 22 patients with superficial cancers and 10 patients with high-
grade dysplasia in Barrett’s esophagus (143). During a mean follow-up period of
9.9 months, no residual cancer was found in 17 of 22 patients (77%), and high-
grade dysplasia appeared to have been eradicated in all 10 cases. Cancers with
a thickness of �2 mm were not eliminated by PDT with ALA. The treatment
caused only minor side effects including short-lived nausea, mild photosensitiv-
ity, and minor elevations in serum aminotransferase levels. No patients developed
esophageal strictures. All patients had residual metaplastic columnar epithelium
in the esophagus, however.

Although these reports document the feasibility of ablating metaplastic co-
lumnar epithelium in the esophagus with PDT, they do not establish the benefit
of the technique. PDT with porfimer sodium is an expensive treatment that entails
substantial risk and inconvenience. The use of 5-ALA instead of porfimer sodium
results in fewer complications, but the depth of injury induced by PDT with 5-
ALA may be too shallow to eradicate metaplastic mucosa reliably. When inter-
preting the results of studies on PDT, furthermore, it is important to consider the
substantial problem of biopsy sampling error. Patients found to have high-grade
dysplasia in Barrett’s esophagus often harbor inapparent foci of invasive cancer
that are missed due to biopsy sampling error (83). Without histological examina-
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tion of the resected esophagus or very long durations of follow-up, it is not possi-
ble to verify the claims of available reports that dysplasia and cancer in Barrett’s
esophagus were ‘‘eliminated’’ by PDT. These claims were based on random bi-
opsy sampling of the treated esophagus, and such sampling is subject to consider-
able error (7). Some of the patients who appeared to be cured in fact may still
be harboring inapparent foci of cancer or dysplasia that might eventually cause
illness. The progression from dysplasia to cancer in Barrett’s esophagus may be
slow (88), and reports from China have documented that untreated, early esopha-
geal cancers can remain asymptomatic for 5 years or more (145). Thus, it is
inappropriate to conclude on the basis of random biopsy specimens obtained
within months of PDT that cancer and dysplasia have been eradicated. Also, PDT
usually does not eliminate all of the metaplastic epithelium in the esophagus.
Residual foci of metaplasia remain in most patients, and some of these foci may
be buried under a superficial layer of squamous epithelium where they are invisi-
ble to the endoscopist. Failure to obliterate all of the metaplastic epithelium might
leave patients at high risk for malignancy, and the inability to detect metaplasia
hidden by the overgrowth of squamous epithelium might compromise surveil-
lance programs. No study yet has established that PDT has any effect on the risk
for cancer development in Barrett’s esophagus.

Presumably, patients treated with PDT will require lifelong antireflux ther-
apy with potent antisecretory agents like proton pump inhibitors or with fundopli-
cation to prevent the return of reflux esophagitis and columnar metaplasia. One
report has described the results of Nd:YAG laser photoablation of Barrett’s
esophagus in a 43-year-old man with long-standing reflux esophagitis (146). An
endoscopic examination performed 6 weeks after treatment revealed no endo-
scopic or histological signs of metaplastic epithelium. However, a follow-up en-
doscopic examination at 14 weeks showed that metaplastic mucosa had returned
despite ongoing treatment with omeprazole in a dose of 20 mg daily. This report
suggests that columnar metaplasia in the esophagus is both reversible and revert-
ible. Clearly, even patients treated successfully with PDT will require regular
endoscopic surveillance to ensure that metaplastic epithelium has not returned
and to monitor for neoplasia.

At present, to recommend PDT of Barrett’s esophagus for clinical purposes
is to endorse an expensive and potentially hazardous therapy that usually does
not obliterate all of the metaplastic mucosa, that has no proved efficacy in reduc-
ing cancer risk, that will likely require antireflux surgery or antisecretory drugs
administered lifelong in high doses to prevent recurrence, that might produce
only temporary results, and that does not obviate regular endoscopic surveillance.
These considerations must temper enthusiasm for the wholesale application of
this technique in clinical practice. Nevertheless, this is an exciting area for re-
search. For patients with high-grade dysplasia or superficial cancers in Barrett’s
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esophagus who are too old, infirm, or unwilling to assume the considerable risks
of esophageal resection and reconstruction, PDT is a reasonable alternative pro-
vided the procedure is performed as part of an established study protocol.

Very few data are available to guide the clinician in managing patients
found to have low-grade dysplasia in Barrett’s esophagus. Histologically, it can
be difficult to distinguish the changes of low-grade dysplasia from reactive
changes in an epithelium that is regenerating in response to inflammatory injury.
Furthermore, the natural history of low-grade dysplasia is not well described.
Consequently, most authorities are reluctant to recommend an invasive and haz-
ardous procedure like esophageal resection for patients with low-grade dysplasia
in Barrett’s esophagus.

MANAGEMENT RECOMMENDATIONS

As discussed, it is not clear that Barrett’s esophagus adversely influences survival,
or that endoscopic surveillance can reliably detect early, curable neoplasia in the
columnar-lined esophagus. Nevertheless, most authorities continue to recom-
mend regular endoscopic surveillance for patients with Barrett’s esophagus. Re-
cently, the American College of Gastroenterology recommended the following
practice guidelines for cancer surveillance in this condition (147):

Patients with Barrett’s esophagus should undergo surveillance endoscopy
and biopsy at an interval determined by the presence and grade of dysplasia.
Gastroesophageal reflux disease should be treated aggressively prior to sur-
veillance endoscopy to minimize confusion caused by inflammation in the
interpretation of biopsy specimens. The technique of random, four-quadrant
biopsies taken every 2 cm in the columnar-lined esophagus for standard his-
tologic evaluation is recommended.

For patients with no dysplasia, surveillance endoscopy is recommended at
an interval of every 2 to 3 years.

For patients with low-grade dysplasia, surveillance endoscopy every 6
months for the first year is recommended, followed by yearly endoscopy
if the dysplasia has not progressed in severity.

For patients with high-grade dysplasia, two alternatives are proposed after
the diagnosis has been confirmed by an expert gastrointestinal pathologist:

One alternative is intensive endoscopic surveillance until intramucosal can-
cer is detected. The guideline does not recommend a specific interval for
such surveillance, but some investigators have studied such patients at an
interval of every 3 months.

The other alternative is to recommend esophageal resection, a proce-
dure associated with substantial morbidity and mortality.
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Although not specifically recommended in the practice guidelines, clini-
cians can consider the use of experimental ablative therapies such as photody-
namic therapy for their patients with high-grade dysplasia in Barrett’s esophagus,
provided the therapy is provided as part of an established, approved research
protocol. The use of ablative therapies outside of research protocols cannot be
condoned at this time.
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cobacter pylori infection in patients with duodenal ulcer may provoke reflux esoph-
agitis. Gastroenterology 1997; 112:1442–1447.

34. Weston AP, Badr AS, Topalovski M, Cherian R, Dixon A. Prospective evaluation



Barrett’s Esophagus 251

of the association of gastric H. pylori infection with Barrett’s dysplasia and Bar-
rett’s adenocarcinoma. Gastroenterology 1998; 114:A703.

35. Chow WH, Blaser MJ, Blot WJ, Gammon MD, Vaughan TL, Risch HA, Perez-Perez
GI, Schoenberg JB, Stanford JL, Rotterdam H, West AB, Fraumeni JF Jr. An inverse
relation between CagA� strains of Helicobacter pylori infection and risk of esophageal
and gastric cardia adenocarcinoma. Cancer Res 1998; 58:588–590.

36. Vicari JJ, Peek RM, Falk GW, Goldblum JR, Easley KA, Schnell J, Perez-Perez
GI, Halter SA, Rice TW, Blaser MJ, Richter JE. The seroprevalence of CagA-
positive Helicobacter pylori strains in the spectrum of gastroesophageal reflux dis-
ease. Gastroenterology 1998; 115:50–57.

37. Graham DY, Yamaoka Y. H. pylori and CagA: relationships with gastric cancer,
duodenal ulcer, and reflux esophagitis and its complications. Helicobacter 1998;
3:145–150.

38. Matsukura N, Suzuki K, Kawachi T, Aoyagi M, Sugimura T, Kitaoka H, Numajiri
H, Shirota A, Itabashi M, Hirota T. Distribution of marker enzymes and mucin in
intestinal metaplasia in human stomach and relation to complete and incomplete
types of intestinal metaplasia to minute gastric carcinomas. J Natl Cancer Inst 1980;
65:231–240.

39. Jass JR, Filipe MI. The mucin profiles of normal gastric mucosa, intestinal metapla-
sia and its variants and gastric carcinoma. Histochem J 1981; 13:931–939.

40. Filipe MI, Potet F, Bogomoletz WV, Dawson PA, Fabiani B, Chauveinc P, Fenzy
A, Gazzard B, Goldfain D, Zeegen R. Incomplete sulphomucin-secreting intestinal
metaplasia for gastric cancer. Preliminary data from a prospective study from three
centers. Gut 1985; 26:1319–1326.

41. Craanen ME, Blok P, Dekker W, Ferwerda J, Tytgat GNJ. Subtypes of intestinal
metaplasia and Helicobacter pylori. Gut 1992; 33:597–600.

42. Filipe MI, Munoz N, Matko I, Kato I, Pompe-Kirn V, Jutersek A, Teuchmann S,
Benz M, Prijon T. Intestinal metaplasia types and the risk of gastric cancer: a cohort
study in Slovenia. Int J Cancer 1994; 57:324–329.

43. Tosi P, Filipe MI, Luzi P, Miracco C, Santopietro R, Lio R, Sforza V, Barbini P.
Gastric intestinal metaplasia type III cases are classified as low-grade dysplasia on
the basis of morphometry. J Pathol 1993; 169:73–78.

44. Zwas F, Shields HM, Doos WG, Antonioli DA, Goldman H, Ransil BJ, Spechler
SJ. Scanning electron microscopy of Barrett’s epithelium and its correlation with
light microscopy and mucin stains. Gastroenterology 1986; 90:1932–1941.

45. Jass JR. Mucin histochemistry of the columnar epithelium of the oesophagus: a
retrospective study. J Clin Pathol 1981; 34:866–870.

46. Trier JS. Morphology of the columnar cell-lined (Barrett’s) esophagus. In: Spechler
SJ, Goyal RK, eds. Barrett’s Esophagus: Pathophysiology, Diagnosis, and Manage-
ment. New York: Elsevier Science, 1985:19–28.

47. Das KM, Prasad I, Garla S, Amenta PS. Detection of a shared colon epithelial
epitope on Barrett epithelium by a novel monoclonal antibody. Ann Intern Med
1994; 120:753–756.

48. Shields HM, Zwas F, Antonioli DA, Doos WG, Kim S, Spechler SJ. Detection by
scanning electron microscopy of a distinctive esophageal surface cell at the junction
of squamous and Barrett’s epithelium. Dig Dis Sci 1993; 38:97–108.



252 Spechler

49. Ormsby AH, Goldblum JR, Rice TW, Richter JE, Falk GW, Vaezi MF, Gramlich
TL. Cytokeratin subsets can reliably distinguish Barrett’s esophagus from intestinal
metaplasia of the stomach. Hum Pathol 1999; 30:288–294.

50. Salo JA, Kivilaakso EO, Kiviluoto TA, Virtanen IO. Cytokeratin profile suggests
metaplastic epithelial transformation in Barrett’s oesophagus. Ann Med 1996; 28:
305–309.

51. Boch JA, Shields HM, Antonioli DA, Zwas F, Sawhney RA, Trier JS. Distribution
of cytokeratin markers in Barrett’s specialized columnar epithelium. Gastroenterol-
ogy 1997; 112:760–765.

52. Spechler SJ, Goyal RK. Barrett’s esophagus. N Engl J Med 1986; 315:362–371.
53. Hassall E. Columnar-lined esophagus in children. Gastroenterol Clin North Am

1997; 26:533–548.
54. Johnson DA, Winters C, Spurling TJ, Chobanian SJ, Cattau EL Jr. Esophageal acid

sensitivity in Barrett’s esophagus. J Clin Gastroenterol 1987; 9:23–27.
55. Winter C Jr, Spurling TJ, Chobanian SJ, et al. Barrett’s esophagus. A prevalent,

occult complication of gastroesophageal reflux disease. Gastroenterology 1987; 92:
118–124.

56. Lieberman DA, Oehlke M, Helfand M. Risk factors for Barrett’s esophagus in
community-based practice. GORGE consortium. Gastroenterology Outcomes Re-
search Group in Endoscopy. Am J Gastroenterol 1997; 92(8):1293–1297.

57. Cameron AJ, Zinsmeister AR, Ballard DJ, Carney JA: Prevalence of columnar-
lined (Barrett’s) esophagus. Comparison of population-based clinical and autopsy
findings. Gastroenterology 1990; 99:918–922.

58. Collen MJ, Lewis JH, Benjamin SB. Gastric acid hypersecretion in refractory gas-
troesophageal reflux disease. Gastroenterology 1990; 98:654–661.

59. Mulholland MW, Reid BJ, Levine DS, Rubin CE. Elevated gastric acid secre-
tion in patients with Barrett’s metaplastic epithelium. Dig Dis Sci 1989; 34:1329–
1335.

60. Gillen P, Keeling P, Byrne PJ, Healy M, O’Moore RR, Hennessy TPJ. Implication
of duodenogastric reflux in the pathogenesis of Barrett’s oesophagus. Br J Surg
1988; 75:540–543.

61. Iascone C, DeMeester TR, Little AG, Skinner DB. Barrett’s esophagus. Functional
assessment, proposed pathogenesis, and surgical therapy. Arch Surg 1983; 118:
543–549.

62. Zaninotto G, DeMeester TR, Bremner CG, Smyrk TC, Cheng SC. Esophageal func-
tion in patients with reflux-induced strictures and its relevance to surgical treatment.
Ann Thorac Surg 1989; 47:362–370.

63. Gray MR, Donnelly RJ, Kingsnorth AN. Role of salivary epidermal growth factor
in the pathogenesis of Barrett’s columnar lined oesophagus. Br J Surg 1991; 78:
1461–1466.
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INTRODUCTION

Supraesophageal structures are not immune to the ravages of reflux disease
(GERD). The role of gastroesophageal reflux in many disorders affecting contigu-
ous anatomy positioned above the esophagus is gradually emerging from evi-
dence obtained through clinical research and therapeutic trials.

The spectrum of supraesophageal complications of GERD has expanded
in recent years and now encompasses a myriad of reported problems (Table 1).
Unfortunately, a direct relationship between gastric reflux events and the ma-
jority of these suspected supraesophageal complications has been difficult to
establish to date. This dilemma is further complicated by two compounding
problems: patients with suspected supraesophageal complications of GERD
frequently lack the characteristic features of heartburn symptoms and esopha-
geal inflammation and the patient may have both disorders independent of each
other!

Nonetheless, it is important that the clinician become aware of the possibil-
ity of GERD-associated complications and the significance of diagnosis (albeit
presumptive) and subsequent treatment.
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Table 1 Suspected Supraesophageal Complications of GERD

Oral cavity Airway
Mouth ulcers/burning Larynx/trachea
Abnormal taste Chronic laryngitis
Halitosis Vocal cord ulcers, granulomas,
Teeth erosions nodules

Nasal/auditory Laryngeal, subglottic stenosis
Chronic sinusitis Croup
Otalgia Laryngospasm
Otitis Malignancy

Pharynx Lungs
Pharyngitis Chronic cough
Postnasal drip (throat clearing) Asthma
Globus sensation Aspiration pneumonia

Pulmonary fibrosis
Bronchiectasis
Sleep apnea

Other
SIDS
Sandifer’s Sx (torticollis)

EPIDEMIOLOGY

GERD is one of the most common gastrointestinal disorders; U.S. population
surveys, for example, suggest that up to 50% of adults, or 60 million people,
have symptoms of heartburn at least once a month (1). More than one-fourth of
adult Americans use antacids 3 times or more per month (2). Although nearly half
of the U.S. population experiences occasional heartburn, only 4–7% complain of
daily symptoms (3). This group of patients most likely represents true GERD.
Interestingly, the true incidence of GERD may be underestimated because of the
relatively low proportion of individuals who seek medical attention for reflux
symptoms. One report found that only 5% of patients with symptoms of heartburn
and regurgitation within the preceding year had visited a physician because of
this problem (4).

SUPRAESOPHAGEAL COMPLICATIONS OF GERD

The majority of reports evaluating the supraesophageal complications of GERD
concern its association with asthma. The prevalence of GERD among patients
with asthma is frequent but this varies depending upon the study population and
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methods of diagnosis. Many relatively uncontrolled studies consistently report
an association of symptomatic reflux in 30–90% of adults with asthma. One
prospective study determined that 75% of patients with asthma have either in-
creased frequency of reflux episodes or pathological GERD, whether or not they
use bronchodilators (5). More recently, a case-control study addressing the asso-
ciation between asthma and acid reflux in a large population group with erosive
esophagitis or stricture identified a number of disorders significantly related to
esophagitis; the strongest of these was bronchial asthma (6).

SUPRAGLOTTIC DISORDERS

In a report that documented GERD by esophagogram, Esophagogastroduodenos-
copy (EGD), or 24-h pH testing, refractory hoarseness was reported in 80% of
patients, globus sensation in 50% of patients, and a smaller group of patients
with cancer of the larynx (7). In another supporting study of a larger group of
patients with laryngological disorders and suspected GERD, 24-h esophageal pH
monitoring demonstrated a high percentage of acid reflux in patients with laryn-
geal stenosis (78%), laryngeal cancer (71%), reflux laryngitis (60%), and globus
sensation (58%). Chronic cough was noted in 52% of these patients (8). Finally,
a strong relationship between esophagitis and laryngeal disorders was also noted
in the case-control study previously cited (6).

Abnormal acid reflux on pH testing does not assure resolution of the pa-
tient’s symptoms or inflammatory process following medical or surgical treat-
ment. Most authorities, however, feel that an abundance of epidemiological data
now suggests that acid reflux represents an important risk factor for the develop-
ment of supraglottic disorders.

PATHOGENESIS OF SUPRAESOPHAGEAL/GERD
DISORDERS

Two different mechanisms for acid-induced supraesophageal complications have
been postulated: (a) an acid-reflux-induced vagal reflex arc from the body of
esophagus to the bronchopulmonary system resulting in bronchial constriction
or cough (9), and (b) microaspiration of gastroesophageal reflux contents into
the supraesophageal structures and bronchopulmonary system resulting in an in-
flammatory reaction and/or a localized reactive contractile response (10). Dual-
electrode ambulatory pH monitoring studies have supported the reflex therapy.
In one report, abnormal distal esophageal acid exposure was prevalent in patients
with symptoms of chronic cough (50%), asthma (44%), and unexplained chest
pain (54%) (11). In another report, nine of 11 asthmatic patients (82%) with
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demonstrable acid reflux had a good to excellent pulmonary symptom response
to antireflux therapy (12). A decrease in peak expiratory flow rate (PEFR) with
an increase in airway resistance was reported during intraesophageal acid perfu-
sion in asthmatic patients with GERD (13). The mechanism was thought to be
due exclusively to vagal-mediated reflex pathways rather than acid micropenetra-
tion of the airway. However, in another study of respiratory tract dynamics of
12 asthma patients with GERD utilizing forced oscillations and spirometry, no
change in respiratory impedance measurement was demonstrated during intra-
esophageal acid perfusion. This report only points out the fact that proof-positive
evidence of aerodigestive complications of GERD is controversial and often lack-
ing (14).

The role of gastroesophageal reflux in patients with eustachian tube abnor-
malities, chronic sinusitis, dental erosions, and buccal ulceration is not clear.
Vagal reflex mechanism interaction with these target areas seems less likely than
actual acid contact arising from the esophagus below.

Regurgitation presents the opportunity for refluxed gastric contents to dam-
age structures above the esophagus. This often is associated with chronic pulmo-
nary fibrosis. Certainly in the situation of dental erosions, regurgitation of gastric
contents appears to be the most likely cause. Detection of microaspiration is not
easy to recognize or document. As an example, studies reporting 24-h pH moni-
toring of the esophagus and the oral cavity in a group of 14 patients with demon-
strable teeth erosions demonstrated no alteration in the oral pH recording probe
despite 339 esophageal acid reflux episodes (15), despite the fact that the patients
were often in a prolonged supine position. On the other hand, 117 patients with
GERD were evaluated for oral lesions. On both 24-h pH recording and endos-
copy, 28 of these patients with the most severe reflux episodes demonstrated
oral lesions (16). Another smaller group of patients with dental erosions showed
significant increase in proximal (20 cm above the lower-esophageal sphincter)
esophageal acid reflux (17).

Approximately 75% of asthmatics have reflux symptoms, while 80% have
abnormal acid reflux (measured by pH). Sixty percent of patients have hiatal
hernias, while 40% have esophageal mucosa damage from acid reflux. Although
these data show that GERD is highly prevalent in asthmatics, it does not confirm
GERD as a cause of asthma or asthma a cause of GERD (18).

The same controversy surrounds the laryngeal manifestations of GERD.
There is a lack of consistent objective measurement of refluxate into the laryngo-
pharynx despite a number of studies using triple-lumen pH probes to identify
significant reflux episodes affecting the laryngopharynx. Part of this may be ex-
plained by the lack of sensitivity of current methodology to detect minimal acid
reflux episodes or the possibility that some of the laryngopharyngeal manifesta-
tions may be due to nonacidic gastric reflux.

Recently, a technique of simultaneous placement of pH probes within the
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trachea and the esophagus has been performed on a small group of asthmatics
(19). Four of the patients had concurrent GERD, while three other patients did
not. Interestingly, five of 37 episodes of gastroesophageal reflux lasting greater
than 5 min were followed by microaspiration, a decrease in the tracheal pH from
7.1 to 4.1, and a concomitant decrease in peak expiratory flow rate from 84 L/
min to 8 L/min. Unfortunately, general anesthesia was required for the placement
of the probes, but obviously this type of sophisticated study is necessary and
larger groups of patients need to be studied before we can define the role of acid
reflux in suspected supraesophageal complications of GERD. Because there are
no reliable tests at present that can accurately predict which patients have GERD-
related supraesophageal complications, controlled therapeutic trials may be the
only method currently available that could definitively answer this question.

NATURAL HISTORY: PROTECTIVE MECHANISMS DURING
SUPRAESOPHAGEAL GERD

The functional relationship between the upper airway and the gastrointestinal
tract during retrograde gastrointestinal transit such as regurgitation, belching, and
gastroesophageal reflux has only recently received extensive investigation.

Protective mechanisms against retrograde esophageal transit can be divided
into two subgroups: (1) basal mechanisms, i.e., the lower-esophageal sphincter
(LES) and the upper-esophageal sphincter (UES), with the latter maintaining a
pressure gradient without a need for constant stimulation (although various stim-
uli may affect its function); (2) response mechanisms located primarily within
the oral pharynx, which are not constantly active but can become activated upon
stimulation. This stimulation is usually distension of the esophagus and/or me-
chanical stimulation of the pharynx. This group of response mechanisms includes
secondary esophageal peristalsis (described earlier), and a number of proximal
reflexes, e.g., the esophago-upper-esophageal-sphincter contractile reflex, the
esophagoglottal closure reflex, and the pharyngeal (secondary) swallow.

The number of reflux episodes that reach the proximal esophagus is 25–
75% of those that enter the distal esophagus in healthy as well as esophagitis
patients following mealtime (20). Despite this phenomenon, very few people ex-
perience supraesophageal complications of GERD. As mentioned previously, no
epidemiological studies are available on the prevalence of reflux-induced airway
or aerodigestive-tract complications in esophagitis patients or the population at
large. Clinical experience, however, suggests that the prevalence of these compli-
cations is relatively low compared to complications of the esophageal body as a
result of GERD. This suggests an existence of potent airway defense mechanisms
against esophagopharyngeal and pharyngolaryngeal reflux of gastric contents.

Basal mechanisms of lower-esophageal sphincter (LES) and UES dynamics
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have already been discussed along with the mechanism of secondary esophageal
peristalsis. This section will be devoted to the discussion of the supraesophageal
response mechanisms against gastric reflux that have been defined in the human
to date.

The Esophago-UES Contractile Reflex

A number of reflexes control the function of the UES. Distension by a swallowed
bolus or slow balloon inflation of the esophagus causes an increase in UES pres-
sure and electromyographic activity of the cricopharyngeal muscle mediated by
vagal afferent fibers. The proximal portion of the esophagus appears to be more
sensitive than the distal portion (21). The receptors mediating this reflex may
be slow-adapting mechanoreceptors of the muscular wall (22). Although, some
investigators have found that slow acid infusion into the esophagus increases
UES tone (23), these results have not been corroborated by more recent investiga-
tions (24). In addition, the intraluminal esophageal pH has not been found to
correlate with UES tone (25).

The Esophagoglottal Closure Reflex

Gastroesophageal reflux may cause abrupt distension of the esophagus producing
a circumstance favorable to esophagopharyngeal regurgitation and laryngeal aspi-
ration of gastric contents. This is particularly true for large-volume gastroesopha-
geal reflux episodes. Vocal cords close the opening to the trachea in response to
abrupt esophageal distension (26). This reflex is postulated to be caused by stretch
receptors within the body of the esophagus transmitting the impulses to the vagus
nerve and to the brainstem. Vagal efferent motor fibers that traverse the recurrent
laryngeal nerve and stimulate the adductor muscles of the glottis could cause this
rapid closure of the vocal cords. Bilateral cervical vagotomy in the cat model
abolishes this reflex (27) (Fig. 1). Reflex innervation between the digestive tract
and respiratory tract has been demonstrated in the past; the esophagoglottic reflex
is an example of close coordination between the two systems and during retro-
grade reflux of gastrointestinal contents. This reflex is postulated to be one of
the airway protective mechanisms humans have against GERD. Recent studies
have documented that this reflux is evoked during spontaneous gastroesophageal
reflux episodes (28). Furthermore, this reflex appears to be absent or markedly
decreased in about half of elderly patients greater than 70 years of age. The
function of this reflex in experimental esophagitis in the cat showed that inflam-
mation either completely abolished this reflex or caused a significant reduction
in frequency of activation of this reflex (29).

Injection of water into the pharynx of humans can trigger a swallowing
reflex (pharyngeal swallow). Initiation of a ‘‘swallow’’ at this site may play a
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Figure 1 Example of electromyographic (EMG) recording from interarytenoid and lat-
eral cricoarytenoid muscles during a 2.5-cm middle esophageal balloon distension before
(A) and after (B) bilateral cervical vagotomy. As seen, EMG activities induced by balloon
distension are completely abolished after bilateral cervical vagotomy. (From Am J Physiol
1994; 266:G147–G153.)

role in airway protection from pharyngeal reflux of gastric contents (30). Recent
studies have further characterized this pharyngeal swallow and determined the
threshold of volume of a liquid required to trigger this swallowing reflex in the
young and elderly volunteers (31). These pharyngeal swallows triggered by direct
stimulation are different from volitional or primary swallows in that they do not
induce sequential contraction of the proximal tongue with the hard palate. In this
regard, the pharyngeal swallow has been compared to a secondary esophageal
peristalsis that bypasses the activation of the peristaltic wave from areas proximal
to the point of stimulation (32). It is speculated that the pharyngeal swallow
prevents aspiration by activating glottal closure, which seals off the airway and
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prevents aspiration during gastroesophageal reflux episodes, and that it clears the
pharynx of materials that enter it during reflux episodes from the esophagus.

Water stimulation of the pharynx in humans also results in an increase in
resting tone in the UES, i.e., the pharyngo-UES contractile reflex (33). It is specu-
lated that this reflex functions as an airway protective mechanism by augmenting

Figure 2 Example of glottal closure response to rapid pharyngeal water injection. Injec-
tion of minute amounts of 0.2 mL water into the pharynx directed posteriorly results in
an abrupt closure of the vocal cords that lasts about 0.7 s. A spontaneous swallow occurs
10 s following water injection. Injection of 0.4 mL of water 15 s later results in an irrepress-
ible (pharyngeal) swallow. (From Dysphagia 1995; 10:216–227.)
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UES tone following the entry of small volumes of liquid into the pharynx, which
may reduce the chance of further esophagopharyngeal reflux. Finally, when mi-
nute amounts of water are injected into the back of the pharynx, there is brief
closure of the vocal cords. It is postulated that this adduction response is part
of a complex protective mechanism and the threshold volume for this reflex is
significantly smaller than that required to trigger an ‘‘irrepressible’’ pharyngeal
swallow. The pharyngoglottal adduction reflex requires much larger volumes of
liquid in the elderly to trigger this reflex (33). Figure 2 is an example of glottic
closure response to rapid pharyngeal water injection.

In patients undergoing a 24-h ambulatory pH study, it is often noted that
reflux events occur at the time that the patient activates the ‘‘belch’’ button on
the microcomputer apparatus. Ventilation of gastric and/or esophageal gas across
the UES into the pharynx may be accompanied by the entry of food particles or
acid ‘‘mist’’ and predispose the airway to aspiration. Basically, investigations
have indicated that the glottis is actively involved in the belch reflex by activation
of its closure mechanism (34). This close relationship between the UES and glot-
tic function during belching is demonstrated by the fact that the glottal closure
mechanism is activated and the vocal cords become closed prior to UES relax-
ation and subsequent effacement during belching (Fig. 3). The same coordination
may exist during regurgitation of material drawn into the pharynx by the venting
of gastric or esophageal material.

Airway protective mechanisms have now been demonstrated and they ap-
pear to protect against antegrade aspiration. The protective mechanisms are multi-
factorial and involve complex interactions between the aerodigestive system. Al-
though these mechanisms have been demonstrated in normal volunteers, for the
most part, it remains to be demonstrated whether their dysfunction with suspected
supraesophageal complications is a partial or major mechanism that allows gastric
contents to damage structures above the esophagus proper.

DIAGNOSIS OF SUPRAESOPHAGEAL GERD

A detailed history may be very important in obtaining clues to the association of
GERD and suspected supraesophageal complications. The occurrence of classic
heartburn symptoms can be a significant help, but these complaints should be
appropriately defined by the patient to the physician’s satisfaction. The physician
should not accept the complaint of ‘‘heartburn’’ without detailing the specific
location and description of these symptoms. A history of regurgitation particu-
larly at nighttime associated with cough or with symptoms suggesting aspiration
is a significant clue to the possibility of supraesophageal complications of GERD.
Unfortunately, this symptom complex occurs in a minority of patients. The onset
of asthma in the adult particularly with nocturnal cough or wheezing or precipita-
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Figure 3 Temporal relationship between function of the glottis, UES, and hyoid bone
and pressure phenomena of the esophagus and stomach during belching induced by intra-
esophageal injection of 40 mL of room air. The figure is constructed using videoendo-
scopic, videofluoroscopic, manometric, and electromyographic (EMG) data obtained con-
currently. The belch event begins with vocal cord adduction and ends with their return
to resting position. All other events, including UES opening and closure, occur while cords
are fully adducted, and thereby the introitus to the trachea is closed. Fluoroscopic UES
opening begins 0.35 � 0.08 s after onset of hyoid bone movement. VC-Ad-0 � onset of
vocal cord adduction; VC-Ad-Max � maximum onset of vocal cord adduction; VC-Ab-
0 � onset of vocal cords opening; VC-Ab-Max � return of vocal cords to resting position;
EPI-0 � onset of increase in intraesophageal pressure; AEA-0 � onset of approximation
of arytenoids toward base of the epiglottis; GPI-0 � onset of increase in intragastric pres-
sure; EMG-0 � onset of EMG signal recorded from geniohyoid, mylohyoid muscle
groups; UESR-0 � onset of UES relaxation recorded manometrically. (From Am J Physiol
1992; 262:G621–G628.)

tion of bronchospasm following a large meal can be a clue suggesting the role
of GERD in the patient’s symptoms. In one study of a large number of patients
with suspected ear, nose, and throat complications of GERD, only 43% of patients
had classic symptoms of heartburn, regurgitation, or dysphagia (8). Approxi-
mately 20% of patients with chronic cough of unknown etiology will have GERD
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as a prime suspect (35). A history of constant throat clearing, recurrent laryngitis
(particularly in the morning), halitosis, or hypersaliarrhea should alert the clini-
cian to the possibility of supraesophageal-related acid reflux condition. Unfortu-
nately, history alone is often unable to elicit clues suggesting acid reflux as a
cause of suspected supraesophageal complications. In fact, one-third of patients
with suspected bronchopulmonary manifestations of GERD have no esophageal
symptoms whatsoever.

There are some clinical signs that may suggest the occurrence of acid reflux
above the esophagus. The unique neck posture in Sandifer’s syndrome is a clue
to acid reflux disease in the infant or young child. This posture is an anatomical
defense mechanism against repetitive acid reflux. The finding of idiopathic pul-
monary fibrosis or recurrent noninfectious pulmonary infiltrates may be a signal
to an acid reflux etiology. The presence of subglottic stenosis has been demon-
strated to have a significant association with pharyngeal acid exposure (36). Re-
current mouth ulcers may be related to acid reflux disease particularly when the
patient has an associated ‘‘burning’’ in the mouth, while a smooth, glazed,
dished-out appearance of the dentin on the lingual surfaces of the teeth may be
a clue to acid reflux as a cause of these dental erosions (37).

DIAGNOSTIC PROCEDURES THAT MAY SUPPORT
THE ROLE OF GERD

Ambulatory Esophageal pH Study

Ambulatory esophageal pH monitoring is currently considered to be the best
diagnostic tool available for diagnosing supraesophageal complications of
GERD. This technique (described in another chapter) affords the best opportunity
to document the proximal extent of acid reflux within the esophagus or the oro-
pharynx. However, a number of controversial issues associated with this test have
yet to be adequately defined, i.e., the reproducibility of the pH recording and the
accuracy of ambulatory esophageal pH testing in detecting reflux events, per se.
Despite these valid objections, esophageal pH monitoring is considered the ‘‘gold
standard’’ by many investigators who attempt to validate the association of
esophageal acid reflux with suspected supraesophageal complications.

Dual pH esophageal monitoring has become the technique of choice and
is frequently used as an initial diagnostic tool by many investigators (38). The
distal pH probe is located 5 cm above the LES by tradition; the proximal pH
probe is usually placed 20 cm above the LES and just below the UES. A third
and separate pH probe can be placed in the pharynx to record changes associated
with acid escape into the pharynx (39). This latter technique has helped discrimi-
nate between healthy volunteers, GERD patients, and those with GE-reflux-re-
lated posterior laryngitis. The use of the three-site pH system enables the physi-
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Figure 4 Three-site pH recording (two probes in esophagus; one probe in hypopharynx)
of GERD events over a 24-h period in patient TD. Explanations for letters are noted at
the top. A total of 10 pharyngeal acid events were recorded during this period.

cian to determine whether the pH changes recorded proximally are temporally
associated with distal acid reflux events. Some concern about recording pH in
the hypopharynx has been raised because of the existence of upper-airway mucus
and possible entrapment of the pH probe and the relatively capacious region of
the oropharynx that could conceivably influence pH recording (40). However,
when a decrease in hypopharyngeal pH is considered abnormal only when it
correlates with a simultaneous acid reflux event in the distal esophagus below,
these concerns about pH recording artifact are minimized.

Although a recent study has shown reproducibility of reflux parameters in
the distal esophagus of a small group of GERD patients (9 of 11; 82%), variability
in the proximal esophagus was pointed out (41). Only six of 11 patients (55%)
had pH values reproduced in the proximal zone of the esophagus. However, an-
other recent report utilizing multiple esophageal pH probes demonstrated a linear
decrease in the number of reflux events with increasing distance above the LES
zone (42). Based upon the information from this study and an extensive literature
review, it is estimated that the normal range of total acid exposure when the pH
probe is positioned beneath the UES is approximately 0–1% over 24 h (40).
However, a significantly higher percentage of distal reflux episodes reached the
proximal esophagus in a group of laryngitis patients compared to control groups
and the number of pharyngeal reflux episodes and time of acid exposure were
also significantly higher in the pharyngitis group (39). The extent and duration
of hypopharyngeal acid reflux events during a 24-h ambulatory pH recording is
shown in Figure 4.
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Figure 5 Spontaneous barium reflux to the level of the aortic arch is demonstrated in
this esophagogram on patient SG. The patient exhibited this finding on several occasions
during the study.

Acid reflux values for the distal esophageal pH probe vary from laboratory
to laboratory. The most meaningful computed values are those indicating the
total time of esophageal exposure (pH less than 4.0) and a differentiation of total
acid exposure in the upright versus the supine position. In a study performed in
our laboratory (43) in a group of patients and control subjects who underwent
four separate pH studies during a 24-h monitoring period, several interesting
findings were determined. The quantitative pH values provided suboptimal dis-
crimination between the two groups! The majority of reflux events and total acid
exposure occur when subjects are upright rather than supine. Finally, a ‘‘standard-
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Table 2 24-Hour Ambulatory pH Monitoring: Controls Versus Patients, Acid Reflux
Values for Distal Probe (Mean � SD) (Comparison of Two Diets)

Standard diet Ad-lib diet
(% pH � 4.0) (% pH � 4.0)

Subject
Group (n) 24 h Upright Supine 24 h Upright Supine

Controls 14 6 � 5 7 � 6 5 � 7 7 � 8 8 � 8 7 � 12
Patients 12 13 � 5 16 � 7 9 � 11 14 � 6 16 � 8 9 � 9

Source: Ref. 43.

ized diet’’ does not increase test discrimination or reproducibility (43). These
values for 24-h pH monitoring for our laboratory are shown in Table 2.

Gastroesophageal reflux has been estimated to occur in 75% of asthmatics
(5). In the more recent study using dual-electrode ambulatory pH monitoring,
distal acid exposure was prevalent in patients with chronic cough (50%), asthma
(44%), and unexplained chest pain (54%). In addition, prevalence of abnormal
proximal esophageal acid exposure was significantly higher in chest pain patients
without pulmonary complaints (44%) than in patients with either asthma (24%)
or chronic cough (11%) (44).

In patients with unexplained chronic cough, devoid of other symptoms, the
initial study of choice to assess the possibility of acid reflux is the 24-h ambula-
tory pH study (45). In one report, the ambulatory intraluminal esophageal pH
was the only method used to diagnose GERD in approximately 32% of patients
with chronic unexplained cough (46). In another report, esophageal pH monitor-
ing had a positive predictive value of 89–100% and a negative predictive value
of 100% in diagnosing GERD as a cause of chronic cough (47). The necessity
for the use of ambulatory pH studies in patients with chronic unexplained cough
is reinforced by the fact that between 50 and 75% of patients with this problem
have no discernible reflux symptoms whatsoever (48).

Despite the many glowing reports concerning the use of the 24-h ambula-
tory pH test, in patients with suspected gastroesophageal reflux complications,
it is an exaggeration to call this procedure the ‘‘gold standard.’’ Although the
24-h esophageal pH test is the best current diagnostic tool available to implicate
GERD and its possible role in supraesophageal disorders, the sensitivity and spec-
ificity of this test is open to challenge (43).

Upper Gastrointestinal Endoscopic Examination

Demonstrating signs of esophageal inflammation at endoscopic examination does
not per se incriminate GERD as the possible etiology in a supraesophageal disor-
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der. However, it does help build a possible scenario for the role of acid reflux
and alerts the clinician to a possible explanation for the patient’s problems. Unfor-
tunately, the presence of esophagitis detected at endoscopic examination is not
a constant finding in patients with suspected supraesophageal complications of
GERD. In one report based on a comprehensive literature review, there was only
a 40% incidence of esophageal mucosal damage from acid reflux in asthmatic
patients (18). In another report by the same group, in a consecutive series of
asthmatics, esophageal erosions or ulcerations were found at endoscopy in only
39% of asthmatics while 13% had Barrett’s esophagus (49). Noteworthy was the
fact that the authors eliminated from this study any patients who were referred
for workup because of gastrointestinal symptoms or who were not part of a con-
secutive asthmatic protocol. A recent study of U.S. military veterans evaluated
the significance of esophagitis associated with various pulmonary and laryngeal
problems (6). The highest odds ratio of GERD with pulmonary disorders was
bronchial asthma (OR 1.51) and pulmonary fibrosis (OR 1.36). The association
between esophagitis and laryngitis was also significant (OR 2.10) as was the
association with laryngeal stenosis (OR 2.02). Although the absence of physical
damage to the esophagus in the majority of patients with suspected supraesopha-
geal complications of GERD appears at first glance to be an apparent paradox,
nonetheless, most investigators in this field have come to accept this fact. It is
worthwhile to point out one other compounding feature; often patients with sus-
pected supraesophageal complications of GERD have been treated with antacids
at doses acceptable for healing esophagitis but inadequate for treating the sus-
pected supraesophageal complications. In these situations, a macroscopic in-
flammation of the esophageal lining may have disappeared completely. The pres-
ence of subtle distal esophageal scars and pitting above the GE junction are
hallmarks of gastroesophageal reflux. Obviously, the presence of Barrett’s colum-
nar lining with or without associated esophageal inflammation indicates the pres-
ence of acid reflux disease.

Radiological Examination of the Esophagus

A demonstration of a structural abnormality on a barium contrast esophagram
may supply useful clues to the presence of GERD, e.g., the presence of hiatal
hernia or distal esophageal lumen compromise. The former finding may be a
clue; the latter is evidence of damage secondary to GERD. Although reflux of
gastric barium into the esophagus during fluoroscopy is not specific for diagnos-
ing a ‘‘reflux’’ condition, spontaneous, frequent barium reflux to the aortic arch
correlates well in our experience with patients who have massive ‘‘acid reflux.’’
We believe that this is a valuable clue for the association of GERD with supra-
esophageal complications (Fig. 5).

In one report of 28 patients with severe asthma (50), 64% of the patients
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had a hiatal hernia while 46% had reflux of barium demonstrated during fluoros-
copy. In another report, 11 of 15 asthmatic patients had an abnormal barium X-
ray suggesting a prevalence rate of 73% in this patient group (51). Contrary to
our experience, neither the frequency or height of the refluxed barium column
(noted at fluoroscopy) nor the presence of a hiatal hernia is correlated with clini-
cally significant gastroesophageal reflux disease in this report.

Scintiscan Study

The use of radiolabeled gastric contents (scintiscan) has found little clinical use
in adults; it has been used primarily in infants and children to detect aspiration
and delayed gastric emptying (52). A group of 32 patients with chronic bronchial
disease ranging from recurring unexplained cough to pulmonary infection were
studied using a scintigraphic technique. Lung contamination by gastric radiola-
beled content was reported in 75% of this patient group (53). Despite theoretical
advantages of overnight gastroesophageal scintigraphy, there are a number of
compounding issues associated with this test that have prevented its use as a
standard diagnostic modality to detect pulmonary microaspiration of gastric con-
tents.

MANAGEMENT OF SUSPECTED SUPRAESOPHAGEAL
REFLUX COMPLICATIONS

Medical Management

GERD-related supraesophageal complications are most effectively treated with
a proton pump inhibitor (PPI). PPIs are the most effective drugs in treating gastro-
esophageal reflux disease involving the esophagus proper. Acid reflux events are
decreased by �80% and healing of esophagitis is reported in 80–90% of patients.
The response to medical therapy in patients with suspected supraesophageal com-
plications of GERD is not as efficacious as that noted in GERD disease of the
gullet, however (54). Although use of PPIs appears to be effective in asthmatics,
higher doses and longer duration of therapy are necessary compared to those
required for esophageal GERD disease. In one study using increasing omeprazole
doses from 20 to 60 mg daily, esophageal pH monitoring was performed until
reflux was controlled in 30 patients with heartburn symptoms (55). The treatment
was continued for 3 months during which time 73% of patients had alleviation
of their symptoms as monitored by both the GERD symptoms score and peak
expiratory flow rates. In this study it was pointed out that at least one-third of
the patients required an omeprazole dose � 40 mg daily and a prolonged duration
of therapy � 3 months before maximal improvement in asthma was demon-
strated. Similar recommendations for the treatment of suspected supraesophageal
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complications of GERD with PPI therapy were recommended by the Working
Party at the First Multi-Disciplinary International Symposium on Supraesopha-
geal Complications of Gastroesophageal Reflux Disease (56). At that meeting it
was recommended that a double standard dose of PPI therapy was initially indi-
cated in patients with suspected supraesophageal complications of GERD and
that treatment be continued for at least 3 and possibly 6 months. At the completion
of this initial trial, assessment of the patient’s symptomatology and the respon-
siveness to that therapy would be critically evaluated. A similar approach has
been recommended for the role of impaired therapy in treatment of idiopathic
chronic cough. In choosing a medical therapy, consideration was recommended
for initially giving maximal rather than submaximal therapy (57). Maximal medi-
cal therapy for this disorder was felt to take 2 or 3 months before beginning to
show efficacy and on an average, 5–6 months was required before optimal results
were noted. If coughing has not improved by 3 months, 24-h esophageal pH
monitoring was recommended while the patient was on therapy to determine
whether GERD was still a likely cause of cough or possibly that the patient had
failed maximal medical therapy.

Before medical therapy can be considered a ‘‘failure’’ adequate esophageal
and gastric acid suppression should be documented. In one study, 70% of patients
on omeprazole or lansoprazole twice daily had nocturnal gastric acid recovery
(pH below 4) (58). Recently, a study reported the results of PPI therapy in 16
patients with persistent posterior laryngitis who had failed H2-receptor therapy.
Omeprazole treatment ranged from 6 to 24 weeks with a dosage of 40 mg of
omeprazole at nighttime. (This was increased to 40 mg twice daily for 6 weeks
in four patients with continuing symptoms.) At the conclusion of the study, both
the laryngoscopy scores and the esophageal symptom indices improved signifi-
cantly. Symptoms recurred, however, after the discontinuation of acid suppres-
sant therapy suggesting that acid reflux was indeed the underlying etiology (59).

In the treatment of chronic laryngitis, the importance of long-term treatment
is stressed because the injury to the epithelium is a chemical burn and takes
weeks to months to resolve. For most patients, an 8-week course of antisecretory
treatment is required therapy. Recurrence of symptoms is common in patients
who require PPI therapy for initial treatment (60).

At present there are major problems with the interpretation of therapeutic
trials using PPIs for treatment of patients with suspected supraesophageal compli-
cations. Studies contain small groups of patients, treatment durations are very
short, and no control groups have been used. Future studies using PPIs in patients
with suspected supraesophageal GERD require properly designed control proto-
cols to fully evaluate treatment efficacy.

H2-receptor antagonists and prokinetic medications have not for the most
part found an effective role in treating patients with suspected supraesophageal
GERD complications. Because the efficacy of diagnostic testing is relatively poor
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in substantiating the role of GERD supraesophageal disorders, currently a thera-
peutic trial is a physician’s only recourse. In this situation, attempts at maximal
acid suppression are critical and require potent PPI therapy.

Operative Therapy

The only randomized therapeutic trial to date was a surgical trial involving 31
patients comparing operative therapy to H2-receptor antagonist or placebo (61).
The mean symptom score and medicine score significantly improved in the surgi-
cal group and the cimetidine group compared to the placebo group at 6-month
follow-up. At 5 years, only the surgical group had maintained its symptom-free
status; the cimetidine and placebo groups were unchanged. A second randomized
study, which has only been reported in abstract form, involved 73 patients with
both GERD and asthma randomized to antacids, cimetidine 150 mg three times
daily, or antireflux surgery (62). The efficacy of surgical correction of reflux was
demonstrated at 5 years. There was a decreased need for medication and elimina-
tion of symptoms with improvement of pulmonary function in the surgical group.

The apparent advantage of operative therapy is that it corrects the antireflux
barrier at the LES, it repairs the hiatal herniation of the stomach, and it prevents
the reflux of most stomach contents. Additionally, the coughing episodes or asth-
matic attacks significantly increase intra-abdominal pressure. If the LES is incom-
petent, gastroesophageal reflux will occur and this has been demonstrated in pa-
tients during coughing (63). Another recent publication demonstrated the
alleviation of supraesophageal complications following surgical control of gastro-
esophageal reflux (64). Following 6 months on medication, 21 patients with se-
vere pulmonary symptoms and demonstrable gastroesophageal reflux underwent
antireflux surgery. Respiratory symptoms were improved in 86% of the patients
after the operation.

Several large series demonstrate the positive effects of laparoscopic opera-
tive treatment of gastroesophageal reflux (65,66).

The candidates for antireflux surgery are often patients who require contin-
uous or increasing doses of medication to maintain their symptoms of reflux. The
case has been made for the young patient, the noncompliant patient, the patient
who chooses to have this type of therapy. Often, financial concerns of the patient
have been a reason for a fundoplication operation. Although the long-term effi-
cacy of laparoscopic fundoplication is not available, 80–90% of patients are re-
ported to be asymptomatic or have minimal symptoms following conventional
fundoscopic operation; in a 10-year follow-up after open-fundoplication surgery,
91% of patients continued to have control of their symptoms (67). Short-term
outcome results following laparoscopic fundoplication detail the control of symp-
toms in 85–90% of patients with acceptably low morbidity rates (68).

The recent introduction of ‘‘minimally invasive’’ laparoscopic surgery has
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replaced conventional open-fundoplication operation. Subsequently, an increas-
ing number of patients are undergoing laparoscopic fundoplication encouraged
by this new technology to greater acceptance on the part of their treating physi-
cian because many surgeons with little experience in esophageal physiology or
traditional fundoplication operation have begun to perform this procedure. Not
unexpectedly, the number and severity of complications resulting from laparo-
scopic fundoplication have increased (69). For that reason, this operation should
not be ‘‘first-line’’ therapy for simple GERD patients or patients with ‘‘sus-
pected’’ supraesophageal complications of GERD. Only in dramatic situations
such as obvious regurgitation and aspirating or laryngospasm should surgery be
the first-line therapy. In fact, demonstration of the effectiveness of acid suppres-
sion therapy should be the major criterion for predicting successful outcome of
fundoplication operation. The morbidity associated with fundoplication opera-
tions varies but may be significant. The frequency of postoperative dysphagia
ranges from 0 (70) to 17% (71) in large reported series.

Finally, fundoplication surgery is championed as the treatment of choice
particularly for the young patient with significant GERD who faces a ‘‘lifetime’’
of medical treatment with potentially negative impact on life-style. Although this
scenario seems reasonable, few have questioned the long-term integrity of the
fundoplication wrap structure. Reports vary concerning the long-standing durabil-
ity of the fundoplication wrap, but at least one long-term study showed a signifi-
cant ‘‘breakdown’’ of the fundoplication wrap 20 years after the open fundoplica-
tion operation (72).

The strongest evidence to date that GERD is either the cause or contributing
factor to asthma has resulted from surgical correction of gastroesophageal reflux.
The dramatic improvement provided by surgery suggests that eliminating all gas-
tric reflux rather than just reducing acid reflux may be the treatment of choice.
Currently, studies are now under way to determine whether gastric acid suppres-
sion or PPIs are as effective as total gastric content suppression by laparoscopic
fundoplication in the treatment of patients with suspected supraesophageal com-
plications of GERD.

SUMMARY

Supraesophageal complications of GERD are becoming more frequently recog-
nized or suspected by clinicians. Unfortunately, positive proof of the association
between the two is often difficult or impossible to substantiate and the majority
of these patients lack the characteristic symptoms of heartburn or objective find-
ings of esophageal inflammation. Acid reflux has been demonstrated in the major-
ity of patients with asthma and perhaps a quarter of patients with otolaryngologi-
cal problems. Because GERD is the most common disorder in the population, it
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is quite possible that suspected supraesophageal complications of GERD may
actually be independent disorders occurring in the same patient.

The suspected mechanism of GERD-associated asthma appears to be di-
rected through vagal reflexes and hypersensitivity of the tracheobronchial tree.
GERD-related otolaryngological manifestations are more apt to be caused by
microaspiration with resulting damage by surface contact. The best diagnostic
modality available to the clinician to help identify this association between GERD
and supraesophageal complications is the ambulatory two-site/three-site pH
probe recording technique. Although this test can be quite helpful, its overall
sensitivity and specificity for recording acid reflux events particularly in the prox-
imal esophagus has been seriously questioned.

Although sophisticated clinical studies have aided in identifying the role
for gastroesophageal reflux and suspected supraesophageal complications of
GERD, only one prospective controlled study has shown positive effects of pre-
venting reflux of gastric contents in a group of asthmatic patients.

In many patients with suspected supraesophageal complications of GERD,
‘‘intent to treat’’ is both the primary therapy and diagnostic tool available to the
physician. High-dose PPI therapy for prolonged periods is the recognized mode
of conservative therapy. Operative therapy, i.e., a fundoplication operation, is the
procedure of choice in situations where overt regurgitation is clinically mani-
fested. In situations where significant GERD is demonstrated in patients with
suspected supraesophageal complications of GERD, an operative treatment is a
viable option but only after intense medical treatment has been demonstrated to
effectively alter or influence the supraesophageal complication.

Future controlled clinical trials are necessary and more sophisticated tech-
niques are required before we can definitely determine which markers predict
the definite cause and effect between acid reflux above and beyond the esophagus
with these supraesophageal complications. Until this time, the general medical
community needs to be aware of the possibility of the association between GERD
and supraesophageal complications to possibly define and effectively treat the
patient’s GERD-related complications.
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INTRODUCTION: THE MANY FACES OF GERD

Before discussing in depth the medical therapy of gastroesophageal reflux disease
(GERD), it is important to draw attention to four conditions that have major
bearing on understanding the possibilities and limitations of current medical
therapy.

First, it is essential to realize that the spectrum of GERD is enormously
wide, varying from very mild or very intermittent symptoms to virtually daily
continuous heartburn and acid regurgitation.

Also the symptom pattern is highly complex, varying from characteristic
symptoms of heartburn and acid regurgitation to massive nocturnal regurgitation
and occasionally aspiration to very nonspecific symptoms corresponding either
to dysmotility-like or gastroparesis-like dyspepsia or other atypical symptoms
such as hoarseness, retrosternal pain, nausea, and vomiting.

Moreover, there is tremendous confusion in the endoscopic grading of muco-
sal damage, particularly for grade I. Some grading systems define grade I when
the so-called minor or equivocal changes are present (erythema, blurring of the
squamocolumnar mucosal junction, etc.), whereas other systems define grade I as
the presence of solitary, usually linear mucosal erosive defects without confluence.

Finally, the conclusions drawn from trials with inherent selection bias may
be of limited relevance to the mainstream GERD patients encountered by physi-
cians in primary care. Often the focus of evaluation is directed to short-term
clinical efficacy and not to long-term clinical effectiveness. All cost estimations
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are based on calculations and assumptions made in the artificial environment
generated in clinical trials.

These four factors are responsible for substantial confusion. Clinicians
should realize that virtually no pharmacological study takes these four factors
into account. We know, for example, very little of the efficacy of life-style modi-
fications, when symptoms are nonspecific. Neither do we know how to compare
pharmacological efficacy in the various types of ‘‘grade I esophagitis.’’

This overview of medical therapy in GERD will summarize our current
state of knowledge focusing especially on the latest achievements. The reader is
referred to some of the excellent overviews for more detailed information (1–5).

AIMS OF MEDICAL THERAPY

As symptoms are the driving force, symptom reduction is the dominant aim of
medical therapy. In addition, regression of endoscopic mucosal damage and
thereby prevention of complications is a secondary aim. In contrast with the pre-
vailing surgical views, for physicians full histological normalization is not a pri-
mary aim of medical therapy. However, prevention of further worsening of muco-
sal abnormalities to a more unfavorable stage such as columnar metaplasia should
also be aimed for. Patients seek medical care for symptoms and in devising the
optimal therapy one should therefore focus on symptom severity. Ranked from
least to most potent, medical therapies for GERD can be stratified as follows:
life-style modifications, antacids/alginates, H2-receptor antagonists (H2RAs) and
prokinetics of promotility agents (PMAs) (cisapride), and proton pump inhibitors
(PPIs). Given that the dominant aim of therapy is symptom relief, there is great
appeal to the concept of a therapeutic trial with one of the above therapeutic
principles.

SELF-MEDICATION

Antacid therapy is common and popular. Antacids are considered effective in
providing symptom relief because of their ability to neutralize refluxed acid. Neu-
tralization of acid results in a rapid increase in pH, which, in turn, inactivates
pepsin. The studies to prove symptom relief and mucosal healing are controver-
sial. Antacids provide rapid relief of postprandial heartburn and epigastric pain
by neutralizing gastric acid in the stomach and esophagus. However, the effec-
tiveness of antacids in providing more sustained relief of heartburn has not been
demonstrated adequately. Despite this, antacids are used extensively either as
prescribed medication or, more usually, as an over-the-counter (OTC) product
taken as required (6).
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Also alginate/antacids are often used successfully as self-medication by
nonconsulting refluxers. Alginic acid, combined with sodium bicarbonate or other
antacids, reacts with saliva to form a viscous solution that is thought to float on
the surface of the gastric fluid pool, acting as a mechanical barrier to reflux. The
combination of antacids with alginate seems more effective than antacids alone
(7,8).

Also H2RAs are useful in patients with mild disease and can also be admin-
istered on demand. As OTC medication they may eventually replace antacids as
a first-line symptomatic therapy (9). Even with low doses of H2RAs (ranitidine
25, 75, 125 mg; famotidine 10 mg), there is a dose-related decrease in intragastric
acidity, lasting up to 9 h after dosing (10,11). Moreover they have a sustained
effect on postprandial nocturnal intragastric acidity (12,13). Famotidine 10 mg
taken before an evening meal has been shown to prevent postprandial and noctur-
nal heartburn (11). A special wafer formulation of famotidine allowing very rapid
dissolution of the tablet in the oral cavity facilitates ingestion. Low-dose H2RAs
are available in many countries without a prescription for the short-term self-
medication of heartburn (cimetidine 200 mg, ranitidine 75 mg, famotidine 10
mg).

H2RAs have also been produced in effervescent formulation for rapid and
sustained rise of pH. Effervescent formulations provide more rapid absorption
and almost immediate clinical benefit. Combining antacids with low-dose H2RA
is particularly appropriate for such use. Because of the immediate (antacid) and
the longer-lasting (H2RA) effect, effervescent formulations of H2RAs are particu-
larly well suited for on-demand treatment (14).

EMPIRICAL THERAPY

There are several factors in support of an initial empirical approach in the man-
agement of GERD. The prevalence of heartburn and acid regurgitation, the most
typical symptoms of GERD, is high in the community. The prevalence of esopha-
gitis is far lower. Less than half the patients with GERD symptoms have endo-
scopic abnormalities, and most of the latter have only mild-to-moderate abnor-
malities. Therefore, endoscopy has, at best, only a relatively low diagnostic yield
in everyday practice.

The natural history of GERD varies substantially. For specialists GERD
usually presents as a chronic relapsing condition, often in need of maintenance
drug therapy. The severity of endoscopic abnormalities at initial endoscopy is to
some extent predictive of the therapeutic response and the risk of recurrence after
cessation of therapy. In contrast, for primary-care physicians, GERD is usually
a less severe disease, often only presenting with intermittent symptoms. Most
patients are ‘‘endoscopy-negative’’ or have at the most mild esophagitis
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Figure 1 GERD: Management algorithm.
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with little risk of worsening in time. In most patients lesions never develop or,
if present, wax and wane without further worsening. Early endoscopic as-
sessment is therefore not advisable or necessary for all patients with GERD
symptoms.

In clinical practice, the diagnosis can be made reliably when typical symp-
toms of heartburn and regurgitation are present and dominant. A firm diagnosis
can also be made in endoscopy-negative patients provided dominant typical
symptoms are present and in those patients where a significant relationship be-
tween symptoms and acid reflux event can be demonstrated at ambulatory pH
monitoring.

Symptom relief is now largely accepted as the primary goal of medical
treatment. Symptom relief even on prolonged observation is highly predictive of
endoscopic healing (15,16). Therefore, no endoscopic monitoring is required if
a patient becomes and remains symptom-free.

Because of the above reasons, an empirical approach in GERD is acceptable
provided the symptoms are typical, and provided alarming or sinister symptoms
are absent (17) particularly for the younger patient population (Fig. 1). A 4–8-
week empirical treatment intended to relieve heartburn and regurgitation can be
performed with excellent efficacy and safety (17). One of the major issues con-
cerning empirical treatment is the choice of drug therapy. The classical ‘‘step-
up’’ strategy calls for the use at first of less effective drugs in responders (H2RAs,
PMAs) reserving PPIs for nonresponders. The ‘‘top-down’’ strategy goes directly
to PPI either at low-dose or standard dose. Both strategies have theoretical advan-
tages and disadvantages and inconveniences. Controversial results have been
published concerning the most cost-effective strategy (18,19).

LIFE-STYLE CHANGES

Any approach to a patient with reflux disease begins with explanation of the
disorder, inquiry about potentially correctable abnormalities, and advice for life-
style modification whenever appropriate (Table 1). Of those measures, early-
evening meal, low fat content of the diet, avoidance of chocolate, and raising the
head of the bed are obviously the most important. How many patients with
moderate/severe reflux disease do follow those measures in real life is unknown.
Compliance with life-style changes is often poor. Moreover, because the majority
of patients are daytime refluxers, the efficacy of raising the head of the bed at
night may be questioned. Bed elevation turns out to be a difficult measure because
of induction of back pain and various other logistic problems. Some physicians
question the necessity of many of the above measures in view of the effectiveness
of current pharmacological possibilities, but life-style modifications are the likely
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Table 1 GERD Therapy: Lifestyle Modification

Elevation of head of bed; avoid waterbed; use foam rubber wedge on top of mattress
Dietary modifications

early-evening meal; no food prior to sleeping
low-calorie, low-fat evening meal
avoid specific irritants [citrus juices, tomato products, coffee, alcoholic beverages

(e.g., white wine), chocolate]
weight loss, if overweight in presence of hiatal hernia

Avoid potentially harmful medications
sedatives/tranquilizers; theophylline, prostaglandins, calcium channel blockers,

progesterone anticholinergics (?)
Avoid lying down after meals; avoid bending and stooping
Do not wear tight clothing
Avoid excessive repetitive straining at stool
Avoid smoking

means for getting patients off medication and this is obviously to be preferred
over lifelong medication.

PHARMACOTHERAPY: HEALING THERAPY,
MAINTENANCE THERAPY

Many patients experiencing reflux symptoms have self-medicated with OTC ant-
acids, antacid/alginates, or OTC H2RAs (7,8). A large proportion of the GERD
spectrum can be treated adequately with such therapy. Only when the symptoms
become more bothersome, or are insufficiently controlled by OTC medication,
is medical advice sought.

In essence two main avenues are available for the practicing physician:
attempts at improving the underlying motor disorder or reducing the noxious
effects of the refluxate through inhibition of acid secretion. Mucosal protec-
tants such as sucralfate have been used in the past, but are now superseded
by acid suppressants and promotility drugs because of their limited clinical
efficacy.

It is customary to distinguish a healing phase and a maintenance phase in
medical therapy. The latter is necessary because for many patients GERD is a
chronic relapsing disease. Stopping therapy after healing rapidly leads to reap-
pearance of symptoms and mucosal damage. This is to be expected because the
underlying motor disorder is hardly improved during healing therapy.
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THERAPY WITH PROKINETICS OR PROMOTILITY AGENTS
(PMAs)

The most important prokinetic agents at present are 5HT4 agonists, exemplified
by cisapride. In the past bethanecol, a cholinergic agent, and domperidone, a
dopamine antagonist, have been used in the therapy of GERD, but today these
therapies are more or less considered obsolete. These therapies will therefore no
longer be discussed.

Cisapride (5-, 10-, 20-mg tablets) activates 5HT4 receptors and thereby
releases acetylcholine at the neuromuscular junction of cholinergic motor neu-
rons. Through activation of nicotinic receptors, smooth-muscle contractility is
enhanced. The overall effect of prokinetics in GERD encompasses the following
areas: improvement of esophageal body motility and esophageal clearance capa-
bility (20); elevation of basal lower-esophageal sphincter (LES) pressure, espe-
cially late postprandially and during periods of fasting; acceleration of gastric
emptying, especially when delayed; and improvement of gastroduodenal coordi-
nation and enhancement of salivary flow (21).

First-pass metabolism reduces bioavailability to 40–50%. Also hypo-
chlorhydria reduces bioavailability. Intake 15 min prior to meals improves bio-
availability.

Several studies have shown that cisapride effectively decreases esophageal
acid exposure and improves esophageal clearing capacity (22,23). The overall
efficacy of cisapride in symptom relief and mucosal healing is roughly compara-
ble to what can be obtained with H2RAs (24) (as summarized in Table 2). Symp-
tom improvement and mucosal healing are mainly seen in the milder forms of
reflux disease. Quadruple 10-mg daily dosing is equivalent to 20 mg twice daily
(25). When cisapride is combined with H2RAs, synergistic efficacy can be
shown. Head-to-head comparison between cisapride and PPIs has not been car-
ried out.

It is often stated that GERD patients with concomitant dysmotility-like dys-
pepsia should be particularly eligible for cisapride therapy in view of the well-
documented efficacy of cisapride in patients with dysmotility-like dyspepsia.
Such symptoms that favor prokinetic therapy include nocturnal predominance of
symptoms and concurrent gastroparesis-like symptoms such as bloating, fullness,
regurgitation, early satiety, and nausea. According to Schütze et al. (25), associ-
ated dyspeptic symptoms improve remarkably with cisapride, but whether such
patients indeed do have a superior response to cisapride compared to acid sup-
pression remains unknown.

Large-scale trials have been carried out to study the maintenance efficacy
of cisapride, as summarized in Table 2. It is obvious that cisapride can maintain
remission especially when healing was induced either with cisapride itself or with
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H2RAs but not with PPIs. Two studies failed to find efficacy for cisapride after
prior healing with PPIs (26,27). This lack of efficacy is worrisome and difficult
to explain. Selection of more recalcitrant patients, responding only to PPIs, is
unlikely to be the entire explanation. However, which other mechanisms are in-
volved is currently unexplored: Acid rebound? Aggravation of corpus/cardia in-
flammation enhancing the reflux tendency?

Therapy with cisapride is usually well tolerated. A minority of patients will
complain of diarrhea. Cisapride is extensively metabolized mainly via the CYP-
3A4 enzymes. Coadministration of ketoconazole, macrolides, and other CYP-
3A4 enzyme inhibitors may result in increased electrocardiographic QTc intervals
and torsades de pointe. Concomitant use of the above drugs is strictly contraindi-
cated. Care should also be taken when prescribing cisapride in patients with car-
diac arrhythmias or QT prolongation or with uncorrected electrolyte disturbances
(hypokalemia, hypomagnesemia). EKG monitoring prior to drug administration
is indicated.

The development of prokinetic drugs was obviously an important step for-
ward. Yet clinicians should be aware of the limitations of that therapy. It is still
not clear what their most important mode of action is: improving the clearing
capacity or acceleration of gastric emptying; it is unfortunate that cisapride has
little effect on postprandial LES tone or on transient LES relaxations (28). To
what extent cisapride can diminish duodenogastroesophageal or biliary reflux is
insufficiently documented but may well be of substantial importance. Why cisa-
pride is less efficacious after prior healing with PPIs is unclear. Whether the
GERD patients with concomitant dysmotility-like dyspeptic symptoms or with
dominant regurgitation especially at night should be particularly eligible for cisa-
pride therapy awaits further documentation. Despite these shortcomings several
new 5HT4 agonists, 5HT3 antagonists, drugs with combined action such as mosa-
pride (29) and motilides, variants of the erythromycin macrolide molecule with-
out antimicrobial efficacy, are being developed. Some of those new compounds
are substantially more powerful in their motor actions than cisapride. However,
as yet no clinical efficacy data have been published in GERD patients.

ACID SUPPRESSANTS

Acid suppression is now established as first-line therapy. Indeed Bell et al. (30)
demonstrated a significant correlation between the degree of gastric acid suppres-
sion and the reduction in esophageal acid exposure in patients with GERD. The
primary determinants of esophageal healing are the duration of treatment and the
proportion of the 24-h period during which intragastric pH is maintained above
4.0. The longer the treatment maintains intraesophageal pH � 4, the higher the
healing rate. The time above pH 4 is significantly longer with PPIs than with
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Figure 2 Heartburn relief in Grade II–IV esophagitis: A meta-analysis by drug class.

H2RAs (30–32). The healing time curves for GERD (grades II–IV) are shifted
to the left by the PPIs, which heal a significantly greater proportion of patients
earlier than do H2RAs. Chiba et al. (33) carried out a meta-analysis to compare
the speed of healing and symptoms relief, as summarized in Figures 2 and 3.

ACID SUPPRESSANTS—H2-RECEPTOR ANTAGONISTS
(H2RAs)

H2RAs interfere mainly with the histamine receptor, particularly at the level of
the parietal and ECL cells. Histamine is an important mediator in the activation
cascade of parietal cells. Many studies have been carried out comparing H2RAs
to placebo and comparing H2RAs to PPIs, as summarized in Tables 3–5. Those
studies can be summarized as follows: H2RAs are efficacious in symptom relief
and healing mucosal abnormalities, but the efficacy is particularly obvious for

Figure 3 Healing in Grade II–IV GERD: A meta-analysis by drug class.
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Table 5 Symptom Relief with Low-Dose PPI

ant/alg
10 ml

Author n Duration PLA Ome 10 Ome 20 Lan 15 Cis QID Ran

Hungin (108) 424 4 wk 59 27
primary care

Goves (109) 674 4 wk 64 30
primary care

Masona (110) 725 4 wk 62 36
primary care

Bate (111) 4 wk 19 57
Venables GP (112) 994 4 wk 49 61 40
Galmiche (113) 426 4 wk 42 55 29
Bardhan (114) 448 2 wk 40 55 26
Jones (115) 609 4 wk 49 60
Lind (116) 509 4 wk 14 32 48
Carlsson (101) 261 4 wk 19 35 41
Lauritsen (117) 1959 4 wk 24 53 60 46 46
Blom (118) 195 58 80 45

Maintenance—relapse free Symptomatic remission

Venables GP (119) 495 6 mo 48 73
Lundell (120) 424 6 mo 56 69 83

a Step up to omeprazole 20 or 40 mg or, respectively, ranitidine 150 mg twice a day or four times
a day when required.

the milder end of the spectrum of reflux disease. The majority of patients report
symptomatic relief during the first few days of treatment with H2RAs at prescrip-
tion doses. The efficacy in healing more severe mucosal abnormalities is rather
limited. Overall the efficacy of H2RAs in GERD is substantially less spectacular
than what has been seen in peptic ulcer disease.

Studies have also been performed to find out whether high-dose H2RAs
could improve the symptomatic and healing results. Higher and more frequent
doses of H2RAs do appear to be more effective in achieving satisfactory endo-
scopic healing, but only in a limited way. Euler et al. (34) and Roufail et al. (35)
reported healing in 79% and 83%, respectively, of patients with grade II–IV
esophagitis treated with ranitidine 150 mg four times daily for 12 weeks. Unfortu-
nately increasing the dose further, for example, ranitidine 300 mg four times daily,
did not improve the healing rates further in patients with more advanced disease.
This is in all probability due to some loss of efficacy due to tachyphylaxis.

The limited efficacy of H2RAs is mainly explained by the fact that these
drugs insufficiently antagonize diurnal meal-stimulated acid secretion. Usually
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twice-daily dosing is necessary and there is undeniable tachyphylaxis. In contrast,
H2RAs are highly efficacious in decreasing nocturnal acid secretion. For the rare
patient with almost intractable disease, PPIs may be combined with H2RAs ad-
ministered before retiring (36). Overall the safety profile of H2RAs is excellent.
There are very few, if any, clinically relevant side effects.

ACID SUPPRESSANTS—PROTON PUMP INHIBITORS
(PPIs)

PPIs, substituted benzimidazoles, are prodrugs that, once trapped and activated
in the acid milieu of the parietal cells, potently suppress gastric secretion of acid
and, secondarily, raise pH also of pepsin activity. PPIs have a slow onset of
action, which makes them unsuited for on-demand therapy. PPIs are irreversible
blockers of the activated H�/K�-ATPase or proton pump. Timing of medication
intake may be important. Plasma levels of PPIs are substantially higher following
morning compared to evening administration.

Numerous studies have proven the symptom relief and mucosal healing
capabilities of PPIs. The latter are markedly superior to standard-dose H2RAs or
prokinetics. PPIs are also efficacious in H2RA-resistant GERD (37) (Tables 3
and 4). They are also superior to H2RAs in patients with reflux-induced stricturing
upon dilation therapy. Occasionally dosing PPIs once a day is insufficient and
twice-daily dosing is required for full healing.

PPIs are also markedly superior to H2RAs in maintaining remission. Sev-
eral studies have now shown that most patients presenting with GERD symptoms
can be maintained in symptomatic remission with low-dose PPI once symptom
relief has been achieved, irrespective of their initial degree of esophagitis. More-
over, if the presence of esophagitis is not known, which is often the case in
general practice, the physician can be confident that once the patient’s symptoms
have resolved, low-dose PPI will afford significant protection against the likeli-
hood of relapse. At least 80% of patients remain healed over the course of 1
year, regardless of the initial degree of endoscopic mucosal damage. Occasionally
the maintenance dose needs to be increased gradually for reasons poorly under-
stood. Relapse rates at 1 year on omeprazole 20 mg daily in H2RA-refractory
esophagitis vary from 28% to 69%, being on average 36% (pooled from 298
patients) (38). Koop and Arnold (39) observed a 40% relapse at 3 years and
Klinkenberg-Knol et al. (40) reported a 47% relapse in 86 patients treated for a
mean of 4 years (range 36–64 months). According to Brunner et al. (41), none
of 53 patients maintained at 40 mg omeprazole daily relapsed during treatment
for 1–6.5 years.

Several recent studies looked at the symptom-relieving potential of low-
dose PPI particularly in patients with so-called endoscopy-negative GERD. The
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results of those trials are summarized in Table 5 and do indicate that low-dose
PPI is superior to any other pharmacological modality in acute and long-term
symptom relief.

Whether there is any clinically relevant difference between the various PPIs
currently available (omeprazole, lansoprazole, pantoprazole, rabeprazole) re-
mains a vexing question. Several studies have shown that the acid-suppressing
effect of lansoprazole appears to be greater than that of omeprazole in the first
few days of therapy, perhaps related to lansoprazole’s increased bioavailability.
Pantoprazole has reportedly a tighter pharmacokinetic profile with reduced inter-
individual variability, not altered by concomitant food or antacid administration.

Despite their obvious clinical superiority PPIs do have shortcomings. Not
uncommonly in the more severe end of the spectrum dose escalation is necessary
and even then some patients do fail to heal or to become symptom-free. Although
omeprazole 20 mg or lansoprazole 30 mg or pantoprazole 40 mg/once a day is
usually sufficient to control the symptoms, in more severe reflux disease, standard
dose of PPI given once daily may occasionally be insufficient (42). Not uncom-
monly, nocturnal intragastric acidity remains high in those circumstances. A split
regime of BID dosing provides superior acid suppression compared with single-
dosing regimens with increased PPI dose qam or qpm (43). But even with BID
PPI dosing, some reflux patients continue to have high intragastric acidity (44).
Peghini et al. (45) defined nocturnal acid breakthrough as intragastric pH � 4
over 1 h, which occurred in 75% of patients with GERD. This decrease in intra-
gastric pH occurs between 1 and 2 am, corresponding to approximately 7.5 h
after intake of the evening dose of PPI. According to those authors, esophageal
acid exposure occurs in roughly 70% of chronic GERD patients during this period
of acid breakthrough and may be especially injurious because of delayed clear-
ance at night (46). Intragastric nocturnal acidity is mainly histamine driven, which
explains the high and superior efficacy of H2RA blockade before retiring com-
pared to PPI dosing hs. PPIs only inhibit actively secreting proton pumps in the
secretory canaliculi, sparing those at rest in the tubulovesicles (47). PPIs have a
relatively short half-life of approximately 50 min. Therefore, the fraction of active
and hence PPI-susceptible pumps during the period of therapeutic plasma levels
theoretically determines the efficacy of a dose of PPI. Food-related stimuli in-
crease acid secretion (hence active pumps) up to 10 times (48). Bedtime dose of
a PPI not accompanied by a meal mostly encounters resting pumps. In contrast,
the action of an H2RA does not depend on food intake. A dose of 150 mg raniti-
dine has peak plasma concentrations within 1–3 h and a duration of action up
to 12 h (49).

In GERD patients infected with Helicobacter pylori, long-term PPI therapy
leads to worsening of the inflammation, especially in the proximal part of the
stomach. Although still controversial, most studies would indicate that even the
development of atrophic changes is accelerated in those individuals. Many clini-
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cians would therefore advise healing the mucosa first through H. pylori eradica-
tion before embarking on long-term PPI acid suppressive therapy. The downside
of curing the infection is that the overall efficacy of PPIs in acid reduction dimin-
ishes. The effect of H. pylori status on sensitivity to antisecretory drugs has sig-
nificant implications for the management of GERD. In the absence of infection
current dosing with PPIs may result in insufficient acid control for optimal treat-
ment of GERD. The corollary of this is that in some patients the dose needs to
be increased again to raise the pH sufficiently to render the patient symptom-
free and to keep the mucosal lesions healed.

Finally, evidence for acid rebound upon stopping therapy or tachyphylaxis
is insufficiently studied, but well probable. High recurrence rates of symptoms
and reflux esophagitis have been reported when treatment with robust acid sup-
pressants is discontinued. Rebound acid hypersecretion has been suggested as an
explanation. However, any rebound is usually rather short-lived and therefore
unlikely to be responsible. A more plausible explanation is the lack of improve-
ment of the underlying motor abnormalities, allowing damaging reflux to occur
as soon as the acid suppression is stopped. In contrast, patients who are free of
heartburn during maintenance therapy, be it with prokinetics or with acid suppres-
sion, are most unlikely to develop a relapse of esophagitis. The high predictive
value of absence of heartburn for maintenance of healing supports a simple fol-
low-up approach of symptom evaluation rather than reliance on endoscopy and
of adjusting ‘‘step-down’’ dosing to the lowest effective level.

Omeprazole undergoes hydroxylation of the pyridinyl methyl group, medi-
ated mainly by the polymorphic CYP2C19. Poor metabolizers due to allelic muta-
tion may have higher gastric pH levels. Decreased metabolic clearance of ome-
prazole with increasing age may result in greater bioavailability; a low dose of
10 mg daily may be an appropriate initial maintenance dose in patients over 65
years of age. Lansoprazole is 5-hydroxylated at the benzimidazole ring, mediated
mainly by CYP3A4. Pantoprazole’s low affinity for specific cyp enzymes ex-
plains its low potential for drug interaction. The bioavailability of lansoprazole
(86–91%) is higher and more constant compared to the bioavailability of omepra-
zole, rising from 35% to 63% after multiple dosing (50).

‘‘STEP-UP’’ OR ‘‘TOP-DOWN’’ THERAPY?

A hotly debated controversy relates to the overall approach in clinical practice.
Some would advocate a ‘‘step-up’’ approach starting with the least efficacious
therapy and gradually intensifying the therapy depending upon the response of
the patient (19) (Fig. 4). The ‘‘step-up’’ approach follows the principle of
applying the minimum pharmacological force necessary to achieve a stated thera-
peutic objective. This approach targets more powerful and costly therapy selec-



Medical Therapy of GERD 299

Figure 4 GERD: Step up or top down treatment.

tively toward patients with proven therapeutic need for such intensive treatment.
Others would advise starting immediately with the most powerful therapy to bring
the patient quickly into symptomatic and mucosal remission and then to gradually
step down while monitoring symptoms. The principal characteristic in this ‘‘top-
down’’ approach is the universal application of powerful costly therapy in pa-
tients in whom less intensive interventions may have been adequate. The ‘‘top-
down’’ approach has been acclaimed as being the most cost-effective treatment
option (51). It is the decision of the physician to choose the approach that he
feels to be optimal for this patient. Respective advantages and disadvantages,
summarized in Table 6, may be useful as a guide. Beyond doubt, the overall
clinical applicability of the PPIs is constantly increasing.

HOW TO CHOOSE?

Symptom relief is beyond doubt the most important aim of medical therapy. The
majority of patients using antacid/alginate alone are most likely to simply self-
medicate. Ideally, those in need of more powerful antireflux therapy should explore
which drug or drug combinations are most effective in controlling symptoms and
inducing patient satisfaction. To let the patient sort it out in practice, comparing
prokinetics, H2RAs, and PPIs on an individual basis, is not realistic. Physicians
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Table 6 GERD: Step Up or Top Down

Advantages step up Advantages top down
emphasizes lifestyle modifications faster and better symptom relief
less consumption of PPIs faster and better lesion healing
step down less problematic
less potential for long-term

complications
reduced drug cost (?)

Disadvantages step up Disadvantages top down
slow and partial symptom relief higher drug cost (?)
slow and partial healing greatest alteration of normal physiology

limits on chronic use in some countries
occasional dose escalation

need to guide the patient in his/her pharmacological exploration. In view of the
superiority of PPIs, it comes as no surprise that the latter application keeps ex-
panding especially in those countries where no restriction is provided by the regula-
tory authorities. Routine medical practice is, however, not always scientifically
sound. There would be little scientific support for the common combination therapy
of PPIs and prokinetics as often seen in the United States, where combination ther-
apy is more common than prokinetic monotherapy. Exception to this statement
concerns the patient with dominant (dysmotility-like) dyspeptic symptoms.

Sridhar et al. (18) critically reviewed the published economic studies of
the cost-effectiveness of treatments for GERD. These authors conclude that PPIs
are considered the best choice for the management of grades II–IV esophagitis
and are more cost-effective than H2RAs because of their fast healing of esophagi-
tis, early relief of symptoms, and prevention of recurrent esophagitis and compli-
cations.

CONCLUDING REMARKS

The currently available pharmaceutical armamentarium allows successful medi-
cal therapy of virtually every patient with GERD with respect to the characteristic
reflux symptoms and to mucosal healing. Deciding whether a step-up or step-
down approach is most appropriate should be based on a case-by-case evaluation.
Many different algorithms have been presented throughout the years. The one
shown in Figure 1 reflects a personal preference.

In patients with severe, highly symptomatic GERD, certainly when refrac-
tory to conventional treatment, PPIs should be considered because they are the
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most potent healing agents and have proven to keep patients, even with aggressive
GERD, in remission. In patients with recurrent GERD presenting with dysmo-
tility-like dyspeptic symptoms, promotility agents should be considered to im-
prove gastric emptying, to relieve postprandial symptoms, and to speed up intesti-
nal transit in the constipated individual. For patients with mild-to-moderate reflux
symptoms the choice remains between prokinesis, H2RAs, low- or standard-dose
PPI, and should be decided on a case-by-case basis.

Patients with esophageal columnar metaplasia (Barrett’s esophagus) should
be treated in a similar fashion as non-Barrett patients, the symptom severity and
the endoscopic severity being the driving parameters. When it is necessary to
differentiate reactive changes from genuine dysplastic changes, maximally in-
tense PPI therapy, dosed twice daily, is mandatory. Full-dose PPI therapy is also
indicated whenever ablative therapy is carried out for removal of dysplastic or
nondysplastic Barrett’s mucosa. Truly asymptomatic individuals should not be
treated medically even when a segment of columnar metaplasia is present.

Patients who develop a ‘‘peptic’’ stricture should in principle be treated
lifelong with full-dose PPI therapy to prevent recurrent stricturing after adequate
dilation therapy. Also patients with extraintestinal manifestations of GERD (e.g.,
asthma, chronic laryngitis, etc.) usually require prolonged, powerful acid-sup-
pressant therapy. This usually requires PPI therapy, especially when those pa-
tients are H. pylori–negative.

It should be realized that GERD is a constantly evolving field that necessi-
tates regular adaptation. Currently there is a gradual expansion of PPI-induced
acid suppression, which largely reflects their pharmacological and clinical superi-
ority. Different dosing possibility further facilitates their applicability and in fact
fits with the concept of a step-up approach. Unsolved problems relate to the
proper indication of H2RAs for mild/intermittent reflux symptomatology and par-
ticularly for suppression of nocturnal acidity and the response to acid suppression
of dysmotility-like dyspeptic symptoms. The latter do seem to respond to proki-
netic drugs but to what extent they also regress upon acid suppression is largely
unknown. Unsolved also is the proper indication of promotility drugs in mild to
moderate GERD despite some recent interesting data obtained by the American
Cisapride Investigator Group (52). Only carefully conducted studies with meticu-
lous symptom monitoring will clarify when and how combination of acid sup-
pression and prokinesis is justified.
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17. Talley NJ, Silverstein MD, Agréus L, Nyren O, Sonnenberg A, Holtmann G. Amer-



Medical Therapy of GERD 303

ican Gastroenterological Association. AGA technical review: evaluation of dyspep-
sia. Gastroenterology 1998; 114:582–595.

18. Sridhar S, Huang J, O’Brien BJ, Hunt RH. Clinical economics review: cost-effec-
tiveness of treatment alternatives for gastro-oesophageal reflux disease. Aliment
Pharmacol Ther 1996; 10:865–873.

19. Eggleston A, Wigerinck A, Huijghebaert S, Dubois D, Haycox A. Cost effective-
ness of treatment for gastro-oesophageal reflux disease in clinical practice: a clinical
database analysis. Gut 1998; 42:13–16.

20. Paterson WG, Wang H, Beck IT. The effect of cisapride in patients with reflux
esophagitis: an ambulatory esophageal manometry/pH-metry study. Am J Gas-
troenterol 1997; 92:226–230.

21. Verlinden M. Review article: a role for gastrointestinal prokinetic agents in the
treatment of reflux oesophagitis. Aliment Pharmacol Ther 1989; 3:113–131.

22. Tytgat GNJ, Janssens J, Reynolds JC, Wienbeck M. Update on the pathophysiology
and management of gastro-oesophageal reflux disease: the role of prokinetic ther-
apy. Eur J Gastroenterol Hepatol 1996; 8:603–611.

23. Heading RC, Baldi F, Holloway RH, Janssens J, Jian R, McCallum RW, Richter
JE, Scarpignato C, Sontag SJ, Wienbeck M. Prokinetics in the treatment of gastro-
oesophageal reflux disease. Eur J Gastroenterol Hepatol 1998; 10:87–93.

24. Iskedjian M, Einarson TR: Meta-analyses of cisapride, omeprazole and ranitidine
in the treatment of GERD. Implications for treating patient subgroups. Clin Drug
Invest 1998; 16:9–18.

25. Schütze K, Bigard MA, Van Waes L, Hinojosa J, Bedogni G, Hentschel E. Compar-
ison of two dosing regimens of cisapride in the treatment of reflux oesophagitis.
Aliment Pharmacol Ther 1997; 11:497–503.

26. Hatlebakk JG, Johnsson F, Vilien M, Carling L, Wetterhus S, Thøgersen T. The
effect of cisapride in maintaining symptomatic remission in patients with gastro-
oesophageal reflux disease. Scand J Gastroenterol 1997; 32:1100–1106.

27. McDougall NI, Watson RGP, Collins JSA, McFarland RJ, Love AHG. Mainte-
nance therapy with cisapride after healing of erosive oesophagitis: a double-blind
placebo-controlled trial. Aliment Pharmacol Ther 1997; 11:487–495.

28. Holloway RH, Downton J, Mitchell B, Dent J. Effect of cisapride on postprandial
gastro-oesophageal reflux. Gut 1989; 30:1187–1193.
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BACKGROUND

For many patients gastroesophageal reflux disease (GERD) is a chronic relapsing
problem. This becomes readily apparent when confronted with the very rapid
and almost universal symptomatic and/or endoscopic relapse after prior healing
of reflux-induced esophageal damage with acid inhibitory drugs (1). One explana-
tion for the chronic nature of GERD is the failure of medical therapy to correct
the underlying motor abnormalities responsible for GERD. As no medical therapy
is capable of providing permanent correction of the motor disorders, it is to be
expected that reflux will recur as soon as therapy is stopped (2,3). However, with
modern medical therapy, in the form of proton pump inhibitors (PPIs), patients
can be kept in clinical remission for years (4,5).

There are, however, shortcomings and drawbacks with pharmacological
maintenance therapy. H2-receptor antagonists insufficiently interfere with food-
stimulated acid production and the striking tachyphylaxis and subsequent acid
rebound is frequently seen (6,7). For more severe reflux disease twice-daily doses
of PPIs are often necessary and occasionally acid rebound is also demonstrable
after cessation of PPI therapy (3,8,9). Furthermore, there is sometimes an insuffi-
cient control of volume reflux, nocturnal symptoms, and the retrosternal pain.
With time clinical data have suggested that dose escalation is necessary and par-
ticularly divided doses of acid inhibitory drugs are required (4). Acid break-
through during the night has recently been recognized and a novel medical man-
agement strategy has subsequently been designed with the use of nighttime
H2-receptor antagonist therapy. Another aspect causing some concern is, of
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course, the worsening of the inflammation of the gastric mucosa, especially
within the corpus area in Helicobacter pylori–infected patients. This topic has
been quite vigorously debated recently (10–12). The ongoing controversy re-
lating to nonacid reflux (bile and pancreatic juice reflux) and its potential effect
on the occurrence of columnar metaplasia, and therefore also the increasing prob-
lem with adenocarcinoma of the esophagus, must always be borne in mind (12–
15). The rising incidence of adenocarcinoma of the esophagus and gastric cardia
has recently been shown to be strongly associated with chronic reflux particularly
in obese patients (16). These many concerns will in the future have important
impact on the attitudes toward complete control of reflux and the reconstruction
of the physiology of the gastroesophageal junction by an antireflux operation.

INDICATIONS FOR ANTIREFLUX SURGERY

Surgical treatment of gastroesophageal reflux disease has previously been limited
to patients with chronic complicated reflux or those with very long-standing se-
vere symptoms (17,18). There is now an increasing tendency in many countries
to utilize surgery in the early stage of reflux. This is due to changes in the surgical
technique (the introduction of laparoscopic surgery), and also perhaps paradoxi-
cally because of improvement in medical therapy. Patients with reflux can be
divided into two groups: those who have complicated reflux and those with
straightforward disease without complications.

Peptic Stricture

The treatment of peptic strictures has been greatly improved by the introduction
of proton pump inhibitors (13,19). In the past surgery was the only effective
treatment for strictures and when the stricture was tight and fibrotic, this often
required a resection of the esophagus. Resection is still indicated in extremely
dense and undilatable fibrotic strictures with shortening of the esophagus. How-
ever, dilatable strictures in young, healthy patients are still an indication for fun-
doplication and dilatation.

Respiratory Complications

Gastroesophageal regurgitation with aspiration of gastric juice into the respiratory
tree causes respiratory illness, including recurrent pneumonia, bronchitis, asthma,
and also laryngitis (20–24). This is a firmly established indication for antireflux
surgery although we must admit that the scientific evidence for the true benefit
of antireflux surgery is still to be gained. Related to that, we consequently also
have difficulties in precisely selecting patients with concomitant reflux and respi-
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ratory symptoms in whom a beneficial effect of antireflux surgery easily could
be predicted. Again it is probably a wise strategy to consistently evaluate the
effect of profound and maintained acid inhibition therapy, over a defined period,
to select those with concomitant respiratory symptoms who might benefit from
antireflux surgery (25).

Columnar Metaplasia of the Esophagus (CLE)

There is no consensus on whether Barrett’s esophagus (CLE) remains an absolute
indication for antireflux surgery. Evidence, however, suggests that continued re-
flux may be deleterious for the process of neoplastic changes in the esophageal
mucosa, and in fact the results of a randomized trial, presented some years ago,
suggested that antireflux surgery had advantages over medical therapy (26–28).
The modern, updated use of PPIs, however, has to be compared to antireflux
surgery to reach a more comprehensive view of the potential merits of respective
therapies. Another important aspect is, of course, the data suggesting that dysplas-
tic lesions do not occur after successful antireflux surgery as compared to the
situation in those who experienced relapse after the surgical procedure (27). Re-
cent circumstantial information would also indicate that antireflux surgery has
the potential to reverse the metaplastic lesions in the cardiac region, but continued
follow-up and more extensive clinical research are required to allow a firm view
on these delicate issues (26).

At present it seems, however, justified to conclude that antireflux surgery
should aim at controlling reflux symptoms in patients with Barrett’s esophagus
rather than to prevent progression or induce regression of the columnar-lined
mucosa per se. However, as most clinicians regard columnar-lined esophagus as
being at the severe end of the reflux spectrum it seems advisable, until proven
otherwise, to regard it as a strong indicator for consideration of antireflux surgery
(27).

Uncomplicated Reflux

Antireflux surgery used to be indicated in cases where medical treatment could
not prevent the disorder from having a significant impact on patients’ quality of
life. This indication still remains valid but modern medical therapies are so effec-
tive that only a small minority of patients do not get substantial or complete relief
of their symptoms. However, if patients cease their use of PPIs, reflux symptoms
recur rapidly and sometimes even with greater severity than before treatment.
This may relate to acid rebound and the parietal cell hyperplasia, which seems
to occur in Helicobacter pylori–negative patients (3,8,9). Also, many patients
with reflux do not want to be reliant on a form of medication that is yet to establish
its record of safety over many years (�10 years) of continuous use. Historically,



314 Lundell

failure to respond to medical treatment has been the main determinant for those
referred for antireflux surgery. With the availability of modern antisecretory
drugs most patients with chronic GERD can control their symptoms adequately
by these means (4). Although some may require adjustment of the dose to ade-
quately control the symptoms, one relevant question today is whether patients
who do not respond adequately to PPI are suitable candidates for antireflux sur-
gery? Some data from a recent study may have a bearing on this important clinical
question (29). Depending on the design of the trial, 34 patients out of 310 enrolled
into a randomized clinical trial comparing open antireflux surgery with omepra-
zole therapy did not initially have their symptoms properly controlled by ome-
prazole 40 mg daily but were eventually therefore offered antireflux surgery
according to the protocol. The remaining symptoms in these patients were pre-
dominantly regurgitations, although not of acid nature. The outcome in these 34
patients, however, compared well with that of the main group of patients who
initially had adequate control of reflux symptoms before randomization. The im-
portant message is therefore that continuing symptoms of reflux and only a partial
response to PPIs should not be regarded as indicators of an unfavorable postoper-
ative course after antireflux surgery.

HOW DO ANTIREFLUX OPERATIONS WORK?

Fundoplication, or some variation of it, is the most frequently performed major
antireflux operation. It is likely that total fundoplication, such as Nissen (Fig.
1A), and partial fundoplication (Fig. 1B and C), whether anterior or posterior,
work in similar fashions. This may be through both a mechanical and a physiolog-
ical process, as these procedures are effective not only when placed in the chest
in vivo but also when tested in animal viscera ex vivo (30,31). The principles
of fundoplication are to mobilize the lower esophagus and to wrap the fundus
of the stomach either partially or totally around the esophagus (Fig. 1). When the
esophageal hiatus is enlarged, it is narrowed by sutures to prevent paraesophageal
herniation postoperatively and also to prevent the wrap from being pulled up into
the chest. In case of reflux complications, such as fibrotic stricturing with short-
ened esophagus, an esophageal-lengthening procedure is sometimes undertaken
to allow the esophagus to reach the abdomen (18). The laparoscopic fundoplica-
tion was first reported in 1991 and it has rapidly established itself as the procedure
of choice for reflux due to the typical laparoscopic advantages of lower wound
morbidity, shorter hospital stay, and shorter time of work (32,33).

The antireflux barrier can conceptually be divided into three main compo-
nents: (1) the esophagus acting as a conduit and peristaltic pump to clear itself
of reflux material, (2) the lower esophageal sphincter as a selective barrier be-
tween the esophagus and the stomach, and (3) the stomach as a reservoir for
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(A)

(B)

(C)

Figure 1 Fundoplication operations are either total 360° wraps as in the (A) Nissen or
partial wraps as in the (B) 180–200° Toupet or (C) 90–100° Watson procedures. Partial
wraps may be performed either anterior or posterior.
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swallowed food bolus and a trigger zone for the transient lower esophageal
sphincter relaxations (34–39). Most common is a defect in the function of the
lower esophageal sphincter, and accumulated data also suggest that the increased
acid pepsin bile exposure into the esophagus including reduced propulsive force
of the esophagus and sometimes the poor salivary function and gastric emptying
disorders might contribute. Antireflux maneuvers focus on three main objectives:
The first is the anatomical repositioning of the lower esophageal sphincter into
the abdominal positive pressure environment. The operation reduces the hiatal
hernia by the dissection and the mobilization of the esophagus and positioning
of the crural sutures. This anatomical restoration per se might also have the poten-
tial to prevent reflux by reducing the hiatal hernia and by improving esophageal
clearance and crural function. Second is the increased resting pressure of the
lower esophageal sphincter (LES) and the lengthening of the intra-abdominal
portion of the sphincter. By using different measuring techniques numerous stud-
ies have shown an increase in LES tone after a variety of fundoplication proce-
dures (40–42). In a continuous assessment of LES tone over a longer time period,
by use of a sleeve sensor, it was revealed that the LES pressure was considerably
higher after a total fundoplication than after a partial posterior fundoplication.
In the latter group the pressure levels reported in the LES were very close to
what is seen in normal healthy controls (43). In this context it must be borne in
mind that a total fundoplication might even overcorrect the mechanical deficien-
cies in the gastroesophageal junction, eliciting a supercompetent cardia. Irrespec-
tive of which type of fundoplication is carried out, basal LES tone assessment
has shown that pressure never reaches a level at which free reflux is considered
to occur. Third, the number of transient lower-esophageal-sphincter relaxations
and also the proportion of those associated with reflux are substantially reduced
(43,44). A low frequency of transient LES relaxations has been found after both
a total and a partial fundoplication, both in the recumbent and in the upright
body position. After similar operations, gas insufflation into the stomach seldom
elicited transient LES relaxations. This contrasts to the situation in GERD patients
when this stimulus triggers repeated relaxations of the LES accompanied by acid
reflux. There are, however, important differences between a total and a partial
fundoplication in that there is a tendency toward more transient LES relaxations
after gas insufflation into the stomach in patients having a partial fundoplication
with a similar trend toward lower nadir pressure during these relaxations (43).
Furthermore, venting of air from the stomach occurs significantly more often after
a partial fundoplication than in patients having a total fundic wrap as indicated by
the occurrence of common cavities during manometry. It has been suggested that
transient LES relaxations, triggered from the stomach, react to inhibitory neural
impulses via long vagovagal reflexes (45,56). However, incomplete LES relax-
ation after fundoplication operations might also be induced by other neural mech-
anisms since mobilization of the fundus of the stomach divides connection be-
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tween the gastric mechanoreceptors in that area and the esophageal sphincter
region.

HOW TO INVESTIGATE AND SELECT PATIENTS FOR
ANTIREFLUX SURGERY?

Fundoplication operations are designed to correct anatomical deficiencies and
reconstruct the defects in the physiology of the gastroesophageal junction with
permanent control of GERD with minimal levels of postfundoplication com-
plaints. Therefore, the precision by which the diagnosis of chronic GERD is es-
tablished is vital for the subsequent success rate of therapy. The primary approach
by which the diagnosis of GERD is reached is by a comprehensive symptom
analysis. With a frequent use of a structured questionnaire, using descriptive
terms, the sensitivity of symptom analysis in the diagnosis of the disease is high
but the specificity has to be assessed (47). Second, the response to therapy is
important, which, in the years to come, will occupy an even more significant
clinical role (25). Endoscopy is the most readily available diagnostic tool for
GERD but its strength and limitation should be appreciated (48). The advantages
of endoscopy include the ability to directly assess esophageal mucosal damage,
complications, and structure abnormalities resulting from or associated with
GERD. In this context it is important to emphasize that there is no relationship
between the postoperative success rate after antireflux surgery and the preopera-
tive grading of esophagitis (49).

Biopsies should be taken for histological examination in case of columnar-
lined esophagus and strictures. There is still no consensus of the place of endos-
copy in the management of GERD, but a majority consider a ‘‘once in a lifetime’’
endoscopy mandatory to recognize, for instance, Barrett’s esophagus. There is a
consensus among surgeons that endoscopy should be done before resorting to
antireflux surgery. However, endoscopy is not a perfect diagnostic tool since at
least 40% of patients with chronic typical reflux symptoms do not have, and most
likely will not develop, endoscopically apparent esophagitis (48).

MANOMETRY AND 24-h pH MONITORING

Twenty-four-hour pH monitoring has been considered important to further docu-
ment the diagnosis of GERD particularly in patients with either normal or equivo-
cal endoscopic findings (50). If the study is done to confirm excessive acid expo-
sure, it should be carried out after withholding the antisecretory drug for 1 week
or more and a symptom reflux correlation should be aimed for in the analysis.
Twenty-four-hour pH monitoring is particularly helpful in patients who have re-
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flux symptoms or supposed reflux symptoms that are relieved insufficiently by
acid suppression therapy. This test is also important in endoscopy-negative reflux
disease and in patients with atypical symptoms such as noncardiac chest pain
and in patients with supposed respiratory complications of GERD.

MANOMETRY

With the task to define the risk profile of those who subsequently might fail after
fundoplication procedures the role of manometry has received a special attention
in the preoperative evaluation of GERD patients. Is it even possible that antireflux
operations in fact are done in patients in whom the diagnosis is not properly
established? One aspect of this important issue can be understood from an analy-
sis of the literature covering reoperations for failed antireflux procedures. The
figures vary from series to series, but in about 10% of patients referred for reoper-
ation, the index operation has in fact been done on a patient with a primary motor
disorder of the esophagus and/or gastroesophageal junction and not with GERD
(51–53).

It is generally recognized that the pathogenesis of GERD is multifactorial.
Motility defects in the esophageal body have been described that per se cause
impaired esophageal clearance of reflux material (39,54,55). Although the figures
vary between different series, as many as 40% of patients with severe GERD
might have delayed gastric emptying, which per se may also facilitate reflux of
noxious material into the esophagus. Recent data have demonstrated an associa-
tion between impaired motor function recorded in the esophagus and delayed
emptying of food components from the stomach in these patients (56). An impor-
tant question is therefore whether patients with severe motor disturbances in the
esophagus and/or stomach may benefit from antireflux surgery, and if not, is it
possible to define the profile of those who potentially may fail?

Esophageal manometry has been recommended to be carried out in all pa-
tients prior to antireflux surgery (57–59). Although an important objective for
the manometry is to adequately localize the lower esophageal sphincter to posi-
tion the pH probe for ambulatory pH monitoring, additional information of clini-
cal importance can be gained. Contraction amplitudes below the 25th percentile
of the normal, at any level of the esophagus, are considered failed contractions.
Contraction velocity between two contraction peaks of 20 cm/s or more renders
the peristaltic wave simultaneous rather than peristaltic. Using these definitions,
failure of esophageal body motor function can be identified by the presence of
a contraction amplitude below 20 mmHg in one or more of the three lowest 5-
cm esophageal segments, or a prevalence of more than 20% simultaneous waves
in these segments. Furthermore, impaired bolus clearance follows a peristaltic
amplitude 	30 mmHg in the distal third of the esophagus. A selection of surgical
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approaches has been based on assessment of esophageal contractility and sphinc-
ter length. For example, a transabdominal approach has been advocated in pa-
tients with normal esophageal contractility and sphincter length, and in those
with poor contractility, a transthoracic approach was selected with construction
of a partial fundoplication to prevent bolus obstruction by the fundic wrap. In a
review of 104 patients selected on a similar basis, 66% were operated on by use
of a transabdominal Nissen fundoplication of whom �90% were ‘‘cured,’’
whereas less favorable results were achieved in the transthoracic partial fundopli-
cation group. Another approach to the problem was taken by Mughal and co-
workers (60), who in a prospective, cross-sectional study evaluated esophageal
manometry and studied 126 consecutive patients who had a floppy Nissen trans-
abdominal fundoplication, irrespective of the manometric findings regarding both
the body of the esophagus and the LES area. Poor results were largely due to
recurrent reflux, technical failure, or irritable bowel syndrome. An unsatisfactory
result was not more likely in those with upright reflux, esophageal motility disor-
der, or an incompetent cardia as defined by manometry. Baigrie and co-workers
(61) studied 31 patients who had disordered peristalsis preoperatively and re-
ported postoperatively very similar clinical results in these patients compared to
a larger group of patients with normal motor function of the esophagus, which
suggested to the authors that these manometric abnormalities are not a contraindi-
cation to a Nissen fundoplication.

We recently (62) reported a randomized, clinical study where 106 patients
had a long-term follow-up after either a Nissen Rossetti total fundic wrap (n �
53) or a Toupet posterior partial fundoplication (n � 53). These patients were
allocated to respective fundoplication procedure irrespective of the preoperative
manometric findings. Consequently, the manometric observations were blinded
for the operating surgeon as well as for the clinical observer making the postoper-
ative assessment of the patients. No relationship at all was found between the
clinical outcome and the preoperative manometric findings with similar favorable
results in the two fundoplication groups. When selecting patients into groups of
more severe motor disturbances (peristaltic amplitude � 30 mmHg, failed pri-
mary peristalsis, and � 20% simultaneous contractions) we recruited 33 and 34
patients in each study group, respectively. Again we observed no difference be-
tween the two fundoplication groups. Therefore, the present state of knowledge
suggests that the principle of tailored fundoplication strategy, based on the preop-
erative motor function of the esophagus in chronic GERD patients, lacks firm
scientific support. Similarly the alleged preference of a transthoracic approach
in obese patients found no support by results from a similar study (62). We were
unable to demonstrate any impact of the level of obesity on the long-term out-
come of antireflux surgery when performed through the abdominal route. There-
fore, the most obvious objectives for the manometric investigation, in the preoper-
ative setting, should be to exclude other than non-GERD causes of symptoms
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and to establish a physiological reference point to which the positioning of the
pH electrode for 24-h pH monitoring can be related.

GASTRIC EMPTYING

Although a proportion of patients with chronic GERD seems to have delayed
gastric emptying of both solid and liquid diet components, it is still a matter of
debate which pathophysiological role these disturbances might play. For routine
clinical practice, assessment of gastric emptying cannot be recommended in
the preoperative evaluation of patients being referred for antireflux surgery de-
pending on the following facts: Even in patients with delayed gastric emptying a
significant improvement in gastric motor function will ensue after fundoplication
procedures. Second, until now no clear-cut picture has emerged relating the pre-
operative motor characteristic of the stomach to the subsequent long-term course
after antireflux surgery (63–65). These data suggest that meaningful prognostic
information cannot be gained from similar preoperative investigations.

OTHER INVESTIGATIONS

Testing for bilirubin reflux by use of modern technology (Bilitec) is a useful
scientific tool for assessing nonacid reflux components. For clinical practical pur-
poses there seems to be no role for these technologies at present. A barium swal-
low is usually considered indicated to properly assess stricture cases. Scinti-
graphic investigations are used only for investigational, scientific purposes.

CONTROL TRIALS IN SURGERY FOR GERD

Surgical attention was originally focused on the anatomical defects in the hiatus
in the form of the hernia rather than the problem of physiological defect of incom-
petence in the reflux-preventing mechanisms. Nissen discovered that the fundic
wrap prevented reflux when he studied a patient many years after a partial esopha-
gectomy (66). Fundoplications have subsequently become the most widely used
from of antireflux surgery, and the efficacy, side effects, and reoperation rates
have been established by clinical and endoscopic follow-up and also by esopha-
geal 24-h pH monitoring, irrespective of whether it is performed by an open,
conventional technique or by use of modern laparoscopic technology (Fig. 2 and
Table 1).

Over the past years, a number of modifications of the original fundoplica-
tion operations have been launched, but not every surgeon using the actual tech-
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Figure 2 Long-term efficacy, complications, and frequency of reoperation as assessed
in controlled, randomized clinical trails published during the last 5 years. Means and stan-
dard error are given.

Table 1 Clinical Efficacy, Technical Characteristics, and Operative Approaches
Relating to Different Fundoplication Procedures Frequently Used in Clinical Practice

Esophageal
wrapping

Type of operation Efficacy (degrees) Operative approach

Belsey Mark IV ? 270 Thoracotomy, thoracoscopy
Nissen, Nissen-Rossetti ��� 360 Laparotomy, laparoscopy
Lind (posterior, partial) � 270 Laparotomy, laparoscopy
Toupet (posterior, partial) � 180–200 Laparotomy, laparoscopy
Watson (anterior, partial) � 90–100 Laparotomy, laparoscopy
Thal (anterior, partial) ? 90 Laparotomy, laparoscopy
Hill (posterior, gastropexy) � ? Laparotomy, laparoscopy

The efficacy refers to objective assessment (endoscopy � 24 h pH-metry) extending �12 months
postoperatively. The number of � indicates the amount of scientific support.
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nique is as satisfied with the clinical outcome as the originator. When compiling
data from controlled clinical trials it can be concluded that obvious clinical differ-
ences in the efficacy between different antireflux procedures seem not to prevail
when the outcome is judged with regard to the cumulative GERD relapse rate
(67–79). Excellent control of gastroesophageal reflux symptom can be obtained
with the total fundic wrap, a 270° fundoplication, and a 180° fundoplication
provided each operation involves the reduction of hiatal hernia coupled with
the reconstruction of the reflux-preventing mechanisms to reestablish gastro-
esophageal competence. The problem is, however, that published results usually
represent the best results in the field of antireflux surgery and the local expertise
can vary considerably (80–82). Accordingly, it is reasonable to propose that anti-
reflux surgery should be performed only in centers where the expertise has been
assembled in the management of GERD as well as in the essential diagnostic
facilities.

The most comprehensive and scientifically valid way of establishing an
eventual advantage of one therapeutic strategy over another is to carry out com-
parative, randomized, and clinical trials. There are a number of obstacles that
make the design and logistics of similar trials in the surgical field complicated.
Since the introduction of the Nissen total fundoplication there has been some
concern about the incidence of troublesome mechanical complications, which
has necessitated several modifications reducing the overall incidence of these
complications to about 15%. Increasing knowledge of the pathophysiology of the
total fundic wrap has revealed that these complications are associated with a
supracompetent high-pressure zone in the LES area that relaxes incompletely on
swallowing accompanied by abolition of gas reflux (inability to belch) and reflux
of noxious fluid material (83,84). Partial fundoplication procedures, which aug-
ment various constituents of the valvuloplastic component of competence and
utilize a lesser degree of fundoplication, seem to be associated with a lower inci-
dence of mechanical complications, but the argument has been made that reflux
control may be suboptimal and less durable than after a Nissen fundoplication.
However, several good objective, comparative studies and prospective, random-
ized trials have conformed that well-conducted partial fundoplication procedures
are as effective and durable in reflux control as a total fundoplication (73,75,
79,84). However, the former are associated with a lower incidence of mechanical
complications. This debate has been even more intensified with the advent of
laparoscopic technique for fundoplications, and several reports have highlighted
the increased incidence of mechanical complications following a laparoscopic
total fundic wrap when compared to the conventional open-laparotomy approach.
A higher incidence of impaired lower-esophageal sphincter relaxations have
been reported after laparoscopic operations also associated with obstructive
complaints and these consequences are believed to be associated with altered
geometry, lack of tactile feedback, and other factors inherent in the laparoscopic



Surgical Treatment of GERD 323

technique (85). Several prospective studies are in progress comparing laparo-
scopic partial and total fundoplication and the continuance of these studies as
well as those underway that compare different partial fundoplication procedures
is important to form a firm basis for the choice of the most appropriate antireflux
operation.

POSTFUNDOPLICATION COMPLAINTS

Although antireflux surgery is generally very effective in controlling gastroesoph-
ageal reflux, some failures are proven unavoidable (63,86,87). Persistent post-
prandial adverse symptoms, in the form of dysphagia, inability to belch and
vomit, postprandial fullness, bloating, pain, and socially embarrassing rectal fla-
tus, can mar an otherwise excellent result in a small but significant group of
patients after similar procedures (Table 2). The frequency with which these post-
fundoplication symptoms have been reported varies considerably between series.
Dysphagia is frequently reported during the early postoperative period but seems
to diminish with the passage of time as do some other postfundoplication symp-
toms as well. As we lack effective treatment of established severe postfundoplica-
tion symptoms, prevention is a primary concern. A number of technical consider-
ations have been focused on and alleged to relieve some of these problems. There
is a widespread consensus among experienced surgeons that if a complete 360°
wrap is done, it has to be both floppy and short. However, a large randomized
clinical trial (75) has reported that a posterior partial fundoplication according
to Toupet was associated with less troublesome complaints of gas bloat/rectal

Table 2 Postfundoplication Complaints After Open and Laparoscopic Nissen
Fundoplications (Literature Review)

Inability Postprandial
Dysphagia Flatulence Bloating to belch fullness

No of Patients (%) (%) (%) (%) (%)

Open technique
1922 35 41 26.5 20 30.5

(0–71) (30–67) (5.7–38) (2.6–60) (7–50)

Laparoscopy
308 11 Incomplete 17 Incomplete Incomplete

(0–31) data (1–33) data data

Median and ranges are given.
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flatus. Furthermore, a laparoscopic anterior fundoplication seems to have a simi-
lar advantage (79).

IN CASE OF FAILURE?

Failure of the fundoplication to control reflux symptoms occurs in 4–9% of the
patients. There are reports with a considerably higher failure rate (Table 3) and
it is important to emphasize that essentially all failures occurs early in the postop-
erative period, indicating the importance of adhering to technical details. There
are no data available to suggest that the failure rate is higher after laparoscopic
fundoplication than traditionally seen after the open operations. The only ten-
dency is toward a more frequent occurrence of paraesophageal herniations with
its inborn threat of severe complications (88,89). In case of suggested failure,
endoscopy and barium swallow investigations are mandatory to fully explore the
anatomical deficiencies occurring in the postsurgical situation. Furthermore, the
presence of reflux relapse should be also documented by use of 24-h pH monitor-
ing and the role of manometry could in similar situations be more obvious. Issues
such as a tight fundoplication or slipped fundoplication have to be addressed by
use of similar functional tests. The use of a sleeve sensor (90) adapted to the
manometric assembly is of particular value in these situations. Scintigraphic in-
vestigations of esophageal function primarily directed toward gastric motor func-
tion may sometimes be indicated.

The success rate after reoperation for failed primary operations is generally
lower than after the index operations. This should be taken into consideration
together with the fact that the postoperative morbidity and mortality are many
times higher. These facts should form a strong plea for referring these patients
to specialized centers for assessment and careful investigations but also to ensure
adequate surgical expertise to minimize the risk and to optimize the functional
outcome.

Table 3 Technical Failures and Reoperation Rates After
Antireflux Surgery (Literature Review)

Disruption of Slipping of Herniation of Reoperation
the wrap (%) the wrap (%) the wrap (%) (%)

7.2 2.5 4.8 3.5
(0–14.3) (0–25) (0–7.7) (0–25)

Median and ranges are given.
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FUTURE DEVELOPMENTS

Cost-effectiveness analyses have shown that the laparoscopic reflux operations
are associated with obvious advantages over the conventional open approach in
the form of less morbidity and pain, shorter hospital stay, and a smoother postop-
erative recovery (91–94). Despite some investigators’ problem in coping with
the complexity of minimal invasive surgical technology, data have accumulated
to show that the long-term results after minimal invasive operations are very
similar to what has been documented previously after open surgical procedures.
Therefore, this technology will be the main avenue for surgical therapy for GERD
in the years to come. Cost-effectiveness analyses have also shown that the laparo-
scopic approach carries a cost that after 3 years equals that of modern medical
therapy (94,95). There are reasons to believe that laparoscopic antireflux surgery
seems to be the most cost-effective long-term alternative in the long-term man-
agement of chronic GERD. With the development of modern anesthesiology and
also further improvement of minimally invasive surgical technology, day care
antireflux surgery will be further developed and offered to an increasing propor-
tion of GERD patients.

With the further development of clinical research programs for the refine-
ment of antireflux procedures, reconstruction of the physiology of the gastro-
esophageal junction will be optimized enabling patients to adequately vent
air from the stomach to prevent important postfundoplication complaints. In
addition, we will see further innovations in the field of technology allowing
endoscopic procedures to be done, either transgastrically or via the endoluminal
route to reconstruct the physiology of the reflux-preventing mechanisms. Proto-
type devices have already been developed for either suturing or application of
staples.
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Gastroesophageal Reflux Disease
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Gastroesophageal reflux disease (GERD) in children has much in common with
that in older individuals. However, there are important differences between these
age groups that impact the natural history, presenting symptoms, diagnosis, dif-
ferential diagnosis, and therapy in crucial ways (1). Thus a clinician must be
aware not only of the differences in drug doses in pediatric patients, but also of
the differences in the array of differential diagnostic considerations, the patho-
physiology, and the natural history. Furthermore, much has been learned in the
past decade or so, making even recently utilized diagnostic and therapeutic mo-
dalities obsolete and sometimes actively harmful; a number of poorly understood
areas remain, challenging us to rationalize diagnosis and therapy further in the
next decade. This chapter will review current understanding of pediatric GERD
in light of this rapid growth of knowledge, focusing on areas in which children
and adults differ.

INCIDENCE, PREVALENCE, NATURAL HISTORY

Infant vs. Older Child vs. Adult

Infants, i.e., children in the first year of life, differ more from older children than
older children differ from adults, with regard to many aspects of GERD. This
was initially recognized by the most evident infantile symptom of GERD, regur-
gitation, which rarely occurs in adults, and only occasionally occurs in older
children (i.e., between 1 year and 18 years). Even the less common symptoms

333



334 Orenstein

of GERD in infants, such as apnea, are essentially isolated to this age group,
while presentations such as asthma exacerbations are more common in older
children and adults than in infants. The second notable difference is the natural
history of the disorder, which resolves in the majority of infants by 1, or occasion-
ally 2, years of age, whereas reflux disease in older children tends to recur, as
it does in adults (2,3). As will be discussed, pathophysiology and therapy are
also considerably different in infants. Because of these differences, this chapter
will focus on GERD in infants, discussing older children particularly when they
differ from adults.

Natural History

The true natural history of GERD in infancy is difficult to define. Initial studies,
which could have identified the natural history in untreated patients because effec-
tive treatment was unavailable, were limited in their identification of children
with GERD. Nonregurgitant reflux was rarely appreciated, and respiratory mani-
festations of GERD were unheard of. In fact, the earliest studies of natural history
equated reflux (or ‘‘chalasia’’ as it was sometimes termed) with hiatal hernia
(‘‘partial thoracic stomach’’), which is currently identified uncommonly in in-
fants and children with GERD. Furthermore, it is likely that children with disor-
ders other than GERD, such as those with vomiting due to food allergy, were
included. Through a combination of retrospective and prospective evaluation,
Carre calculated that about 60% of these babies with reflux would resolve by 2
years of age, 30% would have vomiting and/or dysphagia (but without stricture)
persisting until at least 4 years of age, 5% would develop a stricture, and nearly
5% more would die of malnutrition (4). A later study indicated that one-third of
these hiatal hernias ‘‘resolved’’ spontaneously (5).

These early studies did, however, identify the same phenomenon we still
recognize in infants: spontaneous resolution of GERD in the majority of infants.
Though there are few untreated infants with GERD today, most children treated
during infancy will no longer require treatment by 1 year of age, and very few persist
symptomatic after 18 months of age. Those occasional children who remain in need
of therapy beyond that time are unlikely to outgrow their infantile GERD.

Another way to envision the developmental history of reflux (rather than
GERD) during childhood is to review the data obtained from pH probe and radio-
graphic studies in children without GERD. Although the pH probe values for
esophageal acid reflux show remarkably similar values throughout life (likely
due to the infant’s consumption of buffering milk formula every few hours), the
post-(barium-)meal data from fluoroscopic studies show decreasing amounts of
reflux as children age (Figs. 1 and 2) (6).

Still unanswered today, however, is the question of whether infantile reflux
that seems to resolve merely ‘‘goes underground,’’ and, by no longer manifesting
with regurgitation, escapes attention until it resurfaces in older adults with Bar-
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Figure 1 Epidemiology: normal range of pH-probe-documented acid reflux during de-
velopment. Graphic representation of normal ranges (mean � 2 SD) for acid reflux in
children of various ages (n � 285) and in adults (n � 15). (Data derived from Vandenplas
Y, Sacre-Smits L. Continuous 24-hour esophageal pH monitoring in 285 asymptomatic
infants 0–15 months old. 1987; 6:220–224, and from Johnson LF, DeMeester TR.
Twenty-four-hour pH monitoring of the distal esophagus: a quantitative measure of gastro-
esophageal reflux. Am J Gastroenterol 1974; 62:325–332.)

rett’s esophagus (7). This is a critical area for future research, because it would
greatly change how we manage infantile reflux, and whether we can continue to
regard resolution of symptoms as equivalent to resolution of disease.

Incidence, Prevalence

Recent work has indicated that the prevalence of GERD may be similar at all
ages, with respect to varying degrees of disease. Thus, nearly half of all adults
have mild symptoms suggesting reflux, but not necessarily GERD, and the same
is true of babies during the first year of life; only the type of symptom is different.
Likewise, the prevalence of more severe disease, prompting physician consulta-
tion and treatment, or even subspecialist referral and invasive testing, is similar
in adults and infants. This has prompted adaptation of the GERD ‘‘iceberg,’’
described by Castell, to infants (Fig. 3). Differentiation between reflux and reflux
disease often challenges the clinician (8).

Infantile GERD generally becomes symptomatic enough to prompt investi-
gation by 1–2 months of age, peaks by 4 or 5 months of age, and begins to wane
by about 8 months, when increased torso tone allows the baby to sit upright
unsupported, rather than slumping semisupine. Complete resolution, by 10–12
months, usually occurs when the infant gains enough tone and strength to assume
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Figure 2 Epidemiology: normal range of fluoroscopically documented volume reflux
during development. Histogram depicting the upper range of normal subjects for the num-
ber of reflux episodes observed fluoroscopically during 5 min following a barium meal
(# GER/5 min). Reflux episodes occur more frequently (and also reach a higher level in
the esophagus, not shown here) at younger ages. (Data from Cleveland RH, Kushner DC,
Schwartz AN. Gastroesophageal reflux in children: results of a standardized fluoroscopic
approach. Am J Roentgenol 141:53–56, 1983.)

sitting and standing positions independently. The prevalence of symptoms of re-
gurgitation during various portions of the first year of life in normal infants is
parallel to this progression in infants with GERD (Fig. 4) (9).

Older children more frequently present with esophagitis than with vom-
iting, and their course tends to be recurrent in half (10). This relapsing and remit-
ting course makes the concept of ‘‘incidence’’ more complicated than it is in
diseases with a discrete onset and resolution. In addition, because the disease
symptoms are less ‘‘visible,’’ the incidence and prevalence are less clear than in
infants. The annual incidence may be a bit less than in adulthood, because of the
shorter lifetime duration of acid exposure and the more limited provocative life-
style habits.

Sex Ratio, Genetic Predisposition

There seems to be a slight male preponderance in GERD in infants and children,
but it is much less than the male preponderance in Barrett’s esophagus (11).

Increasing anecdotal evidence points to a familial tendency to manifest
GERD. Mirroring the familial predisposition recently noted for Barrett’s esopha-
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Figure 3 Reflux symptoms range from mild, common ones to less frequent, but more
severe ones, both in infants and in adults. Although the incidence of symptoms of varying
severities are impressively similar in infants and adults, the primary symptoms, regurgita-
tion and heartburn, are distinctive. (Figure from American Pseudo-obstruction and Hirsch-
sprung’s Disease Society Inc., Di Lorenzo C, Flores A, Hyman P, Orenstein S. Pediatric
Gastroesophageal Reflux: A Guide for Primary Care Physicians. Slide set 1996; Slide #3.
Reproduced by permission. Data from Castell DO. Introduction to pathophysiology of
gastroesophageal reflux. In: Castell D, Wu W, Ott D, eds. Gastroesophageal Reflux Dis-
ease: Pathogenesis, Diagnosis, Therapy. Mount Kisco, NY: Futura Publishing Company,
Inc., 1985:3–9. Gallup Organization. Heartburn Across America. 1988. Kibel MA. In:
Report of the 76th Ross Conference on Pediatric Research. 1979:39–42. Orenstein SR.
Gastroesophageal reflux. In: Hyman P, Di Lorenzo C, eds. Pediatric Gastrointestinal Mo-
tility Disorders. New York: Academy Professional Information Services, Inc. 1994:62–
63. Locke GR, Talley NJ, Fett SL, Zinsmeister AR, Melton III LJ. The prevalence and
impact of gastroesophageal reflux disease in the United States: A population-based study.
Gastroenterology 1994:106(4):A15.

gus in adults, a few reports of clustering of pediatric GERD within families have
been reported. If a familial tendency for this very common problem is shown, it
will still be necessary to define whether a common environmental factor or a
genetic factor is responsible.

Increased in Special Populations

Children with chronic respiratory disease, chronic neurodevelopmental disorders,
obesity, and a number of less common disorders manifest increased prevalence
of GERD.
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Figure 4 Epidemiology: normal range of observed regurgitant reflux during develop-
ment. Percent of normal infants exhibiting regurgitation more frequently than once a day
(�1�/day) and of an estimated volume more than a teaspoonful (�1 tsp) by parental
report. (Unpublished data from the study described in Orenstein SR, Shalaby TM, Cohn J.
Reflux symptoms in 100 normal infants: diagnostic validity of the Infant Gastroesophageal
Reflux Questionnaire. Clin Pediatr 1996; 35:607–614.)

Chronic Respiratory Disease

Several chronic respiratory diseases of childhood interact with GERD to produce
vicious cycles and to worsen GERD in the process (12). Taken all together, they
affect more than 10% of children, and form an important arena for attention to
GERD.

Asthma affects about 10% of children. Asthma and GERD interact patho-
physiologically in complex ways. Both expiration against resistance and
coughing increase abdominal pressure and thereby provoke reflux. Some of the
medications utilized to treat asthma reduce the lower esophageal sphincter pres-
sure and may also increase reflux. Evidence indicates that the resulting reflux
may in turn worsen asthma, by inducing esophagitis, which generates reflexive
bronchospasm, or even by promoting microaspiration and subsequent broncho-
spasm. The actual proportion of children with asthma who also manifest GERD
is incompletely defined, but increased over the prevalence of GERD in the general
population, and may reach 50%.
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Bronchopulmonary disease (BPD), the chronic lung disease that ensues
after severe hyaline membrane disease (respiratory distress syndrome) of the
surfactant-deficient prematurely born infant, interacts with GERD similarly to
asthma. GERD is reported to occur in 10% of premature infants regardless of
the presence of BPD, and the pathophysiology of reflux in premature infants has
been characterized (13). BPD, occurring in �1/300 infants, superimposes the
pathophysiology of chronic respiratory disease on the developmental predisposi-
tion to reflux, thereby exacerbating the reflux of the healthy premature baby.
Often incorporating reactive airway disease as well as intrinsic lung damage,
BPD is particularly challenging, because it occurs in the smallest infants, with
the greatest growth requirements and the greatest caloric requirements for work
of breathing. These exaggerated caloric needs challenge the gastric capacity and
make supraesophageal migration of refluxate more likely (see Pathophysiology,
below). Many of these infants have required tracheostomies for chronic mechani-
cal ventilation. The frequent access of refluxed gastric contents to the pharynx
combines with the dysfunctional airway protection engendered by tracheostomy
to permit aspiration of refluxate. Chronic supine positioning for mechanical venti-
lation also facilitates reflux. Infants with bronchopulmonary dysplasia are particu-
larly apt to benefit from fundoplication, which, when combined with gastrostomy
feedings, promotes lung growth and healing.

Cystic fibrosis (CF) is a relatively common inherited disease (�1/2000 live
births). It often produces reactive airways, so that a pathophysiology similar to
asthma facilitates reflux (14). In addition, the increased gastric acid secretion
intrinsic to CF makes the refluxate more damaging than in non-CF individuals,
and frequent chest physiotherapy provokes reflux on a gravitational basis (15).
As medical care for these children with CF improves, more of them reach adult-
hood; the median survival is now 31 years. Increased survival has unmasked the
severity of GERD in these children, and has indicated their increased risk for
Barrett’s esophagus (16).

Esophageal atresia, with or without tracheoesophageal fistula, is a fourth
setting in which chronic lung disease presenting in childhood is associated with
increased GERD. This congenital malformation occurs in 1 of 3000 live births,
and takes five forms, with the incidence of each indicated in Figure 5. Esophageal
atresia does not escape recognition, but delayed diagnosis of the isolated ‘‘H-
type fistula’’ may be a cause for chronic confusing respiratory symptoms. Reflux
is promoted in these infants by a congenital dysfunction of the distal esophageal
segment and by the common need for the gastroesophageal junction to be pulled
cephalad to the diaphragm (and thus to be unsupported by the diaphragm during
straining) when the proximal and distal esophageal segments are anastomosed.
It is not uncommon for this increased reflux to engender stricturing at the anasto-
mosis, worsening the dysphagia frequently present in these children (17). They
may thus have aspiration during swallowing, as well as during reflux. This aspira-
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Figure 5 Tracheoesophageal fistula and esophageal atresia. The five forms of this con-
genital anomaly are diagrammed, and their relative frequencies are indicated. Type C, the
‘‘H-type’’ fistula without esophageal atresia, is the only form that may remain an undiag-
nosed cause for recurrent aspiration beyond the newborn period, but the other types are
associated with increased frequency of reflux disease even after surgical repair. (From
Herbst JJ. Esophagus. In: Behrman RE, Kliegman RM, eds. The Digestive System. Nelson
Textbook of Pediatrics, 14th ed. Philadelphia: WB Saunders, 1992. Reproduced by permis-
sion.)

tion induces lung damage, which combines with GERD-induced reactive airway
effects to promote chronic lung disease in these children. Effective therapy of
their GERD often improves the lung disease considerably, but the most effective
therapy, fundoplication, is made more difficult by the effects of the anastomotic
traction on the gastric capacity.

Chronic Neurodevelopmental Disorders

Children with congenital or birth-related severe neurological disease are a second
group with increased severity and prevalence of GERD (18). Several aspects of
their pathophysiology contribute to the GERD. Spasticity of ‘‘cerebral palsy’’
increases the intra-abdominal pressure, thereby increasing reflux and even pro-
moting hiatal herniation. Similar effects occur during seizures. Severely affected
children are often chronically supine, allowing refluxate access to the gastro-
esophageal junction. Gastrostomy tube feedings, administered to the children
whose deficits preclude oral feeding, are frequently administered more rapidly
than ordinary meals, challenging gastric receptive relaxation (19).

Obesity

The obese child, like the obese adult, has increased intra-abdominal pressure (as
well as increased meal size in many instances) provoking GERD. I have cared
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for a number of infants whose reflux definitely became more symptomatic as
their weight percentiles crossed growth percentiles, ameliorating as their weight
returned toward normal for age, without any actual weight reduction.

Miscellaneous

A variety of pediatric syndromes seem to be associated with increased reflux.
Familial dysautonomia, trisomy 21, heart-lung transplantation, and chronic renal
failure all fall into this category. Clarity about the true incidence of GERD in
these disorders, as well as about the pathophysiology for any increased incidence,
is limited currently.

CLINICAL PRESENTATIONS, SYMPTOMS, SIGNS

General

It is useful to conceptualize the clinical presentations of pediatric GERD as
grouped in clusters, depending on the migration of the refluxate. Refluxate that
remains in the esophagus causes inflammation, engendering pain, bleeding (and
subsequent anemia), and worsening inflammation resulting in stricturing and Bar-
rett’s esophagus. Refluxate that escapes the esophagus into the mouth may be
expelled from the mouth, producing malnutrition, or may be reswallowed, possi-
bly producing dental etching by the acid if it remains in the mouth for a time.
Refluxate that escapes the esophagus but is allowed into the nasopharynx by
dysfunctional soft palate closure may be regurgitated nasally, or may contribute
to chronic otitis or sinusitis by inducing inflammation at the eustachian tubes or
entry to the sinuses. Upper-airway effects of reflux occur either when the refluxate
reaches the pharynx and is not prevented from laryngeal penetration, or when
pharyngeal reflux stimulates reflexes affecting laryngeal function. Similarly,
lower-airway effects of reflux may be induced by aspirated pharyngeal reflux or
by esophagopulmonary reflexes when the refluxate remains in the esophagus. All
of these nonesophageal effects of GERD have received increasing attention from
diverse subspecialties, and have been termed, ‘‘supraesophageal’’ GERD (20).
I will discuss the pediatric manifestations of each of these symptomatic groups
below. Because these diverse symptomatic presentations have distinct and dis-
similar pathophysiologies, diagnostic strategies, and differential diagnoses, I will
subsequently detail those aspects for each of the groups separately.

Esophagitis

Pain

Even in adults, verbal descriptions of subjective pain may be misleading; children
naturally give less precise descriptions, and infants simply cry to represent a wide
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variety of negative sensations, from boredom to hunger to pain. The symptom
of ‘‘colic’’ in infancy is a colloquial term indicating frequent crying, and has been
attributed to a variety of causations, including family problems, carbohydrate
malabsorption, and protein allergy (21). It occurs, however, at the time that
GERD is most prevalent in infants. Several studies have shown GERD to mani-
fest with colicky crying (22), including a pH probe and treatment study that found
that 16 of 26 infants with ‘‘colic’’ had abnormal pH-metry, and responded to
therapy with cisapride and cimetidine (23). However, crying is not sensitive or
specific enough for diagnosis of esophagitis (24). The pain of esophagitis in in-
fants may also contribute to any malnutrition due to regurgitation of calories,
because the odynophagia leads to refusal to suck and swallow, despite evident
hunger (25).

Bleeding

Esophagitis severe enough to cause bleeding from erosions or ulceration occurs
in children, as in adults. The mildest chronic bleeding may manifest simply as
iron-deficiency anemia. The bleeding may also present as hemoccult positivity
in stool samples. More severe bleeding, with hematemesis or even melena, also
occurs, but it is rarely the first manifestation of GERD in the neurologically intact
child, who can complain of the pain of esophagitis prior to severe bleeding. While
rare in infancy, such bleeding has even been reported to occur prenatally, staining
the amniotic fluid (26).

Stricture

Esophageal peptic strictures affect pediatric patients as well as adults. An older
study, which may have included congenital stenoses along with peptic strictures,
identified an unexpected age distribution: 50% of the children presented younger
than 2 years of age, 25% between 2 and 5 years, and the other 25% between 5
and 15 years (27). Strictures are less common today than in the past, presumably
because of greater recognition and earlier and better therapy of GERD in young
children (28). Peptic strictures are generally found in the middle and distal esoph-
agus, and range in length from discrete localized narrowing to several centime-
ters; a recent study reported nearly half of the children to have strictures longer
than 3 cm (28). Recognition of strictures may be delayed during infancy, because
the diet contains no solid food. Half of all children with Barrett’s esophagus
manifest strictures; it is wise to repeat endoscopy after aggressive antireflux ther-
apy to identify Barrett’s epithelium in children with strictures.

Barrett’s Esophagus

An important pathological study of Barrett’s esophagus contrasted pediatric and
adult patients (Table 1), finding a lower male preponderance and a lower preva-
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Table 1 Barrett’s Epithelium (Glandular Intestinal Epithelium)

Child (n � 28; age � 12 y [1–23 y]) Adult (n � 38; age � 56 y [29–80 y])

Male:Female � 2:1 Male:Female � 9:1
Goblet prevalence � 50% Goblet prevalence � 84%

Prevalence and density increase with Prevalence and density do NOT in-
age crease with age �41 y

Neurological disability � 43%
Nissen decr. inflammation but NOT Gob-

let density

Source: Ref. 29.

lence of goblet cells in the children’s ‘‘glandular intestinal epithelium’’ (29).
This study indicated that the prevalence and density of goblet cells increase with
age during childhood, both between and within patients, but not after age 41 (29).

Another study, which examined pediatric and adult patients, but only those
who already manifested goblet cells, found the prevalence of Barrett’s esophagus
to be 0.02% of all children undergoing endoscopy between the ages of 8 and
17 years (contrasted with 0.93% of all adults in their ninth decade undergoing
endoscopies, and 12% of all adults biopsied during endoscopy, and up to 44%
of all adults with strictures) (30).

Provocative factors for Barrett’s esophagus in children include chronic neu-
rological disability and chronic respiratory disease, both known to provoke
GERD, and the former associated with limited ability to complain of symptoms
(29–32). Gastric tube reconstructions of the esophagus also predispose to cervical
Barrett’s esophagus, for obvious reasons.

While aggressive antireflux therapy, usually incorporating fundoplication,
is utilized in these children to prevent adenocarcinoma, there is not much evi-
dence that such therapy induces regression of the abnormal epithelium (29).

Adenocarcinoma subsequent to Barrett’s esophagus has been reported in
only 10 patients younger than 25 years of age, ranging from 11 to 25 years, with
a median of 16 years (31). All but one were male, and at least three had severe
neurological disability. All but one presented as a mass or stricture (in the mid-
or distal esophagus), and all but one had extraesophageal spread at the time of
diagnosis.

Dysmotility due to Esophagitis

Children with severe esophagitis, defined as endoscopic mucosal breaks and in-
flammatory cells (polymorphonuclear or eosinophilic leukocytes), have de-
creased amplitude of peristaltic waves, and a more frequent occurrence of simul-
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taneous, broad-based, double-peaked waves (33). In contrast, children with chest
pain and mild to moderate esophagitis, but without heartburn or regurgitation
and without endoscopic ulceration, had no spontaneous dysmotility (34). A subse-
quent study by the same group indicated, however, that a subgroup of such chil-
dren do manifest ‘‘conversion’’ of previously normal motility patterns to abnor-
mal ones during esophageal acid perfusion, but that it only occurred in less than
half of the children who complained of chest pain during infusion. The findings
in these three children included increased duration and amplitude of contractions
during wet swallows (35). The disparities among these studies await clarification.

Regurgitation

Malnutrition

Regurgitation, even expelled with enough force to be considered projectile vom-
iting, is common in infantile GERD. This loss of ingested calories is exacerbated
by a refusal to consume adequate calories, due, it seems, to odynophagia caused
by esophagitis (25). Marked malnutrition, termed ‘‘failure to thrive’’ and most
sensitively detected by consecutive plotting of weights and lengths on pediatric
growth curves, is thus a fairly common presentation of infantile GERD. As with
other causes of inadequate caloric retention, weight percentiles drop prior to
length percentiles, and concern should be raised by a decrease in weight percen-
tile, prior to the weight actually becoming ‘‘abnormal’’ (less than fifth percentile).

Dental Etching

Lingual surface dental enamel etching produced by regurgitated gastric acid that
remains in the mouth has been described (36). It can be distinguished from dental
caries by the location on the teeth.

Contrasted with Rumination

Infantile reflux may have more in common with rumination than previously rec-
ognized (37). In fact, reflux in infants tends to become regurgitant when propelled
by abdominal wall muscle contractions, quite similar to the pathophysiology of
rumination (38). The ‘‘psychobehavioral cause’’ for the activity may be differ-
ent—the infant may not be regurgitating intentionally, and the activity may not
represent psychopathology. The cause for the frequency of regurgitation in infants
is discussed below. I have also observed infants who stuck their fists back into
their throat, and were believed to be ‘‘ruminating’’ because of some psychosocial
deficits, but whose odd behavior ceased when their esophagitis was treated phar-
macologically.
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Nasopharyngeal

Nasal regurgitation, otalgia, sinusitis, and sneezing have all been associated with
gastroesophageal reflux in children recently (39,40). All of them require that the
refluxate escapes the esophagus, and, further, that it makes its way between the
soft palate and the posterior pharyngeal surface, to access the nasopharynx.

Infants not uncommonly manifest regurgitation as nasal regurgitation,
which we have attributed to a developmental immaturity of velopalatal function,
which resolves with maturation. Nasopharyngeal pH monitoring has shown more
pH below 6 in children with chronic rhinopharyngitis than in control children.

Early reports also suggest a similar role for reflux in sinusitis, indicated by
resolution of chronic sinusitis after therapy for GERD (39). An increased fre-
quency of sneezing (a nasopharyngeal protective mechanism parallel to cough
for the lower airway) at onset of reflux episodes in infants, demonstrated by
linked pH probe and video monitoring, also suggests an access of refluxate into
the nasopharynx (40).

Upper Airway

Laryngeal effects of gastroesophageal reflux may result from gastroesophagopha-
ryngeal reflux, which then has access to the larynx, or might even be mediated
by esophagolaryngeal reflexes. More data support actual contact of refluxate with
upper airway structures, producing symptomatic effects based either on reflexive
laryngeal closure or on laryngeal inflammation (39,41,42).

Laryngitis, Hoarseness

Laryngitis and its symptomatic representation, hoarseness, may be caused by acid
damage to the laryngeal structures. Frequently, multiple etiologies are opera-
tional: reflux laryngitis, ‘‘voice abuse,’’ chronic throat clearing, and cigarette
smoke exposure may play concurrent roles. Frequently, most efficient identifica-
tion of reflux as a factor utilizes aggressive empirical antireflux therapy as a
diagnostic test (43).

Subglottic Stenosis

Recent otolaryngological literature recognizes GERD, in addition to trauma or
infection, as a cause for subglottic stenosis (39). Trauma (from chronic intubation,
for example) may interact with reflux-induced injury to potentiate subglottic ste-
nosis and impede its healing. The ability of reflux to induce subglottic stenosis
without inducing any reflux esophagitis may be understood as a function of the
greater susceptibility of the ciliated columnar epithelium of the airway (in com-
parison to the squamous epithelium of the esophagus) to acid damage, of the
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more limited acid clearance functions of the airway (i.e., no peristalsis), and of
the lack of bicarbonate-rich salivary washdown in the airway. Indeed, animal
models have indicated that relatively brief exposure of the subglottis to gastric
contents can have quite profound effects.

Apnea

Obstructive apnea in infants has been clearly shown in some cases to be due to
reflux episodes (44). These episodes generally occur within an hour or so follow-
ing a feeding, while the baby is in the supine or seated position, and produce
initial plethoric coloring often followed by cyanosis. Gastric contents may appear
at the mouth or nose. These events occur fairly commonly: several such infants
may be admitted to a large pediatric hospital for evaluation each week, and sig-
nificant numbers of others likely do not present to the hospital. Uncommonly,
these events may be lethal. Because such ‘‘arrests’’ in infants are usually respira-
tory, in contrast to the predominance of cardiac arrests in adults, they are usually
reversible if ventilation is reestablished promptly, and they are often spontane-
ously reversed if the infant is positioned to clear his or her own pharynx of
refluxate.

Concurrent pH probe with polysomnography has convincingly demon-
strated temporal relationships between spontaneous reflux and obstructive apnea
(Fig. 6), and the same phenomenon produced by experimental acid infusion into
the esophagus has confirmed causation (45). A huge series of about 1400 very
carefully studied infants with a history of apnea (‘‘apparent life-threatening
event,’’ ALTE, or ‘‘near-miss sudden infant death syndrome,’’ SIDS) found
GERD responsible in half (46).

Stridor, Spasmodic Croup

Analogous to infantile apnea, intermittent stridor may be induced by laryngeal
closure, which may be seen as a protective reflex. It seems that this phenomenon
is more common in infants than in adults, perhaps because, even when unstimu-
lated, the more limited cross-section of their upper airway provides more in-
creased resistance than the lower airway, and perhaps because infants are more
susceptible to airway protective reflexes, whose immaturity may inhibit re-
opening. It is possible that the afferents are located in the esophagus, but studies
have not clearly differentiated this scenario from one involving laryngeal affer-
ents (47).

Frightening episodes of spasmodic croup are occasionally due to reflux;
the children who manifest this phenomenon are often somewhat older than the
infants presenting with infantile apnea, and seem to outgrow the problem as they
age. Even adults, however, have demonstrated this manifestation of GERD. Liq-
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Figure 6 Esophageal acidification causing obstructive apnea in an infant. Spontaneous
reflux (distal esophageal pH—bottom channel) is followed immediately by obstructive
apnea, documented by cessation of air movement at the nostrils (nasal thermistor—second
channel) while respiratory efforts and chest wall movement initially continued (impedance
pneumotachogram—top channel); clinically the infant appeared to have laryngospasm.
(From Herbst JJ, Minton SD, Book LS. Gastroesophageal reflux causing respiratory dis-
tress and apnea in newborn infants. J Pediatr 1979; 95:763–768. Reproduced by permis-
sion.)

uid refluxate may not even be required: a report in two adults postulated aerosol-
ized refluxate as provocative of severe acute laryngospasm (48).

Lower Airway

Aspiration Pneumonia, Chronic Bronchitis

Macroaspiration of refluxate causing aspiration pneumonia occurs most fre-
quently in pediatric patients with chronic severe neurological disability. These
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children, in addition to being chronically supine, which promotes reflux, may
have impaired airway protective mechanisms, facilitating actual entry of refluxate
into the lower airway. Such aspiration is more often suspected than proven.
Chronic bronchitis caused by recurrently aspirated refluxate was one of the earli-
est suspected reflux-associated respiratory conditions; currently it is not as fre-
quently diagnosed as many of the others (49).

Asthma

Asthma provoked by reflux is likely even more prevalent in children than in
adults. Perhaps 10% of children have GERD and perhaps 10% have asthma, but
about 50% of pediatric asthmatics have GERD, indicating an association (50).
Therapeutic and experimental studies have indicated the likelihood that reflux
worsens asthma, but it is also clear that the pathophysiology of asthma can make
reflux worse. Chest pain is a marker for esophagitis in asthmatic children whose
asthma may improve with pharmacotherapy for GERD (51).

Miscellaneous Symptoms

Sandifer’s Syndrome

An odd, uncommon symptom of GERD, Sandifer’s syndrome involves contorted
posturing, particularly of the neck, in response to reflux. The exact mechanisms
are unclear, but one study suggested that peristalsis was improved in one child
during these manuevers (52).

Hiccups, Cough, Sneeze

Hiccups have sometimes been identified with reflux, particularly with reflux
esophagitis, in children as well as adults (40). Cough represents an upper- and
lower-airway response to an irritant; sneeze is a similar reflex designed to clear
the nasopharynx (40). A pediatric study of chronic (�1 month) cough in children
with normal chest radiographs identified GERD as the cause in 15%, the third
most common cause, following asthma and sinusitis (53).

Hypertrophic Osteoarthropathy

Very unusual manifestations attributed to GERD are hypertrophic osteoarthropa-
thy and digital clubbing (54,55). These are extremely infrequent manifestations,
and the mechanisms remain obscure.
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PATHOPHYSIOLOGY, RISK FACTORS

The pathophysiology of reflux disease in children has many similarities with that
in adults, but several areas in which the mechanisms are quite different. In con-
trast to earlier hypotheses, lower-esophageal-sphincter (LES) tone is adequately
established, even in premature infants, and the gastric secretions are adequately
noxious to induce esophagitis in infants. However, clearance of refluxate is some-
what impaired in young infants, particularly prematures, both by posture and by
some decrements in peristaltic function. Gastric compliance seems to be reduced
in infants, provoking reflux. Furthermore, a major difference between infants
and adults, is dietary—the meal volume, frequency, and components. Immature
respiratory reflexes comprise a final important difference.

For Increased Frequency of Reflux Episodes

Pediatric mechanisms for reflux have been comprehensively reviewed recently
(56,57).

Lower Esophageal Sphincter

The LES is the primary barrier to reflux, and is bolstered by the perisphincteric
crural diaphragm, in children as in adults.

Tonic Pressure. Although the LES tone was formerly presumed to be
inadequate in young children with GERD, improved methods for evaluating it
have shown that most children with GERD have adequate LES tone to prevent
reflux episodes, and that impaired LES pressure may be a sequel to GERD esoph-
agitis, rather than the primary cause of it.

Phasic Relaxations. In adults, transient LES relaxations (TLESRs) are
now understood to be the major mechanism for the occurrence of reflux episodes.
Multiple studies have found TLESRs to be the most important event allowing
reflux to occur (56,57). These relaxations are probably mediated by nitric oxide
(and perhaps vasoactive intestinal peptide), as in adults. A pediatric study found
increased levels of nitric oxide and prostaglandins in the esophageal mucosa of
children with reflux esophagitis (58).

Perisphincteric Factors (Crural Diaphragm, Hiatal Hernia). The crural
diaphragm supports the LES, and the intricate reflexive linkage of the LES and
crura assures their working in tandem to allow belching and emesis but to resist
strain-induced reflux. Hiatal hernia prevents the bolstering function of the crura
from being applied to the LES, and thus facilitates strain-induced reflux. Similar
to current understanding in adults, hiatal hernia has also been found to delay
esophageal clearance in infants (59). However, in contrast to early writings on the
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subject (60), hiatal hernia (‘‘partial thoracic stomach’’) is relatively uncommon in
childhood GERD, and is seen most often in conjunction with severe neurological
disability or repaired esophageal atresia.

Location of Gastric Contents Relative to the LES. The stomach generally
contains both air and liquid (or semiliquid) material. When air is adjacent to the
LES, only belches result from LES relaxation; when liquid is adjacent to the
LES, reflux results. This fact is responsible for the beneficial effects of elevation
of the head of the bed (in supine individuals, at least) and of prone position in
infants (because of the posterior location of the gastroesophageal junction) (61)
(Fig. 9). It is also responsible for the detrimental effect of supine and (semisupine)
seated position in infants (62).

Gastric Pressure/Volume Relationships

Gastric pressure/volume relationships are crucial differences between infant and
adult reflux, and underlie the prevalence of regurgitant reflux in infants.

Gastric Tone and Compliance. Preliminary but exciting work indicates
that the young infant has a ‘‘stiffer’’ stomach, which relaxes less effectively
during mealtime filling (Fig. 7) (63,64). This decreased compliance means in-

Figure 7 Gastric compliance in a neonate compared to an adult. The pressure-volume
relationship in response to intragastric balloon inflation measured by means of an elec-
tronic barostat demonstrates less compliance and decreased receptive relaxation in a term
baby (left) compared with an adult (right). (From Orenstein SR, Izadnia F, Khan S. Gastro-
esophageal reflux disease in children. In: Katz P, ed. Gastroesophageal Reflux Disease.
Gastroenterology Clinics of North America 1999 28(4). Philadelphia: Saunders, 1999.
Courtesy of Carlo Di Lorenzo, MD, Pittsburgh, PA. Reproduced by permission.)
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creased pressure at a given volume, and promotes volumetric reflux and regurgita-
tion.

Phasic Gastric Pressure Increases. Superimposed on the increased tonic
gastric pressure are phasic increases in gastric pressure produced by straining,
via squirming and crying in babies. Sleep reflux seems to occur only during
movement (65), and regurgitant reflux (in contrast to reflux, which remains intra-
esophageal) is associated with phasic increases in gastric pressure induced by
contraction of abdominal wall somatic musculature (Fig. 8) (38).

External Contributions to Gastric Pressure (Obesity, Clothing, Slouching).
There has not been much evaluation of the role of obesity and tight clothing in
children; it is assumed that these factors may play a role similar to that in adults.
However, it has been shown that slouching posture of the seated infant induces
markedly increased reflux (Fig. 9) (62), likely due both to the positioning of the
posterior gastroesophageal junction below the air-fluid interface in the stomach
and to the increased gastric pressure allowed by gravity’s action on the limited
torso tone of the infant.

Meal Volume vs. Gastric Volume. Inadequately appreciated has been the
extreme differences between infants and adults with regard to meal-to-gastric-
volume relationships. The tripling of weight that occurs in infants during their
first year of life mandates a tremendous caloric intake, several times that of the
adult on a per-kilogram basis. Even feeding infants up to twice as often as adults
eat does not eliminate the necessity for relatively large-volume feeding to the
infants (66).

Gastric Emptying. Gastric emptying may be slower in infants than adults,
with gastric electrical dysrhythmias possibly playing a role in some children
(67,68).

For Esophagitis

Refluxate Components

Hydrochloric acid, secreted by the stomach, is the primary noxious agent induc-
ing esophagitis. Contrary to earlier beliefs that gastric acid secretion was more
limited in infants than adults, such secretion reaches levels comparable to those
of adults within a month or two after birth (6). (It is true, however, that infants’
gastric contents are buffered by their milk formula feedings for much of the
day—up to 2 h after each of about six meals. That infant and adult daily esoph-
ageal acid exposures are similar—see Fig. 1—implies that infants exper-
ience much greater total reflux, in light of this buffering of the infants’ gastric
acid.)
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Figure 8 Rectus abdominis contraction is associated with regurgitant reflux. Examples
of nonregurgitant (a) and regurgitant (b) reflux. The distal esophageal pH is represented
in the top tracing in each panel. The rectus abdominis electromyographic (EMG) activity
(with background electrocardiographic signal) is represented in the bottom tracing; the
EMG scale units are mV. It can be seen that there is no rectus abdominis activity associated
with the nonregurgitant episode, but a burst of rectus abdominis activity a few seconds
prior to the esophageal pH drop accompanying regurgitation. (There is also a bit of electro-
myographic activity following this reflux episode, which probably represents activity that
is a response to the regurgitation.) (From Orenstein SR, Dent J, Deneault LG, Lutz JW,
Wessel HB, Kelsey SF, Shalaby TM. Regurgitant reflux, vs. non-regurgitant reflux, is
preceded by rectus abdominis contraction in infants. Neurogastroenterol Motil 1994; 6(4):
271–277. Reproduced by permission.)
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(A) (B)

(C)

Figure 9 Radiographic demonstration of the relative positions of the gastric air bubble
and the gastroesophageal junction in an infant positioned seated (A), prone (B), and prone
with head elevated (C). The arrows indicate the locations of the gastroesophageal junction,
which is submerged when the child is seated, but not when he is in either prone position.
Note the spontaneous reflux of barium occurring while the infant is seated. (From Or-
enstein SR, Whitington PF, Orenstein DM. The infant seat as treatment for gastroesopha-
geal reflux. N Engl J Med 1983; 309(13):760–763, and from Orenstein SR, Whitington
PF. Positioning for prevention of infant gastroesophageal reflux. J Pediatr 1983; 103(4):
534–537. Reproduced by permission.)
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Pepsin production requires acid to liberate it from pepsinogen, so that re-
duction of gastric acidity also decreases the peptic component of injury. Pepsin
production reaches 50% of adult levels by 4 months of age, and 100% by about
2 years (6).

Alkaline reflux, predicated on duodenogastric reflux preceding gastroesoph-
ageal reflux, occurs in young children as well as in adults. Infants do not secrete
bile salts at adult levels until about 1 year of age, but trypsin secretion is at adult
levels from birth (6). The importance of alkaline reflux is debated at both ends
of the age spectrum (69).

Duration of Contact with Esophagus

The morphometric parameters indicative of esophagitis increase as daily acid
exposure increases, in infancy as in adulthood (Fig. 10) (70). This fact highlights
the pathogenic importance of esophageal clearance mechanisms: gravity clear-
ance, peristalsis, and salivary washdown.

Gravity clearance is impaired by the recumbency necessitated by the lack
of torso tone in infants. Although it was previously believed that supporting in-
fants in a seated position would rectify this problem, experimental investigation
indicated that seating actually markedly worsens both reflux frequency and
esophageal clearance (Fig. 11) (62).

Peristalsis is adequate for clearance in newborns, but its velocity is slower
than in adults (71).

Salivary washdown has not received much attention in infants, but it is
likely that improvements in GERD seen with bethanechol therapy in the past had
more to do with its increase of salivation than with its increase of tonic LES
pressure (72).

Mucosal Protection

The role of mucosal protection in infants is relatively unexamined.

Helicobacter pylori

A study in children suggested that clinical improvement of those with both H.
pylori infection and esophagitis required antibiotic therapy in addition to acid
suppression (73). Because children have more limited chronicity of H. pylori
infection, as well as less prevalent infection, the induction of esophagitis by eradi-
cation of the bacteria may not be as prominent an issue in pediatrics.

For Extraesophageal GERD

General Requirements

Volume, ‘‘height,’’ and propulsion of refluxate in the esophagus are interrelated
aspects that allow it to have access to extraesophageal sites. The gastric pressure/
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Figure 10 Comparison of the relationship between daily esophageal acid exposure and
morphometric measures of esophagitis in infants and adults. Shown is the relationship
between daily esophageal acid exposure (pH probe: % time pH � 4) and both papillary
height and basal layer thickness in infants and in adults. In infants, papillary height corre-
lates better with the percent time the esophageal pH is less than 4 than does the basal layer
thickness, both expressed as a percentage of the total epithelial thickness (% of epithelial
height). The slope and correlation coefficient for papillary height versus acid exposure are
remarkably similar in infants and adults, but 24-h acid exposure predicts only about 10%
of the variability of papillary height for both infants and adults. (Infant data from Orenstein
SR, Becich MB, Putnam PE, Shalaby TM, DiGiorgio CJ, Kelsey SF. Correlations between
morphometric parameters of esophagitis and pH probe data in infants. Gastroenterology
1994; 106(4,Pt2):A152. Adult data from Johnson L, DeMeester, Haggitt R. Esophageal epi-
thelial response to gastroesophageal reflux: A quantitative study. Dig Dis Sci 1978; 23:498.)

volume relationships discussed above permit this to occur in young children much
more frequently than in adults. Regurgitation itself is an ‘‘extraesophageal’’ man-
ifestation of reflux, and it occurs daily in the majority of young infants.

Upper-esophageal sphincter (UES) function has received attention in chil-
dren (74). The UES pressure increases during abdominal straining and during
reflux events, but UES relaxations are superimposed on this increased tone,
allowing refluxate access to the pharynx while protecting the esophagus from
hazardous increases in pressure.
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Figure 11 Effect of position on reflux quantity. An infant monitored in three different
positions during three otherwise identical postprandial periods for the study reported in
Orenstein SR, Whitington PF, Orenstein DM. The infant seat as treatment for gastroesoph-
ageal reflux. N Engl J Med 1983; 309(13):760–763. In the prone position the percent of
time the esophageal pH was below 4 was 16%, whereas in the seated position it was 49%,
and in the prone-elevated position it was 0%. Figure 9 illustrates an explanation for some
of this effect of position on reflux quantity.
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Failure of normal protections when refluxate achieves access to the phar-
ynx allows it to migrate into the nasopharynx, larynx and lower airway, or mouth.
The chief protection is reswallowing via a primary swallow for material that
has reached the mouth or a pharyngeal swallow for material that has not. These
protections have largely been explored in adults.

Esophagoairway reflexes must be invoked to explain extraesophageal man-
ifestations of GERD when refluxate propulsion and UES relaxation do not occur
to allow the actual migration of refluxate above the UES. These reflexes, demon-
strated by esophageal acid infusion, have been suggested to cause asthma, stridor,
and apnea in children (75–77). It is likely that the apnea, and perhaps stridor,
are developmental phenomena, and the reflexes disappear with maturation (78).
It has been difficult in these investigations to be certain that there was no extra-
esophageal migration of acid infused into the esophagus, but it is likely that these
reflexes do play a role in some pediatric extraesophageal GERD. It would be
illuminating to perform similar studies with a pH probe proximal to the esopha-
geal infusion site, or to perform the studies in duplicate after inhibition of the
esophageal sensitivity to the acid (79).

Oral Sites and Emesis

A ‘‘ruminant’’ form of regurgitant reflux, which reaches the mouth but is reswal-
lowed, may engender dental disease if it is slowly cleared from the mouth. The
‘‘propelled’’ reflux of infants often resembles vomiting, and may even be de-
scribed as ‘‘projectile’’ for reasons noted above.

Nasopharyngeal Sites

Velopalatal closure protects the nasopharynx from refluxate. Some infants seem
to display an immaturity of this protective function, manifesting nasopharyngeal
reflux and regurgitation through the nose, which disappear with maturation (80).

Laryngeal Sites

The intricate reflexive protections of the upper airway by the epiglottis, aryepi-
glottic folds, and vocal cord closure have been characterized in detail in adults
recently (81,82). Pediatric, and particularly infantile, correlates of these reflexes
may be excessively active, producing obstructive apnea as a manifestation of
reflux (83,84).

Lower-Airway Sites

Similarly, the lower airway may be involved with pathological reflexes, engen-
dering bronchoconstriction and asthma. Potential mechanisms for lower-airway
reactivity are intricate. They include afferent sites in the esophagus or airway;
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mediators that may be neural or chemical; and resulting obstruction from aspi-
rated material, secreted material, airway edema, or bronchoconstriction (85).

DIFFERENTIAL DIAGNOSIS

Children differ from adults in the range of differential diagnostic considerations
for the varied manifestations of GERD, because of the diversity of congenital
and developmental disorders that must be contemplated. Most of the symptomatic
presentations of GERD may also be presentations for congenital anatomical ab-
normalities, genetic metabolic disorders, or acquired infectious diseases in the
immunologically naı̈ve young child. Following are some of these differential di-
agnoses, organized by symptomatic presentation.

For Regurgitation

For Vomiting

The differential diagnosis of emesis in children is broad (Table 2) and varies by
age, such that congenital partial gastrointestinal obstructions, metabolic disorders,
and formula allergy must be considered in young infants and inflammatory condi-
tions and pregnancy must be considered in adolescents. Because infantile regurgi-
tation resembles rumination pathophysiologically, it may be useful to consider
both organic and behavioral antecedents for the symptom in babies.

For Dental Findings

Acid dental etching is differentiated from common dental caries by the lingual
location and smoother etched appearance (36).

For Esophagitis

For Pain

The diagnostic considerations for epigastric and substernal pain in older children
are quite similar to those in adults (except for the infrequency of cardiac ische-
mia), including peptic ulceration of the stomach or esophagus, pill esophagitis
(86), or spastic esophageal dysmotility (87). Infant crying, or ‘‘colic,’’ however,
prompts a much broader differential diagnosis (Table 3) (21). While infants may
respond to family stress by intractable crying, and the crying induces further
stress and contributes to a vicious cycle, it is wise to remain open to the concept
of an organic cause for the crying (88). The most common causes, other than
reflux esophagitis or familial stress, include formula protein allergy or carbohy-



Table 2 Differential Diagnosis of Vomiting by Anatomic Locus of Stimulus

I. Stimulation of supramedullary receptors:
A. Psychogenic vomiting
B. Increased intracerebral pressure (subdural effusion or hematoma, cerebral

edema or tumor, hydrocephalus, meningoencephalitis, Reye’s syndrome)
C. Vascular (migraine, severe hypertension)
D. Seizures
E. Vestibular disease, ‘‘motion sickness’’

II. Stimulation of chemoceptive trigger zone:
A. Drugs: opiates, ipecac, digoxin, anticonvulsants
B. Toxins
C. Metabolic products (acidemia, ketonemia, hyperammonemia, uremia, etc.):

Acidemia, ketonemia (diabetic ketoacidosis, lactic acidosis, phenylketonuria,
renal tubular acidosis)
Aminoacidemia (tyrosinemia, hypervalinemia, hyperglycinemia, lysinuria,
maple syrup urine disease)
Organic acidemia (methylmalonic acidemia, proprionic acidemia, isovaleric
acidemia)
Hyperammonemia (Reye’s syndrome, urea cycle defects)
Uremia (renal failure)
Other (hereditary fructose intolerance, galactosemia, fatty acid oxidation
disorders, diabetes insipidus, adrenal insufficiency, hypercalcemia,
hypervitaminosis A)

III. Stimulation of peripheral receptors and/or obstruction of the gastrointestinal tract:
A. Pharyngeal: gag reflex (sinusitis secretions, post-tussive, self-induced,

rumination)
B. Esophageal:

Functional: reflux, achalasia, other esophageal dysmotility
Structural: stricture, ring, atresia, etc.

C. Gastric:
Peptic ulcer disease (incl. Zollinger-Ellison syndrome), infection, dysmotility/
gastroparesis
Obstruction (e.g., bezoar, pyloric stenosis, web, chronic granulomatous
disease, eosinophilic gastroenteritis)

D. Intestinal:
Infection, enteritis, enterotoxin, appendicitis
Dysmotility (e.g., metabolic or diabetic neuropathy; intestinal pseudo-
obstruction)
Nutrient intolerance (e.g., cow’s milk, soy, gluten, eosinophilic enteropathy)
Obstruction (e.g., atresia, web, stenosis, adhesions, bands, volvulus,
intussusception, superior mesenteric artery syndrome, duplication, meconium
plug, meconium ileus, Hirschsprung’s disease, distal intestinal obstruction
syndrome in cystic fibrosis)

E. Hepatobiliary, pancreatic: hepatitis, cholecystitis, pancreatitis, cholelithiasis
F. Cardiac: intestinal ischemia
G. Renal: pyelonephritis, hydronephrosis, renal calculi, glomerulonephritis
H. Respiratory: pneumonia, otitis, pharyngitis, sinusitis, common cold
I. Miscellaneous: peritonitis, sepsis, pregnancy; improper feeding techniques

Source: Modified from Orenstein SR. Vomiting and regurgitation. In: Kleigman RM, ed. Practical
Strategies in Pediatric Diagnosis and Therapy. Philadelphia: WB Saunders Company, 1996:301–
331.
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Table 3 Differential Diagnosis of Irritability and Pain from Esophagitis

Infants: Nonspecific irritability Older children: Chest or epigastric pain or dysphagia
‘‘Colic’’ Cardiac pain
Parent-infant dysfunction Pulmonary, mediastinal, chest well pain (e.g.,
Nutrient intolerance costochondritis)
Otitis Nonesophagitis upper gastrointestinal inflammation
Urinary tract infection Peptic ulcer disease
Miscellaneous other causes Pancreatitis

Hepatitis, cholangitis, cholecystitis, cholelithiasis
Nonesophagitis dysphagia
Functional, malingering

drate intolerance (both diagnosed and treated by a formula change) and tobacco
smoke exposure.

For Stricture

Esophageal stenotic lesions in childhood may be congenital (and only recognized
when the older child begins to ingest solid food), eosinophilic, or due to reflux
disease (27,28). The clinical situation will identify other strictures as due to caus-
tic ingestions, epidermolysis bullosa dystrophica, or anastomotic stricturing after
repair of esophageal atresia, but reflux can also impede the healing of caustic or
anastomotic strictures, and must be kept in mind even if GERD is not the primary
cause of a stricture (17). Primary reflux strictures tend to be in the distal to mid-
esophagus, may range in length from web-like to several centimeters, and often
have an irregular and eroded surface radiographically. The histology of the epi-
thelium just distal to the stricture usually reveals reflux changes (see below), but
distinguishing nonreflux eosinophilic strictures may be a challenge (89).

For Barrett’s Esophagus

Barrett’s esophagus is an endoscopic and histological diagnosis, requiring goblet
cell metaplasia in the esophagus. Previously, when gastric cardiac epithelium was
also encompassed by the diagnosis, distinguishing Barrett’s esophagus from hia-
tal hernia could be difficult.

For Nasopharyngeal Symptoms

Otitis, otalgia, sinusitis, rhinitis, and chronic sore throat have only recently been
considered possibly to be related to GERD; the infectious, allergic, anatomical,
and irritant causes previously assumed responsible for these symptoms definitely
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remain in the differential diagnoses (39). Multiple causes may be responsible in
a single child.

For Upper-Airway Symptoms

For Laryngitis, Hoarseness

Trauma due to ‘‘voice abuse,’’ exposures to irritants like tobacco smoke, infec-
tions, and allergic causes for laryngitis may also contribute to these laryngeal
symptoms (39).

For Subglottic Stenosis

Trauma and infection are other causes of subglottic stenosis (39).

For Infantile Apnea (Bradycardia, SIDS, ALTE)

Infantile apnea includes central apnea, in which respiratory efforts cease, and
obstructive apnea, in which respiratory efforts continue but are ineffectual in
moving air because of airway obstruction, often at the level of the larynx. Moni-
tored premature infants display central ‘‘apnea of prematurity,’’ which usually
responds to therapy with theophylline or caffeine, both of which treatments theo-
retically worsen GERD. Older prematures and full-term infants, however, may
manifest obstructive apnea as a presentation of GERD. Infants monitored for
cardiac rhythm and chest wall movement, but not for nasal air flow, may reveal
GERD-associated obstructive apnea only by bradycardia, which results from the
hypoxemia caused by the airway obstruction. This bradycardia must be distin-
guished from physiological bradycardia occurring in association with the pre-
sumed increased vagal tone at mealtime, as well as from more pathological vari-
ants due to primary cardiac or brainstem disease (90). It is unclear whether GERD
is ever manifested as central apnea (91).

Older infants at home may manifest GERD as an ALTE or SIDS—although
GERD is responsible for about one-fifth of these, the differential diagnosis is
large and challenging to establish in retrospect, after a single episode witnessed
by anxious parents (Table 4) (46,92). It includes sepsis, respiratory infections
such as pertussis, anatomical lesions such as laryngeal cysts, and metabolic dis-
ease. I have found a careful clinical history to be crucial in distinguishing among
the possible causes. It is likely that restriction of breathing contributes to the
apnea in those babies who become apneic in the ‘‘scrunched’’ seated position,
which also favors reflux (62).

The differences between GERD-associated infant apnea and SIDS have
been highlighted by the current recommendations for normal infants to sleep
supine (93–95). SIDS is a syndrome with multiple etiologies, the most common



Table 4 Infants with an ALTE (January 1983 to
1990; n � 3799)

Diagnosis N %

1. Known Cause
Digestive 1107 47

Gastroesophageal reflux 770
Infection 152
Aspiration 105
Malformations 75
Dumping syndrome 5

Neurological 683 29
Vasovagal syndrome 376
Epilepsy 150
Infection 150
Subdural hematoma 5
Malformation 2

Respiratory 353 15
Infection 275
Airway abnormality 74
Alveolar hypoventilation 4

Cardiovascular 82 3.5
Infection 35
Cardiomyopathy 18
Arrhythmia 18
Congenital malformation 11

Metabolic and Endocrine 59 2.5
Hypoglycemia 23
Hypocalcemia 12
Food intolerance 10
Reye 6
Hypothyroidism 2
NEFA metabolism deficiency 2
Leigh syndrome 1
Carnitine 1
Menkes syndrome 1
Fructosemia 1

Miscellaneous 71 3
Accidents 39
Sepsis 11
Munchausen by proxy 8
Nutritional error 7
Drug effect 6

Total 2355 62
2. Cause Unknown

Apparently minor incident 874 23
Apparently severe incident 570 15
(idiopathic ALTE)

Total 1444 38
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of which is probably rebreathing of CO2 or suffocation, due to lying face down
in puffy bedding (96–98). Some infants may have inadequate muscular ability
to lift and turn the head from this dangerous position, and others may have con-
genital or developmental deficits in their ability to sense the need to do so. These
factors make the interaction between prone position and puffy bedding potentially
hazardous for infants.

Supine position, while evading the risk of suffocation even when hazardous
bedding is present, markedly increases reflux episodes, by positioning the gastro-
esophageal junction below the air-fluid interface in the stomach. The American
Academy of Pediatrics’ recommendations in favor of supine position for normal
infants (‘‘back to sleep’’) was promulgated as a simpler public health message
than ‘‘avoid puffy material in the baby’s bed.’’ Infants with GERD, however,
deserve the marked benefits that prone sleeping provides, and physicians can take
the extra time to clarify that the prone position’s safety is comparable to that of
the supine position if a firm mattress with a tight sheet is used and puffy materials
are excluded from the crib. (Elimination of all tobacco smoke from the environ-
ment has marked benefits for both SIDS and GERD, a fact to stress to parents
anxious to avoid the dangers of both.)

Spasmodic Croup, Episodic Stridor

Infectious epiglottitis (causing acute airway obstruction by an inflamed and en-
larged epiglottis), allergic laryngeal inflammation, infectious croup (causing sub-
glottic inflammation and narrowing), psychologically induced laryngospasm, and
developmental laryngotracheomalacea may all present with stridor or apnea re-
sembling GERD-induced laryngeal disease. Several causes may coexist: 17% of
children with laryngomalacea have a second airway lesion synchronously (39).

For Lower-Airway Symptoms

Recurrent Pneumonia

Cystic fibrosis, immunodeficiency, tracheoesophageal fistula, immotile cilia syn-
drome, and aspiration during swallowing must be considered in the differential
diagnosis of the child presenting with recurrent pneumonia.

Cough

Chronic cough comprehensively studied in 72 children with symptoms persisting
longer than 1 month and normal chest radiography was due to cough-variant
asthma (32%), sinusitis (23%), GERD (15%), tracheal compression from aberrant
innominate artery (12%), and psychogenic cough tic (10%) (53).
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Bronchospasm

Wheezing or cough may be the symptomatic presentation of asthma. While for-
eign body aspiration and anatomical abnormalities must be considered in the
young child, allergic and infectious provocations must be considered in children
at all ages.

Differentiating Eosinophilic Esophagitis from GERD

Eosinophilic esophagitis is an entity that is just beginning to be identified as dis-
tinct from GERD (99). It may present with similar symptoms of pain or vomiting,
and occasionally manifests as esophageal stricture. Because eosinophilic infiltra-
tion of the esophageal epithelium was identified as a marker for GERD (100), this
entity was previously subsumed under GERD esophagitis, but it has become clear
that it should be distinguished from it (89). It has a strong male preponderance, is
associated with food allergy in up to half of patients, and manifests a furrowed
or ringed endoscopic appearance rather than mucosal breaks. Many of the patients
have eosinophilic infiltration elsewhere in the gastrointestinal tract, and the den-
sity of eosinophilic infiltration in the esophagus is greater than it is in reflux
esophagitis. While acid suppression may improve the symptoms of eosinophilic
esophagitis, it generally does not give complete relief. Identification and differen-
tiation of this entity from GERD requires histological sampling from esophagus,
stomach, and duodenum in individuals endoscoped for GERD symptoms.

DIAGNOSIS, TESTING

For Vomiting

Trial of Dietary Therapy

Normalizing meal volumes in infants receiving abnormally large amounts and
thickening feedings to reduce the meal volume further and to minimize regurgi-
tant reflux (101) are useful therapeutic maneuvers prior to formal investigation
in infants suspected to have GERD. A trial of an elemental formula for 2 weeks
also identifies those infants with allergic emesis (102).

Barium Fluoroscopy (Upper-Gastrointestinal Radiography, UGI)

Any child with GERD manifesting as vomiting should have UGI prior to pharma-
cotherapy. This precaution is not to confirm the diagnosis of GERD, but to elimi-
nate congenital anatomical (and potentially lethal) malformations such as malro-
tation from consideration (103). It may also disclose the occasional hiatal hernia
or unsuspected esophageal stricture. A paper in the radiological literature has
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proposed double-contrast esophageal radiography combined with nonendoscopic
biopsy for the diagnosis of GERD (104).

Ultrasonography for Pyloric Stenosis

If pyloric stenosis is the primary consideration in the differential diagnosis, ultra-
sonography may confirm it, but it does not eliminate malrotation or other anatom-
ical abnormalities from consideration, and it does not distinguish pyloric stenosis
requiring pyloromyotomy from that due to eosinophilic gastroenteritis, which
may respond to diet manipulation alone (105). In the vomiting infant, I therefore
prefer fluoroscopy to ultrasonography, and frequently also utilize a dietary trial.

For Esophagitis

Considerable debate has taken place about the relative merits of endoscopic visu-
alization versus histological assessment in the diagnosis of esophagitis. This de-
bate is particularly relevant to pediatric patients.

Endoscopic Evaluation

Endoscopic visualization is useful for identifying lesions in the differential diag-
nosis of esophagitis, particularly gastroduodenal lesions and Helicobacter pylori.
It is also useful when endoscopic therapy, of bleeding lesions or stenotic lesions,
may be needed. Finally, adequate sampling to identify Barrett’s esophagus is best
achieved endoscopically.

In children, the differential diagnosis of reflux esophagitis is recognized to
encompass eosinophilic esophagitis (89) and eosinophilic gastroenteritis, condi-
tions diagnosed most accurately by histology. Thus most pediatric gastroenterolo-
gists obtain histological sampling of every child endoscoped for diagnosis of
esophagitis, even when no mucosal breaks are present (106,107).

Furthermore, most infantile GERD lacks endoscopic erosions despite a high
prevalence, roughly 65%, of histological changes in infants with GERD
(108,109), and few endoscopically diagnosable lesions are in the differential diag-
nosis of infantile GERD. In addition, the aim of achieving adequate sedation for
good visualization, without compromising the patient’s safety, is more difficult
to achieve in infants than in older children (110). These considerations have
prompted some pediatric gastroenterologists to forgo endoscopic visualization in
young infants because of the simplicity of obtaining biopsies nonendoscopically
(111–113).

Histology

The histological parameters of reflux ‘‘esophagopathy’’ in children include the
morphometric parameters of papillary lengthening and basal layer thickening,
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and the inflammatory cell indicators including ‘‘squiggle’’ lymphocytes and eo-
sinophils. Normal infants and young children have papillary heights �53% of the
total epithelial thickness, and basal layer thickness �25% of the total epithelial
thickness (114), values similar to normals in adults. Papillary lengthening corre-
lates with pH probe data, particularly the total daily esophageal acid exposure,
with a nearly identical slope to that found in adults, although the pH probe data
predicts only �10% of the variability of papillary height in both infants and
adults (Fig. 10) (70). These morphometric measures lend themselves especially
well to objective and quantitative assessment, particularly on well-oriented, non-
endoscopic, suction biopsies (115).

The inflammatory cell markers, while the focus of histological analysis in
adults because of their accessibility on poorly oriented endoscopic grasp biopsies,
are less sensitive markers for reflux disease in children than the morphometric
parameters. Eosinophils, previously considered as a sensitive and specific marker
for reflux disease, are not very sensitive compared to morphometric parameters,
and are not specific enough to distinguish reflux disease from primary eosino-
philic esophagitis (89), though they are increased in babies who are older and
who have greater papillary height (116).

Whether dilated intercellular spaces, newly identified as a marker for reflux
esophagitis (117), will be so in children as well awaits investigation.

A summary proposal for diagnosis and management of pediatric esophagi-
tis has been developed by a European pediatric gastroenterology group (118).

For Nasopharyngeal and Upper- and Lower-Airway
Symptoms

Extraesophageal (airway) symptoms of GERD require testing tailored to the
symptom.

Modified Barium Swallow

The ‘‘cookie swallow’’ or modified barium esophagogram allows the clinician
to examine various aspects of food ingestion if airway penetration during swal-
lowing, rather than during reflux, is suspected (119). Velopalatal insufficiency
and laryngeal penetration can be observed. The study is often performed jointly
by a speech pathologist and a radiologist, and swallowing function is evaluated
with different textures and under different conditions.

Scintigraphy

Nuclear medicine evaluation of children suspected to have GERD has developed
from a simple scintigraphic study in which occasional images were obtained after
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a radiolabeled meal to a variety of tailored studies examining various aspects of
upper-digestive-tract function. Its ability to detect postprandial reflux, prior to
acidification of the gastric contents, makes it particularly relevant to children.
However, the requirement to remain still during the imaging makes it particularly
challenging for them.

Reflux scintigraphy currently monitors a child for several hours following
a (usually liquid) meal labeled with technetium 99m. Because the half-life of this
radioisotope is about 6 h, the study cannot examine an entire day, as the pH
probe can do, but continuous monitoring for a somewhat briefer time is feasible.
Formatting the resulting images at varying durations (from a few seconds to a
number of minutes, for example) changes the sensitivity of the study for reflux
episodes of varying durations. The study is particularly sensitive for nonacid and
larger-volume reflux episodes (120,121).

Overnight reflux scintigraphy may be more sensitive for reflux with aspira-
tion in children suspected to have nocturnal supine reflux and inadequate pulmo-
nary protective function. It does not have wide utilization at present.

Radionuclide salivagram is particularly useful in identifying aspiration dur-
ing swallowing (122).

Gastric emptying may be assessed during reflux scintigraphy, to determine
whether delayed emptying is part of the pathophysiology of GERD in a particular
child. It is frequently performed prior to fundoplication, to assess the need for
concurrent pyloroplasty (123). A dual-labeled meal, in which solid and liquid
components are differentially labeled, can distinguish the slower solid-phase
emptying, often combined with faster liquid emptying, characteristic of vagal
dysfunction or inadvertent vagotomy during fundoplication.

Laryngobronchoscopy

Visualization of laryngeal changes associated with GERD suggests reflux as
pathogenetic and also eliminates other laryngeal abnormalities in the differential
diagnosis. The GERD-associated changes include posterior erythema involving
the arytenoids and posterior commissure, pachydermia involving the same area,
vocal cord nodules (although these are probably more often due to ‘‘voice abuse’’
in children), contact ulcers and granulomas on the vocal process of the arytenoids,
and laryngeal stenosis. Most of these findings, however, have several potential
pathogenic factors, of which GERD is one. Utilization of a small flexible fiberop-
tic scope in young children allows observation of the dynamic functions of the
larynx during spontaneous respiration, and facilitates diagnosis of laryngoma-
lacia.

Bronchoscopy allows similar assessment of the lower airway and sampling
of secretions, which can be evaluated for lipid-laden macrophages or lactose,
which imply aspiration (124–126).
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pH Probe

Quantification and characterization of the 24-h esophageal acid exposure seems
somewhat less useful than previously, although it still provides helpful informa-
tion and is fairly widely used (127). Various scoring systems have been advocated
as a means to distinguish children whose GERD is responsible for their respira-
tory disease (Table 5). Pediatric gastroenterologists identified a score using the
number of reflux episodes and the number of episodes longer than 5 min as
selecting children with GERD pathogenic for pulmonary disease or apnea (128).
A pediatric surgical group has proposed the ‘‘ZMD,’’ or ‘‘mean duration of reflux
episodes during sleep,’’ as a diagnostic criterion to distinguish those infants
whose apneic episodes are due to reflux from those with other causes (129).
Similar to work in adult patients, advocates of dual probes identify increased
upper-esophageal-acid exposure as an important marker for extraesophageal
GERD, and even pharyngeal and tracheal monitoring have been proposed, al-
though concern about technical aspects remains.

Bernstein Test

A modification of the original Bernstein test, using experimental esophageal infu-
sion of acid to generate the proposed GERD-associated symptom, has been used
for asthma and for stridor (51,76).

Table 5 pH Probe Scoring Systems: Respiratory Symptoms
Due to GERD

RI (reflux index, i.e., percent of total time with pH � 4)
Score � �10%

AUC (area ‘‘under’’ the curve of pH 4)a

Score � 20 (pH units) (min)/h
No. episodes/day � 4 (No. episodes � 5 min/day)b

Score � 50
ZMD (mean duration of reflux during sleep)c

Score � �4 min

a Vandenplas Y, Franckx GA, Pipeleers MM, Derde MP, Sacre SL. Area
under pH 4: advantages of a new parameter in the interpretation of esopha-
geal pH monitoring data in infants. J Pediatr Gastroenterol Nutr 1989; 9:
34–39.

b Euler AR, Byrne WJ. Twenty-four-hour esophageal intraluminal pH probe
testing: a comparative analysis. Gastroenterology 1981; 80:957–961.

c Johnson DG, Jolley SG, Herbst JJ, Cordell LJ. Surgical selection of infants
with gastroesophageal reflux. J Pediatr Surg 1981; 16:587–594.
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Flexible Endoscopic Evaluation of Swallowing with Sensory
Testing (FEESST)

This exquisite testing protocol evaluates the pathogenesis of defective airway
protection, using puffs of air applied to the arytenoids to quantify deficits in
reflexive airway closure (81,119). Developed in adults, it is being applied to
children in an exploratory way currently (JE Aviv, personal communication,
1998). Like the modified esophagogram and the radionuclide salivagram, it char-
acterizes defective airway protection rather than reflux, thus indicating patients
who may be aspirating during swallowing as well as during reflux.

For Apnea

Pneumocardiogram (�pH Probe)

Polysomnography, in which cardiac impulses, chest wall movement, and pulse
oximetry are combined (see Fig. 6), is used to identify apneic episodes in infants,
and to distinguish them from other causes of cyanotic or other ‘‘spells’’ (130).
To differentiate between obstructive and central apnea, a measure of airflow at
the nares is also required, and obtained by nasal thermistor or nasal measurement
of end-tidal CO2. Infants who have had several apneic events may benefit from
further characterization by such polysomnography, particularly if the events have
been at a frequency to make them likely to occur during a 24-h testing period
(46,131). When GERD is in the differential diagnosis, such testing is frequently
combined with pH probe testing, to facilitate correlation of apneic events and
reflux events (132).

Such testing is frequently frustrating, and less definitive than hoped. The
normal infant diet of milk formula every 3 or 4 h buffers the gastric contents for
much of the day, particularly postprandially, when reflux-associated apnea is
likely to occur. Pediatric gastroenterologists have adapted the pH probe study to
this challenge by feeding apple juice (pH 3.5–4.0), either for all the meals or
for alternate meals; this markedly increases reflux detection, and probably also
increases reflux frequency itself. The acid apple juice feedings themselves make
some young prematures apneic! It is questionable in many cases whether the
somewhat invasive pH probe evaluation provides more helpful diagnostic infor-
mation than a very careful history combined with a willingness to use empirical
therapy.

Bernstein Test

The modified Bernstein test has been proposed as a useful tool for evaluation of
infants with apnea (133).
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Role of pH Probe

Much has been written recently regarding the role of the pH probe in pediatric
GERD (134). Several professional societies have published guidelines for its use
in children (135,136).

Infant Feeding Type

The issue of milk versus acid feedings identified above has prompted the develop-
ment of an acidified, but noncurdled, milk formula, but it is not widely used
(137). The differing amount of reflux promoted by breast versus milk formula
feedings has also been identified (138).

Distal Esophageal Probe Placement

Optimal placement of distal esophageal pH probes is more challenging in children
because of the huge variability of size, and several regression equations have
been developed to relate pH probe length to patient height or to crown-rump
length (Fig. 12) (139).

Other Probe Placement—Proximal Esophageal,
Pharyngeal, Tracheal

As noted above, alternative placements have been suggested when the focus is
on extraesophageal manifestations of GERD (140).

Scoring

Several scoring methods have been contrasted, with no clear optimal method
(134). The ‘‘area under the curve’’ (AUC), aimed at quantifying both the duration
of acid exposure and the intensity of the exposure, has conceptual merit, but
requires computerized quantification, and definitive validation as a useful mea-
sure (141).

‘‘Drifting Onsets’’

pH drops with drifting onsets were previously considered to be artifacts, but they
likely represent a distinct mechanism of slow, seeping reflux (142).

Alkaline Reflux

As in adults, the importance of duodenogastroesophageal reflux, characterized
as alkaline reflux, has been debated (143). Some have proposed the relative rigor
of identifying bilirubin-containing reflux in place of alkaline reflux, which may
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Figure 12 Regression equations associating esophageal length to height in children of
various sizes. Three separate studies have confirmed a fairly constant ratio between a
child’s height (‘‘Height, cm’’) and the esophageal length, which is proportionate to the
optimal location for pH probe position (‘‘pH Probe Position, cm from nares’’). Each line
designates a linear regression found in a published study; the method for determining the
esophageal length is indicated on the graph following each regression coefficient (r).
(From Putnam PE, Orenstein SR. Crown-rump length and pH probe length: author’s reply.
J Pediatr Gastroenterol Nutr 1992; 15:222–223. Reproduced with permission.)

be artifactually increased by swallowed saliva and artifactually decreased by mix-
ing with gastric acid.

New Modalities

Ultrasonography

Proposed as a method to identify reflux noninvasively and without radiation expo-
sure, this method awaits validation (144). Ultrasound has also been utilized to
quantify gastric emptying, so it could have a dual function similar to scintigraphy,
but without radiation exposure, which is particularly important for young children
(145).



372 Orenstein

Intraluminal Impedance and Electrical Impedance Tomography

These novel techniques are in very early stages of validation but are intriguing
(146,147).

Role of Symptom Questionnaires and Empirical Therapy

Symptom questionnaires have just begun to be evaluated for their diagnostic
validity in children, particularly in the infant age group (148). The noninvasive
nature of questionnaires is particularly appealing for these vulnerable patients.

Empirical therapy as a diagnostic test for reflux disease causing a particular
symptom has been examined in adults, but not in children. However, it is clini-
cally used in children, following the adult models. Its optimal role also awaits
definition.

Testing Prior to Surgical Therapy

Children referred for fundoplication require upper-gastrointestinal radiography
to define anatomy. Many surgeons like to evaluate pediatric patients with gastric-
emptying scans to assess the need for pyloroplasty, and some also utilize manom-
etry to identify children for whom a tight wrap might produce dysphagia.

TREATMENT

Conservative, Life-Style

General Feeding Practices

Because the volumes of infant meals are so close to the limits of their gastric
capacity, any feeding practices that increase those volumes (such as less frequent
meals) provoke reflux. Infants and older children should avoid acidic beverages,
which include most drinks other than milk or water (149). Breast feeding seems
to improve clearance of reflux episodes, but it is unlikely that the choice to breast-
feed an individual infant will be modulated by considerations of reflux treatment
(138). The type of infant formula, including whether it contains medium chain
triglycerides, may affect gastric emptying, but no clear benefit in minimizing
reflux has been proven (150,151).

Because of the similarity of symptoms of GERD to those of formula protein
intolerance (allergy), a 2-week trial of hypoallergenic formula is a useful diagnos-
tic test (102). Alimentum and Pregestamil are two comparable casein hydralysate
formulas that are hypoallergenic because of their oligopeptides; Neocate, con-
taining amino acids as the protein source, is even more hypoallergenic, and even
more expensive. Because a large proportion of babies sensitive to cow’s milk
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will demonstrate sensitivity to soy protein, a time-consuming 2-week trial of soy
formula is inefficient in management of the baby with significant symptoms.

Thickening

Adding dry rice cereal to milk formula for infants produces tremendous benefits
for the infant with regurgitant reflux, particularly if caloric loss is generating
weight deficits. The simple dietary adjustment of adding 1 tablespoon (15 mL)
per ounce (30 mL) of milk formula reduces emesis (to about one-third of prethick-
ened frequency and daily volume), increases the caloric density of the meal (from
20 cal/oz to 30 cal/oz), and decreases caloric expenditure in crying (101). The
use of rice cereal in this way makes babies fatter and can induce constipation,
and has no effect on nonregurgitant reflux.

Recently, commercial production of prethickened formulas provides simi-
lar benefits, while retaining the ideal caloric distribution of breast milk. As formu-
lated, these prethickened milk formulas do not provide increased caloric density,
however.

Positioning

In contrast to formula thickening, positioning may not change regurgitation, but
has marked effects on nonregurgitant reflux. The flat supine position and the
semisupine seated position markedly increase reflux frequency and duration in
infants, and should be avoided in babies with reflux (see Fig. 9) (62). The seated
position may induce oxygen desaturation in term infants, an effect even more
pronounced in prematures, who have much more limited torso tone. I have evalu-
ated multiple infants who became apneic in car seats, some to the point of requir-
ing resuscitation. The commercial availability of nonseated car restraints may
save these babies from succumbing to GERD while being protected from injury
in an automobile (152).

Contrary to expectations, elevation of the head of the bed for infants posi-
tioned prone provides no significant additional benefit (61). Rather obviously,
the head-down positions utilized for chest physiotherapy worsen reflux.

The issues of positioning in the era of ‘‘back to sleep’’ to minimize SIDS
have been discussed above.

Elimination of Tobacco Smoke Exposure

As in adults, exposure to tobacco smoke worsens reflux in infants, and has been
shown to be a risk factor for pediatric esophagitis (153). Even prenatal exposure
to cigarettes is associated with obstructive sleep apnea (154); the role of reflux
as a potential intermediary is unknown. Tobacco smoke exposure has multiple
other risks for infants and children, including increasing risks of SIDS, asthma,
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pneumonia, and eventual lung cancer, so its strong proscription when an infant
presents with symptoms of GERD has many potential benefits (155).

Pharmacotherapy

Pharmacotherapy (Table 6) is utilized for children with GERD that does not re-
spond adequately to conservative measures. Because pediatric GERD is more a
disorder of motility and less a disorder of acid, compared to adult GERD, proki-
netic pharmacotherapy has precedence, particularly in the young child and the
child with regurgitation predominating over pain. Pediatric studies have not ade-
quately addressed the relative benefits of prokinetic, acid-suppressive, or combi-
nation therapy for children.

A great challenge facing practitioners prescribing pharmacotherapy for pe-
diatric GERD is the very limited data available to rationalize such prescription,
in terms of efficacy, safety, and dosing. This data gap was partially caused by
concerns about the liability for studying these most vulnerable patients, but left
pediatricians with the greater danger of prescribing unstudied drugs for young
children who needed therapy. The recent Federal Drug Administration Modern-
ization Act rewards pharmaceutical manufacturers for rectifying this dearth of
data. The importance of this type of investigation is highlighted by recent work
suggesting that young children often need much higher dosing on a per-kilogram-
of-body-weight basis than adults (156,157).

The requirement for liquid dosing of these medications, both for dose titra-
tion and to compensate for inability to swallow pills, makes the other components
of liquid medications important. The tremendous amount of alcohol and sorbitol
in some of these medications is of interest: a 6-kg infant treated with both cimeti-
dine and cisapride may receive about 6.5 g sorbitol per day, for example (158).

Prokinetic

Prokinetic agents have been reviewed recently with special attention to pediatric
issues (159). Prokinetic pharmacotherapy is often the foundation of antireflux
pharmacotherapy in young children.

Cisapride has become the most frequently prescribed prokinetic agent be-
cause of its apparent efficacy and safety (160,161). Its efficacy may relate to
effects on esophageal motility, LES tone, and gastric emptying, mediated by its
enhancement of cholinergic tone (162,163).

Concern was raised in the last few years about cardiac toxicity leading to
prolonged QT when cisapride is used in higher-than-recommended doses and in
conjunction with drugs that impair its normal metabolism (164,165). These con-
cerns must be put in the context of the huge number of patients treated without
serious events and the preventability of most events related to toxicity. A review



Table 6 Therapy for Reflux

I. Conservative
A. Position: prone or completely upright (avoid supine, semi-seated)
B. Thicken infant feedings: 1 Tbsp dry rice cereal/oz formula (� 30 cal/oz, if

original formula is 20 cal/oz)
C. Fast before bedtime
D. Avoid large meals, obesity, light clothing
E. Avoid foods and medications that lower LES tone or increase gastric acidity:

Fatty foods, citrus, tomato, carbonated or acid beverages, coffee, alcohol,
smoke exposure

Anticholinergics, adrenergics, xanthines (theophylline, caffeine), calcium
channel blockers, prostaglandins

II. Pharmacologic*
A. Prokinetic:

Metoclopromide (0.1 mg/kg/dose qid: AC, HS)
[restlessness, drowsiness, dystonic reactions—antidote: diphenhydramine]
[(gastrointestinal obstruction, perforation, hemorrhage;

pheochromocytoma; extrapyramidal risk)]
Bethanechol (0.1–0.3 mg/kg/dose tid or qid: AC, HS)

[cholinergic: hypotension, flushing, headache, bronchospasm, salivation,
abdominal cramping]

[(urinary or gastrointestinal obstruction, perforation, hemorrhage, recent
surgery, peritonitis, hypotension, bradycardia, epilepsy, asthma,
hyperthyroidism, peptic ulcer)]

Cisopride (0.2 mg/kg/dose qid AC, HS)
[cramping, arrhythmias]
[(concurrent use of macrolide or antifungal antibiotics: ketoconazole,

itraconazole, miconazole, troleandomycin, erythromycin,
clarithromycin)]

B. Anti-Acid:
Cimetidine (5–10 mg/kg/dose qid AC, HS) [headache, confusion,

pancytopenia, gynecomastia, cholestasis]
Ranitidine (4–5 mg/kg/day divided bid to tid) [similar to cimetidine, less

gynecomastia, more hepatitis]
Famotidine (0.5 mg/kg/dose bid or tid; adult 40 mg HS)
Omeprazole (0.7–3.3 mg/kg/dose qd or divide bid; adult 20 mg HS or bid)
Antacids (0.5–1 mL/kg/dose, 3–8 times a day: 1–2 hr PC, HS) [diarrhea,

constipation, rickets, aluminum or magnesium toxicity]
C. Barrier or miscellaneous mechanism

Sucralfate slurry (1 g in 5 to 15-mL solution, qid PC, HS)—protects
against bile salts, trypsin, acid [constipation, gastric concretions,
potential binding of other medications]

Alginate-antacid (0.2–0.5 mL/kg/dose 3–8 times a day PC)
III. Surgical

Fundoplication (complete vs. loose wrap; � gastrostomy, � pyloroplasty)

* Usual course is 8 weeks.
( ) � Common doses.
[ ] � Partial list of side effects.
[( )] � Partial list of contraindications.
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of 22,960 patients treated with cisapride found five arrythmias, and noted that
this calculates to 0.4 arrhythmias/1000 patients treated, a lower risk than 33 other
drugs (166). Several other studies have emphasized the relative safety of cisapride
if it is used carefully: only prescribed for pathological GERD, using established
doses, and avoiding medications that impair its metabolism (167,168). It is useful
to provide a handout listing the medications to be avoided concurrently.

Bethanechol is a cholinergic medication that is occasionally used. Its effi-
cacy is unclear, and it should be avoided in asthmatics (72).

Metoclopramide is a reasonable alternative to cisapride, with a dopaminer-
gic mechanism of action. It increases LES pressure and facilitates gastric empty-
ing. It has a narrow therapeutic dosing range, producing central nervous system
effects at doses close to the therapeutic range. Although children are more resis-
tant to the most ominous of these effects, chronic tardive dyskinesia, it has been
seen in a child given high doses chronically (169).

Domperidone is unavailable in the United States, although it has been found
useful for pediatric GERD (170).

Erythromycin markedly improves gastric emptying, but has not proved very
useful in GERD. It is one of the medications whose use is contraindicated in
conjunction with cisapride.

Antacid

Antacids are useful for their immediate relief of acid-induced pain, and can thus
be used as a diagnostic test for infant crying due to esophagitis (21). Magnesium-
containing antacids may cause diarrhea, which may be useful for the infant who is
constipated intrinsically or due to rice cereal used to thicken formula. Aluminum-
containing antacids have the opposite effect. There is concern about toxicity of
these medications (171–173) if they are used in the doses required for efficacy
comparable to the H2-receptor antagonists (174).

H2-Receptor Antagonists (H2RAs)

The moderate acid suppression available from this class of agent is useful for
many children with GERD (175). Two-thirds or more of infants with GERD have
esophagitis, prompting the addition of an H2RA. For young children, in most of
whom a four-times-daily prokinetic agent is usually used, the addition of acid
inhibition in the form of a four-times-daily H2RA simplifies administration. Cur-
rently, cimetidine also allows more rational dosing at the higher levels supported
by clinical investigation (157).

Optimal pediatric dosing of ranitidine will likely require higher doses given
more frequently than is currently the case (176,177).

A European study of nizatidine (178) and an American study of intravenous
famotidine (179) are beginning to facilitate the use of these other H2RAs.
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Proton Pump Inhibitors (PPIs)

The frequency with which PPIs will be indicated in pediatrics is yet to be deter-
mined. It is likely that they will be particularly useful in those populations suscep-
tible to the most severe GERD—those with chronic respiratory and neurological
disability. Omeprazole is the most frequently studied PPI in children, and has
shown the ability to heal esophagitis refractory to H2RAs (180–182).

Omeprazole must be given before a meal to obtain optimal inhibition of
the proton pump by activating the pump first. When one daily dose of omeprazole
is used, it should be given before breakfast; when a second dose is used, it should
be given before dinner. If adequate nocturnal acid suppression is not obtained
by twice-daily dosing, the addition of an H2RA may be useful, as in adults (183).

Administration of omeprazole to children unable to take a capsule or to
those requiring administration of the intact granules via gastrostomy tube has
been somewhat challenging, but can be done (184).

Other

Several other medications use physical properties to augment their effects. Sucral-
fate binds to mucosal breaks, and is thus particularly useful in erosive disease,
used as a slurry. Gaviscon has a theoretical benefit of establishing a floating
‘‘barrier’’ on top of the gastric contents (161).

Surgical Fundoplication or Tube Feedings

Fundoplication

A recent review of nearly 7500 children treated with fundoplication provides an
excellent summary of the operation (185).

Complications of the surgery include disturbances of esophageal function
producing dysphagia (186) and of antroduodenal function producing dumping,
gas/bloat, gastric stasis, and retching (187,188). Because of the prevalence of
postfundoplication stasis, many surgeons recommend anteroplasty or pyloro-
plasty prophylactically (189,190).

The challenges and complications of the surgery are particularly pro-
nounced in exactly those children who most stand to benefit from it—those with
chronic neurological and respiratory disease. This fact, combined with the in-
creasing efficacy of pharmacotherapy for GERD, have led some to favor medical
over surgical therapy even for severe GERD (191). The large majority of children
with GERD do not require surgery.

Preoperative evaluation is important when surgery is contemplated, be-
cause of failure to control GERD or to avoid prolonged pharmacotherapy. In
addition to radiographic evaluation to assess the anatomy, various combinations
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of pH probe studies, esophageal manometric evaluation (192), and gastric empty-
ing quantification have been recommended. Whether the ZMD, or ‘‘mean dura-
tion of reflux during sleep,’’ is a useful pH probe measure, whether an abbreviated
pH probe study is adequate, and whether surgery should ever be done in the
context of a normal pH probe study are debated (193,194). It has been suggested
that one should never attempt to apply surgery to a problem that was not manage-
able with the powerful pharmacotherapy now available. Certainly, endoscopic
evaluation for eosinophilic esophagitis is worthwhile in intractable GERD prior
to fundoplication (195).

Surgery for special groups has been addressed recently. Children with se-
vere neurological disability have received the most attention, as they are most
likely to require fundoplication and most likely to suffer complications and side
effects from it (196–198). Many of them will have had feeding gastrostomy tubes
placed; superimposing a fundoplication later is possible for children who require
it (199). Children with familial dysautonomia are also among those with particu-
lar benefit but increased morbidity from fundoplication, and methods to limit the
morbidity have been summarized (200).

Premature babies have more provocative ratios between their meal volumes
and their gastric volumes; many also suffer from chronic lung disease—broncho-
pulmonary dysplasia. Fundoplication may be particularly useful in this group
also. Many of them, like the neurologically disabled, can benefit from feeding
via a gastrostomy placed at the time of fundoplication for venting and for feeding
(201). Esophageal atresia is also associated with chronic lung disease and may
warrent fundoplication. Fundoplication in these children is often particularly
challenging because of the tension already applied to the stomach to close the
atretic gap (202).

Fundoplication is generally recommended for Barrett’s esophagus, to pro-
vide optimal safeguards against the development of adenocarcinoma (203).

Laparoscopic fundoplication has been performed successfully even in very
small children (204). Long-term efficacy of this procedure remains to be assessed;
the issue of long-term function is particularly relevant for young children.

Tube Feedings

Continuous intragastric feedings have been used (infused via a gastrostomy or
via a nasogastric tube) to treat reflux in children. Their efficacy is based on the
elimination of the volumetric issues provoking reflux in young children. How-
ever, children treated in this way generally require pharmacotherapy in addition
to the continuous tube feedings, and this therapy provides short-term benefit.
Augmented protection of the esophagus from reflux of tube feedings is provided
by continuous feedings into the small intestine, via a tube introduced through
the nose or through a gastrostomy, and passed radiographically, endoscopically,
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or by gravity past the pylorus. This type of therapy for reflux has compared
favorably with fundoplication, but does not allow normal oral feedings, and re-
placement of tubes that have migrated orad is frequently necessary (205). In
contrast, a ‘‘gastrostomy with antireflux properties’’ has been described (206).

Therapy of Esophageal Strictures

Esophageal strictures due to GERD require particularly aggressive therapy. Fun-
doplication is usually necessary to induce long-term remission, and dilation of
the stricture with balloons or bougies, under endoscopic or fluoroscopic control,
is required (207–210). Even strictures from other causes, such as corrosive injury
or anastomotic in esophageal atresia, often persist because of continuing acid
damage due to reflux, and benefit from aggressive antireflux therapy (211). Some-
times injection of steroid into the stricture will help to heal a stricture refractory
to a program of dilations (212). Some strictures are so severe that only surgical
repair, using stricturoplasty, resection, or esophageal replacement, is sufficient
(213).

Special Considerations for Supraesophageal GERD

Although asthma was appreciated as a complication of GERD in pediatric pa-
tients perhaps sooner than in adults, understanding of the required aggressiveness
of therapy of GERD needed to reverse the asthma has progressed more rapidly
in adults than in children. This has been due in part to reluctance to investigate
such aggressive therapy rigorously in children who cannot as readily give in-
formed consent. Currently pediatric therapy must be extrapolated from adult ther-
apy, but hopefully studies will eventually allow pediatric management to be as
evidence-based as that in adults. It is likely that therapy must include a PPI or
fundoplication, and be carried out for months, to achieve adequate efficacy for
many of the supraesophageal complications of GERD, including asthma.

Gastroesophageal reflux disease in children is prevalent and often severe,
and has the potential for lifelong morbidity. Optimal recognition and treatment
of GERD in this group has the greatest potential for improvement in long-term
quality of life.
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cancer prevention efficacy of, 241–
242

cancer survival, effect on, 241–242
cost analysis, 91–95, 242–243
techniques, 237–238, 241–243

toluidine blue and, 237
ulceration in, 194–195
ultrasonography, endoscopic and, 237

Basal cell hyperplasia (see GERD,
diagnostic tests; esophageal
biopsy)

Belching, 146, 267, 323
Belsey Mark IV fundoplication (see Fun-

doplication)
Benzodiazepines, 50–51
Bernstein test (see also GERD, diagnos-

tic tests)
correlation with reflux symptoms,

116–117
in infants and children, 368–369
sensitivity and specificity, 116
technique, 116–117

Bethanecol (see also GERD, treatment,
medical; in infants and chil-
dren)

Bicarbonate (see Tissue resistance; Sali-
vary function; Esophageal sub-
mucosal glands)

Bile (see also Bilirubin monitoring;
GERD, pathophysiology),

assessment preoperatively, 320
cisapride and, 291
conjugated bile salts, 168
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[Bile]
electron microscopy of bile salt in-

jury, 168
histopathology of bile salt injury in

esophagus, 168
in pathogenesis of Barrett’s esopha-

gus, 230
in pathogenesis of reflux disease,

166–168
unconjugated bile salts, 167

Bilirubin (bile) monitoring,
advantages and disadvantages, 113
indications, 113–114
results of, 116
technique, 112, 116

Buccal ulcers (see Mouth ulcers)

Calcium channel blockers, 49
Cameron ulcers (see Hiatal hernia)
Catalase, 182
Carbonic anhydrase, 173
Cell edema, 180–181
Cerebral palsy and reflux, 340
Children and reflux disease (see GERD,

in infants and children)
Chalasia, 334
Cholecystokinin and transient lower

esophageal sphincter relax-
ations, 141

Cigarette smoking,
cessation effects on reflux, 42
epithelial defense and, 185–186
esophageal acid clearance and, 42
esophagitis healing and, 42
in infants and children, avoidance of,

373–374
lower esophageal sphincter function

and, 40–43
reflux frequency and, 40–43
salivary function and, 42, 157

Cimetidine (see H2-receptor antagonists)
Cisapride (see also GERD, treatment,

medical),
drug-drug interactions, 291
gastroparesis-like symptoms, effects

on, 289

[Cisapride]
for healing in reflux, 289–291
maintenance in reflux, 289–291
mechanism of action, 289
metabolism, 289–291
risks of, 291
as therapy in infants and children,

374–376
Clubbing of digits and reflux, 348
Cough (see also Asthma),

diagnosis, 267–274
in infants and children, 348, 363
management of, 274–278, 312–313
pathogenesis of, 261–263
pH monitoring and, 269–272
prevalence of reflux disease and,

260–261
proximal esophageal acid exposure

and, 272
stress-induced reflux and, 143, 146
surgery for, 312–313
upper endoscopy and, 272–273

Croup, 346, 363
Crural diaphragm (see Hiatal hernia)
Cystic fibrosis and reflux, 339

Dental disease and reflux, 260, 262,
344, 358

Diabetes mellitus, 66
Diaphragm (see Antireflux barrier; Hia-

tal hernia)
Dilated intercellular spaces, 177–178,

182–185, 366
Domperidone (see GERD, treatment,

medical; in infants and chil-
dren)

Duodenogastric reflux (see Bile;
Trypsin)

Dysphagia,
definition, 4, 102
differential diagnosis, 4, 102
peptic stricture and, 198
postoperative complications and,

323–324
Dysplasia (see Barrett’s esophagus;

esophageal adenocarcinoma)
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Electrical impedance tomography, 372
Empiric therapy (see also GERD, treat-

ment, medical),
advantages, 118
and chronic cough, 119
as diagnostic test for reflux, 118–

119
disadvantages, 119
in infants and children, 372
for noncardiac chest pain, 119
sensitivity and specificity, 118

Endoscopy (see GERD, diagnostic tests)
Eosinophilic esophagitis distinguished

from reflux disease, 364
Eosinophilic gastroenteritis, 365
Epidermal growth factor, 157, 230
Epithelial restitution, 181
Erosive esophagitis (see GERD)
Erythromycin, 291, 376
Esophageal adenocarcinoma (see also

Barrett’s esophagus),
biomarkers for, 235–236
cost analysis of screening of Bar-

rett’s, 91–95
dysplasia and, 233–235
in infants and children, 343
prevalence and incidence of, 231–

232
risk in Barrett’s esophagus, 231–235

Esophageal atresia and reflux, 339
Esophageal dilatation (see also Peptic

stricture, management),
antibiotic prophylaxis for, 211
comparison of techniques, 211–212
complications of, 209–211
mercury-filled bougienage, 203–206
metal olives, 203, 210
polyvinyl over-the-wire dilators, 206–

208
self-dilatation, 206
through-the-scope (TTS) balloons,

208–209
Esophageal epithelium (see also GERD,

pathogenesis),
bicarbonate and, 173–174
carbonic anhydrase in, 173

[Esophageal epithelium]
functional defenses, 173–174
intercellular glycoprotein, 171–173
keratinization pattern in, 171
pH regulation, intracellular, 173–174
structural defenses, 171–173
tight junctions in, 171–173

Esophageal peristalsis (see also Gastro-
esophageal reflux, pathophysi-
ology; Acid clearance mecha-
nisms),

and impaired esophageal emptying,
153–154

volume clearance and, 151–153
Esophageal pH monitoring (see pH mon-

itoring)
Esophageal submucosal glands, 153,

170, 175
Esophagogastroduodenoscopy (see

GERD, diagnostic tests)
Esophagoglottal closure reflex and su-

praesophageal reflux disease,
263–267

Esophago-upper esophageal sphincter
contractile reflex (see Upper
esophageal sphincter)

Estrogen, 54–55

Familial dysautonomia and reflux, 341
Famotidine (see H2-receptor antagonists)
Fas receptors, 181
5HT4 agonists (see Cisapride)
Flow cytometry, 235–236
Fundoplication (see also GERD, treat-

ment, surgical),
asthma, reflux-induced and, 276–278,

312
Belsey Mark IV, 321
Hill gastropexy, 320
indications, 312
in infants and children, 375, 377–378
laparoscopic, 129, 320–323, 378
Lind, 320
Nissen, 129, 314–315, 320–322
peptic strictures and, 212–213, 312
Thal, 320
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[Fundoplication]
Toupet procedure, 129, 315, 321
Watson, 315, 320

Gastric acid (see GERD, pathophysi-
ology)

Gastric emptying, delayed,
causes of, 68
hypergastrinemia and, 69
in infants and children, 367
pregnancy and, 57
preoperative assessment for, 320
progesterone, effects of, 57

Gastroesophageal reflux disease (GERD),
alcohol and, 38–40
children and (see GERD, in infants

and children)
clinical course, 9–13
complications (see also specific com-

plications; GERD, extraesopha-
geal complications),

Barrett’s esophagus, 7, 219–249
bleeding, 7–8, 195
peptic stricture, 196–213
ulceration, 193–195

diagnostic testing (see also specific
tests),

barium esophagram, 110–112, 130,
273–274, 366

Bernstein test, 116–118
bilirubin (bile) monitoring, 112–

114, 116
empiric therapy, 118–119, 372
endoscopy, 10–11, 14–15, 119–

123, 283
extraesophageal complications,

findings in, 272–273
Hetzel classification, 115, 121
Los Angeles classification, 115,

121
peptic stricture, diagnosis of,

198–200
Savary-Miller classification, 15,

115, 121
sensitivity and specificity, 119–

120

[Gastroesophageal reflux disease]
esophageal biopsy,

in children, 125
dilated intercellular spaces in,

126, 182–185, 366
electron microscopy, 125–126
histology, 124–126, 185–186
sensitivity and specificity, 124–

126
suction biopsy, 126
technique, 126

esophageal manometry,
indications, 127, 129
mechanisms, assessment of,

129
as preoperative assessment, 317–

320
technique, 126–127

esophageal potential difference,
in acid-induced injury, experi-

mental, 175–182
determinants of, 127–129
patterns in reflux disease, 129,

182–184
history as, 102, 104
pH monitoring, 105–109, 114–116,

129
in infants and children, 368,370,
as preoperative assessment, 317–

318
technetium-99 scintiscanning, 109–

110, 274, 320, 366–367
differential diagnosis, 13–14
endoscopy (see Diagnostic testing,

endoscopy)
epidemiology, 85–90, 260
erosive,

complications, extraesophageal and,
272–273

epidemiology, 88—90
pH monitoring, sensitivity and spec-

ificity, 106, 187
potential difference in, 129, 182
progression to complications, 12–

13
symptoms and signs, 103
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[Gastroesophageal reflux disease]
extraesophageal complications (see

also individual disorders; in
infants and children),

barium esophagram, 273–274
endoscopic findings and, 272–273
list of candidates, 260
management of, 274–278
pH monitoring, dual type in diagno-

sis, 269–272
scintiscan study and, 274
supraglottic disorders, 261–278,

361–363
gender differences, 89
genetic factors, 89–90
Helicobacter pylori and (see Helico-

bacter pylori)
hiatal hernia and (see Hiatal hernias)
histological features, 17–19
infectious esophagitis, differentiation

from, 13–19
in infants and children, 333–379

adenocarcinoma of the esophagus
in, 343

alginate-antacid, 375, 377
alkaline reflux, 354, 370–371
antacids, 376
apnea, 346, 357, 361–363
aspiration pneumonia, 347, 363
asthma, 338, 348, 357, 364, 379
barium esophagram, 366
Barrett’s esophagus in, 342–343,

360
Bernstein test for, 368–369
bleeding, 342
bronchopulmonary disease, 339,

347
complications (see also specific

complications),
endoscopic evaluation of, 365
histopathology of, 365–366

cystic fibrosis, 339
dental disease, 344, 358
empiric therapy in, 372
eosinophilic esophagitis, differentia-

tion, 364

[Gastroesophageal reflux disease]
epidemiology, 333–341
esophageal atresia and, 339–340
esophageal clearance in, 354
esophageal dysmotility, 343–344
extraesophageal complications,

354–364
familial dysautonomia and, 341
feeding practices, 370, 372–373,

378–379
gastric compliance and volume in,

350–351
genetics, 336
Helicobacter pylori in, 354
hiatal hernia and, 349–350
hiccups, 348
H2-receptor antagonists, 375–376
histopathology and esophageal acid

contact time, 355
hypertrophic osteoarthropathy, 348
laryngitis, 345, 361
laryngobronchoscopy in, 367
lifestyle modifications, 372
lower esophageal sphincter and,

349–350
malnutrition, 344
nasopharyngeal regurgitation and,

345, 357
natural history, 334–335
neurodevelopmental disorders and,

340
obesity and, 340–341
pathophysiology of, 349–354
peptic stricture, 342, 360, 379
pH monitoring for, 368–369
pneumocardiogram for, 369
position and reflux, 356
positioning for treatment, 373
prevalence and incidence, 333–334
prokinetics, 374–376
proton pump inhibitors, 375, 377
refluxate components in, 351
regurgitant versus nonregurgitant

reflux, 352
risks for, 337–341
rumination and, 344, 357
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[Gastroesophageal reflux disease]
sex ratio, 336,
signs (see Symptoms and signs)
sucralfate, 375, 377
Sandifer’s syndrome, 348
SIDS (see Apnea)
stridor, 346, 357, 363
subglottic stenosis, 345, 361
symptoms and signs, 341–349,

358–364 (see also specific
symptoms and signs)

transient lower esophageal sphinc-
ter relaxations, 349

treatment, medical, 372–377
treatment, surgical, 375, 377–379
trisomy 21 and, 341
tube feedings as therapy, 378–379
ultrasonography for, 371
upper esophageal sphincter func-

tion, 256–358
upper gastrointestinal (barium)

series, 364–365
vomiting, diagnostic testing for,

364–365
vomiting, differentiation from

reflux, 359
iron deficiency in, 8
lye ingestion, differentiation from,

13–19
nonerosive,

acid contact time and, 185–188
dilated intercellular spaces and,

182–185
epidemiology, 10–12, 85–88, 285
esophageal potential difference

and, 182–185
histopathology of, 186
pH monitoring sensitivity and speci-

ficity in, 106
progression to erosive, 11–12
symptoms and signs, 103

nonsteroidal anti-inflammatory agents
and, 51, 182, 194–195, 197

obesity and, 8–9, 36–38
pathophysiology (see also specific

mechanisms),

[Gastroesophageal reflux disease]
acid clearance mechanisms, 151–

157, 165–166, 354
acid injury, rabbit model, 174–181

correlation with human disease,
182–185

antireflux barrier, 138–151, 165–
166, 349–350

apoptosis and, 181
of cell edema and necrosis, 180–

181
epithelial disorder, reflux disease

as, 185–188
epithelial regeneration and, 185–

186
inflammation and, 181–182
offensive factors, 166–168, 351–

354
tissue resistance, 166–167, 168–

188
pill-induced esophagitis, differentia-

tion from, 13–19
prevalence, 9–10

of complications, 10
in pregnancy, 9, 53, 87
in self-medicating population, 10

progression to erosive disease, 11–
12

race factors, 91
radiological features, 17
risk factors,

alcohol, 38–40 (see also Alcohol)
cigarette smoking, 40–44, 52
delayed gastric emptying, 63–66,

68–69
diabetes mellitus, 66
dietary, 52
Helicobacter pylori (see Helico-

bacter pylori)
hiatal hernia, 28–34 (see also Hia-

tal hernia)
intestinal pseudo-obstruction, 66–

67
medications, 47–53, 67 (see also

specific medications)
nasogastric intubation, 44–47, 121
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[Gastroesophageal reflux disease]
obesity, 34–38 (see also Obesity)
pregnancy, 53–57
progressive systemic sclerosis, 7,

57–60, 67–68
Zollinger-Ellison syndrome, 60–63

signs of, 7–9 (see also Infants and
children, symptoms and signs)

symptoms, 1–7, 85–90, 102–103,
283 (see also Infants and chil-
dren, symptoms and signs)

treatment, medical, 283–301
acid suppression for, 291–300
alarm symptoms and, 286–287
alginate/antacids, 285, 288, 298–

300, 375, 377
antacids, 284, 288, 298–300
bethanecol (see GERD, treatment,

medical, prokinetics)
cisapride (see GERD, treatment,

medical, prokinetics)
dietary modification and, 287–288
domperidone (see GERD, treat-

ment, medical, prokinetics)
empiric, 285–287, 372
endoscopic monitoring of, 287
erosive esophagitis,

healing of, 292–293
maintenance for, 294
symptom relief in, 292

goals of, 284, 287
H2-receptor antagonists,

demand therapy with, 285
effervescent formulation, 285
OTC use, 285, 288
side effects, 296
step-up versus step-down ap-

proach, 287, 298–300
tachyphylaxis and, 295–296
therapeutic effects, 291–295

lifestyle modifications for, 287–
288

limitations, 311–312
prokinetics and, 289–291
proton pump inhibitors,

acid breakthrough and, 297, 311

[Gastroesophageal reflux disease]
bioavailability of, 298
drugs, comparison of, 297
Helicobacter pylori, effect on,

297–298, 301, 311
H2-receptor antagonist, compari-

son with, 295–297
mechanism of action, 296
metabolism of, 298
rebound acid hypersecretion and,

298
step-up versus step-down ap-

proach and, 287, 298–300
tachyphylaxis and, 298
therapeutic trials of, 293–295

self-medication in, 284
stepped care approach, 287, 298–

300
sucralfate, 288, 375, 377
therapies, relative potency, 284
therapeutic approach, algorithm,

286
treatment, surgical, 311–325

complications of, 321, 323–324
cost effectiveness of laparoscopic

versus open procedures, 325
efficacy, 321–323
esophageal manometry, as preopera-

tive assessment, 317–320
failure rate, 324
fundoplication, partial versus total,

314–315
gastric emptying assessment and,

320
indications for, 312–314
laparoscopic advantages, 314
mechanisms of action, 314–317
medical therapy, limitations, 311–

312
patient selection, 317
pH monitoring, as preoperative

assessment, 317–318
reoperation, 321, 324
treatment trials of, controlled, 320–

323
types of operations, 314–315
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Gastric compliance in infants and chil-
dren, 350–351

Gastric outlet obstruction, 68–69
Globus sensation, 102–103,

prevalence of reflux disease and,
260–261

Halitosis, 269
Heartburn,

acidity and, 2
associated diseases, 2, 3 (see also spe-

cific diseases)
associated symptoms, 4
causes of, 2
definition, 1–2
dietary factors, 2, 38, 287–288
in diagnosis of reflux disease, 2
empiric therapy of, 285–287
endoscopic findings, 2,10–11
esophageal pH monitoring and (see

pH monitoring)
head of bed elevation and, 287–288
hyperosmolality and, 2, 185, 187–188
in infants and children, 341–342,

358–360
lifestyle and, 2, 287–288
mechanisms, 2, 182–184
medication-induced, 2–4 (see also

specific drugs)
nasogastric tubes and, 4
nonerosive disease and (see GERD,

nonerosive)
position and, 2
pregnancy and, 2,3, 53–57, 87
progression to erosions, 11–12
psychosocial aspects of, 10, 11
race and, 87–89
salivary gland dysfunction and, 4 (see

also Salivary function)
self-medication for, 284
treatment of (see GERD, treatment)
visceral hypersensitivity and, 183

with hiatal hernias, 32–33
in reflux disease, 1–7, 85–90, 260

Helicobacter pylori,
in Barrett’s esophagus, 226–227

[Helicobacter pylori]
and gastric cancer, 226
and gastric outlet obstruction, 69
in infants and children, 354
and intestinal metaplasia pathogene-

sis, 226–227
proton pump inhibitor, effect on,

297–298, 301
in reflux disease, 69–72, 226–227

Hiatal hernia (see also Antireflux bar-
rier, mechanisms for incom-
petence)

anatomical considerations and, 28,
144–146

angle of His, 150
antireflux surgery and, 316, 322
Cameron ulcers and, 8, 195
diaphragm and, 32, 146, 156
early retrograde flow and, 156
esophageal emptying and, 30–31,

153–156
in infants and children, 349–350
mechanisms for reflux with, 30, 144–

151
nonreducing type, 30–31, 151, 153–

156
obesity and, 145
peptic stricture and, 197
phrenoesophageal ligament and, 144,

146, 148
pregnancy and, 145
pressure topography and, 149–150
prevalence,

in general population, 28
in reflux disease, 28–30,34
of heartburn, 32–33

relationship to reflux disease, 17, 28–
34

size,
lower esophageal sphincter pres-

sure, effect on, 31–32, 147–
148

risk of reflux and, 33
risk of esophagitis and, 33

Hiccups, 102, 348
Hill gastropexy (see Fundoplication)
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H2-receptor antagonists (see GERD,
treatment, medical; in infants
and children; management of
specific disorders)

Hoarseness (see Laryngitis)
Hydrochloric acid (see GERD, patho-

physiology; offensive factors)
Hypergastrinemia (see Zollinger-Ellison

syndrome)
Hypertrophic osteoarthropathy and re-

flux, 348

Impedance tomography (see Electrical
impedance tomography)

Infants and reflux disease (see GERD,
in infants and children)

Infectious esophagitis,
differentiation from reflux disease,

13–19
ulceration in, 194–195

Interposition, 213
Intestinal metaplasia (see Barrett’s

esophagus)
Intestinal pseudoobstruction, 66–67

Lansoprazole (see GERD, treatment,
medical, proton pump inhibi-
tors)

Laparoscopic fundoplication (see Fun-
doplication)

Laryngeal cancer and supraesophageal
reflux, 261

Laryngeal stenosis and supraesophageal
reflux, 261, 273

Laryngitis, 102
antireflux surgery for, 312–313
diagnosis, 267–274
in infants and children, 345, 361
management of, 274–278, 312–313
pathogenesis in reflux, 261–263
prevalence of reflux disease and,

260–262
upper endoscopy and, 272–273

Lower esophageal sphincter,
characteristics in health, 141
on manometry, 127
stress-induced reflux and, 142–143

[Lower esophageal sphincter]
substances affecting pressure, 142
in supraesophageal reflux, 263–267

Lye ingestion differentiation from reflux
disease, 13–19

Metoclopramide (see GERD, treatment,
medical; in infants and chil-
dren; prokinetics)

Microaspiration and supraglottic dis-
orders, 261–266

Mitochondrial permeability transition,
180–181

Morphine (see Narcotics)
Mouth ulcers,

burning sensation and, 269
supraesophageal reflux and, 267, 269

Mucus (see Tissue resistance)

Na-dependent Cl/HCO3 exchanger,
173

Na/H exchanger, 173
Na-independent Cl/HCO3 exchanger,

173–174, 179–180
NaK2Cl cotransporter, 180
Narcotics, 51–52

morphine and transient lower esopha-
geal sphincter relaxations, 141

naloxone and transient lower esopha-
geal sphincter relaxations, 141

Nasogastric intubation, 44–47, 121
Nasopharyngeal regurgitation (see

Regurgitation)
Neurodevelopmental disorders and

reflux, 340
Nicotine, 52–53
Nissen fundoplication (see Fundopli-

cation)
Noncardiac chest pain,

causes for, 6–7, 102
empiric therapy and, 119
esophageal acid exposure, proximal

and, 272
heartburn and, 6
pH monitoring correlation, 114, 261,

272
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Nonerosive reflux disease (see GERD)
Nonsteroidal anti-inflammatory agents

(see GERD)

Obesity,
esophageal adenocarcinoma incidence

and, 312
esophageal transit and, 37
hiatal hernia and, 36–37, 145
reflux esophagitis and, 34–38
and reflux in infants and children,

340–341
versus dietary fat in reflux, 38
weight reduction surgery for, 37–38

Odynophagia,
associated conditions, 5
definition, 5
differential diagnosis, 5, 102
infectious etiologies, 5
peptic stricture and, 198
pH monitoring and, 104
pill-induced, 5

Omeprazole (see GERD, treatment, med-
ical, proton pump inhibitors)

Omeprazole test (see Empiric therapy,
as diagnostic test for reflux
disease)

Otalgia, 345, 360
Oxygen-derived free radicals, 182

Pancreatic enzymes (see Trypsin)
Pantoprazole (see GERD, treatment,

medical)
Pediatric population and reflux disease

(see GERD, in infants and
children)

Pepsin (see GERD, pathophysiology;
offensive factors)

Peptic stricture,
characteristics of, 121
diagnostic tests, 198–200
differential diagnosis, 198–199
in infants and children, 342, 360
management of, 200–213, 301
pathogenesis, 197–198
prevalence and incidence, 196–197
race and, 91, 197

[Peptic stricture]
recurrence, 211
risk factors, 197
stenting of, 212
surgery for, 212–213, 312
symptoms of, 198

Peptic ulceration,
differential diagnosis, 193–195
symptoms of, 193

Peristalsis, secondary,
ineffective, 127
in supraesophageal reflux, 263–267

p53 tumor suppressor gene, 235–236
Pharyngeal (secondary) swallow, 263
Pharyngitis, 102–103, 260, 360
Pharyngoglottal adduction reflex and

supraesophageal reflux, 267
pH monitoring, dual (see pH monitor-

ing; GERD, extraesophageal
complications)

pH monitoring in esophagus,
cigarette smoking, effects of, 43
extraesophageal manifestations of

reflux and, 109, 269–272
indications, 106–108
in infants and children, 368, 370
interpretation, 105–107

mechanism assessment in reflux,
129

sensitivity and specificity, 106
symptom-association probability, 114,

123
and symptom correlation in reflux,

114–116
symptom index, 114, 123
symptom sensitivity index, 114, 123
technique, 105

Photodynamic therapy,
in Barrett’s esophagus, 243–248
complications, 245–246
efficacy, 245–248
technique, 243–245

Phrenoesophageal ligament (see Hiatal
hernia)

Pill-induced esophagitis,
differentiation from reflux disease,

13–19
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[Pill-induced esophagitis]
esophageal stricture and, 121
ulceration in, 194–195

Pneumocardiogram, 369
Pregnancy, 53–57, 145
Progesterone, 54–55, 57
Progressive systemic sclerosis (PSS)

(see Gastroesophageal reflux,
risk factors)

Prokinetics (see also GERD, treatment,
medical; management of spe-
cific disorders)

in infants and children for reflux ther-
apy, 374–376

relative potency in reflux disease, 284
in supraesophageal reflux disease,

275
Proton pump inhibitors (see GERD,

treatment, medical; in infants
and children; management of
specific disorders)

Pulmonary fibrosis and reflux, 260, 262,
269, 273

Pyloric stenosis, 365

Rabeprazole (see GERD, treatment, med-
ical)

Ranitidine (see H2-receptor antagonists)
Raynaud’s phenomenon, 57
Reflux esophagitis (see GERD)
Regurgitation,

definition, 4
in infants and children, 344–349, 358
nocturnal and supraesophageal reflux

disease, 267–268, 283
rumination, contrasted with, 344

Rete peg elongation (see GERD,
diagnostic tests; esophageal
biopsy)

Rumination contrasted with regurgita-
tion, 344

Salivary function (see also GERD,
pathophysiology; acid clear-
ance mechanisms)

anticholinergic drugs, effects on, 157

[Salivary function]
in Barrett’s esophagus, 230
in cigarette smokers, 157
epidermal growth factor and Barrett’s

esophagus, 230
epidermal growth factor and reflux

disease, 157
esophageal acid clearance and, 151–

153
flow rate, 152
in gastroesophageal reflux disease,

156–157
hypersaliarrhea and supraesophageal

reflux disease, 269
sleep and, 156

Sandifer’s syndrome, 269, 348
Schatzki ring, 120–121, 195–196, 205
Scleroderma (see Progressive systemic

sclerosis)
Short segment Barrett’s (see Barrett’s

esophagus)
SIDS (see GERD, in infants and chil-

dren)
Sinusitus, 345, 360
Sore throat (see Pharyngitis)
Specialized columnar epithelium (see

Barrett’s esophagus)
Stridor, 346, 363
Subglottic stenosis and supraesophageal

reflux, 269, 345
Superoxide dismutase, 182

Technetium-99 scintiscanning (see
GERD, diagnostic tests)

Theophylline, 48–49
Tissue inflammation, 181–182
Tissue repair, 181–182, 185 (see also

Epithelial restitution)
Tissue resistance (see also GERD,

pathophysiology)
esophageal epithelium and, 171–174
heat effect on, 185
mucus and, 169–171
surface bicarbonate and, 169–171
unstirred water layer and, 169–171

Toupet procedure (see Fundoplication)
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Transient lower esophageal sphincter re-
laxation,

amino acids, effects on, 52
anticholinergic, effects on, 48
antireflux surgery and, 316
as cause for reflux, 138–141
cholecystokinin, effect on, 141
cigarette smoking and, 42–43
drug-induced inhibition of, 141
gastrin, effects on, 63

in infants and children, 349
Trisomy 21 and reflux, 341
Trypsin and reflux disease, 166–167
Twenty-four-hour pH monitoring (see

pH monitoring)

Unstirred water layer (see Tissue resis-
tance)

Upper endoscopy (see GERD, diagnos-
tic tests)

Upper esophageal sphincter,
esophago-upper esophageal sphincter

contractile reflex, 263–264

[Upper esophageal sphincter]
pharyngo-upper esophageal sphincter

contractile reflex, 264–267
and supraesophageal reflux disease,

263–267

Vagal reflex and supraglottic disorders,
261–263

Vagotomy, bilateral cervical and esoph-
agoglottal closure reflex, 264–
265

Vagus nerve, sensory afferents, 182–
184

Vomiting, 146

Waterbed, 288
Water brash, 4, 102
Watson fundoplication (see Fundopli-

cation)
Wheezing (see Asthma)

Zollinger-Ellison syndrome, 60–63
esophageal stricture and, 121
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