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Gastroenterology and hepatology encompass a vast anatomical 
assortment of organs that have diverse structure and function and 
potentially are afflicted by a multiplicity of disease processes. We 
have designed the Mayo Clinic Gastroenterology and Hepatology 
Board Review course and the revised fifth edition of this book 
to assist both physicians-in-training who are preparing for the 
gastroenterology board examination and the increasing num-
ber of gastroenterologists awaiting recertification. Mayo Clinic 
Gastroenterology and Hepatology Board Review is not intended 
to replace the many more encyclopedic textbooks of gastroen-
terology, hepatology, pathology, endoscopy, nutrition, and radi-
ology now available. Nor is this book intended to serve as an 
“update” to physicians looking for the newest advances in the 
science and art of gastroenterology and hepatology. Instead, this 
book provides a core of essential knowledge in gastroenterol-
ogy, hepatology, and integral related areas of pathology, endos-
copy, nutrition, and radiology. Clinical knowledge related to 
diagnostic and therapeutic approaches to patient management is 
emphasized. Case-based presentations and short board exami-
nation–type, single-best-answer multiple-choice questions with 
annotated answers are featured. The text is also intended to be 
used by medical students and residents during their clerkships 
in internal medicine and gastroenterology and by gastroenterol-
ogy fellows in training. Physicians in practice should find this 
book to be a practical review for consolidating their knowledge 
in gastroenterology.

The book is organized by subspecialty topics, including 
esophageal disorders, gastroduodenal disorders, small-bowel 
disease and nutrition, colonic disorders, pancreaticobiliary dis-
ease, liver disease, and miscellaneous disorders. Numerous 
color and black-and-white figures support the text. Each subspe-
cialty section concludes with a set of board examination–type, 
single-best-answer multiple-choice questions with annotated 
answers. (The content of the questions and answers is not included 
in the index.) The faculty responsible for the book (at the time it 
was produced) all are Mayo Clinic gastroenterologists and hepa-
tologists who spend the majority of their time caring for patients 
but have a commitment to teaching medical students, house offi-
cers, fellows, nurses, and physicians. Most of the faculty have 
particular interests in subspecialty areas of clinical gastroenterol-
ogy and hepatology, which provides broad expertise.

We want to thank the staffs of Scientific Publications and 
Media Support Services at Mayo Clinic and the Mayo School 
of Continuous Professional Development for their contributions. 
The support of Mayo Clinic Scientific Press and our publisher, 
Oxford University Press, are also greatly appreciated. We want 
to give special thanks to our secretaries and to Vijay H.  Shah, 
MD, for his ongoing enthusiasm and support for our faculty and 
teaching mission.

Stephen C. Hauser, MD
Editor-in-Chief
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Gastroesophageal reflux is the reflux of gastric contents other 
than air into or through the esophagus. Gastroesophageal reflux 
disease (GERD) refers to reflux that produces frequent symptoms 
or results in damage or dysfunction to the esophageal mucosa or 
contiguous organs of the upper aerodigestive system and occa-
sionally the lower respiratory tract.

Etiology

Gastroesophageal reflux results from several factors that lead to 
symptoms or injury of the mucosa of the esophagus or the air-
way by reflux of corrosive material from the stomach (Box 1.1). 
These factors include a weak or defective sphincter, transient 
lower esophageal sphincter relaxations (TLESRs), hiatal her-
nia, poor acid clearance from the esophagus, diminished sali-
vary flow, reduced mucosal resistance to injury, increased acid 
production, delayed gastric emptying of solids, and obstructive 
sleep apnea (Figure 1.1). The relative contribution of these var-
ies from patient to patient.

Factors Contributing to GERD

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 are the central protection against pathologic reflux of gas-
tric contents into the esophagus. This barrier has several compo-
nents, 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 
relaxation is 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 diminished 
and easily overcome.

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

Acid Clearance

The clearance of acid from the esophagus is a combination of 
mechanical volume clearance (gravity and peristalsis) and chemi-
cal neutralization of the lumen contents (saliva and mucosal buff-
ering). 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 
idiopathic motor disorder or, occasionally, it can result from a con-
nective tissue disorder such as CREST (calcinosis cutis, Raynaud 
phenomenon, esophageal dysfunction, sclerodactyly, and 

1

Gastroesophageal Reflux Diseasea

JOSEPH A. MURRAY, MD

a Portions of this chapter were adapted from Szarka LA, DeVault KR, 
Murray JA. Diagnosing gastroesophageal reflux disease. Mayo Clin 
Proc. 2001 Jan; 76(1):97-101. Used with permission.

Abbreviations:  CREST, calcinosis cutis, Raynaud phenomenon, 
esophageal dysfunction, sclerodactyly, and telangiectasia; GERD, 
gastroesophageal reflux disease; H

2
, histamine

2
; NERD, nonerosive 

reflux disease; TLESR, transient lower esophageal sphincter relaxation 

 

 

 

 

 

 



4 Section I. Esophagus

telangiectasia) syndrome or scleroderma. Many drugs and Sjögren 
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 strati-
fied 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 (Figure 1.2).

Gastric Factors

Delayed gastric emptying or increased gastric production 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 neces-
sary for reflux to occur during TLESR or when a defective lower 
esophageal sphincter is overcome during recumbency or abdomi-
nal straining. The cardia is often submerged under liquid gastric 
contents when a person is recumbent, especially in the right lat-
eral decubitus position. It has been suggested 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 

first hour after eating, normal physiologic reflux that may occur 
during maximal gastric distention is not as harmful as the reflux 
that occurs later after the stomach pH has again decreased. Any 
obstruction of the outflow from the stomach increases the pro-
pensity 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 associ-
ated 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.

Obesity and GERD

It has now been established that obesity is a risk factor for GERD. 
An increased body mass index is also associated with Barrett 
esophagus and reflux esophagitis. In addition, it had already been 
well established that obesity is associated with an increased risk 
of adenocarcinoma of the distal esophagus.

Helicobacter pylori and GERD

Whether chronic Helicobacter pylori infection protects against 
GERD is a matter of controversy. Duodenal ulcers and distal 
gastric cancer (both caused by H pylori infection) are becom-
ing 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 popu-
lation without GERD symptoms. Reports that symptoms of 
GERD developed after the eradication of H pylori have led to 
a reexamination of those treatment trials of duodenal ulcers, 

Box 1.1. Etiologic Factors of Gastroesophageal Reflux 
Disease

Motility disorders

Transient lower esophageal relaxationsa

Weak lower esophageal sphinctera

Weak esophageal peristalsis

Scleroderma and CREST syndrome

Delayed gastric emptying

Damaging factors

Increased gastric acid production

Bile and pancreatic juice

Resistance factors

Reduced saliva and bicarbonate production

Diminished mucosal blood flow

Growth factors, protective mucus

Others

Obesitya

Hiatal herniaa

Obstructive sleep apnea

Abbreviation:  CREST, calcinosis cutis, Raynaud phenomenon, 
esophageal dysfunction, sclerodactyly, and telangiectasia.

a Major or common factor.

Defective
esophageal
clearance

Hiatal hernia

Lower
esophageal
sphincter

“dysfunction”

Delayed gastric
emptying

Increased
intra-abdominal

pressure

Figure  1.1. Causes of Increased Exposure of the Esophagus to 
Gastric Refluxate. (Adapted from AstraZeneca Pharmaceuticals LP 
[Internet]. Wilmington [DE]. From: http://www.astrazeneca.com. Used 
with permission.)

 

 

 

 

 

 

 

 

 



51. Gastroesophageal Reflux Disease

which included H pylori eradication, for the new development 
of GERD symptoms. The evidence is conflicting as to 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 (Figure 1.3).

Connective Tissue Disease

Scleroderma, CREST syndrome, or mixed connective tissue dis-
eases are rare causes of reflux, but these should be considered in 
young women who have Raynaud phenomenon or subtle cutane-
ous features of scleroderma in the hands or face. Occasionally, 
GERD may be the first manifestation of these disorders. 
Esophageal manometry usually demonstrates a low-pressure 

lower esophageal sphincter and decreased amplitude of contrac-
tions in the esophagus (Figure 1.4).

Mechanism for Extraesophageal Symptoms

The mechanism for extraesophageal manifestations 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 (Figure 1.5).

Epidemiology of GERD

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 

Acid
Pepsin
Bicarbonate

Nerve
ending

A B C

Tight cell
junction

Widened
cell

junction

Nerve
ending

D E

Figure 1.2. 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. C, The cell gaps widen, thus allowing 
acid penetration. Exposure to gastric acid and pepsin can cause microscopic damage to the esophageal mucosa; even though the damage may not be visible 
endoscopically, it may still result in heartburn. D, Penetration of acid and pepsin into the mucosa allows contact of acid with epithelial nerve endings (which 
may result in heartburn). E, Additional influx of acid and pepsin into the mucosa triggers a cascade of events, ultimately leading to cell rupture and mucosal 
inflammation. (Adapted from AstraZeneca Pharmaceuticals LP [Internet]. Wilmington [DE]. From: http://www.astrazeneca.com. Used with permission.)

 

 

 



6 Section I. Esophagus

suggestive of GERD are common:  40% of adults in the United 
States report regular heartburn and regurgitation (Figure 1.6), and 
18% report it weekly. GERD becomes more common with increas-
ing age (Figure 1.7). Previously, GERD and its complications were 
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 less 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 esophagus; 

an extremely small number have adenocarcinoma. 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 frequently than in the past. 
Also, because of direct-to-consumer advertising and public educa-
tion 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 congestive heart failure or angina 
pectoris (Figure 1.8). Treatment of GERD has important health 
economic effects because, currently, proton pump inhibitors 
are among the most commonly prescribed and most expensive 
drugs.

60

80

100

40

20

0

H pylori + H pylori −

87

P<.001

76

P
at

ie
nt

s 
H

ea
le

d
 a

t 
4 

w
k,

 %

Figure 1.3. Efficacy of Proton Pump Inhibitor Therapy. The effi-
cacy may be greater in patients with gastroesophageal reflux disease 
who are positive for Helicobacter pylori (H pylori +) than in those nega-
tive for H pylori (H pylori –).

50

0

0

50

0
50

0
50 34

29
24

19
36

34
28

23
35

3839

0
50

0
50

0

30 s 21:34.9

Upper esophagus–
normal

Peristalsis–
absent

LES–hypotonic

Figure 1.4. Esophageal Manometric Tracing. The tracing illustrates the complete absence of peristalsis and the hypotonicity of lower esophageal 
sphincter (LES) pressure consistent with esophageal involvement in scleroderma.

Figure 1.5. Laryngeal Stenosis. (Courtesy of Dana M. Thompson, 
MD, Department of Otorhinolaryngology, Mayo Clinic, Rochester, 
Minnesota. Used with permission.)



71. Gastroesophageal Reflux Disease

Symptoms

The classic symptoms of GERD, that is, heartburn and acid regur-
gitation, are common in the general population and usually are 
readily recognized. GERD may be manifested in a wide array 
of esophageal and extraesophageal symptoms (Box 1.2). GERD 
may contribute to many clinical syndromes, either as a common 
factor or as a rare culprit.

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). These are to be differentiated from 
the nonacid (bland) regurgitation of retained esophageal con-
tents in an obstructed esophagus, as occurs in achalasia or the 
almost volitional regurgitation of recently swallowed food 
that is remasticated and again swallowed, typifying rumina-
tion. Patient symptoms of “GERD,” “reflux,” and “heartburn” 
should be differentiated from the burning epigastric sensation 
of dyspepsia.

Patients may report relief of symptoms with antacids or milk. The 
symptoms of heartburn, and especially acid regurgitation, are spe-
cific for GERD. Their presence with sufficient frequency and severity 
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Figure  1.7. Incidence of Gastroesophageal Reflux Disease With 
Age. The incidence increases markedly after age 40  years. (Adapted 
from Brunnen PL, Karmody AM, Needham CD. Severe peptic oesopha-
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Figure 1.8. Gastroesophageal Reflux Disease (GERD) and Quality of Life. GERD has a greater effect on quality of life than other common 
diseases. Quality of life, assessed by the Psychological General Well-being Index (PGWBI), was compared between patients with untreated GERD 
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103 for men, but they vary slightly from country to country. (Data from Dimenas E. Methodological aspects of evaluation of quality of life in upper 
gastrointestinal diseases. Scand J Gastroenterol Suppl. 1993;199:18-21.)

 

 

 



8 Section I. Esophagus

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 mean-
ings for patients, and, indeed, patients may use different and 
imprecise terms to describe their symptoms, such as indiges-
tion, stomach upset, and sour stomach. Less common symptoms 
suggestive of but not diagnostic of GERD include water brash 
(hypersalivation associated with an episode of esophageal acid 
exposure), dysphagia (difficulty swallowing), odynophagia (pain-
ful swallowing), and chest discomfort 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 (Figure 1.9). It has been reported that a layer of 

acid may remain unbuffered on the surface of the gastric meal 
contents. Reflux may occur also at night 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 radiation to the neck, arm, or back. It may 
be indistinguishable from cardiac-related pain. Because of the 
potentially fatal significance of cardiac-related pain, it is impera-
tive that cardiac investigation precede esophageal investigation. 
Frequently, patients who have both cardiac and esophageal dis-
eases 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 impor-
tance 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 regur-
gitation, include cough, wheeze, hoarseness, sore throat, repeti-
tive throat clearing, postnasal drip, neck or throat pain, globus, 
apnea, and otalgia. They are not specific for GERD. Indeed, 
GERD is only 1 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 empirical trial of potent acid-blocking therapy. Ideally, the 
demonstration of a pathologic degree of GERD and a response 
of the atypical symptoms to an adequate antireflux regimen are 
needed to conclude that GERD is the cause. GERD may produce 
extraesophageal symptoms in 1 of 2 ways. The first is by direct 
irritation or inflammation of the delicate mucosa of the larynx, 
trachea, or bronchi. The second is by reflex-mediated changes in 
function. Both mechanisms may operate in some patients.
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Figure 1.9. Temporal Distribution of Symptoms of Gastroesophageal Reflux Disease. Distribution of the mean number of episodes of reflux 
symptoms over 24 hours is shown for 105 patients who took their major meals at the same time of day. Food intake was associated with a marked 
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Box 1.2. Symptoms of Gastroesophageal Reflux Disease

Esophageal symptoms
Heartburn

Acid regurgitation

Odynophagia

Dysphagia

Anginalike chest pain

Water brash (hypersalivation)

Airway symptoms
Cough

Wheezing

Hoarseness

Throat clearing

Globus

Tracheal stenosis

Aspiration pneumonia

Pulmonary fibrosis

Apnea in infants

 

 

 

 

 



91. Gastroesophageal Reflux Disease

Establishing a Diagnosis

Therapeutic Trial

Several studies have investigated the usefulness of empirical 
trials of acid-suppressive therapy with proton pump inhibitors 
(Table 1.1).

Typical Symptoms of GERD

Patients who present with typical symptoms without alarm 
symptoms should be given acid-suppressive therapy. Complete 
resolution of the symptoms with treatment and relapse when 
treatment is discontinued confirm the diagnosis and suggest the 
need for a long-term management strategy. However, even in 
these patients, the specificity of a response to potent acid sup-
pression 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, further investiga-
tion is indicated.

Atypical Symptoms of GERD

GERD may cause or contribute to many different clinical syn-
dromes. The more common or dangerous causes of these syn-
dromes should be evaluated first. For example, patients with 
chronic cough should be evaluated for asthma, and patients 
with hoarseness, for laryngeal neoplasm. If GERD is 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 regimen of acid sup-
pression, such as proton pump inhibitors (eg, omeprazole, 40 
mg in the morning and 20 mg in the evening). If the symptoms 
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 fac-
tors 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 endos-
copy 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 in order to assess for acid regurgitation.

If GERD is confirmed, long-term acid-suppressive 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 GERD

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 endoscopic therapy 
for GERD. For most patients, the endoscopic demonstration of 
esophagitis is sufficient proof of GERD and further investigation 
is unnecessary. However, more than 50% of patients with symp-
toms typical of GERD have normal endoscopic findings, with 
so-called nonerosive reflux disease (NERD), and additional tests 
are required to identify increased esophageal exposure to acid. 
This is typically done with ambulatory pH monitoring (Box 1.3).

Endoscopic Examination

Endoscopic examination allows direct visualization of the esoph-
ageal mucosa. In reflux esophagitis, the characteristic finding is 
linear erosions in the distal esophagus. These usually start at the 
esophagogastric junction and extend proximally for various dis-
tances. The degree of severity varies. By their appearance alone, 
these erosions usually are readily differentiated from rarer infec-
tious, allergic (eosinophilic), or corrosive causes of inflamma-
tion. If the diagnosis is in question, biopsy specimens should be 
obtained, not primarily to confirm reflux but to identify alterna-
tive pathologic conditions.

Several grading schemes, generally based on the extent of 
involvement, have been used. The Los Angeles classification sys-
tem is the one used most commonly worldwide (Figure 1.10). 
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 complica-
tions of GERD, including esophageal ulceration and stricture, 
Barrett esophagus, and esophageal adenocarcinoma. Alarm 

Table  1.1. Empirical Trials of Acid-Suppressive Therapy 
With Proton Pump Inhibitors for Diagnosis

Symptom Treatment
Sensitivity,a 

%
Specificity, 
%

Heartburn and 
regurgitation

Omeprazole twice daily 
for 7 d

80 56

Noncardiac chest 
pain

Omeprazole twice daily 
for 14 d

75 85

Extraesophageal Proton pump inhibitor 
twice daily for 3 mo

a For the confirmation of gastroesophageal reflux disease.

Box 1.3. Uses of Diagnostic Tests for GERD

Endoscopy
Differentiate from other causes of reflux esophagitis

Biopsy Barrett esophagus, adenocarcinoma

Dilate strictures

Provide endoscopic therapy (if desired)

Contrast radiography (not recommended for GERD 
diagnosis)

Identify hiatal hernia

Identify strictures

Reproduce reflux of barium (not sensitive)

Ambulatory 24-h pH studies
Quantify acid reflux in the absence of esophagitis

Determine temporal correlation between 
gastroesophageal reflux and atypical symptoms

Abbreviation: GERD, gastroesophageal reflux disease.

 

 

 

 

 

 

 

 

 

 

 



10 Section I. Esophagus

symptoms that suggest these complications include long dura-
tion (>10 years) of typical symptoms, dysphagia, hematemesis 
or melena, and weight loss. The presence of these symptoms is 
a strong indication 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 
and is no longer recommended for the diagnosis of GERD. Its 
major usefulness in GERD is in identifying strictures and large 
hiatal hernias. It is insensitive for detecting erosions or superfi-
cial 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. 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.

Prolonged Ambulatory Esophageal pH 
Monitoring Studies

Ambulatory pH monitoring of the esophageal lumen, a 
well-established test, was introduced in the early 1970s. It pro-
vides 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 Box 1.4.

The test is performed 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 location 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 manometri-
cally with a standard esophageal manometry study or with a sin-
gle pressure transducer combined with the pH probe, which can 
locate accurately the proximal border of the sphincter. Endoscopic 
measurement and pH step-up on withdrawal are not sufficiently 
accurate for the placement of the nasoesophageal probe. The pH 
is recorded by a small portable recorder. A newer method uses a 
tubeless pH capsule that is pinned to the distal esophagus 6 cm 
above the endoscopically 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 normally, without the discomfort of the nasal tube. 
Patients should maintain their usual diet, activity, and habits during 
the study to allow the assessment of findings in relation to their 
normal lifestyle. The recorders have a patient-activated event but-
ton (or buttons) to indicate meals, changes in posture, and symp-
tom events. The duration 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.

Box 1.4. Indications for Ambulatory Esophageal pH 
Monitoring

Atypical symptoms: respiratory, ear, nose, and throat

Frequent atypical chest pain

Refractory symptoms in well-established GERDa

Preoperative confirmation of GERD

Abbreviation: GERD, gastroesophageal reflux disease.

a Done during acid blockade.

LA Grade C

LA Grade A

LA Grade D

LA Grade B

Figure 1.10. Summary of Los Angeles (LA) Classification for Erosive Esophagitis. Grade A, 1 or more mucosal breaks not more than 5 mm 
in maximal length. Grade B, 1 or more mucosal breaks more than 5 mm in maximal length, but not continuous between the tops of 2 mucosal folds. 
Grade C, mucosal breaks that are continuous between the tops of 2 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. (Adapted from AstraZeneca Pharmaceuticals LP [Internet]. Wilmington 
[DE]. From: http://www.astrazeneca.com. Used with permission.)
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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. Reflux of acid 
is defined as a sudden decrease in intraesophageal pH to less 
than 4.0 that lasts longer than 5 seconds. The 6 most commonly 
reported measurements are the following:

1. Percentage of total time with pH <4.0
2. Percentage of upright time with pH <4.0
3. Percentage of recumbent time with pH <4.0
4. Total number of reflux events
5. Number of reflux episodes that last >5 minutes
6. Longest episode of reflux (in minutes)

The first 3 measurements of acid exposure are used most frequently 
in everyday practice; combined, they have a reported sensitivity 
of 85% and a specificity greater than 95% for diagnosing GERD 
associated with esophagitis. Another important strength of ambu-
latory esophageal pH monitoring is that it allows determination of 
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 semiquantitative 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 per-
centage of reflux events associated with symptoms. A  symptom 
sensitivity index greater than 5% usually is regarded as indicating 
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 determine whether a temporal 
association exists depends on the number of symptom events and 
the amount of reflux that occurs. Patients must record their symp-
toms diligently and accurately during the study. If the symptoms 
occur once weekly, there is little use in performing pH testing.

The 24-hour ambulatory esophageal pH monitoring 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 hypersensitive esophagus. Patients who frequently have 
symptoms of heartburn but no corresponding reflux may have 
functional heartburn.

Generally, pH monitoring is performed when the patient is not 
taking any acid-suppressive medication. However, occasionally 
and for specific indications, pH monitoring may be performed 
when a patient is taking these medications. These indications 
include frequent typical reflux symptoms 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 inhib-
itor therapy in patients with confirmed reflux disease. Usually, a 
prerequisite for performing the test while the patient is receiving 
treatment is that the diagnosis of GERD is 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 secondary aim of the study. However, 
heartburn and regurgitation may occur in the absence of acid 
reflux. This may be due to nonacid reflux, gastric dyspepsia, 
rumination, or an unrelated process. Often, gastric pH is mea-
sured simultaneously to assess the degree of gastric acid suppres-
sion. Approximately one-third of patients receiving regular doses 
of proton pump inhibitors have marked production of acid in the 
stomach at night, but this breakthrough acid production does not 
always produce symptoms or actual esophageal acid reflux.

Detection of Nonacid Reflux

The main limitation of standard esophageal pH monitoring is 
the detection of nonacid reflux. This limitation is addressed with 
technology that uses a single probe to provide multilumen imped-
ance sensor measurements and pH measurements (Figure 1.11). 
Indeed, this technology has become so widespread that it has 
largely taken over all ambulatory esophageal reflux monitoring. 
It is useful largely in explaining persistent or recurrent symp-
toms in patients who are already receiving potent acid blockade 
therapy. Impedance relies on the ability to identify a change in 
intraluminal resistance of the luminal contents. A reflux event in 
which there is reflux of very low impedance gastric contents into 
the esophagus allows for detection of this change. By arraying a 
series of electrodes along the catheter, it is possible to judge that 
this is a true reflux event by looking at the sequence.

Although this technology has been used for several years, its 
sensitivity for true reflux is probably about 90% with the use of 
computer-based algorithms for detection of reflux. It is not yet as 
well validated as the 24-hour pH test. The reflux events that are 
detected by impedance tend to be much shorter in duration than 
the actual change in pH; this relates to the volume of clearance of 
the refluxate from the esophagus. So-called volumetric clearance 
occurs much faster, whereas the change in pH tends to be slower 
because actual buffering is required. The most robust measure of 
abnormality of nonacid reflux is based on the frequency of the 
events, but there are some limitations to the system: Meals must 
be excluded. In patients who already have esophagitis or Barrett 
esophagus or retained secretions, there may be an abnormally 
low baseline impedance in the esophagus, which may preclude 
the detection of further decreases. Placement of the probe is 
especially crucial, since intermittent movement of the catheter 
into a hiatal hernia may result in spurious reflux. In addition, 
patients who are not receiving acid blockade therapy may have 
a normal number of events, but the probe may not detect the 
very delayed clearance at night when patients have nocturnal or 
supine reflux.

The major strength of this technology and its greatest utility 
are in looking with high fidelity at symptom-reflux correlations. 
The most common symptom association is regurgitation. Scoring 
systems have not yet evolved as they have with 24-hour pH moni-
toring; rather, determining the number of reflux events and the 
correlation with actual symptoms is the most appropriate use of 
this technology. It is also necessary to manually review the tracing 
to ensure that events identified as reflux by the monitoring sys-
tem are true reflux events. Otherwise, chaotic tracings that occur 
after swallowing, for example, may be spuriously identified as 
reflux. It is especially crucial to manually review tracings where 
the number of events identified is close to the pathologic thresh-
old. A threshold of 48 reflux events in patients receiving proton 
pump inhibitor therapy or a threshold of 73 events in patients not 
receiving proton pump inhibitor therapy has been suggested.
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Other Tests

Gastroesophageal scintigraphy is used rarely to demonstrate 
gastroesophageal reflux or aspiration. The technique involves 
feeding the patient a technetium Tc 99m sulfur colloid–labeled 
meal and obtaining postprandial images with a gamma camera. 
Delayed images obtained the following morning may show scin-
tigraphic activity within the lung fields, demonstrating aspiration 
(usually, only gross aspiration is apparent).

The Bernstein test is largely of historical interest.

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 summarized 
in Table 1.2. 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 or 
when there is only partial improvement in symptoms. Even if the 
diagnosis of GERD was suggested at the time of presentation and 
initiation of proton pump inhibitor therapy, the disease cannot be 
confirmed by the usual method without stopping the medications 
for a substantial time, and this may not be acceptable to patients 
in whom proton pump inhibitors have healed the esophagitis. 
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A careful reexamination of the pretreatment symptoms may show 
that what the patient thought was GERD may have been some-
thing 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 suppression achieved.

Long-term maintenance therapy is needed for most patients. 
Lifestyle modifications alone may produce remission in 25% of 
patients with symptoms, 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.

Proton Pump Inhibitors

Proton pump inhibitors are absorbed rapidly and taken up and 
concentrated preferentially in parietal cells. They irreversibly 
complex with the hydrogen-potassium-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 histamine

2
 (H

2
) blockers 

as suppressors of acid reflux. The healing of esophagitis and the 
relief of chronic symptoms are more rapid with proton pump 
inhibitors than with H

2
 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 symptoms is less than the rate of healing.

Debate continues as to whether a proton pump inhibitor should 
be given as initial therapy and then replaced with H

2
 blocker ther-

apy or whether H
2
 blocker therapy should precede proton pump 

inhibitor therapy. Economic analysis, which takes into account 
the patient’s quality of life, suggests that the latter approach is 
preferred. It is well established 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.

Although routine doses of proton pump inhibitors (esome-
prazole 40 mg daily, lansoprazole 30 mg daily, omeprazole 20 
mg daily, pantoprazole 40 mg daily, rabeprazole 20 mg daily) 
are adequate for most patients with GERD, some patients may 

require higher or more frequent dosing to suppress GERD com-
pletely. Data have demonstrated that proton pump inhibitors are 
not entirely effective in blocking nocturnal production of acid 
in the stomach. Complete acid blockade can be achieved by 
increasing the dose or by adding nocturnal H

2
 blocker therapy. 

However, nocturnal use of an H
2
 blocker does not have a sus-

tained effect, nor is it clear that complete suppression of gastric 
acid is desirable.

Incomplete blockade may be the result of differences in 
metabolism by cytochrome P450 2C19 isozyme or bioavailabil-
ity. 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.

Variable-release proton pump inhibitors that are now available 
can alter the pattern of release. They may be useful in patients if 
a stable preprandial dosing is not practical.

With maintenance proton pump inhibitor therapy, the rate of 
relapse of esophagitis is 20% or less, which is lower than for H

2
 

blockers (Figure 1.12). A slight increase in dose may be needed 
with long-term therapy. Also, maintenance proton pump inhibitor 
therapy is more effective than H

2
 blockers in reducing the need for 

redilatation in patients with reflux-associated benign strictures.
Proton pump inhibitor therapy causes a clinically insignificant 

increase in the serum level of gastrin. However, no risk of carci-
noid has been realized. The increase in serum levels of gastrin 
and parietal cell mass may lead to rebound acid secretion after 
the therapy is stopped. Epidemiologic studies have raised the pos-
sibility of an association between proton pump inhibitor therapy 
and hip fractures.

For patients who have osteoporosis and already receive proton 
pump inhibitor therapy, the therapy should be safe to continue. 
However, long-term proton pump inhibitor therapy should be 
used with caution in patients who have multiple other risk factors 
for hip fracture. Short-term use of proton pump inhibitors may 
be associated with an increased risk of pneumonia in the com-
munity, although long-term use is not. The effect of proton pump 
inhibitors, particularly omeprazole, on the metabolism of certain 
cardiac medications, such as clopidogrel, is not associated with 
increased risks of cardiovascular events. Proton pump inhibitor 
therapy is also a risk factor for bacterial overgrowth of the small 
intestine and for increased risk of Clostridium difficile infection.

H2 Receptor Blockers

H
2
 receptor blockers act by blocking the histamine-induced stim-

ulation of gastric parietal cells. H
2
 blockers provide moderate 

benefit when given in moderate doses (cimetidine 400 mg twice 
daily, famotidine 20 mg twice daily, nizatidine 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 day-
time reflux that predominates. A particular role for H

2
 blockers 

may be to augment proton pump inhibitors when given at night to 
block nocturnal acid breakthrough; however, tachyphylaxis pre-
vents nocturnal H

2
 blockade from producing sustained nocturnal 

acid suppression.

Prokinetics

The idea that a motility disorder is the genesis of GERD made 
a prokinetic approach intellectually enticing. Drugs such as 
metoclopramide and, formerly, cisapride, which increase the 

Table 1.2. Summary of Treatment Options for Gastroesophageal 
Reflux Disease

Treatment Options Healing Rate, %

Lifestyle 
modifications

Elevate the head of the bed
Avoid eating within 3 h before going 

to bed
Eat meals of moderate size and fat 

content
Lose excess weight
Reduce intake of caffeine and chocolate
Stop smoking

20-30

Acid 
neutralization

Antacids
Chewing gum
Alginate preparations

20-30

Acid suppression Histamine2 blockers
Proton pump inhibitors

50
≥80

Prokinetics Metoclopramide (not useful) 30-40
Mechanical 

prevention 
of reflux

Laparoscopic surgery
Endoscopic therapies

≥80
≥50
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tone of the lower esophageal sphincter and esophageal clear-
ance and accelerate gastric emptying, have been used to treat 
reflux. However, the healing rate and safety of these drugs have 
been questioned. Cisapride has been effectively withdrawn 
from use in the United States, and the long-term use of meto-
clopramide is associated with so many adverse effects that it is 
rarely prescribed for GERD unless that is incidental to its use 
for gastroparesis. Drugs that target the TLESRs also have been 
used, including baclofen, which probably can reduce reflux but 
is neither approved nor widely used for that indication.

Refractory Reflux

Refractory reflux disease can be defined as symptoms 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 Box 1.5.

Functional Chest Pain

Many patients who complain the most bitterly of severe reflux 
often have very little reflux on 24-hour pH monitoring and have 
no endoscopic features of reflux. This condition has been termed 
functional heartburn. As with other functional gastrointestinal 
tract problems, female patients are overrepresented. Features of 
anxiety, panic, hyperventilation, and somatization may be clues 
to the diagnosis. Antacid therapies may help reduce the fre-
quency of the symptoms, but they rarely relieve them completely. 
Therapies aimed at decreasing visceral hypersensitivity may be 
helpful (eg, a low dose of an antidepressant).

Surgical and Endoscopic Antireflux 
Procedures

What is the role of laparoscopic and endoscopic methods of ther-
apy? 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 performed 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 ther-
apy is expensive. With the advent of minimally invasive surgery, 
surgical treatment has had a renaissance. The laparoscopic anti-
reflux 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 symp-
toms are due in fact to reflux. This is accomplished by document-
ing 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 not receiving therapy. 
If the patient belches frequently, 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, diarrhea, and dyspepsia may occur 
or become more evident postoperatively and may be troubling to 
patients. As many as one-third of the patients may still require pro-
ton pump inhibitor therapy postoperatively for persistent reflux or 
dyspepsia. Patients who have respiratory symptoms, free regurgita-
tion, 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 sur-
gery. Patient selection and operator experience seem to be the main 
determinants of a favorable surgical outcome. Reflux surgery is 
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Figure 1.12. Effectiveness of Proton Pump Inhibitors (PPIs). PPIs are the most effective drugs for maintenance therapy of gastroesophageal 
reflux disease (GERD). Although the remission rate was slightly higher with PPI in combination with prokinetic than with PPI alone, the difference was 
not significant. H
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et al. A comparison of five maintenance therapies for reflux esophagitis. N Engl J Med. 1995 Oct;333[17]:1106-10.)

 

 

 

 



151. Gastroesophageal Reflux Disease

superior to long-term treatment with H
2
 blockers to maintain the 

healing of GERD; however, follow-up for more than 10 years has 
shown an unexplained increase in mortality, predominantly due to 
cardiovascular disease, in the surgical group.

Newer surgical techniques, such as the use of a band consist-
ing of multiple permanent magnets, have been developed and 
shown to have potential benefit.

Patients Who Are Not Surgical Candidates

It would be prudent to reconsider carefully the wisdom of recom-
mending surgical therapy if a patient has symptoms that are refrac-
tory to proton pump inhibitors. A  hypersensitive esophagus or 
gastric dysmotility may be worse after fundoplication. Also, symp-
toms of irritable bowel syndrome may worsen postoperatively.

Endoscopic Methods of Therapy

Several endoscopic methods have been tried or are in develop-
ment for the treatment of GERD. Endoscopic methods to alter 
the shape or to tighten the esophagogastric junction are in vari-
ous stages of development. These consist of inserting sutures or 
other devices into the gastric wall to generate a mechanical bar-
rier or “speed bump” to reflux. Some endoscopic procedures are 
an attempt to replicate the mechanical barrier provided by fundo-
plication. Although some of these methods have been in clinical 
use, evidence for long-term efficacy is lacking.

Eosinophilic Esophagitis

The most common cause of esophagitis has been acid reflux dis-
ease; however, since the late 1990s, a truly emerging disorder, 
eosinophilic esophagitis, has come to the fore. This typically 
occurs in adults with dysphagia and a history of food impaction. 
It occurs in young adults and children and more frequently in 
men than in women. In children, symptoms typically are vom-
iting and regurgitation in addition to dysphagia. Most patients 
with this disorder have a history of atopy or a family history of 
atopy. Many have other atopic illnesses, including allergic rhini-
tis and asthma. Many patients have identified reactions to foods, 
although this is documented better in children than in adults. 
In addition to the classic history of episodic dysphagia or food 
impaction, adults who present with eosinophilic esophagitis may 
or may not have symptoms suggestive of reflux disease.

Diagnosis

The diagnosis can be suspected endoscopically by finding con-
centric rings, linear fissuring, or white plaque in the esophagus. 
These may occur in the proximal, middle, or distal esophagus. 
Occasionally, abrupt fissuring or cracking of the esophageal 
mucosa is reported during endoscopy. Although this can be 
alarming, it rarely is associated with true esophageal perfora-
tion. Rare cases have been reported of Boerhaave syndrome (ie, 
spontaneous esophageal rupture) or dilatation-induced perfora-
tion. Radiographic findings also can include concentric rings or 
so-called feline esophagus or tapered narrowing. The diagno-
sis is confirmed by examination of 4 or 5 biopsy samples from 
the esophagus. An increased number of eosinophils (>15 per 
high-power field) in the esophagus is required for diagnosis.

It has become apparent that eosinophilia of the esophagus, a 
more encompassing term than eosinophilic esophagitis, does not 
solely represent eosinophilic esophagitis; rather, patients with 
gastroesophageal reflux can also have esophageal mucosal eosin-
ophilia that responds to vigorous acid blockade. In these patients, 
reflux is the primary cause of the eosinophilia and likely symp-
toms, and often the recommendation is to treat patients who have 
acid suppression and then retest them after 12 weeks of therapy.

Treatment

Treatment is largely symptomatic. The use of topical corticoste-
roids appears to be first-line therapy, at least for adults. In chil-
dren, food avoidance strategies, including elimination diets or 
the “6-allergen”–reduced diet, have been used with some benefit. 
The use of intermittent dilatation has also been supported, partic-
ularly in adults, although many physicians would restrict the use 
of dilatation to dominant strictures that have resisted or have not 
responded to treatment with topical corticosteroids. Other agents 

Box 1.5. 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

Inadequate acid suppression
Noncompliance
Rapid metabolizers of proton pump inhibitors
Dose timing
Insufficient dose
Zollinger-Ellison syndrome
Nonacid reflux

Adenocarcinoma in Barrett esophagus
Postoperative reflux

Partial gastrectomy
Vertical-banded gastroplasty

Esophageal dysmotility
Spasm
Achalasia
Nutcracker esophagus

Functional chest pain
Hypersensitive esophagus
Somatic features of depression
Functional heartburn

Free regurgitation
Absence of lower esophageal sphincter tone
Large hiatal hernia
Achalasia
Rumination
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have been tried, including experimental biologic therapies, to 
decrease the infiltration of eosinophils.

Most patients have a response to topical corticosteroid treat-
ment and some have a response to food manipulation, but the 
long-term outcome is uncertain. Concerns have been raised about 
the possibility of scarring and stricturing that require dilatation. 
Occasionally, airway strictures have been described in patients 
with eosinophilic esophagitis.

The potential overlap between eosinophilic esophagitis and 
reflux esophagitis is significant. Reflux esophagitis can be associ-
ated with occasional infiltration of eosinophils in the esophagus. 
In contrast, eosinophilic esophagitis is associated usually with at 
least 15 eosinophils per high-power field. Although the appropri-
ate threshold for making the diagnosis of eosinophilic esophagi-
tis is debated, several eosinophils in biopsy samples, especially 
in samples from the middle and proximal esophagus, should 
strongly suggest the possibility of eosinophilic esophagitis. 
Sampling variation may also be a consideration because in some 
patients eosinophilic infiltration involves only specific locations.

It is most important to be able to recognize the typical clinical 
scenario: For example, a young male patient who has a history of 
food impaction has concentric rings or fissuring in the esophagus 
in a radiographic or endoscopic image. The diagnosis is made by 
finding a substantial number of eosinophils (>15 per high-power 
field) in esophageal biopsy specimens (Figure 1.13).
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Figure  1.13. Hyperplastic Squamous Esophageal Epithelium. 
Many intraepithelial eosinophils are present (arrows). The superficial 
distribution is characteristic of eosinophilic esophagitis. Inset, A collec-
tion of eosinophils (arrows) is close to the surface. (Hematoxylin-eosin.) 
(Courtesy of Thomas C.  Smyrk, MD, Department of Laboratory 
Medicine and Pathology, Mayo Clinic, Rochester, Minnesota. Used with 
permission.)
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Barrett Esophagus

Definitions

Barrett esophagus (BE) is an acquired condition characterized by 
the replacement of the squamous epithelium lining the esopha-
gus by partially intestinalized columnar epithelium. It is thought 
to be a complication of gastroesophageal reflux and may reflect 
an adaptive response to reflux of gastric contents into the esoph-
agus. It is the strongest known risk factor for esophageal adeno-
carcinoma, increasing the risk by 30- to 50-fold. Endoscopic 
and pathologic criteria need to be met to make the diagnosis of 
BE. Endoscopy must demonstrate columnar-appearing mucosa 
in the tubular esophagus (Figure 2.1), and biopsy specimens 
must show intestinal metaplasia with goblet cells (specialized 
intestinal metaplasia) (Figure 2.2). This is based on evidence 
that columnar metaplasia with goblet cells in the esophagus is 
associated with an increased risk of progression to esophageal 
adenocarcinoma.

BE is characterized by proximal displacement of the squa-
mocolumnar junction in the esophagus and has been classified 
into long-segment BE (length of visible columnar mucosa in 
the esophagus ≥3  cm) and short-segment BE (length of visible 
columnar mucosa in the esophagus <3 cm). Intestinal metaplasia 
of the cardia refers to the histologic finding of intestinal metapla-
sia with goblet cells at a normally located and normal-appearing 
squamocolumnar junction (Figure 2.3). This distinction is crucial 
because intestinal metaplasia of the cardia or the gastroesopha-
geal junction probably is not associated with an increased risk of 

esophageal adenocarcinoma. Given this distinction, it is recom-
mended that a normal-appearing and normally located squamo-
columnar junction not be biopsied.

Pathophysiology

BE is thought to be a consequence of chronic reflux of gastric 
contents into the distal esophagus. From 5% to 15% of patients 
with chronic gastroesophageal reflux symptoms have evidence 
of BE on endoscopy. Patients with BE have longer durations of 
esophageal acid exposure, larger hiatal hernias, decreased lower 
esophageal sphincter pressures, evidence of decreased esopha-
geal motility, and decreased esophageal sensitivity to acid reflux 
compared with patients without gastroesophageal reflux and 
those with gastroesophageal reflux but without BE. Control 
of acid reflux (when documented with ambulatory pH stud-
ies) in patients with BE is more difficult than in patients with-
out BE. Resolution of acid reflux symptoms correlates poorly 
with control of acid reflux in patients with BE. Persistent acid 
reflux (documented with 24-hour pH studies) has been shown 
in 26% to 40% of patients with BE who are asymptomatic while 
receiving proton pump inhibitor therapy. Predictors of persistent 
acid reflux despite symptom control in patients with BE are not 
known.

Epidemiology

An autopsy study from Olmsted County, Minnesota, published 
in 1990 documented that the prevalence of long-segment BE in 
Olmsted County was 376 cases per 100,000 population. This 
study also highlighted that the prevalence of long-segment BE 
when assessed by autopsy was almost 20-fold the prevalence 
when assessed by clinically indicated endoscopy (22 cases per 
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100,000 population), indicating that perhaps a large majority of 
cases of BE in the community remain undiagnosed.

Data from 2 recent population-based studies from Europe 
have shed additional light on the population prevalence of BE. 
In a Swedish study, endoscopy was performed on 1,000 par-
ticipants living in 2 counties, and BE (endoscopic evidence of 
columnar mucosa in the esophagus with histologic confirmation 
of intestinal metaplasia) was reported for 16 (prevalence, 1.6%). 
Of note, the prevalence of BE in those with (2.3%) and with-
out symptomatic reflux (1.8%) was not statistically different. In 

a second study, performed in Italy, 1,033 participants with and 
without reflux symptoms had endoscopy and 1.3% were found 
to have BE. The generalizability of these study estimates to the 
United States is not clear. The 2 studies may have underestimated 
the prevalence of BE, because of the low rate of confirmation of 
intestinal metaplasia in patients with endoscopically suspected 
BE; this may have been due to differences in the number and 
size of biopsy specimens taken. In addition, the threshold of the 
length of suspected BE for biopsy acquisition was not speci-
fied. Compared with the US population, the population studied 
was younger and had a higher prevalence of Helicobacter pylori 
infection (37%) and a lower prevalence of obesity (only 16% had 
a body mass index [BMI] >30 [calculated as weight in kilograms 
divided by height in meters squared]).

Different studies have reported that the incidence of the diag-
nosis of BE is increasing. Whether this is due to an increasing 
number of endoscopic examinations is a matter of debate. A study 
from Olmsted County, Minnesota, showed a parallel increase in 
the number of endoscopic examinations being performed (Figure 
2.4), whereas a study from Europe showed that the increase in the 
incidence of BE persisted even after adjusting for the number of 
endoscopic examinations.

Risk Factors

Age

BE is an acquired disorder. The prevalence of long-segment 
BE increases with age, particularly after the fifth decade. The 
mean age at the time of clinical diagnosis was 63  years in 1 
population-based study. Long-segment BE is rare in children.

Male Sex

BE is more prevalent among males than females. In a Mayo 
Clinic study of patients who had endoscopy between 1976 and 
1989, long-segment BE was twice as common in male patients 
as in female patients. This has been corroborated in other stud-
ies as well. In a large multicenter Italian study (patients were 
enrolled from 1987-1989), BE was 2.6 times more common 
in male patients than in female patients. In the 2005 Swedish 
population-based study, the male to female ratio of biopsy-proven 
BE was 1.5:1.

A

B

Figure  2.1. Endoscopic Appearance of Barrett Esophagus. A, 
Columnar mucosa in the distal esophagus on white light imaging. B, 
Corresponding image obtained with narrow band imaging (note tongues 
and islands of pink mucosa amid pale white squamous mucosa).

Figure 2.2. Intestinal Metaplasia With Goblet Cells. (Hematoxylin-  
eosin, original magnification ×400.)
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Geography and Ethnicity

BE has been described frequently in Western countries (North 
America, Europe, and Australia) but appears to be less common 
in other countries, such as Japan. However, recent reports from 
China, Singapore, and other Asian countries have appeared. In a 
recent single-center US retrospective cross-sectional cohort study 
of 2,100 people (37.7% white, 11.8% black, and 22.2% Hispanic) 
who had endoscopy from 2005 to 2006, whites (6.1%) were more 
likely to have BE of any length than blacks (1.6%, P=.004) or 
Hispanics (1.7%, P<.001).

Reflux Symptoms

BE has been described in 2% to 20% of patients with symptoms of 
gastroesophageal reflux (higher estimates are from referral center 
studies and lower estimates are from population-based studies). 
The duration of reflux symptoms (>5-10 years, compared with 
shorter durations) appears to predict the presence of BE better 
than the severity or frequency of symptoms. Short-segment BE 
is twice as prevalent as long-segment BE in patients with reflux 
symptoms. However, it is important to note that a substantial pro-
portion of patients with BE (as many as 40%-50%) do not have 

Long-segment
BE

3 cm

Z line

Hiatal hernia

Diaphragm
Stomach

*

Short-segment
BE

Intestinal
metaplasia of

the cardia

Figure 2.3. Barrett Esophagus (BE) Compared With Intestinal Metaplasia of the Cardia. Patients with long-segment or short-segment BE have 
columnar mucosa extending into the tubular esophagus. Biopsy specimens show intestinal metaplasia with goblet cells. If intestinal metaplasia with 
goblet cells is found at a normally located Z line, the patient has intestinal metaplasia of the cardia, which confers a lower cancer risk. Asterisk indicates 
end of tubular esophagus and beginning of stomach.
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Figure 2.4. Incidence of Diagnosed Barrett Esophagus (BE) and Number of Upper Endoscopic Examinations Performed Annually in Residents 
of Olmsted County, Minnesota, From 1965 to 1995. (Adapted from Conio M, Cameron AJ, Romero Y, Branch CD, Schleck CD, Burgart LJ, et al. Secular 
trends in the epidemiology and outcome of Barrett’s oesophagus in Olmsted County, Minnesota. Gut. 2001 Mar;48[3] :304-9. Used with permission.)
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frequent symptoms of gastroesophageal reflux. Recent studies 
have reported that the association of reflux symptoms with BE 
is strong for long-segment BE and weak for short-segment BE.

Obesity

The association of BMI with BE has been investigated by mul-
tiple authors, but the results have been conflicting (some stud-
ies have shown an association with increased BMI and others 
have not). A systematic review clarified this: BMI was not sig-
nificantly different between patients with BE and controls with 
gastroesophageal reflux disease, but it was higher in patients 
with BE than in normal controls. This led the authors to con-
clude that increased BMI may contribute to an increased risk of 
BE by causing increased gastroesophageal reflux, but it may not 
increase the risk of BE in patients with gastroesophageal reflux 
disease. In addition, the strong male and white predominance 
of BE and esophageal carcinoma is not explained by increasing 
obesity (as measured by BMI), which afflicts both sexes and all 
ethnic groups.

Visceral adiposity (in contrast to BMI as a measure of over-
all adiposity) may provide a better explanation for the male and 
white predilection of BE. The distribution of body fat is more vis-
ceral than truncal in high-risk groups (males and whites) for BE, 
compared with females and African Americans. Also, abdominal 
diameter (independent of BMI) is associated with symptoms of 
gastroesophageal reflux in whites but not in African Americans 
or Asians. Multiple groups of authors have reported an associa-
tion between visceral adiposity (measured by waist circumfer-
ence) and BE. A population-based case-control study found an 
association between increased waist circumference and the diag-
nosis of BE, independent of BMI (odds ratio, 2.24), when com-
pared with population controls. This study reported a threshold of 
more than 80 cm of waist circumference for increased risk. The 
study did not find any association between BMI and BE. Another 
clinic-based case-control study reported that an increased waist 
to hip ratio, a measure of central adiposity, was associated with 
the diagnosis of BE (odds ratio, 2.8). The association between 
BMI and BE was attenuated when both waist to hip ratio and 
BMI were modeled together. This association is strengthened 
further by studies that found that abdominal obesity (measured 
by waist circumference) is associated with increased postprandial 
intragastric pressure, disruption of the gastroesophageal junction 
(leading to the formation of hiatal hernia), and increased transient 
lower esophageal sphincter relaxations in the postprandial state. 
A reflux-independent systemic effect of abdominal fat on esopha-
geal inflammation and neoplasia has been postulated, mediated 
by proinflammatory factors, adipokines produced by visceral fat, 
and insulin or insulin growth factors.

Family History

Familial aggregation of BE and esophageal adenocarcinoma has 
been reported in multiple studies. Studies have reported the pres-
ence of confirmed BE or esophageal adenocarcinoma in first- or 
second-degree relatives in 7% of probands with BE or esopha-
geal adenocarcinoma. Increased prevalence of reflux symptoms 
in relatives of probands with BE or esophageal adenocarcinoma 
has been reported, although data on increased risk of BE in rela-
tives of probands with BE are not definitive. It is likely that BE 
is a complex genetic disease influenced by environmental factors. 
Research into identifying gene loci that may influence the risk of 
the development of BE is continuing.

Intestinal Metaplasia of the Cardia 
or Gastroesophageal Junction

The prevalence of intestinal metaplasia of the gastroesophageal 
junction has been reported in different studies to range from 6% 
to 10%. This group of patients with intestinal metaplasia appears 
to have different demographic characteristics from the group 
with BE, with a lower prevalence of reflux symptoms, no evi-
dence of male predominance, and a higher prevalence of H pylori 
infection. Also, the prevalence of dysplasia among patients with 
intestinal metaplasia of the gastroesophageal junction has been 
reported to be lower than that among patients with BE. The natu-
ral history of intestinal metaplasia of the gastroesophageal junc-
tion is not well studied, but a small single-center study showed 
no progression to high-grade dysplasia or esophageal adenocar-
cinoma. However, because intestinal metaplasia is more common 
than BE, it is likely that the rate of progression to esophageal 
adenocarcinoma would be much lower than for patients with BE.

Cancer Risk

Among patients with BE, the rate of progression to esophageal 
adenocarcinoma in the absence of prevalent dysplasia was esti-
mated to be 5 to 6 per 1,000 patient-years of follow-up. More 
recent European studies have reported a lower risk of progres-
sion, with a recent meta-analysis reporting a risk of progression in 
nondysplastic BE to be 3.3 per 1,000 patient-years of follow-up. 
The risk of progression in patients with low-grade dysplasia is 
debated, with estimates ranging from 0.6% to 1.2% per year. 
A  recent meta-analysis reported that the rate of progression to 
esophageal adenocarcinoma in persons with low-grade dysplasia 
was 16.98 per 1,000 person-years compared with 5.98 per 1,000 
person-years for persons with no dysplasia, although there was 
significant heterogeneity between the studies. The rate of pro-
gression among patients with high-grade dysplasia is the highest, 
with estimates of 65.8 per 1,000 patient-years of follow-up.

Screening

Screening for BE in patients with symptomatic gastroesophageal 
reflux or in the general population is a matter of controversy. 
Support from major gastrointestinal societies is lukewarm, with 
some support for screening patients with multiple risk factors. 
Arguments in favor of screening include the large number of cases 
of BE in the community that are undiagnosed and the progression 
of BE from gastroesophageal reflux to metaplasia, dysplasia, and 
adenocarcinoma (which can be detected at an early stage with a 
screening and surveillance program). Furthermore, retrospective 
studies have found that adenocarcinomas diagnosed in surveil-
lance programs were earlier-stage adenocarcinomas and were 
associated with improved survival compared with adenocarcino-
mas diagnosed after the onset of symptoms. However, arguments 
against screening include the poor accuracy of symptomatic gas-
troesophageal reflux in predicting or excluding the absence of BE 
on endoscopy, the challenges with surveillance, and the lack of 
strong prospective evidence that screening and surveillance may 
improve survival of patients with esophageal adenocarcinoma. 
Endoscopic evaluation of patients thought to be at high risk for 
BE may be considered on an individual basis after discussing the 
pros and cons with the patient. The use of newer, less invasive 
methods to screen, such as unsedated transnasal endoscopy and 
the capsule sponge, may make screening high-risk populations 
more practical and cost-effective.
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Surveillance

In contrast to screening, surveillance of patients with known BE 
is endorsed by all major gastrointestinal societies. The goal of 
surveillance is the early detection of progression so that thera-
peutic intervention may be applied to improve patient outcomes. 
Surveillance has a number of limitations, including the following:

1. Poor interobserver agreement between pathologists on identifying 
the grade of dysplasia (particularly low-grade dysplasia)

2. Variable natural predictive value of dysplasia, with variable pro-
gression rates reported for different cohorts for the same grade of 
dysplasia

3. The patchy distribution of advanced dysplasia, making sampling 
error likely during surveillance

Despite these limitations, the grade of dysplasia (no dyspla-
sia, low-grade dysplasia, or high-grade dysplasia) is the primary 
clinical risk-stratification tool. Patients with long-segment BE 
and patients with short-segment BE both are recommended to 
undergo similar surveillance because the primary predictor of 
progression is the grade of dysplasia and there is no definitive 
evidence that the length of the segment of BE is an independent 
predictor of progression.

Before surveillance is undertaken, the pros and cons of surveil-
lance should be discussed with the patient. Surveillance should be 
offered to patients with reasonable life expectancy so that therapy 
for progression (if detected) may be tolerated and would benefit 
the patient. Optimization of the acid-suppressive regimen titrated 
to control symptoms and to heal esophagitis should be undertaken 
to minimize confounding the interpretation of dysplasia grade by 
reactive atypia (which can occur from inflammation caused by 
uncontrolled reflux). Low-grade dysplasia and high-grade dyspla-
sia should be confirmed by gastrointestinal pathologists, because 
there is discrepancy between community and academic patholo-
gists in grading dysplasia and there is some evidence that the risk 
of progression in patients with low-grade dysplasia confirmed by 
expert gastrointestinal pathologists may be higher.

It is recommended that surveillance biopsies be performed 
after careful inspection of the segment of BE with high-resolution 
endoscopy to identify any visible lesions that may indicate a 
higher grade of dysplasia. The use of narrow band imaging or 
other imaging techniques that enhance superficial mucosal and 
vascular patterns (Figure 2.1B) may improve detection rates of 
focal abnormalities (such as nodules and ulcers) and advanced 
dysplasia. These areas should be biopsied separately and sent for 
histopathology study in specifically labeled bottles. The remain-
ing BE mucosa should be biopsied in a 4-quadrant manner every 
2 cm, with tissue being submitted in separate bottles at each 2-cm 
level. For patients with high-grade dysplasia, surveillance should 
be performed every 1 cm in a 4-quadrant fashion to exclude prev-
alent carcinoma.

No Dysplasia and Low-Grade Dysplasia

Patients with no dysplasia should be reevaluated within 12 months 
to exclude prevalent dysplasia and subsequently assessed every 3 
to 5 years. Patients with low-grade dysplasia (Figure 2.5) should 
be reassessed within 6  months to exclude prevalent dysplasia, 
followed by annual surveillance. If no dysplasia is detected in 2 
successive years, the surveillance schedule can be changed to fol-
low the “no dysplasia” intervals. The natural history of low-grade 
dysplasia is somewhat variable and is characterized, in the major-
ity of cases, by reversion to no dysplasia or stability at low-grade 
dysplasia.

High-Grade Dysplasia

If high-grade dysplasia (Figure 2.6) is detected, it should be 
confirmed by an expert gastrointestinal pathologist because 
therapeutic decisions may need to be made on the basis of the 
confirmation. Of note, in a multicenter randomized study for pho-
todynamic therapy, the diagnosis of high-grade dysplasia made 
by a community pathologist was overruled by an expert patholo-
gist in two-thirds of cases.

Diagnosis should be followed in 3  months by care-
ful endoscopic evaluation, with the use of high-resolution or 
high-definition endoscopes (with dye-based or virtual chromo-
endoscopy, using techniques such as narrow band imaging), to 
assess for the presence of any visual abnormality. Also, endo-
scopic ultrasonography usually is performed to exclude the pres-
ence of a coexisting invasive neoplasm (which may be present 
in 10%-12% of patients treated with esophagectomy). Any vis-
ible lesion should be removed by endoscopic mucosal resection 
(EMR).

A

B

Figure  2.5. Low-Grade Dysplasia in Barrett Esophagus. A, 
Nuclei show evidence of stratification; they are longer, darker, and more 
crowded than when dysplasia is absent (Figure 2.2) (hematoxylin-eosin, 
original magnification ×200). B, Nuclei retain polarity toward the base-
ment membrane and are not pleomorphic (hematoxylin-eosin, original 
magnification ×400). (Courtesy of Jason T. Lewis, MD, Department of 
Laboratory Medicine and Pathology, Mayo Clinic, Rochester, Minnesota. 
Used with permission.)
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With EMR, a submucosal injection is used to lift a muco-
sal lesion that is then resected by using either a plastic cap with 
a snare (EMR-cap) or band ligation followed by snare excision 
(EMR-ligation). The technique allows precise staging of the depth 
of invasion into the mucosa or submucosa (with better interobserver 
agreement between pathologists in grading dysplasia than biopsies) 
and the assessment of margins, and it may be therapeutic if lateral 
and deep margins are clear (Figure 2.7). Studies have shown that 
EMR of visible lesions may show that the grade of dysplasia is 
higher in as many as 30% of patients with high-grade dysplasia.

Options for the management of high-grade dysplasia can be 
divided into 3 approaches:

1. Esophagectomy involves removing the segment of the esophagus 
involved by BE and performing an esophagogastric anastomo-
sis. It is associated with a 30-day mortality rate of 2% to 5% in 
high-volume centers (higher rates in lower-volume centers) and 
morbidity rates of 30% to 50%, including postoperative complica-
tions (eg, cardiac and pulmonary complications).

2. Endoscopic therapy includes additional EMR to remove any vis-
ible lesions, followed by ablation of the remaining segment of BE. 
Ablation is based on the concept that destruction of the metaplastic 
mucosa, followed by control of reflux, leads to regrowth of squa-
mous epithelium. Several published studies have shown compa-
rable outcomes for patients treated endoscopically or surgically. 
Treatment options for ablation include the following:

a. Photodynamic therapy has been shown in a randomized 
controlled trial to be superior to surveillance in eradicat-
ing high-grade dysplasia and decreasing the risk of progres-
sion to adenocarcinoma. In a nonrandomized study, 5-year 

overall survival rates were comparable for patients receiving 
photodynamic therapy and patients undergoing esophagectomy. 
Photodynamic therapy makes patients intensely photosensitive 
and is associated with a high rate (36%) of stricture formation.

b. Radiofrequency ablation involves the use of heat energy that is 
delivered with balloon-based catheters to destroy BE mucosa. 

A

     

B

Figure 2.6. High-Grade Dysplasia in Barrett Esophagus. A, Nuclei are rounded and oriented haphazardly (not perpendicular to basement mem-
brane), unlike in low-grade dysplasia (Figure 2.5). B, Nuclei are pleomorphic (different shapes and sizes) (hematoxylin-eosin, original magnification 
×400). (Courtesy of Jason T. Lewis, MD, Department of Laboratory Medicine and Pathology, Mayo Clinic, Rochester, Minnesota. Used with permission.)

Figure 2.7. Endoscopic Mucosal Resection Specimen.This technique 
enables visualization of the mucosa, lamina propria, muscularis mucosa, and 
submucosa, thus allowing an accurate determination of the depth of invasion 
of malignant lesions (hematoxylin-eosin, original magnification ×12.5).
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In a randomized controlled trial, radiofrequency ablation was 
found to be superior to sham ablation in eliminating dyspla-
sia and metaplasia at 1 year. The technique is associated with 
a lower stricture rate and decreased postprocedural morbidity 
than with photodynamic therapy. Long-term data on durability 
of response are awaited. Multiple studies have reported vari-
able rates of recurrent intestinal metaplasia following successful 
ablation. Other techniques such as cryotherapy, which involves 
the use of cryogens (liquid nitrogen and carbon dioxide) to dam-
age the metaplastic mucosa, are being studied as alternatives, 
with preliminary observational reports showing efficacy compa-
rable to that of radiofrequency ablation.

3. Endoscopic surveillance involves careful endoscopic evaluation 
every 3  months, with surveillance biopsy samples taken at every 
centimeter along the segment of BE, with additional endoscopic 
mucosal resection if a focal abnormality is visualized. This option 
is generally reserved for those with limited life expectancy.

The choice of treatment of high-grade dysplasia depends on 
whether endoscopic or surgical expertise is available at the treat-
ment center, the choice of the patient, the fear of cancer being 
missed or recurring (favoring surgery) balanced with the fear of 
morbid surgery affecting the quality of life (favoring endoscopic 
therapy), the patient’s ability to adhere to a long schedule of 
frequent endoscopic assessment in endoscopic therapy, and the 
overall comorbid status and life expectancy of the patient (high 
or low comorbid score).

Esophageal Cancer

Epidemiology

Squamous cell carcinoma (Figure 2.8A) and adenocarcinoma 
(Figure 2.8B) are the most common types of esophageal cancer. 
Esophageal carcinoma is the seventh leading cause of death in 
the world. Squamous cell carcinoma accounts for most cases of 
esophageal cancer throughout the world and is more common in 
Asia and the developing world; esophageal adenocarcinoma is 
more common in the Western world.

In the United States, approximately 16,000 cases of esopha-
geal carcinoma are diagnosed annually, with the proportion of 
esophageal adenocarcinoma increasing to more than 50% since 
2000. The incidence of esophageal adenocarcinoma in the United 
States has been increasing exponentially since the 1970s (1.0 
new case per 100,000 persons per year in the 1970s to 5.69 new 
cases per 100,000 persons per year in 2004 for white males, and 
from 0.17 new cases per 100,000 persons per year in the 1970s 
to 0.70 new cases per 100,000 persons per year in 2004 for white 
females). However, the incidence of squamous cell carcinoma in 
the United States has decreased from 3.8 new cases per 100,000 
persons per year in the 1970s to 1.90 new cases per 100,000 per-
sons per year in 2004 for white males, with a similar trend for 
white females. In contrast, in certain regions of China, India, and 
Iran, squamous cell carcinoma is exceedingly common, occur-
ring in 132 new cases per 100,000 persons per year.

Overall, neoplasms of the esophagus carry a poor progno-
sis, particularly if diagnosed after the onset of symptoms. In the 
United States, the number of deaths from esophageal carcinoma 
closely approximates the number for new cases per year, and the 
overall 5-year survival rate is less than 20%.

Risk Factors for Squamous Cell Carcinoma
•	 Geographic—The incidence rates for squamous cell carcinoma in 

the United States are higher in urban areas and areas with lower 

socioeconomic development. As mentioned above, incidence rates 
are higher in parts of Asia (China, India, and Iran). This may be influ-
enced by dietary and environmental issues.

•	 Dietary—Known risk factors are foods with N-nitroso compounds 
(which can cause DNA damage); betel nut chewing; selenium, zinc, 
vitamin C, and folate deficiency; and intake of hot liquids.

•	 Preexisting esophageal diseases—Lye-induced strictures and achala-
sia are recognized risk factors.

•	 Other systemic diseases—Tylosis.
•	 Smoking and alcohol consumption—The risk of squamous cell carci-

noma increases with increasing use of tobacco and alcohol.

Risk Factors for Adenocarcinoma

The risk factors for esophageal adenocarcinoma mirror the risk 
factors for BE, and BE is the strongest risk factor for esopha-
geal adenocarcinoma. Other established risk factors for esopha-
geal adenocarcinoma are advancing age, male sex, chronic reflux 
of gastric contents, white ethnicity, obesity (particularly cen-
tral or male pattern obesity), and smoking. Heartburn and acid 

A

B

Figure  2.8. Histologic Features of Esophageal Carcinoma. A, 
Squamous cell carcinoma. Note irregular nests of malignant squamous 
cells with abnormal production of keratin (hematoxylin-eosin, original 
magnification ×200). B, Adenocarcinoma. Infiltrative adenocarcinoma 
glands with complex architecture (hematoxylin-eosin, original magni-
fication ×100). (Courtesy of Tsung-Teh Wu, MD, PhD, Department of 
Laboratory Medicine and Pathology, Mayo Clinic, Rochester, Minnesota. 
Used with permission.)
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regurgitation, especially if present for more than 12 years, are also 
risk factors. It is important to note that as many as 40% to 50% of 
patients who have esophageal adenocarcinoma say that they do 
not have symptoms of frequent gastroesophageal reflux. Debate 
continues on the role of H pylori infection in the increasing inci-
dence of esophageal adenocarcinoma. Some reports suggest an 
inverse correlation (based on atrophic gastritis from H pylori 
infection decreasing gastric acid output and, hence, decreasing 
reflux of gastric contents and protecting against esophageal ade-
nocarcinoma) and other studies do not.

Signs and Symptoms

The symptoms of esophageal cancer include progressive solid 
food dysphagia that progresses to dysphagia to soft solids and 
then liquids. Unintentional weight loss is commonly reported 
with later-stage disease. Other than the skin changes of tylosis 
or lichen planus in patients with squamous cell carcinoma, there 
are no specific signs of esophageal cancer. In most patients, the 
physical examination findings are normal. With late-stage disease 
or disease of the proximal esophagus, supraclavicular lymphade-
nopathy or hepatomegaly can be palpated, indicating the possibil-
ity of metastatic disease.

Diagnosis and Staging

Diagnosis of esophageal carcinoma requires endoscopy with 
biopsy. Although the diagnosis may be suspected from the results 
of a barium study or other imaging tests, tissue to confirm a diag-
nosis is obtained best from endoscopy. After histologic confirma-
tion of the diagnosis, attention should be directed at staging.

The goal of staging is to classify the tumor as early or local-
ized to the esophagus, locally advanced, or metastatic. Tools 
available for staging include positron emission tomography 
(PET), which is best suited and most sensitive for detecting dis-
tant metastatic disease. It has greater sensitivity than computed 
tomography (CT), detecting unsuspected metastatic disease in 
10% to 15% of cases considered negative on CT study. The use 
of PET has been shown to lead to a change in management in 
10% to 20% of patients. However, PET is expensive and may 
not be widely available. CT usually is performed first to exclude 
metastatic disease, followed by PET (if available) to exclude 
any metastatic lesions missed with CT. Endoscopic ultrasonog-
raphy is used to perform locoregional staging for assessing the 
T (tumor) stage (invasion into the esophageal wall) and the N 
(node) stage. Endoscopic ultrasonography is most sensitive for 
staging locally advanced (T2 or T3) disease, with modest accu-
racy for staging early (mucosal or submucosal) disease, and for 
establishing the N stage (particularly with the use of fine-needle 
aspiration of enlarged lymph nodes). Metastatic involvement of 
celiac lymph nodes is detected best with endoscopic ultrasonog-
raphy. The current TNM staging criteria for esophageal adeno-
carcinoma are listed in Table 2.1.

In early-stage disease (T1N0M0), endoscopic mucosal 
resection is an accurate tool to distinguish between mucosally 
confined disease (T1a) and submucosally invasive disease 
(T1b). This is an important distinction because endoscopic 
therapy may be considered for T1a disease, given the low risk 
of metastatic lymphadenopathy (2%) compared with submuco-
sal disease, for which the risk of metastatic lymphadenopathy 
is 20% to 30%, and the therapy of choice is esophagectomy 
(which allows lymph node dissection and removal) in operative 
candidates.

Treatment options depend on the stage of the disease. 
Endoscopic therapy (with endoscopic mucosal resection and 
additional ablative techniques) may be considered for T1a dis-
ease; recent reports have documented excellent overall 5-year 
survival outcomes, in comparison with surgery. More invasive 
disease is treated by esophagectomy with lymph node dissection 
(T2 or N0 disease) or preoperative chemoradiotherapy, followed 
by restaging and esophagectomy (for T3 or N1 disease). This 
treatment strategy is based on limited data reporting a modest 
survival advantage with neoadjuvant chemoradiotherapy in some 
studies comparing neoadjuvant chemoradiotherapy followed by 
surgery to surgery alone. Metastatic disease can be managed with 
a combination of palliative chemoradiotherapy, esophageal stent 
placement, and nutritional support (administered orally with sup-
plements or with percutaneously placed enteric tubes).
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