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PREFACE

Gastroenterology and hepatology encompass a large assortment of organs with diverse
structure and function that potentially are afflicted by a multiplicity of disease
processes. We have designed the revised edition of the Mayo Clinic Gastroenterology
and Hepatology Board Review book and course to assist physicians-in-training who are
preparing for the gastroenterology board examination and the growing number of gas-
troenterologists who are awaiting recertification. The book is not intended to replace the
more encyclopedic textbooks of gastroenterology, hepatology, pathology, endoscopy,
nutrition, and radiology now available. Nor is it intended to serve as an “update” to
physicians who are looking for the newest advances in the science and art of gastroen-
terology and hepatology. Instead, this book is intended to provide a core of essential
knowledge in gastroenterology, hepatology, and integral related areas of pathology,
endoscopy, nutrition, and radiology. Clinical knowledge related to diagnostic and ther-
apeutic approaches to patient management is emphasized. Case-based presentations and
multiple short board-examination-type, single best-answer questions with annotated
answers are featured. Assuch, this text also is intended to be used by medical students and
residents for their clerkships during rotations in internal medicine and gastroenterology
and by gastroenterology fellows in training. Physicians in practice should find this book to
be a practical review to consolidate their knowledge in gastroenterology and hepatology.

The book is organized by subspecialty topics, including esophageal disorders, gastroduo-
denal disorders, small-bowel disease and nutrition, colonic disorders, pancreaticobiliary
disease, liver disease, and miscellaneous disorders. Numerous color and black-and-white
figures are used to illustrate the text. Each subspecialty section concludes with a chapter
containing multiple board examination-type, single best-answer multiple-choice ques-
tions with annotated answers. Materials in the questions and answers are not included in
the index. The faculty responsible for the book at the time of its production are all Mayo
Clinic gastroenterologists and hepatologists who spend most of their time caring for
patients, but who also have a commitment to teaching medical students, house-officers,
fellows, nurses, and physicians. Most of the faculty have particular interests in subspecialty
areas of clinical gastroenterology and hepatology, providing broad expertise.

We thank the staffs of the Section of Scientific Publications, Media Support Services,
and the Mayo School of Continuing Medical Education at Mayo Clinic for their help in pro-
ducing this book. The support of the publisher, Mayo Clinic Scientific Press and Informa
Healthcare USA, also is greatly appreciated. We also want to give special thanks to our
secretaries and to Dr. Greg Gores for his ongoing enthusiasm and support for our faculty and
teaching mission.

Stephen C. Hauser, MD
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Esophagus






CHAPTER 1

Gastroesophageal Reflux Disease

Joseph A. Murray, MD

Gastroesophageal reflux is the reflux of gastric
contents other than air into or through the esoph-
agus. Gastroesophageal reflux disease (GERD) refers
to reflux that produces frequent symptoms or
results in damage to the esophageal mucosa or
contiguous organs of the upper aerodigestive
system and occasionally the lower respiratory tract.

ETIOLOGY

Gastroesophageal reflux results from several fac-
tors that lead to symptoms or injury of the
mucosa of the esophagus or the airway by reflux
of corrosive material from the stomach (Table 1).
These factors include a weak or defective
sphincter, transient lower esophageal sphincter
relaxations (TLESRs), hiatal hernia, poor acid
clearance from the esophagus, diminished sali-
vary flow, reduced mucosal resistance to injury,
increased acid production, delayed gastric emp-
tying of solids, and obstructive sleep apnea (Fig.
1). The relative contribution of these varies from
patient to patient.

Abbreviations: CREST, calcinosis cutis, Raynaud’s phenomenon, esophageal dysfunction, sclerodactyly, and telangiectasia;

Table 1. Etiologic Factors of

Gastroesophageal Reflux Disease

Motility disorders
Transient lower esophageal relaxations*
Weak lower esophageal sphincter*
Weak esophageal peristalsis
Scleroderma and CREST
Delayed gastric emptying

Damaging factors
Increased gastric acid production
Bile and pancreatic juice

Resistance factors
Reduced saliva and HCO; production
Diminished mucosal blood flow
Growth factors, protective mucus

Others
Hiatal hernia*

Obstructive sleep apnea

CREST, calcinosis cutis, Raynaud'’s phenomenon,
esophageal dysfunction, sclerodactyly, and
telangiectasia.

*Major/common factors.

GERD, gastroesophageal reflux disease; H,, histamine,; TLESR, transient lower esophageal sphincter relaxation.
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— esophageal
clearance
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emptying

Fig. 1. Causes of increased exposure of the
esophagus to gastric refluxate. (From AstraZeneca
Pharmaceuticals LP [Internet]. Wilmington (DE).
Available from: http:/ /www.astrazeneca.com. Used
with permission.)

FACTORS CONTRIBUTING TO
GASTROESOPHAGEAL REFLUX
DISEASE

Barrier Function of the Lower Esophageal
Sphincter

The lower esophageal sphincter and its attached
structures form a barrier to reflux of material across
the esophagogastric junction and is the central pro-
tection against pathologic reflux of gastric con-
tents into the esophagus. This barrier has several
components, including the smooth muscle lower
esophageal sphincter, the gastric sling fibers, and
the striated muscle crural diaphragm. The lower
esophageal sphincter maintains tone at rest and
relaxes with swallowing and gastric distention as
a venting reflex. This latter relaxation has been
termed transient lower esophageal sphincter relax-
ation (TLESR). In persons with mild reflux disease,
acid liquid contents instead of air alone are vented,
resulting in many episodes of acid reflux. In
patients with severe reflux, the resting pressure

of the lower esophageal sphincter usually is dimin-
ished and easily overcome.

The presence of hiatal hernia has an important
role in defective barrier function, both by removing
the augmentation that the crural diaphragm pro-
vides the lower esophageal sphincter and lowering
the threshold for TLESRs to occur.

Acid Clearance

The clearance of acid from the esophagus is a com-
bination of mechanical volume clearance (gravity
and peristalsis) and chemical neutralization of the
lumen contents (saliva and mucosal buffering).
This may be delayed in patients with reflux
because of either impaired esophageal peristalsis
or reduced buffering effects of swallowed saliva.
The defective peristalsis can be a primary idio-
pathic motor disorder or, occasionally, it can result
from a connective tissue disorder such as CREST
(calcinosis cutis, Raynaud’s phenomenon,
esophageal dysfunction, sclerodactyly, and telang-
iectasia) syndrome or scleroderma. Many drugs
and Sjogren’s syndrome can decrease salivary flow.
Normally, salivary flow is decreased at night; thus,
if reflux occurs during the night when the person
is supine, acid will not be cleared by either gravity
or saliva. This is why episodes of reflux at night
are long-lasting and have a greater chance of
causing severe injury to the mucosa.

Intrinsic Mucosal Factors

The mucosa of the esophagus has intrinsic factors
that protect the esophageal lining against acid
damage. These include the stratified squamous
mucosa, intercellular tight junctions, growth fac-
tors, buffering blood flow, and production of
mucin, bicarbonate, and epidermal growth factors.
When these factors are overcome, GERD causes
reflux esophagitis (Fig. 2 and 3).

Gastric Factors

Delayed gastric emptying or increased gastric pro-
duction of acid is less frequently part of GERD.
Reflux esophagitis is rarely a manifestation of
Zollinger-Ellison syndrome. The availability of
corrosive gastric contents in the cardia of the
stomach is necessary for reflux to occur during
TLESR or when a defective lower esophageal
sphincter is overcome during recumbency or
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Tight cell
junction

Acid
A Pepsin
+ Bicarbonate

Widened
cell
junction

Fig. 2. Mechanism of action of refluxate in gastroesophageal reflux disease. The sequence of events hypothesized
to lead to symptoms and tissue damage in gastroesophageal reflux disease is as follows: A and B, Acid-peptic
attack weakens cell junctions and, C, widens the cell gaps, thus allowing acid penetration. Exposure to gastric
acid and pepsin can cause microscopic damage to the esophageal mucosa, which may not be visible endoscopically
but still result in heartburn. (From AstraZeneca Pharmaceuticals LP [Internet]. Wilmington (DE). Available
from: http:/ /www.astrazeneca.com. Used with permission.)

Acid
A Pepsin
# Bicarbonate

Fig. 3. Mechanism of action of refluxate in gastroesophageal reflux disease. A, Penetration of acid and pepsin
into the mucosa allows contact of acid with epithelial nerve endings (which may result in heartburn). B,
Additional influx of acid and pepsin into the mucosa triggers a cascade of events ultimately leading to cell
rupture and mucosal inflammation. (From AstraZeneca Pharmaceuticals LP [Internet]. Wilmington (DE).
Available from: http:/ /www.astrazeneca.com. Used with permission.)

abdominal straining. The cardia is often submerged
under liquid gastric contents in the recumbent,
especially in the right lateral decubitus, position. It
has been suggested recently that what differenti-
ates patients with GERD from normal subjects is
not the number of actual reflux events but the reflux

of acidic gastric contents instead of the release of air
alone. The timing of reflux is also important.
Because gastric acid is buffered by food during the
tirst hour after eating, normal physiologic reflux
that may occur during maximal gastric distention
is not as harmful as the reflux that occurs later after
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the stomach pH has again decreased. Any obstruc-
tion of the outflow from the stomach increases the
propensity to reflux, although this is often associated
with nausea and vomiting. Pure bile reflux may
occur in patients who have had gastric surgery.
More common is pathologic reflux associated with
a restrictive bariatric procedure such as vertical
banded gastroplasty. If too much acid-producing
mucosa is present above the restriction, pathologic
reflux may occur.

Helicobacter pylori and Gastroesophageal
Reflux Disease

Whether chronic Helicobacter pylori infection pro-
tects against GERD is a matter of controversy.
Duodenal ulcers and distal gastric cancer (both
caused by H. pylori infection) are becoming rare in
the developed world, and adenocarcinoma of the
proximal stomach and esophagus is becoming
more common as the carriage rates of H. pylori
decrease. Patients with GERD symptoms may be
less likely to carry H. pylori than the population
without GERD symptoms. Reports that symptoms
of GERD developed after the eradication of H.
pylori have led to a reexamination of those treat-
ment trials of duodenal ulcers, which included H.
pylori eradication, for the new development of
GERD symptoms. The evidence is conflicting
whether the symptoms of GERD are more common
in those in whom H. pylori eradication has been
successful or in those with persistent infection. In
some persons, H. pylori infection may cause chronic
atrophic gastritis that affects the corpus of the
stomach, resulting in diminished acid secretion.
It is this relative hypochlorhydria that protects
against GERD. Indeed, it has been suggested that
acid suppression heals reflux esophagitis faster
in patients with H. pylori infection (Fig. 4). Other
explanations for the apparent occurrence of GERD
after the eradication of H. pylori may include
unrecognized GERD injury or symptoms present
before eradication, rebound acid secretion after
cessation of potent acid suppression, or other unre-
lated factors.

Connective Tissue Disease

Scleroderma, CREST syndrome, or mixed connec-
tive tissue diseases are rare causes of reflux, but
these should be considered in young women who

b = 0.0005
100 1 87

o

Q9

=3 60 -

*qc')' =

= Y 40 A

S

N 20 1

0 T )

H. pylori + H. pylori -

Fig. 4. The efficacy of proton pump inhibitor
therapy may be greater in patients with
gastroesophageal reflux disease who are positive for
Helicobactor pylori (H. pylori +) than in those negative
for H. pylori (H. pylori -).

have Raynaud’s phenomenon or subtle cutaneous
features of scleroderma in the hands or face.
Occasionally, GERD may be the first manifesta-
tion of these disorders. Esophageal manometry
usually demonstrates a low-pressure lower
esophageal sphincter and decreased amplitude of
contractions in the esophagus (Fig. 5).

Mechanism of Extraesophageal Symptoms
The mechanism for extraesophageal manifesta-
tions of GERD, such as wheeze or cough, may not
always be direct aspiration or damage of mucosa
in the respiratory tract but a vagally mediated reflex
triggered by acidification of the distal esophageal
mucosa. Subglottic stenosis and granuloma of the
vocal cords are very serious consequences of reflux
caused by direct contact injury of the delicate
mucosa of the airway, resulting in stridor, cough,
or dysphonia (Fig. 6).

EPIDEMIOLOGY OF
GASTROESOPHAGEAL REFLUX
DISEASE

GERD can be defined as chronic symptoms of
heartburn, acid regurgitation or dysfunction, or
injury to the esophagus or other organs because
of abnormal reflux of gastric contents. Symptoms



Gastroesophageal Reflux Disease 7

=
20

%] 8 -

- *

Fig. 5. Esophageal manometric tracing illustrating complete absence of peristalsis or absence of lower
esophageal sphincter (LES) pressure consistent with involvement of the esophagus by scleroderma.

suggestive of GERD are common: 40% of the adult
population in the United States report heartburn
monthly and 18% report it weekly (Fig. 7). GERD
becomes more common with increasing age (Fig.
8). Previously, GERD and its complications were

Fig. 6. Laryngeal stenosis. (Courtesy of Dr. Dana
Thompson, Otorhinolaryngology/Pediatric
Otolaryngology, Mayo Clinic.)

rare in China, Japan, and other Asian countries,
but this is changing rapidly with the adoption of a
Western diet. A protective role of H. pylori-induced
hypochlorhydria has been suggested as a protective
influence in countries with high carriage rates of
infection. However, actual organ damage is
observed less frequently, and fewer than 50% of
patients who present for medical attention for
reflux symptoms have esophagitis. Of patients
who have endoscopy for GERD, 10% have benign
strictures and only 3% to 4% have Barrett’s esoph-
agus; an extremely small number have adenocar-
cinoma. Complications of GERD may be more
common in males and whites and with advancing
age. Whether reflux is becoming more common is
not clear, but it certainly is diagnosed more fre-
quently than in the past. Also, because of direct-
to-consumer advertising and public education
campaigns, the public is more aware of GERD.
For patients with GERD, the quality of life may
be impaired even more than for those with con-
gestive heart failure or angina pectoris (Fig. 9).
Treatment of GERD has important health economic
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B Heartburn
o5 B Regurgitation

3-Month prevalence (%)

Nordic
n=1010

Canada USA
n=1036 n=1020

Italy Japan
n =999 n =500

Fig. 7. Prevalence of gastroesophageal reflux disease
worldwide. Note that the prevalence varies
markedly from country to country, largely because of
differences in physicians” awareness and
understanding of the condition.

effects because, currently, proton pump inhibitors
are among the most commonly prescribed and
most expensive drugs.

PRESENTATION

The classic symptoms of GERD, that is, heartburn
and acid regurgitation, are common in the general
population and usually are readily recognized.
GERD may be manifested in a wide array of
esophageal and extraesophageal symptoms. GERD
may contribute to many clinical syndromes, either
as a common factor or a rare culprit (Table 2).

Annual incidence
(cases per 100,000)

<9 10-19 20-29 30-39 40-49 50-59 60-69 >70
Age (years)

Fig. 8. Incidence of gastrointestinal reflux disease
increases with age. Note that the incidence
increases markedly after age 40 years. (From
Brunnen PL, Karmody AM, Needham CD. Severe
peptic oesophagitis. Gut. 1969;10:831-7. Used with
permission.)

SYMPTOMS

Esophageal Symptoms

The cardinal symptoms of GERD are heartburn
(defined as retrosternal burning ascending toward
the neck) and acid regurgitation (the unpleasant
return of sour or bitter gastric contents to the
pharynx). This is to be differentiated from the
nonacid (bland) regurgitation of retained esophageal
contents in an obstructed esophagus, as occurs in
achalasia or the almost volitional regurgitation of
recently swallowed food which is remasticated and
again swallowed that typifies rumination. Patient
symptoms of “GERD,” “reflux,” and “heartburn”
should be differentiated from the burning epigas-
tric sensation of dyspepsia.

Patients may report relief of symptoms with
antacids or milk. The symptoms of heartburn and
especially acid regurgitation are specific for GERD.
Their presence with sufficient frequency and
severity alone usually justifies medical therapy.
Objective confirmation is required before surgery
or endoscopic treatment is recommended.

Although regurgitation of acid is a specific
symptom highly suggestive of GERD, heartburn
may have many different meanings for patients,
and, indeed, patients may use different and impre-
cise terms to describe their symptoms, such as “indi-
gestion,” “stomach upset,” and “sour stomach.”
Less common symptoms suggestive of but not
diagnostic of GERD include water brash (hyper-
salivation associated with an episode of esophageal
acid exposure), dysphagia (difficulty swallowing),
odynophagia (painful swallowing), and chest dis-
comfort not identified as heartburn. Reflux is more
common after eating. Although reflux symptoms
can occur at any time, they tend to aggregate in the
period 1 to 3 hours after eating, when acid production
overcomes the buffering effects of food (Fig. 10). It
has been reported that a layer of acid may remain
unbuffered on the surface of the gastric meal con-
tents. Reflux may occur also atnight or when a person
with a weak lower esophageal sphincter is supine
or, especially, in the right lateral decubitus position.

Esophageal Chest Pain

GERD is the most common esophageal cause of
noncardiac chest pain. The pain may be referred
to any point on the anterior or posterior chest, with
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Fig. 9. Gastroesophageal reflux disease has a greater effect on quality of life than other common diseases.
Quality of life, assessed by the PGWBI, was compared between patients with untreated gastroesophageal reflux
disease and those with other disorders. For example, the mean PGWBI score of patients with untreated erosive
esophagitis is similar to that of patients with untreated duodenal ulcer and lower (ie, worse) than that of patients
with angina pectoris or mild heart failure. Normal scores are 101 for women and 103 for men, but they vary
slightly from country to country. (Modified from Dimenés E. Methodological aspects of evaluation of Quality of
Life in upper gastrointestinal diseases. Scand ] Gastroenterol Suppl. 1993;199:18-21. Used with permission.)

radiation to the neck, arm, or back. It may be indis-
tinguishable from cardiac pain. Because of the
potential fatal significance of cardiac pain, it is

Table 2. Symptoms of Gastroesophageal
Reflux Disease

Esophageal symptoms
Heartburn
Acid regurgitation
Odynophagia
Dysphagia
Angina-like chest pain
Water brash (hypersalivation)
Airway symptoms
Cough
Wheezing
Hoarseness
Throat clearing
Globus
Tracheal stenosis
Aspiration pneumonia
Pulmonary fibrosis
Apnea in infants

imperative that cardiac investigation precede
esophageal investigation. Frequently, patients who
have both cardiac and esophageal diseases cannot
distinguish between reflux-associated pain and
real angina. GERD may decrease the threshold for
coronary ischemia, further confusing the clinical
picture. This emphasizes the importance of first
investigating the heart and, when appropriate,
other vital structures.

Extraesophageal Symptoms

GERD may contribute to symptoms originating in
other areas of the upper aerodigestive system.
These symptoms, which can occur without the
classic symptoms of heartburn and acid regurgi-
tation, include cough, wheeze, hoarseness, sore
throat, repetitive throat clearing, postnasal drip,
neck or throat pain, globus, apnea, or otalgia. They
are not specific for GERD. Indeed, GERD is only
one of many causes of most of these symptoms.
Like GERD, cough and wheezing are very common
and likely to coexist by chance alone. Whether these
symptoms are due to GERD needs to be confirmed
by investigation or by the response to an empiric
trial of potent acid-blocking therapy. Ideally, the
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Fig. 10. Distribution of symptoms of gastroesophageal reflux disease over 24 hours in 105 patients who took their
major meals at the same time of day. Note that food intake was associated with a marked increase in the number
of symptom episodes and relatively few episodes occurred during the night. (From Johnsson L, Adlouni W,
Johnsson F, Joelssson B. Timing of reflux symptoms and esophageal acid exposure. Gullet. 1992;2:58-62. Used

with permission.)

demonstration of a pathologic degree of GERD
and a response of the atypical symptoms to an ade-
quate antireflux regimen are needed to conclude
that GERD is the cause. GERD may produce extra-
esophageal symptoms in one of two ways. The
first is by direct irritation or inflammation of the del-
icate mucosa of the larynx, trachea, or bronchi. The
second is by reflex-mediated changes in function.
Both mechanisms may operate in some patients.

ESTABLISHING A DIAGNOSIS

Therapeutic Trial

Several studies have investigated the usefulness
of empirical trials of acid-suppressive therapy with
proton pump inhibitors (Table 3).

Typical Symptoms of Gastroesophageal
Reflux Disease

Patients who present with typical symptoms
without alarm symptoms should be given acid-
supressive therapy. Complete resolution of the
symptoms with treatment and relapse when treat-
ment is discontinued confirm the diagnosis and
suggest the need for a long-term management
strategy. However, even in these patients, the speci-
ficity of a response to potent acid suppression is
not specific for GERD because other acid peptic
disorders respond to acid-suppressive therapy. If
symptomatic improvement is limited, either an
increase in dose or additional diagnostic testing is
needed. If there is little or no symptomatic
improvement with acid-suppressive therapy, fur-
ther investigation is indicated.

Table 3. Empiric Trials of Acid-Suppressive Therapy With Proton Pump Inhibitors for Diagnosis

Sensitivity,” Specificity,
Symptom Treatment % %
Heartburn and Omeprazole twice daily for 7 days 80 56
regurgitation
Noncardiac chest Omeprazole twice daily for 14 days 75 85
pain
Extraesophageal Proton pump inhibitor twice daily for

3 months

“For the confirmation of gastroesophageal reflux disease.
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Atypical Symptoms of Gastroesophageal
Reflux Disease

GERD may cause or contribute to many different
clinical syndromes. The more common or dan-
gerous causes of these syndromes should be eval-
uated first. For example, patients with chronic
cough or hoarseness should be evaluated for
asthma or laryngeal neoplasm, respectively. If
GERD s a possible cause, a therapeutic trial of acid
suppression may be attempted. For esophageal
symptoms such as chest pain, a 2-week trial of
therapy usually is sufficient. For extraesophageal
symptoms, a more prolonged therapeutic trial (2-
3 months) may be necessary.

The acid-suppression test uses a potent reg-
imen of acid suppression, for example, proton
pump inhibitors (omeprazole, 40 mg in the
morning and 20 mg in the evening). If the symp-
toms resolve, the patient should receive long-term
treatment, with an attempt at dose reduction or
cessation. For atypical symptoms, it is important to
consider that they may have had alternative causes
that resolved spontaneously. However, if there are
reversible factors that are altered and if GERD is
the major cause, the symptoms are likely to recur
when therapy is discontinued. If the symptoms do
not resolve completely, further evaluation with
upper endoscopy or 24-hour ambulatory
esophageal pH monitoring with symptom-reflux
correlation (or both) is indicated. Ideally, the test
should be conducted when the patient is not taking
a proton pump inhibitor.

If GERD is confirmed, long-term acid-sup-
pressive therapy is indicated. If symptoms persist,
ambulatory esophageal pH monitoring may be
repeated to document that the esophagus is no
longer exposed to acid.

DIAGNOSTIC TESTS FOR
GASTROESOPHAGEAL REFLUX
DISEASE

Diagnostic tests are unnecessary for most persons
with GERD. Investigations should be conducted
in patients who have alarm symptoms, equivocal
results on a treatment trial, or atypical symptoms
of sufficient importance to warrant confirmation of
GERD and in those undergoing surgical or endo-
scopic therapy for GERD. For most patients, the

endoscopic demonstration of esophagitis is suffi-
cient proof of GERD and further investigation is
unnecessary. However, more than 50% of patients
with symptoms typical of GERD have normal
endoscopic findings, and additional tests are
required to identify increased esophageal exposure
to acid. This is done either directly with ambulatory
pH monitoring or indirectly by showing the reflux
of a detectable material such as barium or a radio-
labeled compound during a provocative maneuver
or by reproducing symptoms through the instil-
lation of acid (Table 4).

Endoscopic Examination

Endoscopic examination allows direct visualization
of the esophageal mucosa. In reflux esophagitis,
the characteristic finding is linear erosions in the
distal esophagus. These usually start at the esoph-
agogastric junction and extend for various dis-
tances. The degree of severity varies. By their
appearance alone, these erosions usually are
readily differentiated from rarer infectious, allergic

Table 4. Uses of Diagnostic Tests for
Gastroesophageal Reflux Disease

Endoscopy
Differentiate from other causes of reflux
esophagitis
Biopsy Barrett’s esophagus, adenocarcinoma
Dilate strictures
Endoscopic therapy (?)
Contrast radiography
Hiatal hernia
Identify strictures
Reproduce reflux of barium (?)
Ambulatory 24-hour pH studies
Quantify acid reflux in the absence of
esophagitis
Determine temporal correlation between
gastroesophageal reflux and atypical
symptoms
Bernstein test
Provoke symptoms with acid
Gastroesophageal scintigraphy
Quantify gastroesophageal reflux
Identify aspiration
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(eosinophilic), or corrosive causes of inflammation.
If the diagnosis is in question, biopsy specimens
should be obtained, not primarily to confirm reflux
but to identify alternative pathologic conditions.

Several grading schemes, generally based on
the extent of involvement, have been used. The
Los Angeles classification system is the one used
most commonly worldwide (Fig. 11). Erythema
and increased vascularity are nonspecific features,
and a break in the mucosa is required to make the
diagnosis of reflux esophagitis. Careful scrutiny
of the esophagogastric junction with adequate air
insufflation is needed to examine the mucosa in
its entirety. Endoscopy identifies the esophageal
complications of GERD, including esophageal
ulceration and stricture, Barrett’s esophagus, and
esophageal adenocarcinoma. Alarm symptoms
that suggest these complications include long
duration (>10 years) of typical symptoms, dys-
phagia, hematemesis or melena, and weight loss.
The presence of these symptoms is a strong indi-
cation for diagnostic testing, especially endoscopy.
Male sex, middle age, and nocturnal heartburn
may be associated with a higher risk of esophagitis
and its complications.

Barium Upper Gastrointestinal Tract Series
Although the barium contrast study is a readily
available test, it is of limited usefulness in the
evaluation of patients with GERD. Its major use-
fulness in GERD is in identifying strictures and
large hiatal hernias. It is insensitive for detecting
erosions or superficial mucosal changes. The
ability to reflux barium while at rest or in response
to a provocative maneuver or postural change is
not a sensitive test for GERD because most
patients have a normal-pressure lower esophageal
sphincter. In patients with extraesophageal symp-
toms, reflux of barium to or above the level of the
aortic arch suggests the possibility of proximal
reflux. The contrast study has limited value in
detecting mucosal changes other than the most
pronounced inflammation, which requires a
double contrast study. The sensitivity for GERD
is only 20%. When provocative maneuvers are
added, the sensitivity increases but at great cost
to specificity. A barium contrast study may be
useful in delineating postoperative anatomical
relationships and the intactness of an antireflux
repair. Its use is discouraged in the evaluation of
uncomplicated GERD.
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Fig. 11. Erosive esophagitis. Summary of Los Angeles (LA) classification. Grade A, one or more mucosal breaks
not more than 5 mm in maximal length. Grade B, one or more mucosal breaks more than 5 mm in maximal
length, but not continuous between the tops of two mucosal folds. Grade C, mucosal breaks that are continuous
between the tops of two or more folds but involve less than 75% of the esophageal circumference. Grade D,
mucosal breaks that involve at least 75% of the esophageal circumference. (From AstraZeneca Pharmaceuticals
LP [Internet]. Wilmington (DE). Available from: http://www.astrazeneca.com. Used with permission.)
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Prolonged Ambulatory Esophageal pH
Monitoring Studies

Ambulatory pH monitoring of the esophageal
lumen, a well-established test, was introduced in
the early 1970s. It provides objective evidence of
the degree of GERD and its timing. For most
patients with symptoms of GERD and for whom
the diagnosis is not in doubt, this test is not needed.
The indications for ambulatory esophageal pH
monitoring are listed in Table 5. The test is per-
formed with a probe that has a pH sensor at its tip.
The tip is placed 5 cm above the proximal border
of the lower esophageal sphincter. Accurate loca-
tion of this sphincter is critical because normal
values for acid exposure apply only if the distance
between the pH probe and the sphincter is 5 cm.
The position of the lower esophageal sphincter
usually is determined manometrically with a stan-
dard stationary esophageal manometry study or
with a combined single water-perfused pressure
transducer with a pH probe that can locate accu-
rately the proximal border of the sphincter and
requires only a single intubation. Other methods
such as endoscopic measurement and pH step-up
on withdrawal are not sufficiently accurate for the
placement of the nasoesophageal probe. The pH
isrecorded by a small portable recorder. A newer
method uses a tubeless pH capsule that is pinned
to the distal esophagus 6 cm above the endoscop-
ically determined squamocolumnar junction. It
transmits the pH measurements to a recorder worn
on the chest. Its advantages are that it can record for
prolonged periods and patients may eat more nor-
mally, without the discomfort of the nasal tube.
The patient should maintain his or her usual diet,

Table 5. Indications for Ambulatory
Esophageal pH Monitoring

Atypical symptoms: respiratory, ear, nose, and
throat

Frequent atypical chest pain

Refractory symptoms in well-established
GERD*

Preoperative confirmation of GERD

GERD, gastroesophageal reflux disease.
“Done on acid blockade.

activity, and habits during the study to allow the
assessment of findings relative to the patient’s
normal lifestyle. The recorders have a patient-acti-
vated event button (or buttons) to indicate meals,
changes in posture, and symptom events. The dura-
tion of the recording must be long enough to reflect
all periods of the day, especially postprandial
periods. Ideally, 20 hours or more of analyzable
recordings are made.

The recordings are analyzed initially by visual
inspection of the graphs and then by computer-
assisted quantitative analysis of the number and
duration of reflux episodes and the relation to any
symptoms the patient may have recorded (Fig. 12).
Reflux of acid is defined as a sudden decrease in
intraesophageal pH <4.0 that lasts longer than 5
seconds. The six most commonly reported mea-
surements are 1) the percentage of total time that
pH is <4.0, 2) the percentage of upright time that
pH is <4.0, 3) the percentage of recumbent time
that pH is <4.0, 4) the total number of reflux events,
5) the number of reflux episodes that last longer
than 5 minutes, and 6) the longest episode of reflux
(in minutes). The first three measurements of acid
exposure are used most frequently in everyday
practice, and combined, they have a reported sen-
sitivity of 85% and a specificity greater than 95% for
diagnosing GERD associated with esophagitis.
Another important strength of ambulatory
esophageal pH monitoring is its ability to deter-
mine whether a temporal relation exists between
the patient’s recorded symptoms and acid reflux.
This determination is made initially by examining
the tracing on which the symptom events have
been marked and then performing a semiquanti-
tative analysis.

Several measures have been used to calculate
the correlation between symptoms and reflux,
including the symptom index (ie, the percentage
of symptom events that occur at the time of an
acid reflux event). A symptom index greater than
50% usually is regarded as significant. The
symptom sensitivity index is the percentage of reflux
events associated with symptoms. A symptom
sensitivity index greater than 5% usually is
regarded to indicate an association between
symptoms and acid reflux. More recently, the
symptom association probability has been used as a
more robust test for association. The ability to
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Fig. 12. Typical traces of 24-hour pH monitoring. The test was performed in a patient with chest pain. Upper
trace, Electrode placed 20 cm above the lower esophageal sphincter. Lower trace, Electrode placed in the distal
esophagus, 5 cm above the lower esophageal sphincter. Traces were recorded simultaneously. Esophageal pH
must be <4 to be categorized as acid reflux. Marker flags, symptom episodes. Both episodes of chest pain (*)
occurred during reflux episodes (symptom index = 100%). Abnormal upright and recumbent esophageal acid
exposure occurs in the distal esophagus, suggesting both daytime and nightime reflux.

determine whether a temporal association exists
depends on the number of symptom events and
the amount of reflux that occurs. The patient must
record his or her symptoms diligently and accu-
rately during the study. If the symptoms occur once
aweek, there is little use in performing pH testing.

The 24-hour ambulatory esophageal pH mon-
itoring test has limitations. Absolute values for
sensitivity and specificity have been estimated
because no standards exist for comparison with
prolonged ambulatory pH monitoring. Also, pH
monitoring may give false-negative results in 17%
of patients with proven erosive esophagitis. This
may reflect day-to-day variability in reflux or
patients may have limited their diet or activities
that would lead to reflux. Even simultaneous
recording of pH from adjacent sensors may give
different results in 20% of subjects. Some patients
have a physiologic degree of acid reflux but have
a strong correlation between the short-lived reflux
events and symptoms. This may be due to a hyper-
sensitive esophagus. Patients who frequently have

symptoms of heartburn but no corresponding
reflux may have what is termed functional heartburn.
Generally, pH monitoring is performed when
the patient is not taking any acid-suppressive med-
ication. However, occasionally and for specific
indications, pH monitoring may be performed
when a patient is taking these medications. These
indications include frequent typical reflux symp-
toms that are refractory to what should be adequate
acid-suppressive therapy with usual doses of
proton pump inhibitors. Another indication is
persistent extraesophageal symptoms despite
high-dose proton pump inhibitor therapy in
patients with confirmed reflux disease. Usually, a
prerequisite for performing the test while the
patientis receiving treatment is that the diagnosis
of GERD s fairly certain and the intent is to verify
that the suppression of acid reflux is complete.
Establishing a temporal correlation between
symptoms and acid reflux events may be a sec-
ondary aim of the study. However, heartburn and
regurgitation may occur in the absence of acid
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reflux. This may be due to nonacid reflux, gastric
dyspepsia, rumination, or an unrelated process.
A newer technique that measures both pH and
intraluminal impedance may be able to detect
nonacid reflux, but its role is not fully accepted
and its clinical usefulness has not been demonstrated.
Often, gastric pH is measured simultaneously to
assess the degree of gastric acid suppression.
Approximately one-third of patients receiving reg-
ular doses of proton pump inhibitors have marked
production of acid in the stomach at night, but this
breakthrough acid production does not always pro-
duce symptoms or actual esophageal acid reflux.

Gastroesophageal Scintigraphy
Gastroesophageal scintigraphy is used rarely to
demonstrate gastroesophageal reflux or aspira-
tion. The technique involves feeding the patient a
technetium 99m sulfur colloid-labeled meal and
obtaining postprandial images with a gamma
camera. Delayed images obtained the following
morning may show scintigraphic activity within
the lung fields, demonstrating aspiration (usually,
gross aspiration is needed). The test may be more
useful in patients who have concomitant symptoms
of delayed gastric emptying.

Bernstein Test

The Bernstein test is a provocative test in which
acid (0.1N HCI) and water are infused alternately
through a nasoesophageal tube into the mides-
ophagus, with the patient unaware of the order of
infusion. Of patients with GERD, 70% complain
of heartburn within a few minutes after the start
of the infusion of acid. Ideally, the symptom is
relieved promptly when water is instilled. Because
of low sensitivity and poor tolerance of the infu-
sion, this test is not performed frequently. Great
care must be taken to ensure that the tube isnotin
the airway, because instillation of acid into the
lungs may have severe consequences.

TREATMENT

Patient- or physician-initiated empirical treatment
for presumed GERD has become commonplace.
Indeed, guidelines for primary care have supported
this approach for patients who do not have alarm
symptoms. Treatment options for GERD are sum-

marized in Table 6. Potent acid suppression with
proton pump inhibitors is effective and heals reflux
esophagitis after only a few weeks of therapy. This
has resulted in a shift in the disease as it appears to
endoscopists. It is rare to find severe disease in
patients who have been treated with proton pump
inhibitors. This practice poses a problem when
symptoms do not resolve as expected. Perhaps
there is partial improvement in symptoms.
Although the diagnosis of GERD was suggested
at the time of presentation and initiation of proton
pump inhibitor therapy, the disease cannot be con-
firmed by the usual method without stopping the
medications for a substantial time, and this may
notbe acceptable to patients in whom proton pump
inhibitors have healed the esophagitis. A careful
reexamination of the pretreatment symptoms may
show that what the patient thought was GERD may
have been something else, for example, dyspepsia.

Acid-suppressive therapy is the cornerstone
of the treatment of GERD. It provides excellent
healing and relief of symptoms in patients with
esophagitis or classic heartburn. The relief appears
to be related directly to the degree of acid sup-
pression achieved.

Long-term maintenance therapy is needed for
most patients. Lifestyle modifications alone may
produce remission in 25% of patients with symp-
toms, but only a few patients are compliant with the
restrictions. The same principles that apply to
short-term therapy apply also to long-term therapy.
Less acid equals less recurrence.

Histamine, Receptor Blockers

Histamine, (H,) receptor blockers act by blocking
the histamine-induced stimulation of gastric pari-
etal cells. H, blockers provide moderate benefit
when given in moderate doses (cimetidine 400 mg
twice daily, famotidine 20 mg twice daily, nizati-
dine 150 mg twice daily, ranitidine 150 mg twice
daily) and heal esophagitis in 50% of patients.
Higher doses suppress acid more rapidly. Lower
doses are less effective, and nighttime-only dosing
misses all the daytime reflux that predominates.
A particular role for H, blockers may be to augment
proton pump inhibitors when given at night to block
nocturnal acid breakthrough; however, nocturnal H,
blockade does not produce sustained nocturnal acid
suppression because of tachyphylaxis.
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Proton Pump Inhibitors

Proton pump inhibitors are absorbed rapidly and
taken up and concentrated preferentially in pari-
etal cells. They irreversibly complex with the H+-
K+-ATPase pump, which is the final step in acid
production. To produce acid, parietal cells must
form new pumps, a process that takes many hours.
Proton pump inhibitors are more potent than H,
blockers as suppressors of acid reflux. The healing
of esophagitis and the relief of symptoms are more
rapid with proton pump inhibitors than with H,
blockers. With proton pump inhibitor therapy,
esophagitis heals within 4 weeks in more than 80%
of patients and in virtually 100% by 8 weeks.
However, the rate of complete relief from symp-
toms is less than the rate of healing.

Whether a proton pump inhibitor should be
given as initial therapy and then replaced with H,
blocker therapy or whether H, blocker therapy
should precede proton pump inhibitor therapy is
debated. Economic analysis, which takes into
account the patient’s quality of life, suggests that
the latter approach is preferred. It is well estab-
lished that therapy sometimes can be “stepped
down” successfully after treatment with a proton
pump inhibitor or switched to on-demand therapy,

although this is rarely suitable for patients with
substantial complications of GERD. This approach
is not recommended unless cost considerations
are paramount.

Although routine doses of proton pump
inhibitors (esomeprazole 40 mg/day, lansopra-
zole 30 mg/day, omeprazole 20 mg/day, panto-
prazole 40 mg/day, rabeprazole 20 mg/day) are
adequate for most patients with GERD, some may
require higher or more frequent dosing to sup-
press GERD completely. Data have demonstrated
that proton pump inhibitors are not entirely effec-
tive in blocking nocturnal production of acid in
the stomach. Complete acid blockade can be
achieved by dose escalation or by adding a noc-
turnal H, blocker. However, the latter strategy
does not have a sustained effect; nor is it clear that
complete suppression of gastric acid is desirable.

Incomplete blockade may be the result of dif-
ferences in metabolism or bioavailability. Omeprazole
is absorbed more readily on an empty stomach and
is most effective if the stomach parietal cells are
stimulated. This is achieved by having patients eat
within an hour after taking the medication.

With maintenance proton pump inhibitor
therapy, the rate of relapse of esophagitis is 20%

Table 6. Summary of Treatment Options for Gastroesophageal Reflux Disease

Healing
Treatment Options rate, %
Lifestyle modifications  Elevate the head of the bed 20-30
Avoid eating within 3 hours before going to bed
Moderate size and fat content of meals
Loss of excess weight
Reduce intake of caffeine, chocolate
Stop smoking
Acid neutralization Antacids 20-30
Chewing gum
Alginate preparations
Acid suppression H, blockers 50
Proton pump inhibitors =80
Prokinetics Metoclopramide (not useful) 30-40
Others in development
Mechanical prevention  Laparoscopic surgery =80
of reflux Endoscopic therapies =50
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or less, which is lower than for H, blockers (Fig.
13). A slight escalation in dose may be needed with
long-term therapy. Also, maintenance proton
pump inhibitor therapy is more effective than H,
blockers in reducing the need for redilatation in
patients with reflux-associated benign strictures.

Proton pump inhibitor therapy causes a clin-
ically insignificant increase in the serum level of
gastrin. Although this has caused concern about
a theoretical risk of carcinoid, the risk has not been
realized after more than 10 years of long-term use
of these agents. The increase in serum levels of gas-
trin and parietal cell mass may lead to rebound
acid secretion after the therapy is stopped. The
same effect also occurs, but for a shorter time, after
H, blocker therapy is stopped. Epidemiologic
studies have also raised the possibility of an asso-
ciation between proton pump inhibitor therapy
and hip fractures.

Prokinetics

The idea that a motility disorder is the genesis of
GERD made a prokinetic approach intellectually
enticing. Drugs such as metoclopramide and, for-
merly, cisapride, which increase the tone of the lower
esophageal sphincter and esophageal clearance and

*P<.05 vs. H,RA
"P<.05 vs. prokinetic

accelerate gastric emptying, have been used to treat
reflux. However, the healing rate and safety of
these drugs have been questioned. Cisapride has
been withdrawn from use in the United States, and
the long-term use of metoclopramide is associated
with so many side effects that it is rarely prescribed
for GERD unless that is incidental to its use for gas-
troparesis. Several prokinetic agents are being
studied for the treatment of GERD, but the lower
efficacy of prokinetics compared with that of
proton pump inhibitors limits their potential use-
fulness. Drugs that target the TLESRs also have
been used, including baclofen, which probably can
reduce reflux but is not approved or widely used
for that indication.

Refractory Reflux

Refractory reflux disease can be defined as symp-
toms of GERD that are refractory to treatment with
regular dosages of proton pump inhibitors. The
many common causes of refractory reflux symptoms
are listed in Table 7.

Functional Chest Pain
Many patients who complain the most bitterly of
severe reflux often have very little reflux on 24-hour

*P<.05 vs. H,RA + prokinetic
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Fig. 13. Proton pump inhibitors (PPI) are the most effecive drugs for maintenance therapy of gastroesophageal
reflux disease. Although the remission rate was slightly higher with PPI + prokinetic than with PPI alone, the
difference was not significant. H,RA, histamine, receptor antagonist. (Data from Vigneri S, Termini R, Leandro
G, Badalamenti S, Pantalena M, Savarino V, et al. A comparison of five maintenance therapies for reflux

esophagitis. N Engl ] Med. 1995;333:1106-10.)
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pH monitoring and have no endoscopic features of
reflux. This condition has been termed nonerosive
reflux disease. As with other functional gastrointestinal
tract problems, females are overrepresented.
Features of anxiety, panic, hyperventilation, and
somatization may be clues to the diagnosis.
Antacid therapies may help reduce the frequency
of the symptoms, but they rarely relieve them com-
pletely. Therapies aimed at decreasing visceral
hypersensitivity may be helpful, for example, a
low dose of an antidepressant.

Surgical and Endoscopic Antireflux
Procedures
What is the role of laparoscopic and endoscopic
methods of therapy? Medical therapy has been
reduced to acid neutralization or suppression of
acid production. Surgeons and endoscopists have
focused on the role of the mechanical or functional
failure of the antireflux barrier, and this has become
the prime target of various approaches for preventing
the reflux of gastric contents into the esophagus.
For many years, antireflux surgery was per-
formed through a transabdominal or transthoracic
approach, with considerable morbidity. Surgical
treatment was reserved for intractable reflux that
the available weak medical therapy failed to cure.
With the advent of proton pump inhibitors, even
severe degrees of reflux came to be well controlled,
although the therapy is expensive. With the advent
of minimally invasive surgery, surgical treatment
has had a renaissance. The laparoscopic antireflux
procedure has become a staple of the community
surgeon. Its outcomes are similar to those of the
open approach. With well-chosen patients and
experienced surgeons, an 80% to 90% success rate
is expected. The success rate decreases remarkably
if the patients have symptoms refractory to proton
pump inhibitor therapy or poorly documented
reflux disease and if the procedure is performed
by less experienced surgeons. A substantial
number of these patients resume taking acid-
blocking medications, often for unclear reasons.
Preoperatively, it is important to verify that the
patient’s symptoms in fact are due to reflux. This
is accomplished by documenting reflux esophagitis
and a response to proton pump inhibitor therapy
or by confirming the pathologic degree of reflux
with a 24-hour pH assessment while the patient is

Table 7. Causes of Refractory Reflux
Symptoms in Patients Receiving
Proton Pump Inhibitor Therapy

Incorrect initial diagnosis
Nonreflux esophagitis—pill injury, skin
diseases, eosinophilic esophagitis, infection
Heart disease
Chest wall pain
Gastric pain
Additional diagnoses
Dyspepsia—delayed gastric emptying,
gastritis, peptic ulcer disease, nonulcer
dyspepsia
Above diagnoses
Inadequate acid suppression
Noncompliance
Rapid metabolizers of proton pump
inhibitors
Dose timing
Too low a dose
Zollinger-Ellison syndrome
Adenocarcinoma in Barrett’s esophagus
Postoperative reflux—partial gastrectomy,
vertical-banded gastroplasty
Esophageal dysmotility
Spasm
Achalasia
Nutcracker esophagus
Functional chest pain
Hypersensitive esophagus
Somatic features of depression
Free regurgitation
Absence of lower esophageal sphincter tone
Large hiatal hernia
Achalasia
Rumination

not receiving therapy. If the patient belches fre-
quently, he or she should be informed that belching
may not be possible after the operation and gas bloat
may result. Preoperative esophageal manometry
has been widely recommended. It identifies a severe
motility disturbance such as achalasia or connective
tissue disease, and some surgeons want confirmation
of a weak lower esophageal sphincter (if present).
Postoperatively, 20% of patients have some
dysphagia, but this persists in only 5%. Gas bloat,
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diarrhea, and dyspepsia may occur or become
more evident postoperatively and may be trou-
bling to patients. As many as one-third of the
patients may still require proton pump inhibitor
therapy postoperatively for persistent reflux or
dyspepsia. Patients who have respiratory symp-
toms, free regurgitation, or simple but severe
heartburn without gastric symptoms seem to have
the best response to antireflux surgery. Female sex,
lack of objective evidence of pathologic reflux, and
failure to respond to proton pump inhibitor
therapy all predict a poor response to surgery.
Patient selection and operator experience seem to
be the main determinants of a favorable surgical
outcome. Reflux surgery is superior to long-term
treatment with H, blockers to maintain the healing
of GERD; however, follow-up for more than 10
years has shown an unexplained increase in mor-
tality, predominantly due to cardiovascular disease,
in the surgical group.

Who Not to Send to Surgery

It would be prudent to reconsider carefully the
wisdom of sending to surgery a patient who has
symptoms that are refractory to proton pump
inhibitors. A hypersensitive esophagus or gastric
dysmotility may be worse after fundoplication.
Also, symptoms of irritable bowel syndrome may
worsen postoperatively.

Endoscopic Methods of Therapy

Several endoscopic methods have been tried or are
in development for the treatment of GERD.
Endoscopic methods to alter the shape or to tighten
the esophagogastric junction are in various stages
of development. These consist of inserting sutures
or other devices into the gastric wall to generate a
mechanical barrier or “speed bump” to reflux.
Although some of these methods have been in clin-
ical use, evidence for long-term efficacy is lacking.
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