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GERD: Refl ux to Esophageal Adenocarcinoma (Parakrama T. Chandra-
soma and Tom R. DeMeester, 447 pp., Elsevier Academic Press, 2006, ISBN: 
978-0-12-369416-4)

Review from the New England Journal of Medicine

“Esophageal cancer is the seventh leading cause of all deaths from cancer 
worldwide, with an estimated 14,000 deaths from this cancer in the United 
States alone in 2006. Since the 1970s, esophageal adenocarcinoma has been 
the neoplasm with the fastest-growing incidence of any cancer in the Western 
world. This rising incidence implies a need for improvement in identifying 
those at risk for the disease and in both intervention and prevention. Regret-
tably, there is a lack of consensus among experts regarding the diagnosis and 
management of Barrett’s esophagus. A book that is focused on this important 
subject has been long overdue.

This timely and authoritative book was written by two masters in the fi eld 
whose experience spans two decades and includes supervision of studies 
involving more than 10,000 patients. The book is well written and demon-
strates the advantages of having a limited number of authors and a narrow 
focus—namely, consistency of style and a cohesive philosophy. There is 
structural coherence, with a logical progression of the 17 chapters and minimal 
overlap between them. Early chapters provide overviews of gastroesophageal 
refl ux disease (GERD) and Barrett’s esophagus, followed by a review of 
embryological development of the upper gastrointestinal tract and of normal 
anatomy and histology. Subsequent chapters document the pathology of 
GERD at the cellular and anatomic level, with evolution through Barrett’s 
metaplasia to adenocarcinoma. The book ends with suggestions for research 
strategies, discussions of the rationale for management of GERD and Barrett’s 
esophagus, and strategies for preventing refl ux-induced adenocarcinoma.

The book is compelling reading, made more so by its historical approach, 
as the authors trace the gradual evolution of medical thought in the fi eld. A 
further strength is the literature review at the end of each chapter, where the 
authors summarize and offer their often strong opinions of landmark studies 
in the fi eld.

The authors believe that the increasing incidence of esophageal cancer is 
at least partly a consequence of a failed medical approach to the precursor 
conditions of GERD and Barrett’s esophagus. This problem, they write, stems 
from fundamentally fl awed defi nitions of both conditions that underestimate 
their true prevalence, as do current practice guidelines stating that there is no 
need for biopsy of endoscopically normal gastroesophageal junctions. The 
authors argue that esophageal adenocarcinoma is preventable and that rec-
ognition of earlier stages in the refl ux-to-adenocarcinoma sequence would 



allow for interventions that might heavily infl uence its incidence. They also 
contend that the current therapeutic approach to GERD—acid-suppressive 
therapy—might be promoting the development of adenocarcinoma and that 
GERD should be managed with antirefl ux surgery.

The authors therefore propose several radical changes in the fi eld, includ-
ing new criteria for defi ning the gastroesophageal junction, GERD, and Bar-
rett’s esophagus, as well as a new classifi cation system for adenocarcinoma 
of this region. They recommend a new biopsy protocol for patients with GERD 
who are undergoing endoscopy. They call for a radical overhaul in our current 
thinking and urge that GERD be viewed as a premalignant condition and 
treated with an appropriately aggressive approach.

[.  .  .] The authors are very opinionated, and many readers will not agree 
with their views, several of which are controversial. Although many of their 
ideas are indeed provocative and deviate from current consensus, we feel that 
the authors’ vast experience gives their opinions importance—their perspec-
tive must be carefully considered. We therefore feel that this book is essential 
reading for anyone with an interest in esophageal disease, and particularly in 
GERD and esophageal adenocarcinoma.

—New England Journal of Medicine, 2007; 356: 1897–1898.
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 ■  ■  ■  C H A P T E R  1

Refl ux-Induced Cancer: An Epidemic 
We Need to Address Now

The medical establishment is generally thrown into disarray when new data 
emerge that change the fundamental basis by which diseases are defi ned. This 
is the present state in the diagnosis of gastroesophageal refl ux disease and 
Barrett esophagus. Old ideas persist despite evidence to the contrary because 
standard textbooks, which are the source of information for many practition-
ers, change slowly. The ability to assimilate all the relevant evidence is limited 
by time and the fact that the data are spread out in the voluminous literature, 
and it is diffi cult to separate the chaff from the wheat.

Conferences and review articles are a little more helpful, but the ideas 
expressed therein tend to emphasize the controversial opinion of a given 
expert rather than provide clear practice guidelines. Experts have varying 
opinions based on the speed with which their minds adjust to change, adding 
to the sense of turmoil in the mind of the community physician. The loudest, 
most infl uential, and most-often heard voice is often the one that is believed. 
For gastroenterologists, when the change is based on histologic data that are 
diffi cult to comprehend because of their lack of training in this area, the 
confusion is even more profound. All this leads to great confusion and poten-
tial mismanagement of patients because the standard of care is not consistent 
among different physicians.

This atlas is designed to present practical diagnostic guidelines for the 
management of the patient with gastroesophageal refl ux disease. It will incor-
porate the newest data to provide guidelines to the gastroenterologist, foregut 
surgeon, and pathologist about accurate diagnostic criteria for refl ux, inter-
pretation of endoscopic landmarks, protocol for biopsy, and interpretation of 
histology. It will progress logically through accurate histologic defi nitions, 
which are fundamental to understanding cellular abnormalities, the defi nition 
of normalcy, present diagnostic criteria, the meaning of histologic fi ndings, to 
developing new defi nitions and diagnostic criteria for refl ux disease that 
incorporate the new evidence. The atlas is basically a logical assimilation of 
new data into clinical practice.

For the changing concepts, defi nitions represent a moving target; in such 
cases, I will attempt to defi ne both the present state of the art and what I 
believe is the logical end-point in the future. It is only by analysis of the evi-
dence presented that individual gastroenterologist-surgeon-pathologist teams 
can determine what they want to believe and apply that to patient care. 
Whatever decision is made, the result will be better than the present 
confusion.

  1



2 CHAPTER 1  Refl ux-Induced Cancer: An Epidemic We Need to Address Now

The ideas presented in this atlas have strong evidence to support them 
and essentially convert the opinion-based present management of gastro-
esophageal refl ux disease to a method that is evidence-based. A more com-
prehensive presentation of the evidence has been previously published in a 
more thorough book format.1 This atlas is meant to be largely a pictorial 
description that is designed to facilitate the practical application of the new 
information.

The methods suggested are based on the correct histologic interpretation 
of endoscopic biopsies with standard stains that are available in every hospital 
and laboratory in the world. There is little demand for new technology. There 
is, however, a demand for greater attention to detail that will increase the 
cost, but the hope is that it will lead to an understanding of the disease at a 
cellular level.

Epidemiology of Refl ux-Induced Cancer

There is some urgency in the necessity to understand this disease. Refl ux-
induced adenocarcinoma of the esophagus is the most rapidly increasing 
cancer in the United States, Western Europe, and Australia (Figure 1–1). A 
recent study by Pohl and Welch2 showed that esophageal adenocarcinoma 
incidence has increased more than sixfold between 1975 and 2000, from 3.8 
to 23.3 cases per million (Figure 1–2). Adenocarcinoma of the esophagus, 
which was one-sixth as common as esophageal squamous carcinoma in 1975, 
overtook squamous carcinoma incidence in the mid-1990s (Figure 1–3).

This increase in esophageal adenocarcinoma has been paralleled by an 
increase in the incidence of adenocarcinoma of the “gastric cardia.” The rising 
curve of adenocarcinoma in the two locations was similar between 1975 and 
1990, but that of adenocarcinoma of the gastric cardia shows a recent fl atten-
ing, whereas that of esophageal adenocarcinoma continues to increase (Figure 
1–4). Despite this, the incidence curve for adenocarcinoma of the “gastric 
cardia” is much more similar to that of esophageal adenocarcinoma than non-
cardiac gastric adenocarcinoma, which has declined considerably during this 
same period in the United States3 (Figure 1–5). The epidemiology suggests 
that adenocarcinomas of the esophagus and “gastric cardia” are different 
expressions of one disease.

In terms of actual numbers, however, cancers in these two sites are approxi-
mately equal, with esophageal adenocarcinoma recently overtaking adenocar-

Figure 1–1 Distal esophageal 
adenocarcinoma. The tumor is an 
ulcerated mass that involves the distal 
third of the esophagus and extends to 
the proximal limit of rugal folds.
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Figure 1–2 Relative change in incidence of esophageal adenocarcinoma and other 
malignancies from 1975 to 2000. Data from the National Cancer Institute’s SEER program. 
Thick red line, esophageal adenocarcinoma; dashed line, breast cancer; fi ne red line, prostate 
cancer. Other cancers indicate melanoma, lung cancer, and colorectal cancer. (Reproduced 
with permission from Pohl H, Welch G: The role of overdiagnosis and reclassifi cation in the 
marked increase of esophageal adenocarcinoma incidence, J Natl Cancer Inst 19:142–146, 
2005.)
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Figure 1–3 Changing incidence of esophageal adenocarcinoma (solid line) compared with 
esophageal squamous carcinoma (dashed line) from 1975 to 2000. The dotted line indicates 
cases that were “esophageal cancer, not otherwise specifi ed.” The absolute number of patients 
developing esophageal adenocarcinoma overtook squamous carcinoma around 1996. 
(Reproduced with permission from Pohl H, Welch G: The role of overdiagnosis and 
reclassifi cation in the marked increase of esophageal adenocarcinoma incidence, J Natl 
Cancer Inst 19:142–146, 2005.)
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Figure 1–4 Trends in the incidence of adenocarcinoma of the esophagus (solid line) 
compared with adenocarcinoma of the gastric cardia (dotted line). The lines are parallel with a 
fl attening of the increase for gastric cardia cancer in the last decade. (Reproduced with 
permission from Pohl H, Welch G: The role of overdiagnosis and reclassifi cation in the marked 
increase of esophageal adenocarcinoma incidence, J Natl Cancer Inst 19:142–146, 2005.)

cinoma of the gastric cardia (see Figure 1–4). It is estimated that approximately 
12,000 people in the United States develop adenocarcinoma of the esophagus 
each year, with a similar number developing adenocarcinoma of the gastric 
cardia.

Esophageal adenocarcinomas are induced by gastroesophageal refl ux 
disease. Lagergren et al4 showed a strong relationship between symptomatic 
refl ux (defi ned as heartburn and/or regurgitation) and esophageal adenocar-
cinoma. The odds ratio for esophageal adenocarcinoma was 7.7 (95% confi -
dence interval, 5.3 to 11.4) for patients with refl ux symptoms compared to 
those without symptoms. The odds ratio increased progressively as the sever-
ity and duration of refl ux symptoms increased, reaching 43.5 (95% confi dence 
interval, 18.3 to 103.5) for patients with the most severe and longest-duration 
symptoms. The relationship between symptoms of refl ux was also present for 
adenocarcinoma of the “gastic cardia,” albeit at a lower level. Patients with 
symptoms of refl ux had an odds ratio of 2.0 (95% confi dence interval, 1.4 to 
2.9) for adenocarcinoma of the “gastric cardia,” increasing to 4.4 (95% confi -
dence interval, 1.7 to 11.0) in those with the most severe and longest-duration 
symptoms.

From a practical standpoint, all adenocarcinomas of the esophagus are 
refl ux-induced cancers occurring in the surface epithelium (Figure 1–6). There 
is no other known mechanism for adenocarcinoma in the esophagus except 
for rare tumors arising in esophageal glands. Refl ux does not induce cancer 
in the squamous epithelium; Lagergren et al4 showed that there was no rela-
tionship between symptomatic refl ux and squamous carcinoma of the esopha-
gus. The mechanism of carcinogenesis is believed to pass through columnar 
metaplasia, intestinal metaplasia in the columnar epithelium, and increasing 
degrees of dysplasia to adenocarcinoma (Figures 1–6 and 1–7).

If adenocarcinoma of the “gastric cardia” is a different expression of 
esophageal adenocarcinoma, it must also result from a similar pathogenesis. 
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Although the medical community presently suspects this to be true, it is not 
an accepted fact.

At present, the medical community believes, somewhat oxymoronically, 
that adenocarcinoma of the “gastric cardia” is associated with gastroesopha-
geal refl ux disease. It should recognize that this is not possible; gastroesopha-
geal refl ux causes disease only in the esophagus, not in the stomach. I will 
show that the cause of this oxymoron is that what is presently designated 
as the “gastric cardia” is actually the refl ux-damaged lower esophagus. I will 
also show that the vast majority of adenocarcinomas of the “gastric cardia” 
have a pathogenesis identical to esophageal adenocarcinoma and are 
refl ux-induced.

Adenocarcinoma of the esophagus is largely a disease of affl uent 
white males older than 40 years. Non-white Americans and women are at 
signifi cantly lower risk. Although the racial distribution is similar for adeno-

Year

Other stomach black males

Other stomach white males

Cardia white males

Cardia black males

5

10

20

0.2

0.5

1

2

19951990198519801975

R
at

es
 p

er
 1

00
,0

00
 p

er
so

n-
ye

ar
s

Figure 1–5 Trends in the incidence of adenocarcinoma of the stomach among males in the 
United States from 1975 to 1995. The incidence of cardia cancers, which are more common 
in white males than black males, has shown a sustained increase. This contrasts with 
adenocarcinoma of the distal stomach, which is more common in black males than white males 
and has shown a decline, particularly in white males. (Reproduced with permission from Devesa 
SS, Blot WJ, Fraumeni JF Jr.: Changing patterns in the incidence of esophageal and gastric 
carcinoma in the United States, Cancer 83:2049–2053, 1998.)
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carcinoma of the “gastric cardia,” the sex difference decreases. Women are 
almost as likely to develop adenocarcinoma of the “gastric cardia” as men in 
the United States.

The Problem

The epidemiologic data just presented indicate that refl ux-induced adenocar-
cinoma affected an estimated 16,000 patients in the United States in 2000. 
Exact numbers are not available for the past 5 years but can reasonably be 
expected to be higher. The overall mortality is in the 80% to 90% range for 
these patients; this means that between 18,000 and 20,000 Americans will die 
in 2007 from refl ux-induced cancer. This amounts to 55 per day or 2.3 per 

SQUAMOUS EPITHELIUM
OF ESOPHAGUS

Rapid; early in life

COLUMNAR METAPLASIA

Many years later

INTESTINAL METAPLASIA
(BARRETT ESOPHAGUS)

Variable

HIGH-GRADE DYSPLASIA

Variable

ADENOCARCINOMA

85%; Rapid

DEATH

REFLUX

REFLUX

REFLUX

REFLUX NOT ESSENTIAL?

REFLUX NOT ESSENTIAL

Figure 1–6 The sequence of 
changes by which gastroesophageal 
refl ux results in adenocarcinoma of 
the esophagus. The fi rst part of the 
sequence requires the interaction of 
the epithelium with molecules in the 
gastric refl uxate. Once the genetic 
mutations of carcinoma have 
occurred, the progression to the 
phenotypic expression of cancer is 
independent of refl ux.

Figure 1–7 Columnar-lined esophagus, showing complete replacement of the distal tubular 
esophagus by columnar epithelium. The squamocolumnar junction is not seen; it is proximal to 
the top edge of the photograph.
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hour. We are in the midst of a raging epidemic that was declared as such by 
Rodger Haggitt in 1992.5 The number of deaths from refl ux-induced adeno-
carcinomas today is approximately one-half the number of deaths from breast 
cancer (approximately 40,000 per year) and one-third the numbers of deaths 
from colorectal cancer (approximately 55,000 per year)—and it continues to 
increase.

Despite this, the general population has little or no inkling that heartburn 
and refl ux disease are harbingers of cancer. Although the risk is small, every 
adenocarcinoma of the esophagus and most adenocarcinomas of the “gastric 
cardia” occur as a result of refl ux disease. There is no other pathogenesis for 
esophageal adenocarcinoma.

The intense direct marketing of highly lucrative acid-suppressive drugs by 
the pharmaceutical industry directs patients to seek a “cure” for their heartburn 
by going to the pharmacy where the most powerful proton pump inhibitors 
are available over the counter (Figures 1–8, 1–9, and 1–10). The use of these 
agents is highly effective in controlling the acid-induced symptoms of refl ux 
disease. Many patients are prevented from seeking medical care and are 
extremely satisfi ed with the outcome of their visit to the pharmacy. Those in 
this group that inevitably go on to develop cancer are doomed.

The medical establishment is not much better educated than the general 
public. There is actually surprise and almost disbelief when primary care 
physicians and even gastroenterologists are presented with the evidence that 
approximately 20,000 Americans will die every year from refl ux-induced ade-
nocarcinoma. The number of physicians and gastroenterologists in the United 
States is so large that physicians believe this is a rare disease. Because of this 
perception, this disease is not taken seriously. When patients present to a 
physician with symptoms of refl ux, most will treat these patients empirically 
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Figure 1–8 The cost of “successful” treatment of refl ux disease for patients who are destined 
to develop adenocarcinoma is that they have their fi rst endoscopy at the time they present with 
symptoms of advanced-stage cancer, with a near 90% mortality. “Failure” of treatment for refl ux 
symptoms is better; it leads the patient earlier to endoscopy where Barrett esophagus is 
diagnosed, and they enter a surveillance protocol.
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Figure 1–9 Over-the-counter acid-suppressive agents on display at a pharmacy. Proton 
pump inhibitors and H2-receptor blockers can be seen at eye level and are the most 
profi table.

Figure 1–10 Packages of proton pump inhibitors and H2-receptor blockers, exhorting 
sufferers of heartburn to self-medicate themselves to “cure.”
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with acid-suppressive drugs that they believe are miracle drugs that “cure” 
their patients (see Figure 1–8). With a prescription for a proton pump inhibitor 
and a smile from the physician, the patient is on his or her way to a so-called 
“successful outcome”—currently defi ned as the relief of symptoms. Endoscopy 
is not performed in the vast majority of these patients, and even if it is per-
formed, the present practice guidelines result in failure of adequate assessment 
of these patients.

This previously described “cure” is dangerous for a patient with symptoms 
of refl ux disease (see Figure 1–8). Although the outcome of rapid symptom 
relief is considered very successful for the millions of people who take acid-
suppressive agents for refl ux, those among this group that go on to develop 
adenocarcinoma are doomed to be the 85% of the 24,000 patients who will die 
from refl ux-induced adenocarcinoma in 2007. Patients whose treatment is 
“unsuccessful” (in that the symptoms are not relieved) are likely to end up 
having endoscopy, receiving a diagnosis of Barrett esophagus, and being rec-
ognized as at risk for cancer (see Figure 1–8). The cancer is detected earlier in 
these patients, and their survival rates are better. Unfortunately, this group pres-
ently is less than 10% of patients. If we are to have an impact on the mortality 
from refl ux-induced adenocarcinoma, we need to urgently fi nd a method of 
changing this scenario.

Data show the medical profession is also guilty of the indiscriminate use 
of acid-suppressive drugs. In a study of pharmacy billing data for two insurers 
within a large eastern Massachusetts provider network,6 4684/168,727 (2%) of 
patients were prescribed chronic (more than 90 days) acid-suppressive drugs; 
47% were taking H2-receptor antagonists, and 57% were taking proton pump 
inhibitors (4% were taking both). Diagnostic testing was uncommon in these 
patients, with only 19% on acid-suppressive drugs having undergone esopha-
gogastroduodenoscopy within the previous 2 years.6 Acid suppression is 
almost like a panacea for all symptoms in the abdomen.

If acid suppression is to be used as a panacea, there is an absolute require-
ment that these drugs are unequivocally safe. One only has to see the curve 
of the dramatic rise in the incidence of refl ux-induced adenocarcinoma to ask 
the question whether acid-suppressive drug use has contributed to this increase. 
The rise in this incidence of cancer matches our effectiveness in controlling 
acid secretion by the stomach. H2-receptor antagonists came on the market 
in the 1960s, and proton pump inhibitors were introduced in the late 1980s. 
It is clear that these drugs greatly improved the acid-induced problems caused 
by refl ux disease such as pain, erosions, severe ulceration, and complicated 
strictures. While this positive change occurred, the incidence of Barrett esopha-
gus and refl ux-induced adenocarcinoma dramatically increased. If we are to 
conclude that the “cure” of refl ux symptoms, erosions, ulcers, and strictures 
resulted from acid suppression, surely we must ask the corollary question 
whether Barrett esophagus and refl ux-induced cancer are promoted by acid 
suppression. All the available evidence suggests that this is true, although no 
randomized trial that has been performed has provided proof.

When I raise this issue at meetings attended by gastroenterologists, there 
is a vehement defense of acid-suppressive drugs. I am told that there is no 
proof that acid-suppressive drugs cause cancer. This, however, is not the proof 
that we should demand. I, who do not use acid-suppressive drugs, should 
not be asked to prove they promote cancer. The responsibility lies with every-
one who markets, permits the marketing of, and dispenses these drugs to prove 
that they do not promote cancer. If such proof does not exist, then even a 
suggestion that they may promote cancer should cause concern.

There is more than a suggestion that acid-suppressive drugs promote 
refl ux-induced cancer. A landmark epidemiologic study by Lagergren et al4 
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established the relationship between refl ux disease, esophageal adenocarci-
noma, and the use of acid-suppressive medications; the drug use was shown 
to increase the risk of adenocarcinoma (Figure 1–11). The odds ratio for ade-
nocarcinoma was 3.0 (95% confi dence interval, 2.0 to 4.6) for symptomatic 
patients using acid-suppressive medications compared to symptomatic patients 
not using such medications. When adjusted for severity of symptoms, the odds 
ratio remained high, at 2.9 (95% confi dence interval, 1.9 to 4.6), suggesting 
that acid-suppressive medication was the primary association rather than 
the severity of symptoms. Despite the fact that this fi nding is from one of the 
most reliable and often quoted epidemiologic studies published in the most 
prestigious medical journal in the world, and despite the fact that there is no 
study in the literature that has contradicted this, the pharmaceutical industry 
and medical community have completely ignored this evidence.

It is clear that, at least in this instance, the medical community does not 
practice evidence-based medicine; it practices medicine based on the evidence 
that fi ts its needs. If I were a cynical person, I would suggest that the $13 
billion of annual revenue from the sale of these acid-suppressive drugs was 
responsible rather than benign neglect and ignorance. I really do not know 
which of the two is worse.

The Refl ux-to-Adenocarcinoma Sequence

For the past three decades, the medical community has largely treated refl ux 
disease as if it were a disease that is completely explained by the acid com-
ponent of the refl uxed gastric contents. The drug industry’s entire research 
focus has been to develop increasingly effective acid-suppressive drugs. When 
H2-receptor antagonists were produced in the 1960s, the belief was that they 
would make refl ux disease a thing of the past. When this did not happen, 
the drug industry gave us proton pump inhibitors, which were substantially 
more effective in suppressing acid. This did not remove the refl ux disease 
problem either. It seems as if the pharmaceutical companies and medical 
community believe that better acid suppression than that produced by proton 
pump inhibitors is the solution. However, the evidence suggests the reverse—
better acid suppression has always resulted in an increase in refl ux-induced 
cancer (Figure 1–12).

Refl ux of gastric contents into the esophagus carries with it numerous 
molecules other than acid (see Figure 1–12). To treat this disease with the 
belief that acid is responsible for every molecular event is extremely naïve. 

“WE COMPARED THE RISK OF
ESOPHAGEAL ADENOCARCINOMA

AMONG PERSONS WHO USED
MEDICATION FOR SYMPTOMS OF

REFLUX AT LEAST FIVE YEARS
BEFORE THE INTERVIEW WITH THAT

AMONG SYMPTOMATIC PERSONS WHO
DID NOT USE SUCH MEDICATION. THE

ODDS RATIO WAS 3.0 (95 PERCENT
CONFIDENCE INTERVAL, 2.0 TO 4.6)
WITHOUT ADJUSTMENT FOR THE

SEVERITY OF SYMPTOMS AND 2.9 (95
PERCENT CONFIDENCE INTERVAL, 1.9

TO 4.6) WITH THIS ADJUSTMENT.”

Figure 1–11 Statement regarding the 
increased risk of esophageal cancer 
among symptomatic refl ux patients with 
a history of acid-suppressive medication 
use compared to those who have not 
taken these drugs. This is extracted from 
the infl uential article by Lagergren J, 
Bergstrom R, Lindgren A, Nyren O: 
Symptomatic gastroesophageal refl ux as 
a risk factor for esophageal 
adenocarcinoma, New Engl J Med 
340:825–831, 1999.
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Although acid is a highly injurious agent capable of damaging cells, it is highly 
unlikely that it is a direct carcinogenic agent. Carcinogenesis occurs when 
there is interaction between a cell receptor and a carcinogen, which causes 
a genetic transformation in the cell. Carcinogens are generally complex mole-
cules that do not damage cells. They are not likely to be simple ions that 
cause cell damage. There is no evidence whatsoever that H+ ions are direct 
carcinogens.

The occurrence of adenocarcinoma in the esophageal epithelium passes 
through three sequential steps (Figure 1–13).

Step 1: Squamous Epithelial Damage 
with Columnar Metaplasia

Squamous epithelial damage begins at the most distal esophagus where the 
exposure to gastric refl uxate is highest. I will show in Chapter 5 that H+ ions 
are largely responsible for setting the stage for columnar metaplasia of the 
esophagus. This fi rst stage of refl ux-induced columnar metaplasia occurs early 
in life and results in cardiac mucosa (i.e., non-intestinalized columnar-lined 
esophagus).

Increasing amounts of refl ux cause progressively longer segments of 
columnar-lined esophagus (Figure 1–14). This is seen fi rst as tongues of 
columnar epithelium extending into the squamous epithelium of the esopha-
gus, causing the Z-line to become serrated (Figure 1–15). Later, with more 
severe damage, the columnar metaplasia involves the entire circumference 
of the distal esophagus, causing a cephalad migration of the Z-line (Figure 
1–16).

It is expected that acid suppression will have an inhibitory effect on the 
conversion of squamous epithelium to cardiac mucosa (see Figure 1–13). 

SQUAMOUS  EPITHELIUM
OF  ESOPHAGUS

ADENOCARCINOMA

RISK OF 
ADENOCARCINOMA
INCREASED

SYMPTOMS
IMPROVED

SYMPTOMS

ACID 

OTHER MOLECULES

REFLUX CONTINUES
NO ACID
OTHER MOLECULES +

ACID SUPPRESSION
PROMOTES CANCER

ACID SUPPRESSION
CURES SYMPTOMS

ACID SUPPRESSION

REFLUX

Figure 1–12 Outcomes in patients with refl ux disease treated with acid-suppressive drugs. 
On the one hand, use of these drugs has dramatically decreased symptoms and cured erosive 
esophagitis. On the other hand, their use has been associated with a dramatic increase in 
adenocarcinoma. The obvious explanation is that refl uxate molecules other than acid are 
responsible for the cancer.
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SQUAMOUS EPITHELIUM
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Early change  
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Figure 1–13 The three major steps whereby the squamous epithelium of the esophagus is 
converted to an adenocarcinoma by refl ux. The fi rst step, in which squamous epithelial damage 
results in cardiac mucosa, is acid dependent. The two later steps, the induction of intestinal 
metaplasia in cardiac mucosa (i.e., Barrett esophagus) and carcinogenesis, are caused by 
non-acid refl uxate molecules that are promoted by removal of acid.
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Figure 1–14 There is a direct correlation between the severity of refl ux disease and the 
length of esophageal squamous epithelium that is transformed into columnar metaplastic 
epithelium. GEJ, Gastroesophageal junction; GERD, gastroesophageal refl ux disease. Black, 
Cardiac mucosa; red, oxyntocardiac mucosa; gray, squamous epithelium; yellow, gastric oxyntic 
mucosa, with lines denoting rugal folds.
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Unfortunately, because cardiac metaplasia occurs very early in the refl ux-to-
adenocarcinoma sequence, it is very unlikely that acid suppression can be 
used early enough to prevent this step. When one compares the historical 
and present literature on the extent of columnar-lined esophagus, there is a sug-
gestion that the prevalence of patients with very long segments of columnar-
lined esophagus may actually be less today than 50 years ago. This would be 
the expected result of increasing effectiveness and use of acid-suppressive 
drugs.

Step 2: Intestinal Metaplasia 
of Cardiac Mucosa

This defi nes Barrett esophagus and is correctly believed to be a prerequisite 
change for the development of adenocarcinoma in the esophagus. Intestinal 
metaplastic epithelium in the esophagus is the only epithelial type in which 
the interaction between carcinogens in the gastric juice and the epithelium 
leads to cancer. Intestinal metaplasia does not occur in all individuals who 
have a columnar-lined esophagus. In patients who develop intestinal meta-
plasia, there is evidence of a long interval between columnar transformation 

Figure 1–15 Endoscopic appearance of columnar–lined esophagus, seen as a non-salmon-
colored area between the irrgular squamocolumnar junction and the proximal limit of rugal folds.

Figure 1–16 Short segment of 
columnar metaplasia in the distal 
esophagus. The visible columnar-lined 
segment extends from the serrated 
squamocolumnar junction proximally to 
the rugal folds distally. Note the 
presence of squamous islands in the 
columnar-lined segment.
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of the esophagus and the occurrence of intestinal metaplasia in cardiac 
mucosa (see Figure 1–6).

Unlike cardiac transformation of squamous epithelium, intestinal meta-
plasia occurs maximally at a point farthest away from the gastroesophageal 
junction. This is shown by two well-known facts: First, the prevalence of 
intestinal metaplasia tends to be highest in patients with the longest segments 
of columnar-lined esophagus7 (Figure 1–17). At the present time, virtually 
100% of patients who have a columnar-lined segment measuring 5  cm in 
length will have intestinal metaplasia. In comparison, approximately 15% of 
patients with less than 1  cm of columnar-lined esophagus demonstrate intes-
tinal metaplasia. Second, in a patient who has columnar-lined esophagus with 
intestinal metaplasia, there is a constant zonation of columnar epithelial 
types8,9 (see Figure 1–17). The intestinal metaplasia occurs most proximally 
adjacent to the squamocolumnar junction and extends downward for a vari-
able distance. Non-intestinalized columnar epithelia line the distal region of 
the columnar-lined segment.

The occurrence of intestinal metaplasia is favored at points farthest from 
the gastroesophageal junction, which proves that this is not a direct, acid-
induced change. The esophagus is normally pH neutral. When refl ux occurs, 
a pH gradient is set up wherein the pH progressively increases from the gastro-
esophageal junction (where pH is gastric baseline and therefore the lowest) 
as one goes in a cephalad direction in the esophagus (Figure 1–18). This gra-
dient is dependent on the volume of refl ux; the higher the volume, the longer 
the pH gradient. The time exposure of the esophageal epithelium to refl uxate 
is a measure of the number of refl ux episodes, clearing of the esophagus, and 
volume of refl ux. The probability of any acid-dependent event, such as cardiac 
metaplasia of squamous epithelium, is maximal in the most distal esophagus, 
which must be affected before the more proximal esophagus is affected (see 
Figure 1–14). The distribution of intestinal metaplasia is exactly the reverse of 
that expected from an acid-induced event (see Figure 1–17).

The fact that intestinal metaplasia occurs in 100% of people who have a 
columnar-lined esophagus of more than 5  cm must mean that the actual agent 
responsible for the transformation is ubiquitous in gastric juice. It is only that 
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Figure 1–17 The prevalence of intestinal metaplasia increases as the length of columnar-lined 
esophagus increases. When the length is less than 1  cm, approximately 5% to 20% of patients 
have intestinal metaplasia, depending on the type of population studied. At 5-cm length of 
columnar-lined esophagus, intestinal metaplasia is almost invariably found. GEJ, 
Gastroesophageal junction. Blue, Intestinal metaplasia; black, cardiac mucosa; red, 
oxyntocardiac mucosa; gray, squamous epithelium; yellow, gastric oxyntic mucosa, with lines 
denoting rugal folds.
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a certain milieu is necessary for this ubiquitous molecule to induce intestinal 
metaplasia in cardiac mucosa.

In normal patients without any refl ux, an effective lower esophageal 
sphincter causes this pH gradient to be sudden at the gastroesophageal junc-
tion, passing from the baseline gastric acidity to neutrality over a very short 
distance (see Figure 1–18). When refl ux occurs, the gradient expands, and 
neutral pH is seen higher in the esophagus. As the volume of refl ux increases, 
two things happen. The cells are exposed to refl uxate for an increasing time 
and the more proximal regions of the esophagus are subjected to a pH that 
is less acidic than that in the more distal esophagus.

Intestinal metaplasia tends to occur in patients who have severe refl ux 
disease compared with patients who do not have intestinal metaplasia. This 
suggests that a high volume of refl ux is required to provide the necessary 
time exposure of the cell for intestinal metaplasia to occur. At this volume of 
refl ux, the pH level is highest most proximally. Only patients who have cardiac 
mucosa at the critical proximal point in the esophagus will develop intestinal 
metaplasia.

This can be best explained by examining patients with mild refl ux and 
severe refl ux (Figure 1–19). The patient with mild (low-volume) refl ux will 
have a short segment (<1  cm) of cardiac mucosa in the most distal esophagus. 
When refl ux occurs, infrequently and in small volume, the time exposure is 
inadequate to cause intestinal metaplasia, even though there may be a point 
in the esophagus that has the correct pH at which the change is induced. The 
likelihood of intestinal metaplasia in this patient is low (15%). With a slightly 
higher refl ux volume, the alkalinity needed to induce intestinal metaplasia is 
at a point above where cardiac metaplasia is present (see Figure 1–19).

In contrast, the patient with severe refl ux will have a longer segment of 
columnar-lined esophagus (shown as 3  cm). The frequent, high-volume refl ux 
will result in a long exposure of the cells to refl uxate molecules. There is 
adequate time for the intestinal metaplasia to be produced in the cardiac 
mucosa. The fact that intestinal metaplasia favors the proximal over the distal 
segment of columnar-lined esophagus must mean that intestinal metaplasia of 
cardiac mucosa is promoted by an alkaline environment in the esophagus.
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Figure 1–18 Differences in gastroesophageal pH gradient in three patients. The fi rst column 
on the left shows a patient with no refl ux; there is a sharp pH gradient at the gastroesophageal 
junction (GEJ). The second and third columns show increasing volumes of refl ux; the pH 
gradient widens with pH neutrality being reached increasingly more proximally in the esophagus. 
Note that the time exposure of the esophageal mucosa to refl uxate is directly proportional to 
refl ux volume. In the right column is the same patient in column three after acid-suppression 
therapy has increased gastric pH to 5; the esophagus is exposed to a much larger segment 
where the pH is 5–6 than before treatment.
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The use of acid-suppressive drugs results in an increased baseline gastric 
pH (the yellow boxes in Figure 1–19). In a patient with a columnar-lined 
esophagus, the pH gradient shifts with acid suppression such that the alkalin-
ity of the more distal esophagus increases. In patients who did not have 
intestinal metaplasia before acid suppression, this shift would promote intes-
tinal metaplasia (both patients shown in Figure 1–19). In patients who already 
had intestinal metaplasia limited to the proximal region of the columnar-
lined esophagus, acid suppression would cause the intestinal metaplasia to 
involve increasingly distal regions of the columnar-lined segment (intestinal 
metaplasia is not shown in Figure 1–19).

There is some historical data to support this. Comparison of the amount 
of intestinal metaplasia within the columnar-lined esophagus has shown an 
increase over the past fi ve decades (Figure 1–20). In Allison and Johnstone’s 
original description in 1953,10 intestinal metaplasia was reported in only one 
patient among many patients with columnar-lined segments that reached the 
arch of the aorta. This should not be attributed to a failure of the pathologist 
to identify goblet cells; it is quite clear from studies that histology at that time 
was as good, if not better, than it is now. If goblet cells were present, they 
would have been reported. In 1976, Paull et al8 from Harvard mapped the 
epithelia in patients with columnar-lined esophagus. It is clear that the extent 
of intestinal metaplasia in those patients is signifi cantly less than reported by 
us in 2006.11 Some patients in the report by Paull et al8 did not have intestinal 
metaplasia in very long segments of columnar-lined esophagus, and rarely 
did the intestinal metaplasia reach the lower esophageal sphincter zone.

The most probable conclusion from these data is that as the effectiveness 
of acid suppression has increased over the past fi ve decades, it has caused 
an increase in the prevalence of intestinal metaplasia in columnar-lined 
esophagus and has increased the amount of intestinal metaplasia within the 
columnar-lined esophagus (Figure 1–21). Intestinal metaplasia now occurs in 
the distal region of the esophagus much more than it did in the past. This is 
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Figure 1–19 pH gradients in two patients with mild and severe refl ux. The severity of refl ux 
primarily determines squamous transformation to columnar epithelium and is greater in the 
patient with severe refl ux, shown to occur with a pH less than 5 without acid suppression. If this 
patient is given acid-suppressive drugs to increase his gastric pH to 5, the pH milieu in the 
esophagus changes toward greater alkalinity, tending to promote intestinal metaplasia in the 
cardiac mucosa that is present. GEJ, Gastroesophageal junction; GERD, gastroesophageal 
refl ux disease. Black, Cardiac mucosa; red, oxyntocardiac mucosa; gray, squamous epithelium; 
yellow, gastric oxyntic mucosa, with lines denoting rugal folds.
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explained by the shift in the esophageal pH toward increasing alkalinity in 
the distal esophagus by acid-suppressive drugs (see Figures 1–18 and 1–19).

Step 3: Carcinogenesis in Intestinal Metaplasia

The fi nal stage in the refl ux-adenocarcinoma sequence is the production of 
mutations in the cells of the esophageal epithelium that is marked by the 
presence of intestinal metaplasia. If one assumes that this process results from 
the action of a luminal carcinogen, the culprit must be present in the gastric 
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Figure 1–20 Comparison of historic data relating to the amount of intestinal metaplasia (IM) 
present in long segments of columnar-lined esophagus. Evidence suggests that the amount of 
intestinal metaplasia has increased from the time columnar-lined esophagus was fi rst reported 
by Allison and Johnstone in 1953, through 1976 as reported by Paull et al, to the present. Blue, 
Intestinal metaplasia; black, cardiac mucosa; red, oxyntocardiac mucosa; gray, squamous 
epithelium; yellow, gastric oxyntic mucosa, with lines denoting rugal folds.
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Figure 1–21 The cause of the historical difference between the amount of intestinal 
metaplasia in a columnar-lined esophageal segment of similar length is most likely due to the 
change in the esophageal pH milieu induced by acid suppression. The increased effectiveness 
and use of acid-suppressive agents necessarily results in a shift of esophageal pH toward 
alkalinity. Blue, Intestinal metaplasia; black, cardiac mucosa; red, oxyntocardiac mucosa; gray, 
squamous epithelium; yellow, gastric oxyntic mucosa, with lines denoting rugal folds.
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juice of patients who develop carcinoma. The fact that not everyone with 
Barrett esophagus develops carcinoma suggests that the carcinogen is not 
present in adequate dosages in all people. It is likely that the dose of carcino-
gen is the major factor that determines the likelihood of cancer. This is sug-
gested by the observed patterns of adenocarcinoma. Some patients with 
very long segments of Barrett esophagus remain stable without dysplasia or 
cancer over decades of surveillance; these patients behave as if they had no 
carcinogens. In contrast, other patients develop cancer at a young age with 
very short segments of Barrett esophagus; these are likely to have high 
carcinogenicity.

Refl ux-induced carcinogenesis requires three things:

1. The appropriate target cell in the esophagus; this is marked by the pres-
ence of intestinal metaplasia. Any part of the esophagus that is lined by 
non-intestinalized columnar epithelium or squamous epithelium is not 
susceptible to carcinogenesis.

2. Presence of carcinogen in the gastric juice. The nature of the carcinogen 
is unknown but is suspected to be derived from bile acid metabolism in 
the stomach in patients who have duodenogastric refl ux.

3. Delivery of the carcinogen in adequate dosage to the target cell. The deliv-
ery of carcinogen is by refl ux. If it assumed that this is a carcinogen that 
interacts directly with the target cell, the maximum dose of carcinogen is 
at the gastroesophageal junction and progressively declines in the more 
proximal esophagus. The actual level at which there is an effective carcino-
gen dosage in the esophagus will depend on the volume of refl ux and 
amount of carcinogen in gastric juice (Figure 1–22). In any patient, however, 
the carcinogen dosage will be greatest at the most distal part of the 
esophagus.

This would mean that the likelihood of carcinogenesis in refl ux disease will 
be promoted by any factor that causes the target cell (i.e., intestinal metapla-
sia) to move from the less carcinogenic proximal regions of the esophagus 
to the more carcinogenic distal region (Figure 1–23). In Step 2, I have shown 
how acid suppression can have this exact effect. There is now a strong theo-
retical reason for the epidemiologically demonstrated association between use 
of acid-suppressive drugs and esophageal adenocarcinoma.

The carcinogens responsible for refl ux-induced carcinogenesis are sus-
pected of being derived from bile acids that reach the stomach via duodeno-
gastric refl ux. There is a strong association between adenocarcinoma of the 
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Figure 1–22 Different carcinogen doses in four 
patients, progressively decreasing from patient A to 
patient D. The effective carcinogen dose reaches a 
higher level in the esophagus in patient A than B 
and C. Patient D has such a low carcinogen dose 
in his refl uxate that there is no effective 
carcinogenesis. GEJ, Gastroesophageal junction.
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esophagus and the presence of duodenal contents in the esophagus as shown 
by a Bilitec probe in the esophagus.12 The metabolism of bile acids in the 
stomach is highly pH-dependent. In normal patients, the gastric acidity (pH 
1–3) causes the bile acids to precipitate and become inactive. In the pH range 
of 3–5, which is usual in most patients who are on acid-suppressive drug 
treatment, bile acid metabolism results in the production of soluble, un-ionized 
bile acid derivatives (Figure 1–24). These have been shown experimentally to 
enter esophageal epithelial cells and result in activation of genetic pathways 
that are associated with increased cellular proliferation.13,14 Acid-suppressive 
drug therapy may therefore have an effect in promoting carcinogen formation 
in the stomach, thereby increasing the amount of the distal esophagus that 
becomes exposed to an effective carcinogen dosage at a given volume of 
gastroesophageal refl ux.

The Future Without Change

The medical community has treated patients with refl ux disease for the past 
fi ve decades without understanding the mechanisms involved in producing 
the complex cellular changes that convert the squamous epithelium of the 
esophagus into an adenocarcinoma. They have been guilty of naïvely and 
incorrectly assuming that every manifestation of refl ux disease, including 
Barrett esophagus and adenocarcinoma, results from the effect of acid. The 
single-minded and stubborn belief that acid suppression is the panacea to 
refl ux disease has not changed, even as we have watched refl ux-induced 
cancer rates explode. Although the pharmaceutical industry has increased its 
revenue to a staggering $13 billion per year, the number of people dying 
from refl ux disease has increased from close to zero in the 1950s to approxi-
mately 20,000 Americans per year, and many more in other countries. This 
money has brought relief from heartburn for millions of people, but it has 
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Figure 1–23 The relationship between the location of the target cell (only in intestinal 
metaplasia) and the effective carcinogen dose in the esophagus. If the area of intestinal 
metaplasia is limited to the proximal region of the columnar-lined esophagus, it does not receive 
an effective carcinogen dose; the patient will not develop cancer (patient A). If the intestinal 
metaplasia involves the distal region of the esophagus, the likelihood of progression to cancer 
increases because the carcinogen is delivered in adequate dose to the target cell (patient B). 
Blue, Intestinal metaplasia; black, cardiac mucosa; red, oxyntocardiac mucosa; gray, squamous 
epithelium; yellow, gastric oxyntic mucosa, with lines denoting rugal folds.
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also brought death from refl ux-induced and probably acid-suppressive drug–
promoted cancer for many thousands. Surely, this is not an acceptable 
trade-off.

There is no reason to believe that the next three decades will be different 
than the last three if the present attitudes do not change dramatically and 
quickly. The expectation is for the pharmaceutical industry to produce the 
next and more effective acid-suppressive drug and for physicians to use this 
aggressively to treat patients with refl ux disease in the hope that things will 
magically improve. The drug industry can be expected to persuade the gov-
ernment that more of these drugs should be sold over the counter to minimize 
health care costs. Direct marketing of these drugs to patients will cause them 
to treat themselves and avoid seeking medical care. The drugs will relieve 
their symptoms and improve their quality of life in the short term. Without 
public education, they will remain oblivious that they may harbor a disease 
that can produce cancer and death. As long as we defi ne “cure” as the relief 
of symptoms, these drugs will be regarded as miracle drugs because of their 
effi cacy. These people would be horrifi ed if they knew that their acid-sup-
pressive drugs are improving the painful but relatively harmless stage of their 
disease and potentially aggravating the silent, but ultimately fatal, stages of 
their disease. It is only when we defi ne cure by the number of deaths or 
cancers that occur as a result of refl ux that these drugs will be recognized as 
abject failures.

There should be no expectation that cancer incidence from esophageal 
adenocarcinoma will decline if we continue to do what we are doing now. 
We must work on the expectation that the rate of increase will continue. If 
we are wrong, there is no penalty. If we wait and expect it to level off, we 
may fi nd ourselves in 2037 with another sixfold increase in incidence. Such 
an increase would mean that the annual incidence of refl ux-induced cancer 
would be nearly 150,000 per year and the death rate (assuming no improve-
ment in survival, which is probably not a good assumption) will be 120,000 
per year. Cancer treatment will likely involve radical surgery and toxic che-
motherapy, which is a high price to pay for survival. The optimistic viewpoint 
that a simple cancer cure will emerge in the next few decades is uncertain 
and unpredictable.
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Figure 1–24 Infl uence of gastric pH on bile acids in patients who have duodenogastric refl ux. 
The bile acids are inactive at highly acidic and neutral pH. In the intermediate pH range of 3 to 
6, bile acids are converted into soluble, un-ionized metabolites that have been shown to be 
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Colorectal carcinoma presently has an annual mortality of more than 
50,000 patients per year in the United States, which is higher than that for 
both breast and prostate cancer. Refl ux-induced adenocarcinoma has a sig-
nifi cant mortality. There is a huge public awareness of and recommended and 
effective prevention methods for colorectal, breast, and prostate cancer. In 
contrast, there is little or no public awareness that symptomatic refl ux (heart-
burn) is a signifi cant risk factor for cancer. If not now, when do we place the 
emphasis of this disease on the cancer that is associated with it, rather than 
look at it as a patient comfort issue? We are treating a killer disease with a 
drug that is aimed only at controlling pain; this is like treating a brain tumor 
with aspirin to relieve the headache associated with it.

The failure of the medical community to understand this disease is a sig-
nifi cant contributor to this problem. Patients who are induced by a pharma-
ceutical company to take an over-the-counter acid-suppressive drug or are 
prescribed a medication by their physician have no understanding about the 
potential effect of the drugs. The naïve belief is that everything gets better. 
The lack of understanding of the cellular elements that are being treated is 
profound; there is no appreciation of the fact that different elements in the 
refl uxate may have different effects on different tissue types (Figure 1–25). 
The acid-suppressive drugs simply remove the acid from the refl uxate. Refl ux 
continues relatively at the same volume in these acid-suppressed patients. 
Every epithelial cell within the range of the refl uxate is exposed to every 
molecule, except the acid. These epithelial cells include those in squamous 
epithelium, intestinalized columnar epithelium (Barrett esophagus), and non-
intestinalized columnar epithelium (cardiac mucosa). The only epithelium on 
which the alkalinization of the refl uxate by acid-suppressive drugs has a posi-
tive effect is squamous epithelium (see Figure 1–25). This positive effect 
removes the pain of heartburn, heals erosions, and prevents deep ulcers and 
strictures. However, alkalinization of the refl uxate has a negative effect on 
cardiac mucosa, causing it to undergo intestinal metaplasia at an increasing 
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Figure 1–25 Elements in the refl uxate have different effects on different components in the 
esophagus. Acid and a low pH damage squamous epithelium and induce cardiac metaplasia. 
However, they have a protective effect on cardiac mucosa, causing it to transform into 
oxyntocardiac mucosa (OCM). Bile and an alkaline pH induce intestinal metaplasia (IM) in 
cardiac mucosa and promote carcinogenesis in intestinal metaplasia.
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distal point in the esophagus. This, by bringing the target cell ever closer to 
the effective carcinogen dose in the distal esophagus, promotes cancer.

Good intentions are often thwarted by unintended consequences. This 
has happened throughout history. Asbestos and thalidomide are obvious 
examples. It is important to understand that acid-suppressive drugs are not 
carcinogenic to the normal esophagus. Animal testing or even human testing 
will not bring out any carcinogenic effect unless the drugs are tested over a 
long period in patients who have columnar-lined esophagus with and without 
intestinal metaplasia. This is the test we have used on patients with refl ux 
over the past three decades. The fact that the test has not been controlled 
should not result in the failure to recognize the association between the use 
of acid suppression and refl ux-induced cancer. The safest course is to assume 
the two are related; the present course is to assume that some other unknown 
factor must be responsible for the association.

Can Refl ux-Induced Adenocarcinoma Be Prevented?

The present attitude toward refl ux-induced cancer is one of defeatism and 
futility because it is believed that nothing can be done to prevent its occur-
rence and increasing incidence. This is not true. If nothing else, it is likely 
that if the use of acid-suppressive drugs is minimized, it will have a signifi cant 
effect on reversing the trend and decreasing cancer risk.

Prevention of refl ux-induced adenocarcinoma is theoretically simple. The 
disease is believed to result from the interaction between molecules delivered 
to the esophagus by refl ux and the esophageal epithelium. This has to happen 
over a very long period of time and is associated with a sequence of epithelial 
change that I have described earlier in this chapter. These steps occur over 
many decades in a patient’s life. Cancer results only when carcinogens in 
refl ux produce multiple genetic mutations in intestinal metaplasia. Therefore, 
if we decrease gastroesophageal refl ux adequately before these genetic muta-
tions have occurred, there should be a theoretical certainty that refl ux-induced 
cancer will be prevented.

Simple surgical methods are available to decrease gastroesophageal refl ux 
(Figure 1–26). The most common is a Nissen fundoplication, which is now 
generally performed laparoscopically. The procedure is not easy, but it is 
within the range of most trained surgeons. Nissen fundoplication creates a 
new valve-like effect at the gastroesophageal junctional region that decreases 
refl ux. Decreasing refl ux means that the exposure of the esophageal epithe-
lium to all refl uxate molecules decreases. Decrease in acid exposure is more 
effective in relieving the painful symptoms and erosions than even the most 
successful acid suppressive drugs. Unlike acid-suppressive drugs, however, 
the operation has the theoretical potential to stop all other molecular reac-
tions that cause progression of changes of the esophageal epithelium in the 
refl ux-to-adenocarcinoma sequence (see Figure 1–26).

It is important to defi ne a successful operation in terms of its ability to 
decrease cancer progression. A successful operation is not one that relieves 
symptoms and improves the quality of life. This can happen even with a rela-
tively small decrease in the amount of refl ux, because a slight reduction in 
acid exposure of the esophageal epithelium can relieve symptoms. A success-
ful operation does not completely eradicate refl ux. The new valve that can 
be created by current surgical techniques is never as effective as the lower 
esophageal sphincter, which prevents refl ux completely without causing dys-
phagia because of its ability to maintain tone and relax completely at the 
appropriate moment of swallowing. If the new valve is designed to prevent 
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refl ux completely, it must also interfere with swallowing and cause dysphagia, 
because it has no ability to relax during swallowing. The operative technique 
therefore aims at creating a new valve that minimizes refl ux without causing 
dysphagia. A successful anti-refl ux operation decreases refl ux suffi ciently to 
normalize the 24-hour pH test, which is an accurate measurement of the 
amount of refl ux. A failed operation is one that does not normalize the 24-
hour pH test. An operation should not be called a failure if the patient con-
tinues to be symptomatic. Many symptoms unrelated to refl ux occur after 
surgery; unless the symptoms are proven to be associated with an abnormal 
24-hour pH test, the operation must not be declared unsuccessful. Many 
patients are placed too easily on acid-suppressive drug treatment based on 
symptoms without a 24-hour pH test. This is not appropriate. The aim of 
anti-refl ux surgery is to minimize refl ux so that progression of epithelial 
changes in the refl ux-to-adenocarcinoma sequence can be prevented; the 
primary aim is not the control of symptoms. The presence of symptoms after 
surgery is a reason for concern that the anti-refl ux operation has not met its 
primary objective; it should lead to a 24-hour pH test.

The literature strongly suggests that a successful anti-refl ux operation is 
necessary to prevent progression in the refl ux-to-adenocarcinoma sequence. It 
is much easier to fi nd patients who have progressed to cancer after surgery 
that has failed to normalize the 24-hour pH study than patients who have had 
a successful anti-refl ux operation. Normalization of the 24-hour pH test does 
not mean a cessation of refl ux. A normal 24-hour pH test is defi ned as the 
detection of a pH less than 4 by a pH probe placed in the esophagus 5  cm 
above the upper limit of the lower esophageal sphincter for a period exceed-
ing 4.5% of the 24-hour test (4.5% of a 24-hour period is 64 minutes, which 
means that patients with an anti-refl ux operation defi ned as successful can 
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Figure 1–26 Outcomes in patients with refl ux disease treated by anti-refl ux surgery, which 
decreases refl ux and prevents the target cells in the esophagus from being attacked by both 
acid and every other molecule in the refl uxate. Anti-refl ux surgery dramatically decreases 
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have a surprising amount of refl ux). Even with anti-refl ux surgery, the esopha-
geal epithelium is not completely sequestered from harmful refl uxate mole-
cules. It is important for the surgical establishment to continue to improve this 
surgery to decrease refl ux to the lowest possible level without causing dys-
phagia. It is only when surgery eradicates refl ux completely that it will have 
a theoretical expectation of completely preventing refl ux-induced adenocarci-
noma. Until then, we are looking for a decrease in the incidence, not the 
complete removal of risk.

Anti-refl ux surgery is likely to be more effective in preventing adeno-
carcinoma when the surgery is performed earlier than later in the refl ux-to-
adenocarcinoma sequence. At the present time, anti-refl ux surgery is limited 
to the more complicated cases, such as patients with unsuccessful medical 
treatment and complex disease. These patients are likely to be at a more 
advanced stage in the cancer sequence. Some of these patients may have 
“prevalent cancers.” These are defi ned as the presence of all the genetic muta-
tions necessary for cancer in the cells; these are cancer cells that are in the 
lag phase before they express the cancer phenotypically. They cannot be 
identifi ed without an understanding of the exact genetic changes involved. If 
such a patient undergoes anti-refl ux surgery, the prevalent cancer will express 
itself after the surgery. This usually occurs within 1 to 2 years but can occur 
up to 5 years later. Even if only some of the genetic mutations for cancer are 
present in the cells, the fact that refl ux is not completely prevented leaves 
the possibility of progression to cancer in advanced cases presently treated 
with anti-refl ux surgery. Studies that compare cancer rates of patients treated 
by acid-suppressive drugs and anti-refl ux surgery are therefore likely to have 
a bias toward a greater risk of cancer in the surgery group because they are 
treated at a more advanced stage in the refl ux-to-adenocarcinoma sequence. 
Only randomized prospective trials will provide the necessary answers.

If anti-refl ux surgery is as effective, or more effective, than acid-
suppressive drug therapy in relieving symptoms, and if it also has a benefi cial 
impact on the epithelial changes in the refl ux-to-adenocarcinoma sequence, 
surgery is preferable for the treatment of symptomatic gastroesophageal refl ux. 
This is a theoretical “no-brainer.” If performed early enough in the sequence 
of change, the operation will prevent cancer more effectively than acid-sup-
pressive drugs.

Is there any evidence to support this theoretical certainty that successful 
anti-refl ux surgery will prevent the progression of epithelial changes in the 
refl ux-to-adenocarcinoma sequence (Figure 1–27)? Let us consider the three 
steps in the pathogenesis.

Step 1: Squamous Epithelial Damage 
and Cardiac Metaplasia

This step occurs very quickly at the onset of refl ux disease, often at a young 
age and often before symptoms occur. No patient will be considered for anti-
refl ux surgery during this stage.

Step 2: Intestinal Metaplasia 
of Cardiac Mucosa

Oberg et al15 reported that patients with non-intestinalized columnar-lined 
esophagus more than 3-cm long had a lower incidence of developing intesti-
nal metaplasia after anti-refl ux surgery than if they were treated with acid-
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suppressive drugs. This provides evidence that anti-refl ux surgery has a 
positive impact on this stage. All patients with cardiac mucosa in the esopha-
gus prevented by the surgery from progressing to intestinal metaplasia will 
not be at risk for developing refl ux-induced adenocarcinoma.

DeMeester et al16 showed that anti-refl ux surgery performed on patients 
with Barrett esophagus was associated with a reversal of intestinal metaplasia 
in a signifi cant number of these patients. The reversal was most likely in 
patients with short-segment Barrett esophagus. Such a reversal would clearly 
be benefi cial, removing the patient from the population at risk for developing 
adenocarcinoma.

Step 3: Carcinogenesis in Intestinal Metaplasia

The theoretical probability that anti-refl ux surgery will decrease the progression 
of intestinal metaplasia to cancer has not been proven. Proof is a luxury that 
we do not have. The only method of proving this is to undertake a prospective 
randomized study. The duration of follow-up to give the study suffi cient statisti-
cal proof will depend on the number of patients accrued. At the present rate 
of anti-refl ux surgery, proof will be many years away. There is only one such 
study presently in progress.17 The data, still without suffi cient statistical evi-
dence, show clearly that the incidence of high-grade dysplasia and adenocar-
cinoma is reduced after successful anti-refl ux surgery defi ned by normalization 
of the 24-hour pH test.

Another method to suggest that anti-refl ux surgery decreases cancer risk 
would be to demonstrate that adenocarcinomas occurred at a lower rate than 
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Figure 1–27 Comparison of acid-suppressive drug therapy and anti-refl ux surgery in their 
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expected after surgery. This evidence supports the suggestion that anti-refl ux 
surgery prevents adenocarcinoma. It is diffi cult to fi nd a patient who has 
developed adenocarcinoma after a successful anti-refl ux operation (success 
defi ned by normalization of the 24-hour pH test) 5 years after the procedure. 
Cancers are reported after successful anti-refl ux surgery but tend to fi t the 
expected profi le of prevalent cancers. The maximal incidence is in the fi rst 2 
years after surgery and tails off by 5 years.

Hofstetter et al18 reported the lack of progression to high-grade dysplasia 
and cancer in a group of patients with Barrett esophagus after 410 patient-
years of follow-up. In this group, they also showed a reversal of low-grade 
dysplasia.

After considering these data, the logical conclusion is that anti-refl ux 
surgery is superior to acid-suppressive therapy for treatment of refl ux disease. 
It controls symptoms better and reverses and prevents progression of epithelial 
changes in the refl ux-to-adenocarcinoma sequence. This is in stark contrast 
to acid-suppressive drug therapy, which promotes the epithelial changes that 
progress to cancer (see Figure 1–27).

Objections to Anti-Refl ux Surgery

What then are the objections to anti-refl ux surgery as the primary treatment 
of gastroesophageal refl ux?

Cost

Anti-refl ux surgery has a high initial cost. The procedure presently costs 
around $20,000 in the United States. This causes many health insurers not to 
approve the surgery for their members. This is irrational. If one assumes that 
the surgery is successful 85% of the time and that the alternative of lifelong, 
acid-suppressive drug use is avoided in these patients, the overall lifelong 
cost of treatment is actually less with anti-refl ux surgery than drug treatment. 
The cost savings depend on the type of acid-suppressive drugs used, but in 
general, a successful surgery begins to provide a cost benefi t after 4 to 5 years. 
Since the procedure is performed rarely, insurers will fail to recognize this 
because they will want to see a cost benefi t within 2 years, which is the 
average duration of membership. An individual insurer is not willing to bear 
the high cost of the surgery for the benefi t of a reduced cost for a future 
insurer. However, if anti-refl ux surgery becomes more common, it is likely 
that insurers will approve the change because there will be an equal move-
ment of patients treated by surgery among all the insurers, who will 
then collectively reap the long-term benefi ts of the reduced cost. Studies in 
countries with socialized systems of medicine such as Finland19 and The 
Netherlands20 show a decreased lifelong cost with surgery compared with 
acid-suppressive drug therapy. When one recognizes that insurers in the 
United States pay out many billions of dollars per year for acid-suppressive 
drug treatment of refl ux disease, there is considerable room to maneuver. 
Ultimately, one cannot place a dollar value on the savings resulting from 
prevention of cancer in those presently doomed to develop this disease.

Public pressure will drive treatment. Insurers, including Medicare, will not 
be able to refuse public demand for a treatment that is shown to prevent 
cancer more effectively than the existing treatment. Just like public opinion 
drove the demand for mammography to prevent breast cancer, so it will drive 
the demand for anti-refl ux surgery to prevent refl ux-induced adenocarcinoma. 
The only question is when this will happen.
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Surgical Mortality, Morbidity, and Failure

Even in its infancy, anti-refl ux surgery is safe and has a very high success 
rate. Mortality is essentially zero, and complications occur in approximately 
15% of patients who have an unsuccessful outcome. In most studies, the rate 
at which the 24-hour pH test is normalized after surgery is in the 85% to 95% 
range.21 This represents the worst-case scenario. Anti-refl ux surgery at present 
is limited to patients with the most severe refl ux, patients who have compli-
cated disease, and patients who fail medical treatment. When anti-refl ux 
surgery is performed as the primary treatment for a patient with uncomplicated 
symptomatic refl ux, when the experience with the procedure increases, and 
when technical innovations emerge, the morbidity and failure rate can be 
expected to decrease.

Despite all evidence to the contrary, a negative perception has been 
created regarding anti-refl ux surgery. At best, it is suggested that it is often 
associated with failure and that many patients will still require acid-suppres-
sive treatment. At worst, it has been suggested that there is an increased 
likelihood of death among patients who have had anti-refl ux surgery.22 Critical 
evaluation of this literature will reveal that these perceptions are false. Anti-
refl ux surgery is a highly effective treatment for refl ux disease. In terms of 
safety, anti-refl ux surgery has an excellent record that justifi es its classifi cation 
as a relatively minor operation that is performed laparoscopically with a very 
short recovery phase and hospital stay.

Not every patient will opt for anti-refl ux surgery. There is a natural desire 
among people to avoid surgery. Surgery will ultimately be the choice of the 
patient. However, it is imperative that physicians provide patients with the 
correct information about the risks and benefi ts of avoiding treatment, acid-
suppressive drug treatment, and anti-refl ux surgery so that they may make an 
informed decision. At this time, the system is failing in this regard. We are 
minimizing the well-known risk of cancer in patients with refl ux disease. If 
they are told the truth, the public reaction to acid-suppressive drugs and anti-
refl ux surgery is likely to change.

Feasibility

Anti-refl ux surgery can be performed in almost any hospital in the world. The 
procedure is not diffi cult and can be learned quickly by a trained surgeon. It 
is most effectively performed laparoscopically and through the abdomen. Only 
very complicated cases require a thoracic procedure. The technological feasi-
bility, although not presently available, can develop rapidly if demand 
increases. The immediate cost associated with the surgery is likely to result 
in a slow increase in demand unless something unexpected happens, such 
as sudden public recognition that acid-suppressive drugs promote cancer. If 
this occurs and results in a sudden withdrawal of acid-suppressive drugs from 
the market, anti-refl ux surgery will become the only available method of treat-
ing patients with symptomatic refl ux disease.

A Plea for an Aggressive Approach

Refl ux-induced adenocarcinoma is a golden opportunity for cancer preven-
tion. Instead of using a method that decreases the refl ux (anti-refl ux surgery), 
we have insisted on using acid-suppressive drugs, which do nothing to 
prevent the esophagus from being bombarded by every cancer-producing 
molecule in the refl uxate. This course of action (or, more accurately, inaction) 
has resulted in a sixfold increase in the incidence of adenocarcinoma. We are 
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doing nothing in the middle of an epidemic. The price of our apathy is paid 
by the 22,000 to 24,000 Americans (and many more in Western Europe) who 
develop refl ux-induced adenocarcinoma. We have watched these patients 
suffering with advanced local disease. They undergo radical esophagectomies, 
which are often followed by chemotherapy and radiation, with an overall 
expected death rate of 85%, often within 2 years—and we do nothing.

We may do worse than nothing by not recognizing the theoretical and 
practical evidence that suggests that acid-suppressive drugs may be promoting 
cancer and actually contributing to the causation of these cancers. We may 
be violating our basic motto: “Physician, do no harm.”

We can do better. This is an eminently preventable disease. The following 
steps are a plea for a more aggressive approach aimed primarily at preventing 
cancer.

Aggressively Understand Refl ux 
Disease at a Histologic Level

Partly because of the low level of understanding of the cellular events associ-
ated with gastroesophageal refl ux, histology plays a very limited role in the 
diagnosis of refl ux disease. Biopsies are considered of limited value in diag-
nosis of early refl ux disease. Failure of biopsy results in a missed opportunity 
to understand the disease. The basis of the method described in this atlas is 
that all patients were biopsied according to a defi ned protocol, permitting 
histologic study of the earliest changes. I make a plea for an aggressive biopsy 
protocol for the study of patients with refl ux disease.

Presently, biopsies are fi rst indicated only when a columnar-lined esopha-
gus is visualized endoscopically. The aim of biopsy is to diagnose Barrett 
esophagus, which is defi ned by the presence of intestinal metaplasia. If intes-
tinal metaplasia is absent, the biopsy fi ndings are considered irrelevant.

There is presently no histologic basis for the diagnosis of refl ux disease; 
present histologic criteria are based on changes in squamous epithelium, 
whose sensitivity and specifi city are so low as to make biopsy useless for 
diagnosis. Refl ux disease is presently without any standardized defi nition. I 
will show that refl ux carditis is a simple, reliable, and reproducible method 
of defi ning refl ux disease at a cellular level. The ability to defi ne refl ux disease 
is fundamental to its understanding. I will also show that the present defi ni-
tion of Barrett esophagus is fl awed and results in the failure to recognize the 
majority of patients who have Barrett esophagus.

The use of accurate histologic criteria in the diagnosis of all stages of 
refl ux disease will make its study more reproducible and based on science. 
The use of histology is the basis of the new method I am proposing. Like 
many other diseases, the use of histologic criteria will bring order and clarity 
to the study of refl ux disease and will replace the present confusion.

Aggressively Assess the Cancer 
Risk in a Given Patient

At the present time, we have no reliable method of defi ning the risk of adeno-
carcinoma. We know that the risk is associated with symptoms and increases 
with the severity of symptoms. However, we also know that adenocarcinoma 
can occur in asymptomatic patients.4 We therefore have no method of reas-
suring anyone in the population that they are not at risk for developing 
adenocarcinoma.

I will describe a reproducible grading system that will permit recognition 
of risk and identify the approximately 60% of the population who are not at 
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any risk.23 These patients have neither cardiac mucosa nor intestinal metapla-
sia. They can be safely treated with acid-suppressive drugs if they have 
symptoms. Patients with cardiac mucosa without intestinal metaplasia are not 
at imminent risk but can progress to develop intestinal metaplasia.

Patients with intestinal metaplasia (Barrett esophagus) are at imminent 
risk because they have an epithelium that is susceptible to carcinogenesis. 
The most advanced cases will be patients with dysplastic Barrett esophagus. 
These patients are at a risk whose immediacy increases with increasing grades 
of dysplasia. The presence of true dysplasia is the phenotypic expression of 
genetic mutations associated with cancer.

Aggressively Seek Patients at Highest Risk

The main failure of management of patients with refl ux disease is the complete 
lack of interest to identify patients who are at risk for developing cancer. 
Although we know that patients who are symptomatic for refl ux are at risk 
for cancer, we do nothing about it. We make the strongest acid-suppressive 
drugs available without prescription so that patients can “cure” themselves 
without seeking medical care. Those who seek care are prescribed acid-sup-
pressive drugs on an empiric basis and “cured” of their refl ux disease. Those 
among this “cured” group whose cellular changes are progressing to cancer 
will next seek medical care only when their cancer has become symptomatic. 
Approximately 90% of all refl ux-induced cancers are found among these 
patients. The only saving grace for this management is that millions of patients 
not destined to develop cancer have been successfully treated with the least 
harm to them. In effect, the rationale of this treatment is that we sacrifi ce 
22,000 to 24,000 Americans every year to adenocarcinoma and death so as 
not to trouble several million people. At what point, or incidences of cancers, 
does this not make sense? In 1975, when the number was 2500 per year, it 
probably was a reasonable course of action. In 2000, when the number was 
16,000, we ignored it. Is it reasonable to ignore the 24,000 who will develop 
cancer in 2007? Do we wait until 2037 when the number may be 120,000?

The rationale for inaction is the attitude of futility and defeatism—there 
is no other alternative, because these deaths cannot be prevented, and if they 
cannot be prevented, we can do nothing. I believe this rationale has two fatal 
fl aws:

1. The acid-suppressive drugs used to “cure” the millions of patients with 
symptomatic refl ux are likely promoting cancer in some of them. This 
should not be acceptable.

2. It ignores the fact that a better method of treating refl ux disease exists and 
that it very likely prevents the occurrence of cancer. An aggressive approach 
to this disease will cause a massive change in attitude to favor anti-refl ux 
surgery over acid-suppressive drugs in the treatment of refl ux disease.

If anti-refl ux surgery becomes the primary treatment choice for refl ux disease, 
a need will emerge to seek people in the population who are at greatest risk 
for cancer. This is defi ned at the cellular level by the presence of Barrett 
esophagus and increasing degrees of dysplasia. It is important to recognize 
two facts in this regard:

1. Although the highest probability of Barrett esophagus occurs in the most 
symptomatic patients, totally asymptomatic patients can also be at the 
highest risk. Thus any detection method that uses symptoms of refl ux to 
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target the population at risk will have the highest yield but a signifi cant 
failure rate.

2. There is no way to identify risk short of endoscopy and biopsy.

If we are to aggressively seek patients at risk, endoscopy and biopsy must 
be emphatically recommended. If we are interested in a high yield of patients 
at risk, we must target symptomatic patients. This is an excellent fi rst popula-
tion to target because it is composed of patients who will require lifelong 
treatment with acid-suppressive drugs with their cost and cancer-promoting 
danger. However, if we are interested in identifying everyone at risk, some 
kind of screening program is necessary. This is not likely to have a high yield 
and is an expensive proposition, because these patients do not presently need 
treatment. Because they are not being treated with acid-suppressive drugs, 
these patients are at least not having their cancers promoted by current treat-
ment standards. Screening asymptomatic individuals for Barrett esophagus is 
not urgent or even likely to be feasible at this time. It will be considered in 
the future if refl ux-induced cancer rates continue to increase. Demographic 
data that are associated with refl ux-induced adenocarcinoma such as race 
(white), sex (male), age (more than 40 years), and socioeconomic level (more 
affl uent) can increase yield but are unlikely to be used because of the relative 
low specifi city.

The magnitude of the problem is daunting. It has been shown that 40% 
of the adult population in the United States has symptoms of refl ux, and 5% 
to 15% have Barrett esophagus. This amounts to approximately 10 million to 
15 million people in the United States who are at signifi cant risk for refl ux-
induced cancer if “signifi cant risk” is defi ned as the presence of Barrett 
esophagus.

Once a decision is made to actively seek patients at risk for cancer, it is 
critical to bring them to a point of medical care in which endoscopy and 
biopsy can be performed. There is no other way to identify high-risk patients. 
This will require public education that symptoms of refl ux are a danger sign 
for cancer similar to a breast lump or rectal bleeding. Education can consist 
of requiring pharmaceutical companies to place labels on acid-suppressive 
drug packages that warn users that the symptoms being treated by the drug 
indicate a cancer risk and that the risk is not diminished if the symptoms dis-
appear. The government should reconsider the availability of strong acid-
suppressive drugs such as proton pump inhibitors and H2-receptor blockers 
and make them available by prescription only. These changes will result in 
an increased awareness and will convince at least the more concerned and 
severely symptomatic patients to consult a physician.

The primary care physicians who are the fi rst contact for these patients 
must be taught that endoscopy is mandatory for all patients with symptoms 
of refl ux. This must become a rule similar to mandating colonoscopy for 
patients with rectal bleeding. This will fi nally achieve the goal of bringing the 
symptomatic patient to a point where a decision can be made to perform 
endoscopy.

If endoscopy is performed under present practice guidelines, which man-
dates biopsy only when a columnar-lined esophagus is visualized at endos-
copy, the yield is likely to be low. In Chapter 7, I will show that adoption of 
a suitable biopsy protocol will increase the yield of Barrett esophagus con-
siderably. If a biopsy protocol is to succeed in the busy community setting, 
it must be simple and quick. I will show that a single four-quadrant biopsy 
at the squamocolumnar junction is adequate for most individuals. This biopsy 
protocol is designed to provide the following information based on the new 
information:
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1. It will permit the diagnosis of refl ux disease histologically.

2. It will permit assessment of the severity of refl ux disease.

3. It will permit grading of patients according to their risk for cancer.

This information, based on well-defi ned, simple, and reproducible histologic 
criteria, is essential for correct recommendations and decisions.

There are two possible screening situations for patients who do not 
present with symptoms of refl ux:

1. Patients who have an upper endoscopy for any reason. These patients 
represent a free screening opportunity. If the recommended biopsies are 
taken, the patient can receive information regarding the refl ux-induced 
cellular changes that are present with minimal added effort and cost.

2. Patients who present for colonoscopic screening for colorectal cancer.24 
These patients are an affl uent and educated group who are showing 
an interest in cancer prevention. A screening upper endoscopy with the 
recommended index biopsy can be added to the colonoscopy with mini-
mal additional discomfort and cost with the same sedation. This is also 
the demographic group that is at highest risk for refl ux-induced 
adenocarcinoma.

Although the information obtained by enlightened endoscopy and biopsy is 
useful to all people, it will be most valuable to patients who are suffi ciently 
concerned about their cancer danger and who opt for anti-refl ux surgery as 
a cancer-preventing method. Careful discussion before endoscopy can identify 
these patients with an understanding that anti-refl ux surgery will be precipi-
tated if pre-defi ned risk factors are found.

Aggressively Treat High-Risk Patients

When risk has been defi ned accurately by endoscopy and biopsy with the 
new proposed grading system, a decision can be made to aggressively treat 
patients at risk for cancer with anti-refl ux surgery. A change from the present 
passivity to an aggressive approach will entail thinking along the following 
lines:

Barrett Esophagus with High-Grade Dysplasia

High-grade dysplasia is a term applied to the phenotypic expression of genetic 
changes of cancer except the mutation that gives the cells the capability of 
invasion. Without invasion, there can be no metastasis. The older term for 
high-grade dysplasia was “carcinoma in-situ.” High-grade dysplasia may 
produce a visible lesion (e.g., plaque, nodule, or erosion) or be fl at and not 
visible at endoscopy.

At present, there is controversy about whether these patients should be 
treated with a limited esophagectomy (vagal-sparing, transhiatal), some other 
form of ablation (endoscopic mucosal resection, radiofrequency ablation, or 
photodynamic therapy), or carefully followed with frequent endoscopy and 
multiple biopsies. There are two things to be considered in the management 
of high-grade dysplasia:

1. The presence of unsampled invasive carcinoma. If this is present, the 
patient will not be well served by any treatment short of esophagectomy 
or total ablation of the entire area of involvement. The presence of invasive 
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carcinoma is treated very poorly in many studies that advocate follow-up 
of patients with high-grade dysplasia. These patients develop cancer within 
1 year of the original diagnosis and are discounted in these studies as 
“prevalent cancers.”25,26 This is not correct, because the decision to follow 
these patients delayed appropriate treatment for their prevalent cancer. This 
is a negative outcome that must be reported in such studies; instead, they 
simply drop out as irrelevant.

2. The imminence of invasive cancer. This is not known with any degree of 
certainty. However, most studies show a signifi cant number of invasive 
cancers arising within 5 years of original diagnosis. The incidence of any 
invasive carcinoma transforms a patient who could have been treated 
effectively with a limited esophagectomy or endoscopic mucosal resection 
to a candidate for more radical surgery with a higher morbidity. Nonsurgi-
cal ablative methods are appropriate only in patients who cannot tolerate 
surgery; the lack of a specimen for examination precludes establishing 
whether there was invasion associated with the high-grade dysplasia.

There is no other place in the human body where a diagnosis of high-grade 
dysplasia is simply followed until cancer develops. This is akin to sitting on a 
barrel of dynamite waiting for it to explode before addressing the problem.

In our experience, high-grade dysplasia has an extremely high risk of 
prevalent invasive adenocarcinoma if there is a visible lesion at endoscopy 
or if the high-grade dysplasia is present in multiple biopsy levels. In many 
studies that recommend follow-up as treatment for high-grade dysplasia, these 
two criteria are taken as an indication for esophagectomy. Unifocal high-grade 
dysplasia without a visible lesion has a lower risk of prevalent invasive cancer 
and is the only type of high-grade dysplasia for which follow-up is even 
considered worthwhile. Follow-up involves frequent endoscopy with four-
quadrant biopsies at 1- to 2-cm intervals; if there is no commitment to this 
intense follow-up on the part of the physician and patient, it should not be 
undertaken.

Barrett Esophagus with Low-Grade Dysplasia 
or Without Dysplasia

These conditions are currently diagnosed during any upper endoscopy, either 
during a workup for symptoms suggestive of refl ux or incidentally. An abnor-
mal columnar-lined esophagus is seen endoscopically and a biopsy is taken 
that shows intestinal metaplasia with or without low-grade dysplasia. Low-
grade dysplasia may also be found during surveillance for previously diag-
nosed non-dysplastic Barrett esophagus.

The diagnosis of Barrett esophagus is a recognized premalignant lesion 
and is an indication for surveillance. The presence of low-grade dysplasia 
evokes a variable amount of added concern, often leading to an increase in 
the frequency of surveillance. A patient with low-grade dysplasia has a higher 
risk of progressing to high-grade dysplasia and cancer than a patient without 
dysplasia.

Except for the frequency of surveillance, patients with Barrett esophagus 
are treated in a similar manner regardless of whether they have low-grade 
dysplasia. They are usually given acid-suppressive therapy regardless of 
whether they are symptomatic. There is absolutely no justifi cation for using 
acid-suppressive drugs in asymptomatic patients, because there is no evidence 
that they have a positive impact. On the contrary, they probably promote the 
progression in the refl ux-to-adenocarcinoma sequence.
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In a more aggressive treatment plan, the presence of Barrett esophagus, 
with or without low-grade dysplasia, will be an indication for immediate anti-
refl ux surgery. In both symptomatic and asymptomatic patients, the primary 
aim of the surgery is to prevent progression in the carcinoma sequence. The 
indication is greater in patients with low-grade dysplasia because their dys-
plasia is the phenotypic expression of neoplastic transformation. In these 
patients, the success of the anti-refl ux surgery must be confi rmed by demon-
strating that the 24-hour pH test has been normalized.

In symptomatic patients, the operation will have a bonus in that it relieves 
symptoms more effectively than acid-suppressive therapy, obviating the need 
for drug therapy in the 85% to 95% of patients in whom symptoms are 
relieved. Although the initial cost of surgery is high, the overall lifelong cost 
for this treatment is less than lifelong drug treatment in the symptomatic 
patient. In all patients, the reduction in cancer risk justifi es the cost by pre-
venting cancer.

Refl ux Disease Without Barrett Esophagus

Anti-refl ux surgery is the optimal treatment of symptomatic refl ux disease for 
patients who have cardiac mucosa in the biopsy. The alternative is the way 
they are presently treated, with long-term, acid-suppressive drugs, which 
probably increase the likelihood of development of intestinal metaplasia, 
representing a progression in the refl ux-to-adenocarcinoma sequence. If anti-
refl ux surgery is an alternative to lifelong acid-suppressive therapy, there can 
be a total cost benefi t with surgery. In patients without intestinal metaplasia, 
the primary aim of anti-refl ux surgery is relief of symptoms, which is achieved 
at a higher frequency than the 85% success rate defi ned by normalization of 
the 24-hour pH test. The benefi t of surgery over acid-suppressive drug therapy 
is greatest in younger patients because of the long duration of expected acid-
suppressive treatment needed with the attendant increased opportunity for 
cancer promotion. It is also likely that younger patients have less refl ux 
damage to their distal esophagus, increasing the likelihood that surgery will 
be easier and therefore more successful.

The number of people who have cardiac mucosa associated with symp-
tomatic refl ux is unknown because cardiac mucosa is not currently considered 
an indication of a pathologic state. It is likely that 35% to 50% of the adult 
population has cardiac mucosa and that this correlates with the 40% of the 
adult population in the United States who suffer from heartburn. However, 
the exact number of patients with cardiac mucosa whose heartburn is of suf-
fi cient severity to require long-term, acid-suppressive drug use is unknown. 
These are the patients for whom surgery is likely to provide the most benefi t 
and cost-effectiveness.

Asymptomatic patients with cardiac mucosa in their biopsy require no 
treatment. These patients are demonstrating their natural response to their 
refl ux. We are not harming them or promoting cellular changes that promote 
progression in the refl ux-to-adenocarcinoma sequence. The only requirement 
is to ensure that they have not progressed to intestinal metaplasia by a follow-
up endoscopy and biopsy at a much later time (e.g., in 5 years).

Patients who do not have either cardiac mucosa or intestinal metaplasia 
in their biopsy can be safely treated with acid-suppressive drugs if they are 
symptomatic. Acid-suppressive drug therapy stabilizes the squamous epithe-
lium, preventing columnar metaplasia and therefore benefi ts these patients. 
In the absence of cardiac mucosa, alkalinization of the refl uxate does not 
promote intestinal metaplasia. There can be increased carcinogen production 



34 CHAPTER 1  Refl ux-Induced Cancer: An Epidemic We Need to Address Now

in the stomach from bile acid metabolism, but this is harmless without intes-
tinal metaplasia.

Expectation of Change

I hope that these new ideas will produce change rapidly. However, I have 
no control over the speed of change. Truth and proof are in the eyes of the 
beholder. Although I am convinced of the truth of everything that I state and 
believe and I provide evidence that proves these new concepts, their accep-
tance depends on the interpretation of the evidence by others.

This is best exemplifi ed by the following story. I was driving Rodger 
Haggitt, probably the best gastrointestinal pathologist who has ever lived, from 
his hotel in Pasadena to the Los Angeles County Hospital. He had graciously 
accepted my invitation to present a paper at our Grand Rounds. He had lis-
tened to a presentation of my new ideas relating to refl ux at a conference in 
Brittany a few months earlier.

“Para,” he said, while we drove to the hospital, “your new ideas regarding 
cardiac mucosa and refl ux are interesting.”

I smiled and replied, “Interesting? I presume that means you do not 
believe a word I am saying and think I am crazy.”

He grinned and said, “Yes, that is true. But what annoys me is that I 
cannot fi nd a way to prove you are wrong.”

I had the last word. “Rodger,” I said, “the reason for that is that I am 
right. Just remember that just as you are judging what I say, I am judging you 
for the speed with which you accept this truth.”

Rodger Haggitt was a true scientist; he is the one person that I would 
have been able to convince because he had a mind that was as open as it 
was sharp. His tragic death a few months later was a disaster that set back 
gastrointestinal pathology many decades.

I have presented many papers and given many lectures on these new 
ideas. There has never been any open disagreement or dissent. The general 
trend of opinion has slowly moved toward the truth that is presented here. 
My hope is that this book will accelerate the understanding of this disease. 
Time is of the essence; as we struggle, we are failing the 55 Americans who 
die every day from refl ux-induced adenocarcinoma. We owe those who are 
destined to develop cancer in the future a speedy transformation of the way 
we treat this disease so that we can prevent their outcome. We need to do 
something. We need to try. We need to do better—quickly.
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The Present State of Diagnosis of 
Refl ux Disease

Refl ux disease currently lacks a standard defi nition; refl ux is in the eye of the 
defi ner. There is complete agreement only when the patient develops adeno-
carcinoma of the esophagus. Between refl ux and adenocarcinoma is a profu-
sion of terms that results in confusion and lack of uniformity among different 
studies (Table 2–1).

The diagnosis of gastroesophageal refl ux disease is made entirely by clini-
cal criteria of defi nition (Table 2–2). These include symptomatic diagnosis, a 
therapeutic test that depends on the relief of symptoms when acid-suppressive 
drugs are used, confi rmatory physiologic testing with 24-hour pH monitoring, 
multichannel impedance tests, and endoscopic diagnosis. Histology plays no 
signifi cant role in the diagnosis of gastroesophageal refl ux disease without a 
visible columnar-lined esophagus; most such patients are managed without 
histologic confi rmation. The fi rst absolute indication for biopsy is the presence 
of a columnar-lined esophagus, when biopsies are required for diagnosis of 
Barrett esophagus, dysplasia, and adenocarcinoma.

A careful examination of the available evidence shows that none of the 
present modalities permits a reliably reproducible defi nition of gastroesopha-
geal refl ux disease. The present confusion is the result of a lack of disease 
defi nition; one person’s refl ux is another person’s control. The reality is that 
gastroesophageal refl ux disease can exist in a patient who does not have any 
symptoms, has normal 24-hour pH and impedance tests, normal endoscopy, 
and a normal squamous epithelium if biopsies are taken from the squamous-
lined esophagus. Such a patient may manifest for the fi rst time with refl ux-
induced adenocarcinoma of the esophagus. There is no accepted method at 
present that can identify this patient, and no effort is made to identify patients 
who will ultimately develop cancer.

This is a problem that urgently requires a solution. Without a defi nition 
and an accurate method of diagnosis, many of the data in the literature are 
unintelligible and scientifi cally without merit. I will show that the correct 
understanding of the pathophysiology of the disease permits accurate defi ni-
tion of the disease at the cellular level.

Presently Used Diagnostic Criteria of Refl ux Disease

Symptom-Based Diagnosis

The vast majority of patients with refl ux disease are diagnosed on the basis 
of symptoms and treated with acid-suppressive drugs. When symptoms are 
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TABLE 2–1 The Profusion of Confl icting Clinical Defi nitions and Terms Presently Used in the 
Diagnosis of Patients with Refl ux Disease and Barrett Esophagus

Diagnostic term Defi nition

Refl ux disease Presence of symptoms classical for refl ux (heartburn,
  regurgitation) at a frequency that varies among experts
  (one to three times per day to month for 1 to 6 months)
Atypical refl ux disease Refl ux disease with atypical symptoms—“dyspepsia,”
  abdominal pain, cough, chest pain, hoarseness, asthma,
  post-nasal drip, pulmonary fi brosis, sinus congestion
Asymptomatic refl ux disease Refl ux disease without symptoms (manifesting as Barrett 
  esophagus, adenocarcinoma)
Erosive refl ux esophagitis Endoscopic erosions in squamous epithelium in a patient 
  with symptomatic refl ux disease
Non-erosive refl ux disease Symptomatic refl ux disease with normal endoscopy
Columnar-lined esophagus Presence of endoscopically visible columnar metaplasia 
  of the esophagus; ignored unless intestinal metaplasia is 
  present in a biopsy (Barrett esophagus)
Barrett esophagus (common Presence of intestinal metaplasia in a biopsy taken from
 defi nition)  an endoscopically visible columnar-lined esophagus
Barrett esophagus (defi nition Presence of a columnar-lined esophagus >3  cm in length
 still used, although rarely)  regardless of presence of intestinal metaplasia

classical (regurgitation plus heartburn) and occur frequently (once a week 
or more), the diagnosis is highly specifi c. Endoscopy with biopsy of the 
squamous epithelium does not improve the diagnostic accuracy in these 
patients. Endoscopy is negative in more than 50% (so-called non-erosive 
refl ux disease); biopsy of squamous epithelium does not show features of 
refl ux in approximately 50%; and although physiologic testing frequently 
confi rms acid exposure and increased refl ux, it only confi rms an obvious 
diagnosis.

When refl ux symptoms are less typical and less frequent and regurgitation 
is not present, their diagnostic specifi city decreases. Many other symptoms 
can simulate non-typical pain of refl ux disease. In addition, atypical symptoms 
of refl ux are numerous and varied. Because of this lack of specifi city, a diag-
nosis of “possible refl ux disease” can be made in many patients with vague 
symptoms. The very high frequency of gastroesophageal refl ux makes this 

TABLE 2–2 Present Criteria for Diagnosis of Gastroesophageal Refl ux Disease

Criterion Defi nition Problems

Classical symptoms (heartburn and Undefi ned as to which symptom, frequency,  1. Variable defi nition
 regurgitation)  and duration 2. Misses patients with atypical and no symptoms
Atypical symptoms A multitude of upper abdominal, chest, ENT Symptoms are not specifi c for refl ux disease;
  symptoms  associations weak at best
Endoscopy Erosive esophagitis, grades 1–4 Misses non-erosive refl ux disease (endoscopy
    normal)
Newer magnifi cation endoscopic Not standardized; subtle criteria described in 1. Rarely used
 techniques  patients with non-erosive refl ux disease 2. Changes are non-specifi c
  (NERD)
Refl ux esophagitis on biopsy Squamous epithelial changes Accepted criteria have low sensitivity (50%) and
     specifi city (90%)
Ambulatory 24-hour pH test Abnormal = pH <4 for 4.5% of the 24-hour Assesses the cause of refl ux disease, not the disease
   period; composite scores
Multi-channel impedance test Defi ned by abnormal refl ux episode  Assesses the cause of refl ux disease, not the disease
   numbers and duration
Barrett esophagus Intestinal metaplasia in a biopsy taken from Misses refl ux disease without Barrett esophagus
  a visible columnar-lined esophagus
Columnar-lined esophagus without Ignored; histology shows cardiac mucosa Everyone agrees that this is caused by refl ux, but it
 intestinal metaplasia  (carditis) and oxyntocardiac mucosa  is not used as a diagnostic criterion of refl ux. Why?
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reasonable. There is presently no reliable test that can be used to accurately 
confi rm or deny the diagnosis of “possible refl ux disease.”

For any patient who complains of any symptom that could potentially be 
caused by refl ux (e.g., upper abdominal pain, non-cardiac chest pain, hoarse-
ness, chronic cough), it is not uncommon for that patient to be prescribed 
acid-suppressive drugs on an empirical basis by family practitioners, internists, 
or gastroenterologists. If these patients’ symptoms respond to a trial of acid-
suppressive drugs, this is taken as a confi rmation of the refl ux diagnosis. Many 
clinicians would consider this a successful therapeutic test and good clinical 
practice.

In fact, the trend has been toward the elimination of the physician in this 
process. The pharmaceutical companies have convinced the U.S. government 
that the most powerful acid-suppressive drugs should be made available to 
the consumer as over-the-counter medications. The pharmaceutical compa-
nies, through intense direct advertising to the consumer, encourage patients 
to treat anything they consider as “acid refl ux” with a Mylanta, Tums, Zantac, 
Pepcid, or Prilosec, which are available on the nearest supermarket shelf (see 
Figures 1–9 and 1–10). The proton pump inhibitors, Prilosec, and the H2-
receptor antagonists, Tagamet, Pepcid, and Zantac, are becoming as familiar 
to the public as aspirin and acetominophen. The pharmaceutical companies 
also directly market the newer, prescription-only proton pump inhibitors such 
as Protonix and Nexium, encouraging patients to “ask your physician” about 
these drugs. They complete the loop by intensive advertising to primary care 
physicians and gastroenterologists, who prescribe these drugs almost by refl ex 
whenever they are faced with a symptom that cannot be explained easily and 
may represent refl ux. Acid-suppressive drugs generate an estimated $13 billion 
in revenue per year for the pharmaceutical industry.

In many scientifi c publications that study gastroesophageal refl ux disease, 
there is no defi nition of refl ux disease. Such papers that do not defi ne refl ux 
disease relate fi ndings to the presence of “heartburn” or some other defi ned 
symptom complex. A good example is Hirota et al1 from Walter Reed Medical 
Center, which studies the clinical associations of “specialized intestinal meta-
plasia  .  .  .  of the esophagus and esophagogastric junction.” In their methods, 
they state: “Patients were asked if they had ever experienced heartburn symp-
toms before endoscopy; heartburn was characterized as either (1) burning 
sensation that moves from the stomach up into the chest and back down, (2) 
a burning sensation in the chest, (3) a pain in the upper part of the stomach/
midchest, or (4) a pressure feeling in the chest.” It is unlikely that this is 
everyone’s defi nition of heartburn, but at least these authors defi ne what they 
mean by heartburn. The authors show in their results table that 63% of patients 
with long-segment Barrett esophagus, 83% of patients with short-segment 
Barrett esophagus, and 59% of patients classifi ed as “specialized intestinal 
metaplasia of the esophagogastric junction” reported a history of heartburn 
symptoms compared with 62% of reference patients without specialized intes-
tinal metaplasia. Gastroesophageal refl ux disease is not defi ned in any part 
of their paper; the relationship of specialized intestinal metaplasia to refl ux 
disease is not explored. The reader is left to assume that the relationship to 
“a history of heartburn symptoms” is equivalent to a relationship to refl ux 
disease; this is not true.

Authors of clinical studies commonly use the term symptomatic refl ux, as 
in Lagergren et al,2 who demonstrated that 60% of patients with adenocarci-
noma of the esophagus had symptomatic refl ux. However, “symptomatic 
refl ux” is not gastroesophageal refl ux disease. There is no argument that the 
40% of patients with adenocarcinoma of the esophagus in Lagergren et al’s 
study who did not have symptomatic refl ux suffered from asymptomatic gas-
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troesophageal refl ux disease, because there is no other pathway to esophageal 
adenocarcinoma other than gastroesophageal refl ux disease (I am discounting 
extremely rare cases of adenocarcinoma reported as arising in the mucous 
glands of the esophagus). Clinical studies mask the absence of a defi nition of 
refl ux disease.

Very few studies in the literature defi ne gastroesophageal refl ux disease 
with a specifi c quantity of refl ux symptoms–usually heartburn and/or regur-
gitation (Table 2–3). There is no consistency in the defi nitions in these studies, 
making comparisons meaningless. Thus, a patient defi ned as having heartburn 
at a frequency of once per week will be in the refl ux disease group at Harvard3 
and Sweden,2 but in the control group at Cleveland Clinic4 and the University 
of Chicago.5 What madness is this?

In a screening study by Rex et al,6 the prevalence of heartburn in the 
study population presenting for colonoscopy screening was 40.9%; this broke 
down to 25.1% who had heartburn less than once per week, 6.4% once per 
week, 6.5% several times per week, and 2.7% daily. One should recognize 
that adjusting the defi nition of refl ux by the frequency of heartburn can dra-
matically affect results of any study.

The Gastroesophageal Refl ux Disease Activity Index (GRACI) score7 
attempts to quantitate the severity of refl ux symptoms. Patients are asked to 
maintain a diary of symptoms for 1 week; the GRACI score is calculated 
by assigning weighted numbers to a variety of symptoms (e.g., heartburn, 
regurgitation, coughing, wheezing), their severity, and duration. The GRACI 
score ranges from 74 (no symptoms) to 172 (worst symptoms) with mean 
scores for mild, moderate, and severe symptoms being 93, 110, and 125, 
respectively.

When one recognizes that severe complicated refl ux disease such as long-
segment Barrett esophagus occurred in 37% of patients without any heart-
burn,1 and 40% of patients who develop adenocarcinoma of the esophagus 
have no symptoms,2 it becomes clear that severity of refl ux symptoms has 
little correlation with the severity of refl ux disease at a cellular level. One can 
compare a fi nding with the severity of refl ux symptoms using a GRACI score 
or other measures of severity and duration of symptoms of refl ux, but we 
cannot defi ne gastroesophageal refl ux disease by its symptoms as long as there 
are asymptomatic individuals who develop the most signifi cant manifestations 
of the disease.

Diagnosis by Physiologic Testing

The “gold standards” for diagnosis are the 24-hour pH study using a pH probe 
placed in the distal esophagus via a nasogastric tube or implanted Bravo 
capsule and multichannel impedance testing with an impedance probe in the 
distal esophagus. The 24-hour pH studies accurately test the exposure of the 

TABLE 2–3 Defi nition of Gastroesophageal Refl ux Disease in Selected Papers

Reference and source Defi nition

Spechler et al, 1997;  Presence of heartburn equal to or greater than 1 day per week
 Harvard3  without mention of regurgitation
Goldblum et al, 1998; Presence of heartburn and/or acid regurgitation at least twice 
 Cleveland Clinic4  per week for at least 6 months
Lagergren et al, 1999; Presence of heartburn and/or regurgitation once per week
 Sweden2  (5 years before diagnosis of adenocarcinoma)
Kahrilas et al, 2000; Presence of heartburn equal to or greater than three times per
 University of Chicago5  week controlled by acid suppression
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esophagus to acid at the point of placement of the probes. Impedance studies 
detect refl ux episodes accurately regardless of the pH of the refl uxate; they 
are useful in assessing refl ux in patients who take acid-suppressive drugs in 
whom alkalinization of gastric contents makes the 24-hour pH test useless as 
a detection method for refl ux.

These two tests have three serious problems:

1. They are limited by the point of placement of the probe. In the 24-hour 
pH test, the probe is placed 5  cm proximal to the lower esophageal 
sphincter (approximately 9  cm above the gastroesophageal junction); in 
impedance studies, the probe is 3  cm above the sphincter (7  cm above the 
gastroesophageal junction). When one recognizes that the maximum effect 
of refl ux disease is in the most distal esophagus, it is quite possible that 
signifi cant refl ux disease can occur without the refl ux reaching the level 
of the probes in these two tests. I compare this to taking the temperature 
at the wrist to demonstrate the effect of dipping a fi nger into hot water.

2. The establishment of normal values is very diffi cult. An abnormal 24-hour 
pH test is not defi ned as the presence of acid exposure. This is not feasible, 
because some acid exposure is present in virtually all people. An abnormal 
24-hour pH study requires a pH less than 4 in the esophagus for more 
than 4.5% of the 24-hour period (i.e, more than 64 minutes of the day). 
This normal value was established as that amount of acid exposure associ-
ated with the presence of refl ux symptoms.8 It should not be surprising 
then, that signifi cant cellular changes can be present in the esophagus in 
patients with normal 24-hour pH studies.

3. Both these tests assess refl ux and not the cellular manifestations of the 
disease. This is akin to diagnosing actinic keratosis by the amount of expo-
sure of the skin to ultraviolet radiation.

In general, though, studies that relate fi ndings to 24-hour pH test results 
are more objective and interpretable than studies that relate fi ndings to 
symptoms. Despite their problems, these tests provide a measurement of pH 
or change in impedance across the study group that remains consistent among 
patients because the study methods are well standardized. Studies that relate 
fi ndings to these objective tests do not have the major problem of patient 
variability and subjectivity that exist in studies that relate fi ndings to symptoms. 
The statement that a given fi nding has a correlation with the fi ndings of a 
24-hour pH test is valuable because it establishes the relationship of that 
fi nding with the amount of gastroesophageal refl ux within the parameters of 
test limitations that I have just described.

The correlation between a fi nding and an abnormal 24-hour pH test does 
not mean that the fi nding is associated etiologically with acid. Acid is simply 
a marker for gastroesophageal refl ux. Any molecule that accompanies acid in 
the refl uxate can be responsible for the correlation. Similarly, the Bilitec probe, 
which detects bilirubin, is a marker for the presence of duodenal contents in 
the refl uxate.9 Correlation of a fi nding with an abnormal Bilitec study does 
not mean that bilirubin is the cause of the fi nding; any component of duodenal 
contents could be the culprit.

It should be noted that every gastroesophageal refl ux disease study that 
I have participated in has used the correlation between the fi nding being 
evaluated and the result of the 24-hour pH test. For example, in one study, 
we established that the length of columnar-lined esophagus correlates with 
the severity of refl ux10 (Table 2–4). This study provides strong statistical 
evidence for a relationship between the amount of refl ux (measured by the 
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24-hour pH study) and the length of columnar-lined esophagus, defi ned as 
the cumulative length of cardiac and oxyntocardiac mucosa, with and without 
intestinal metaplasia.

TABLE 2–4 Extracted Data from our Study10 on the Signifi cance of the Relationship of the 
Length of Columnar-Lined Esophagus to the Severity of Refl ux as Measured by the 24-Hour 
pH Test*

Defi ning characteristics Number of patients Median Range IQR (QL, QU)

All patients 53 10.4 1.1–54.3 5.7, 20.5
CM+OCM >2  cm; IM+ 15 30.6 3.6–54.3 16.1, 41.1
CM+OCM <2  cm; IM+ 15 10.5 1.8–39.7 6.6, 20.5
CM+OCM <2  cm; IM− 23  6.1 1.1–18.2 4.2, 9.8

*This is a summary of pH data expressed as percentage of time pH is less than 4 in 53 patients 
(Normal = <4.5%).

CM, Cardiac mucosa; OCM, oxyntocardiac mucosa; IM, intestinal metaplasia.
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Figure 2–1 Present classifi cation of patients with classical symptoms of refl ux disease. 
A, Patient with no endoscopic abnormality: no biopsies are recommended, and patient is 
diagnosed with non-erosive refl ux disease (NERD). B, Patient with erosive esophagitis (orange 
areas are erosions in squamous epithelium); quantity of erosions used to grade severity of 
esophagitis. C, Patient with visible columnar-lined esophagus: biopsies are taken and do not 
show intestinal metaplasia. This patient has columnar-lined esophagus (CLE) but is not 
diagnosed as having refl ux disease because cardiac mucosa (black area) and oxyntocardiac 
mucosa (red area) are not recognized at present as criteria for the diagnosis of refl ux disease. 
D, Patient with intestinal metaplasia (blue area) in a biopsy taken from the visible columnar-lined 
esophagus; this patient has Barrett esophagus. N/A, Not applicable.

Endoscopic Diagnosis

Endoscopic diagnosis of gastroesophageal refl ux disease is based on the pres-
ence of erosive esophagitis; this does not need histologic confi rmation (Figure 
2–1, patient B). The severity of refl ux disease is graded endoscopically by 
changes in the squamous epithelium based on the extent of erosions (Los 
Angeles classifi cation; Table 2–5; Figures 2–2, 2–3, and 2–4).

Patients with classical refl ux symptoms are designated as having non-
erosive refl ux disease (NERD) if erosive esophagitis is not present (Figure 2–5; 
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TABLE 2–5 Los Angeles Classifi cation for Grading Erosive Refl ux Esophagitis

Grade A One or more mucosal breaks no longer than 5  mm, none of which extends 
  between the tops of the mucosal folds
Grade B One or more mucosal breaks more than 5  mm long, none of which extends 
  between the tops of two mucosal folds
Grade C Mucosal breaks that extend between the tops of two or more mucosal folds, 
  but which involve less than 75% of the esophageal circumference
Grade D Mucosal breaks that involve 75% or more of the esophageal circumference

Figure 2–2 Endoscopy showing mild (Los Angeles grade 1) erosive 
esophagitis with erythema and a few small erosions in the squamous 
epithelium. (My thanks to Dr. Franz Martin Riegler of Vienna, Austria, 
for many of the excellent endoscopic images in this atlas.)

Figure 2–3 Endoscopy showing a greater degree of erosive 
esophagitis (Los Angeles grade 2) with confl uent linear erosions.

Figure 2–4 Higher grade (Los Angeles grades 3–4) of erosive 
esophagitis with large areas of confl uent erosion and marked 
erythema.

Figure 2–5 Normal endoscopic appearance of the 
gastroesophageal junction. The squamous epithelium shows no 
erosions or erythema. The squamocolumnar junction (Z-line) is 
horizontal and reaches the end of the tubular esophagus. The rugal 
folds reach the Z-line. There is no evidence of columnar-lined 
esophagus.
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see Figure 2–1, patient A). Most patients who undergo endoscopy for symp-
toms suspected of being caused by refl ux disease do not have biopsies. The 
histologic diagnosis of refl ux esophagitis (defi ned presently by changes in the 
squamous epithelium) is so low in sensitivity and specifi city that it has no 
practical diagnostic value.

The fi rst defi nite indication for endoscopic biopsy in a patient with refl ux 
disease arises when an abnormal columnar-lined esophagus is visualized at 
endoscopy. The presently accepted concept of normal endoscopic and gross 
appearance (Figures 2–5, 2–6, and 2–7) is that the entire tubular esophagus 
is lined by squamous epithelium, which ends as a horizontal line (the Z-line), 
which marks the distal limit of the esophagus. The rugal folds come all the 
way up to the Z-line. This coincident point where the squamous epithelium 
meets the rugated columnar epithelium is the present defi nition of the normal 
gastroesophageal junction.

An abnormal endoscopic and gross appearance is defi ned as the detection 
of a non-rugated fl at columnar epithelium that is interposed between the 
proximal limit of the rugal folds (the endoscopic gastroesophageal junction) 
and the squamous epithelium. The length of this varies from “barely detect-
able” (based on the sensitivity of the examining eye) to very long (maximally 
extending to the proximal esophagus 25  cm above the gastroesophageal junc-
tion). At endoscopy, this is fi rst seen as serration of the Z-line due to the 
upward extension of columnar epithelium into the esophagus as tongues of 
salmon-colored mucosa (Figures 2–8 and 2–9) or non-circumferential fl at 
mucosa between the rugal folds and squamocolumnar junction (Figure 2–10). 
As the disease worsens, the Z-line migrates proximally, and a circumferential, 
fl at, columnar-lined esophagus of increasing length is interposed between the 

Figure 2–6 Resected esophagogastrectomy specimen showing the 
normal gross appearance that is equivalent to the normal endoscopic 
appearance. The squamocolumnar junction (Z-line) is horizontal and 
reaches the end of the tubular esophagus. The rugal folds are not 
very clear but reach the Z-line when they are present. There is no 
evidence of columnar-lined esophagus. Note the ulcerated lesion in 
the mid-esophagus, which was a squamous carcinoma.

Figure 2–7 Resected esophagogastrectomy showing the end of 
the esophagus and proximal stomach. The squamous epithelium ends 
at the Z-line, which appears as a convex line with the base of the 
convexity at the end of the tubular esophagus. The rugal folds are 
better defi ned and reach the Z-line. Note the thickening of the wall 
of the esophagus; this patient had a lye-induced stricture of the 
esophagus.
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proximal limit of the rugal folds and the Z-line (Figures 2–11 to 2–16). The 
length of the columnar-lined segment can be measured at endoscopy 
and gross examination from the highest point of the Z-line to the pro-
ximal limit of the rugal folds. Columnar-lined esophagus is classifi ed into 
short segment (see Figures 2–11 and 2–13) and long segment (see 

Figure 2–8 Early columnar-lined esophagus, showing serration of 
the squamocolumnar junction resulting from short tongues of pink 
columnar metaplastic epithelium extending up into the squamous 
epithelium.

Figure 2–9 Columnar-lined esophagus, showing a tongue of 
columnar epithelium extending into the squamous epithelium above 
the junction. The rugal folds extend close to the Z-line but not in the 
entire circumference.

Figure 2–10 Columnar-lined esophagus. The Z-line appears 
horizontal, and in the upper half, the rugal folds reach the Z-line. In 
the lower half of the image, there is a fl at, erythematous columnar 
epithelium that separates the proximal limit of the rugal folds from the 
Z-line, which, although horizontal, has been displaced proximally.

Figure 2–11 Circumferential columnar-lined esophagus of short 
length separating the proximal limit of rugal folds and the Z-line. Note 
the prominent linear vascular markings of the squamous epithelium in 
the upper part of the esophagus.
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Figure 2–12 Columnar-lined esophagus, showing a circumferential fl at 
columnar epithelium between the proximal limit of the rugal folds (seen in the 
deep part of the lumen) and the irregular Z-line. The Z-line shows a tongue of 
columnar epithelium extending proximally. Note that only part of the 
circumference of the Z-line is shown.

Figure 2–13 Gross appearance of columnar-lined esophagus, short 
segment, characterized by circumferential fl at mucosa in the tubular 
esophagus between the proximal limit of the rugal folds and the 
squamous epithelium. The Z-line above the columnar-lined esophagus 
is serrated. Biopsies are necessary to determine whether this patient 
has intestinal metaplasia, which would lead to the diagnosis of Barrett 
esophagus.

Figure 2–14 This is the image shown in Figure 2–13, with the 
serrated Z-line shown as a blue line; the proximal limit of the rugal 
folds is shown as a purple line. This is the gross extent of the 
columnar-lined esophagus, which measures slightly less than 
2  cm from the highest point of the Z-line to the endoscopic 
gastroesophageal junction (white arrows). Two squamous islands are 
outlined in yellow.

Figures 2–15 and 2–16) when the measured length is less than or greater 
than 2  cm.

Although this idealized description of the normal and abnormal appear-
ance is clear, there are many patients who do not have clearly defi nable 
landmarks. The demarcation of the Z-line is usually quite clear, although I do 
rarely receive biopsies taken from “an endoscopically visualized columnar 
segment” that shows squamous epithelium. The demarcation of the distal limit 
of the esophagus or the gastroesophageal junction can be quite diffi cult. In 
some patients, the proximal limit of the rugal folds is not in one horizontal 
line (see Figure 2–16). In others, the proximal limit of the rugal folds is clear, 
but the rugated epithelium has an appearance of erythema that is similar to 
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the fl at columnar-lined esophagus (Figure 2–17). In other patients, the end of 
the tubular esophagus is separated from the proximal limit of the rugal folds 
(Figure 2–18). The term hiatal hernia is applied to any dilated segment distal 
to the end of the tubular esophagus. However, a true hiatal hernia consists 
of stomach and must therefore be lined by gastric mucosa. When the dilated 
segment distal to the end of the tubular esophagus is lined by fl at mucosa 
and is clearly proximal to the proximal limit of rugal folds, a discrepancy 
arises (see Figure 2–18). The absence of any of these atypical presentations 
in the endoscopic literature suggests that these problems are conveniently 
ignored when encountered.

When an endoscopist suspects the presence of a columnar-lined esopha-
gus, the only current objective is to establish the diagnosis of Barrett esopha-
gus by taking biopsies from the abnormal columnar epithelium. The present 
American Gastroenterology Association (AGA) recommendation is to not 
perform biopsy on endoscopically normal patients, even when they are 
symptomatic.11 When the amount of columnar lining is less than 1  cm, there 
is a signifi cant interobserver variation among endoscopists as to whether an 
endoscopy is normal or shows minimal columnar-lined esophagus. As such, 
the sensitivity with which biopsies are taken at endoscopy will vary.

If the biopsies taken from an endoscopically visible columnar-lined esoph-
agus show intestinal metaplasia (see Figure 2–1, patient D; Figure 2–19), a 
diagnosis of Barrett esophagus is made, and the patient is placed on surveil-
lance to detect progression to dysplasia and adenocarcinoma. If the patient 
does not have intestinal metaplasia on the biopsy (see Figure 2–1, patient C), 
the fact that there was a columnar-lined esophagus is presently ignored. Every 
authority and all the evidence agree that this situation is caused by refl ux, 
but no one (except me!) presently uses this as a diagnostic criterion for refl ux 

Figure 2–15 Endoscopic appearance of a long segment of 
columnar-lined esophagus showing the fl at, erythematous columnar 
mucosa lining a large part of the tubular esophagus and the serrated 
Z-line proximally.

Figure 2–16 Columnar-lined esophagus, long segment, gross 
appearance. The squamocolumnar junction is irregular, and the distal 
esophagus is lined by a fl at, markedly erythematous columnar 
epithelium. The rugal folds are an irregular line that is situated largely 
distal to the end of the tubular esophagus, although there is an island 
of possibly rugated mucosa at the end of the tubular esophagus. It is 
diffi cult to delineate the proximal limit of the rugal folds.
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disease. This is incomprehensible. People cite the controversy that exists about 
cardiac mucosa as their reason for not using this as a diagnostic criterion for 
refl ux disease. The controversy exists only for cardiac mucosa found distal to 
the endoscopic gastroesophageal junction; it does not exist when the cardiac 
mucosa is in the esophagus where it is universally agreed that it is a metaplastic 
refl ux-induced epithelium.

Endoscopic evaluation of refl ux disease appears to recognize refl ux 
esophagitis and columnar-lined esophagus as two distinct entities. Efforts at 
diagnosing refl ux esophagitis are aimed at detecting abnormalities in the 

Figure 2–17 Long segment of columnar-lined epithelium. The 
proximal limit of rugal folds is well demarcated at the end of 
the tubular esophagus. However, the mucosal appearance above 
(columnar-lined esophagus) and below (gastric) the proximal limit 
of the rugal folds appears to be similarly erythematous and 
abnormal. Figure 2–18 Markedly atypical appearance of the esophagus and 

proximal stomach. The end of the tubular esophagus is the Z-line; at 
this point is an ulcerated carcinoma. Below this is a dilated segment 
that is lined by fl at mucosa that measures approximately 3  cm before 
the line of the proximal limit of the rugal folds is reached. What is this 
dilated segment? Is it a dilated esophagus because it is proximal to 
the rugal folds? Is it stomach (a hiatal hernia) because it is part of the 
saccular region distal to the end of the tubular esophagus? If the 
latter, why does it not have rugal folds?

Figure 2–19 The diagnosis of Barrett esophagus can be made only when a biopsy from an 
endoscopically visualized segment of columnar-lined esophagus shows intestinal metaplasia.
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squamous epithelium. In symptomatic patients with no abnormality at stan-
dard endoscopy (NERD), magnifi cation endoscopy is used to detect subtle 
increases in vascular marking in the squamous epithelium, which increases 
diagnostic sensitivity. Histologic examination of biopsies taken from endo-
scopically normal squamous epithelium also increases diagnostic sensitivity, 
because it may show microscopic changes of refl ux in some patients. Despite 
this, there remains a signifi cant number of patients with classical refl ux 
symptoms with no endoscopic or histologic abnormality in the squamous 
epithelium.

The focus of refl ux disease diagnosis should not be aimed at fi nding 
changes in the squamous epithelium. Columnar metaplasia is by far the most 
specifi c and sensitive change that occurs in squamous epithelium. I will show 
that the key to accurately diagnosing refl ux disease is the accurate detection 
of this columnar metaplasia, both by endoscopy and appropriate biopsies. 
When this is done, a diagnostic test emerges that has a 100% specifi city and 
near 100% sensitivity for the diagnosis of refl ux disease.

Histologic Diagnosis

The presently accepted histologic criteria of gastroesophageal refl ux disease 
(Table 2–6) are limited to changes in the squamous epithelium. In many 
patients with proven refl ux (classical symptoms, abnormal 24-hour pH test), 
the squamous epithelium is normal (Figures 2–20 and 2–21). In these patients, 
subtle changes such as dilated intercellular changes may be present on elec-
tron microscopy.12 However, such changes are not specifi c for refl ux and the 
expense of electron microscopy is not justifi ed to make a diagnosis of refl ux 
disease.

Refl ux damage of the squamous epithelium results in an increased loss 
of cells at the surface, leading to a compensatory hyperplasia of the epithe-
lium. This causes basal cell hyperplasia and papillary elongation in varying 
combinations with and without increased thickness of the epithelium (Figures 
2–22 to 2–25). An increased number of proliferating cells are seen in the basal 
region, best seen in Ki67 stained sections (Figures 2–26 and 2–27). Acid 
induces damage in the squamous cells, resulting in separation of tight junc-
tions and increased spaces between the cells (“dilated intercellular spaces”). 

TABLE 2–6 Presently Accepted Criteria for the Diagnosis of Gastroesophageal Refl ux Disease*

Criterion Specifi city Sensitivity

Basal cell hyperplasia exceeding Low; any cause of esophageal injury can cause Low; approximately 50% of patients with proven
 20% of epithelial thickness  increased proliferation  abnormal refl ux are negative
Papillary elongation exceeding Low; any cause of esophageal injury can cause Low; approximately 50% of patients with proven
 60% of epithelial thickness  increased proliferation  abnormal refl ux are negative
Erosion and ulceration Low; many causes of esophageal injury other Low; approximately 70% of patients with proven
  than refl ux can cause erosion and ulceration  abnormal refl ux are negative (non-erosive refl ux
   disease [NERD])
Intraepithelial eosinophils Low; eosinophilia more common and marked Intermediate
  in eosinophilic esophagitis
Intraepithelial neutrophils Low; many causes of erosion and injury can Low
  cause neutrophil infi ltration
Dilated intercellular spaces Low; any cause of injury can cause separation High (the most sensitive of the presently used
 (light microscopy)  of squamous cells  criteria)
Dilated intercellular spaces Low Very high
 (electron microscopy)
Increased Ki67 expression Low Very high

*Excluding Barrett esophagus and adenocarcinoma, which can be correctly considered as diagnostic criteria for refl ux disease at an advanced and complicated 
stage. All presently accepted criteria relate to changes in the squamous epithelium.
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Figure 2–20 Normal esophageal epithelium, showing non-
keratinizing stratifi ed squamous epithelium. This is fl at and thin with 
short papillary processes. The surface cells have fl attened nuclei, and 
there is no stratum corneum or granular layer. The basal region is less 
than 20% of epithelial thickness.

Figure 2–21 Normal squamous epithelium, higher power. The 
epithelium is fl at, the basal region is less than 20% of epithelial 
thickness, and there are no spaces between the squamous epithelial 
cells visible at this magnifi cation.

Figure 2–22 Changes of refl ux esophagitis in an epithelium that is 
relatively normal in its thickness. The epithelium shows basal cell 
hyperplasia (greater than 20% of epithelial thickness), papillary 
elongation (greater than 60% of epithelial thickness), dilated 
intercellular spaces, and scattered intraepithelial eosinophils.

This is at fi rst detectable at electron microscopy but later becomes visible in 
routine sections13 (Figures 2–28 and 2–29). The separation of the squamous 
cells increases their permeability and permits entry of luminal molecules into 
the epithelium.14 These cause damage and the release of a variety of chemo-
kines,15 which are chemoattractive to neutrophils and eosinophils (Figure 
2–30). The presence of intraepithelial eosinophils, even in small numbers, is 
one of the more reliable indicators of refl ux disease. More severe damage re -
sults in erosion and ulceration (Figure 2–31). Deep ulcers can be associated 
with fi brosis and produce strictures. Deep and perforating ulceration and 

Figure 2–23 Squamous epithelium with marked thickening 
(acanthosis), basal cell hyperplasia, marked papillary elongation, 
and focal parakeratosis at the surface. There are no eosinophils in 
the epithelium. Dilated intercellular spaces are present but not 
pronounced. These changes are not as specifi c in the absence of 
eosinophils but still permit a diagnosis with the appropriate history. 
Similar changes occur in achalasia.
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Figure 2–24 Markedly thickened (acanthotic) squamous epithelium 
with marked papillary elongation (but less basal cell hyperplasia than 
in Figure 2–23) and absence of eosinophils. The specifi city of this 
change for refl ux disease is even less. This patient indeed had clinical 
refl ux disease. Figure 2–25 Typical features of refl ux esophagitis in markedly 

thickened epithelium. There is basal cell hyperplasia, marked papillary 
elongation, dilated intercellular spaces, and intraepithelial eosinophils.

Figure 2–26 Normal esophageal squamous epithelium, stained by 
immunoperoxidase technique for Ki67, which is a marker of 
proliferation. The proliferating cells are limited to two to three layers 
above the basal layer.

Figure 2–27 Squamous epithelium in a patient with symptomatic 
refl ux. The histologic abnormality of refl ux esophagitis is not well 
established. The Ki67 stain shows a slight but defi nite increase in the 
number of proliferating cells in the suprabasal region of the epithelium.

complicated strictures have become rare in refl ux disease, largely because of 
the effi cacy of acid-suppressive drug therapy.

These changes have such low sensitivity and specifi city that they are 
essentially useless as a diagnostic test, either singly or in any combination.16 
Basal cell hyperplasia, papillary elongation, and epithelial thickening may 
occur in many esophageal diseases such as achalasia. Dilated intercellular 
spaces and intraepithelial eosinophils occur in eosinophilic (allergic) esopha-
gitis, often to a degree more severe than in refl ux disease (Figure 2–32). 
Neutrophils are associated with any infectious disease.
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Figure 2–28 Squamous epithelium, showing dilated intercellular 
spaces indicated by separation of squamous cells.

Figure 2–29 Higher power of squamous epithelium in refl ux 
esophagitis, showing dilated intercellular spaces. The squamous cells 
are separated by clear linear spaces (equivalent to spongiosis). 
Intraepithelial eosinophils are also present.

Figure 2–30 Refl ux esophagitis, showing numerous intraepithelial 
eosinophils.

Figure 2–31 Acute erosion of the surface of squamous epithelium 
in erosive refl ux esophagitis. The epithelium shows regenerative 
changes, which include basal cell hyperplasia.

Figure 2–32 Esophageal squamous epithelium in a child with eosinophilic 
(allergic) esophagitis, showing marked (greater than 20/high power fi eld) 
intraepithelial eosinophil infi ltration. There are also markedly dilated intercellular 
spaces.
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Erosion and ulceration, which are used as endoscopic criteria for 
the classifi cation and grading of refl ux esophagitis, are nonspecifi c. Erosion 
and ulceration occur in many esophageal diseases, including trauma, pill 
ulcers, pemphigus vulgaris, in neoplasms, herpes simplex, cytomegalovirus, 
esophagitis, and ulceration associated with human immunodefi ciency virus 
(HIV) infection. It is only in the setting of classical refl ux symptoms in an 
immunocompetent patient that erosions are fairly specifi c for refl ux. When 
encountered by the pathologist in a biopsy, erosions are meaningless as a 
diagnostic criterion because the absence of an etiology within the biopsy does 
not mean that the patient has refl ux disease. In fact, the assessment of the 
presence of refl ux disease in a biopsy with erosion is impossible because 
erosions are almost always associated with regeneration and acute infl amma-
tion (see Figure 2–31). Regeneration associated with an erosion of any cause 
is often manifested histologically by squamous epithelial proliferation and 
basal cell hyperplasia, which are similar to the diagnostic criteria of refl ux 
disease.

There is presently no requirement for histologic confi rmation of a clinical 
diagnosis of gastroesophageal refl ux disease. This is justifi ed by the fact that 
there is no single feature or combination of fi ndings that specifi cally either 
confi rms or negates the diagnosis of refl ux disease.

Columnar-Lined Esophagus: An Inexplicably 
Ignored Diagnostic Criterion for Refl ux Disease

When Allison and Johnstone fi rst described columnar-lined esophagus in 
1953,17 it was thought to represent a congenital abnormality in which 
heterotopic gastric mucosa lined the distal esophagus as a normal variant. 
Over the next 10 years, it became established that this was not correct. By 
1961, it had been established that columnar-lined esophagus was an esopha-
geal disease acquired as a result of damage caused in the squamous epithe-
lium by gastroesophageal refl ux. Hayward in 196118 described the process 
perfectly:

When the normal sphincteric and valvular mechanism in the lower oesophagus and 
oesophago-gastric junction  .  .  .  fails,  .  .  .  refl ux from the stomach occurs and acid and 
pepsin reach the squamous epithelium and begin to digest it.  .  .  .  In quiet periods some 
healing occurs, and in these periods the destroyed squamous epithelium may re-form, 
often with  .  .  .  junctional epithelium, usually not very healthy-looking.  .  .  .  Further refl ux 
therefore attacks principally the squamous epithelium higher up. In the next remission 
it may be replaced by more junctional epithelium.  .  .  .  With repetition over a long 
period the metaplastic junctional epithelium may creep higher and higher.  .  .  .

We have known for nearly fi ve decades that columnar metaplasia of the 
esophagus is a manifestation of gastroesophageal refl ux disease and is not 
caused by anything else. However, we do not use it for a diagnosis of refl ux 
disease. Why? It is not like there is an accurate alternative cellular criterion 
for diagnosis of refl ux disease; there is not.

Until the late 1970s, there was at least tacit acceptance that the presence 
of an endoscopically defi ned columnar-lined esophagus represented Barrett 
esophagus and was therefore a manifestation of refl ux disease. During this 
period, the prevailing viewpoint was that the most distal part of this columnar-
lined segment was “normal,” and Barrett esophagus was diagnosed only when 
more than 2 or 3  cm of columnar lining was seen in the esophagus.

The recognition of short-segment Barrett esophagus in the 1990s changed 
that. We now believe that any visible columnar lining in the distal esophagus 
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above the endoscopic gastroesophageal junction (proximal limit of the rugal 
folds) is abnormal. We also know that it is caused by refl ux disease. Why is 
this endoscopic abnormality not used as a diagnostic criterion for gastro-
esophageal refl ux disease?

The only interest endoscopists have when an abnormal columnar-lined 
esophagus is present is to take biopsies to fi nd intestinal metaplasia. They 
ignore the fact that the columnar-lined esophagus is diagnostic of gastro-
esophageal refl ux disease regardless of whether it has intestinal metaplasia. 
When intestinal metaplasia is not present, the columnar-lined segment is lined 
by non-intestinalized metaplastic columnar epithelia of the esophagus; this is 
cardiac and oxyntocardiac mucosa. These are refl ux-induced epithelia in the 
esophagus that were beautifully described by Paull et al in 1976.19 The fact 
that they are not premalignant until intestinal metaplasia is present does not 
mean that they cannot be used as a criterion for the diagnosis of refl ux 
disease.

When evaluating the present state of diagnosis of gastroesophageal refl ux 
disease, the failure to use the presence of columnar epithelium in the endo-
scopically defi ned distal esophagus is totally inexplicable. To analyze this situ-
ation, let us look at what fi ndings we can all agree about at the present time 
and see where that takes us.

Universally Accepted Endoscopic Conclusions

The following endoscopic conclusions can be regarded as valid and without 
controversy:

1. The entire esophagus is normally lined by squamous epithelium (see 
Figures 2–5, 2–6, and 2–7).

2. The presence of any columnar metaplastic epithelium in the esophagus is 
abnormal. Some may disagree with this statement, but it is important to 
understand that you cannot disagree with this if you accept the previous 
conclusion—that the entire esophagus is normally lined by squamous epi-
thelium. I will suggest that if you believe that columnar-lined esophagus 
is normal, you are outdated by nearly two decades and need to change 
your viewpoint.

3. Columnar metaplasia of the esophagus is specifi cally caused by refl ux. 
There is no disease other than gastroesophageal refl ux disease that causes 
columnar metaplasia of the esophagus. Columnar epithelium in the distal 
esophagus does not represent congenital heterotopia of normal gastric 
mucosa. If you believe that heterotopic gastric mucosa occurs in the distal 
esophagus, you are outdated by four decades.

5. Columnar metaplasia of the esophagus results in a proximal displacement 
of the squamocolumnar junction. This occurs fi rst as tongues of columnar 
epithelium extending up into the squamous epithelium (see Figures 2–8, 
2–9, and 2–10); this is followed by circumferential columnar-lined esopha-
gus (see Figures 2–11 to 2–18). The gap between the proximally displaced 
squamocolumnar junction and the gastroesophageal junction is the length 
of the columnar-lined esophagus (see Figure 2–14).

6. The length of columnar metaplasia (i.e., the amount of proximal displace-
ment of the squamocolumnar junction) is proportional to the severity of 
refl ux (Figure 2–33).

7. Columnar-lined esophagus is not Barrett esophagus. Barrett esophagus 
cannot be diagnosed at endoscopy; it requires the presence of intestinal 
metaplasia in a biopsy sample (Figure 2–34).
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Increasing severity of reflux

A B C D

Figure 2–33 Stages of columnar-lined esophagus. A, Normal; the squamous epithelium (gray 
area) lines the entire tubular esophagus; the gastric rugal folds (striped area) reach all the way 
to the Z-line. B, Earliest visible columnar-lined esophagus where small tongues of columnar 
epithelium (red, black, and blue areas) extend upward into the esophagus, causing the Z-line to 
become serrated. C, Short segment of columnar-lined esophagus, seen as circumferential fl at 
columnar epithelium in distal esophagus as well as serration of the proximally migrated Z-line. 
D, Long segment of columnar-lined esophagus. The length of columnar-lined esophagus is 
directly proportional to the severity of refl ux disease. Note the consistent zonation of the three 
epithelial types; oxyntocardiac mucosa is found distally, and intestinal metaplasia proximally.

Figure 2–34 The current diagnosis of Barrett esophagus requires the presence of intestinal 
metaplasia in a biopsy taken from an endoscopically visualized segment of columnar-lined 
esophagus. Intestinal metaplasia is seen in the histologic image on the right as the presence of 
goblet cells in one foveolar complex within cardiac mucosa.

Universally Accepted Histologic Conclusions

The following histologic conclusions can be regarded as valid and without 
controversy:

1. Metaplastic columnar epithelia of the esophagus include cardiac mucosa 
with and without intestinal metaplasia and oxyntocardiac mucosa (as 
defi ned by Paull et al, 1976 [with modifi cation of terms to fi t current 
usage].10 In Chapter 3, I will defi ne these epithelial types by precise and 
easily reproducible histologic criteria.
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2. The fi nding of any metaplastic columnar epithelium in any part of the 
esophagus is abnormal and caused by gastroesophageal refl ux disease. This 
is a highly specifi c fi nding that can only result from gastroesophageal refl ux 
disease.

3. The length of columnar-lined esophagus is proportional to the severity of 
refl ux disease (see Figure 2–33). At histology, the length of columnar-lined 
esophagus can be assessed only when measured biopsies are performed 
in a systematic manner within the columnar-lined segment.

4. A columnar-lined segment of esophagus contains one, two, or all three of 
the epithelial types defi ned in conclusion number 1. Patients with very 
short (less than 1  cm) segments may have only oxyntocardiac, a mixture 
of oxyntocardiac and cardiac, or all three epithelial types (Figure 2–35). 
When the columnar-lined segment reaches 1  cm, cardiac mucosa is almost 
always present in addition to oxyntocardiac mucosa (Figure 2–36). Intesti-
nal metaplastic epithelium can be found in association with oxyntocardiac 
and cardiac mucosa in a columnar-lined segment of any length (see Figure 
2–33), but its prevalence increases with increasing length of columnar-lined 
esophagus.20 In patients with less than 1  cm of columnar-lined esophagus, 
intestinal metaplasia is present in 15%; with a 1- to 2-cm length, it is present 
in 50% to 70%; with a 3- to 4-cm length, it is present in 90%; and with a 
greater than 5-cm length, it is invariably present (Figures 2–36 and 2–37).

5. Intestinal metaplasia occurring in an endoscopically visible columnar-lined 
esophagus defi nes Barrett esophagus (see Figure 2–34). The criterion for 
defi nition is satisfi ed by the presence of a single defi nite goblet cell in 
cardiac mucosa. The extent of intestinal metaplasia within a columnar-lined 
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Figure 2–35 Diagrammatic representation of three patients with a visible columnar-lined 
esophagus measuring less than 1  cm. Patient A has only oxyntocardiac mucosa; this situation 
will be discussed in Chapter 4. Patient B has cardiac and oxyntocardiac mucosa, indicative of 
gastroesophageal refl ux disease (GERD) (refl ux carditis). Patient C has intestinal metaplasia in 
cardiac mucosa, indicative of Barrett esophagus. Blue, Intestinal metaplasia; black, cardiac 
mucosa; red, oxyntocardiac mucosa; gray, squamous epithelium; yellow, gastric oxyntic 
mucosa with lines denoting rugal folds.
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Figure 2–36 Diagrammatic representation of three patients with columnar-lined esophagus 
(CLE). Patient A has a 1-cm segment of columnar-lined esophagus with cardiac and 
oxyntocardiac mucosa. This is diagnostic of moderate refl ux disease (refl ux carditis). Patient B is 
similar but has intestinal metaplasia in cardiac mucosa. This is diagnostic of Barrett esophagus 
(BE) occurring in moderate refl ux disease. Patient C has a greater than 5-cm columnar-lined 
esophagus with extensive intestinal metaplasia. This is Barrett esophagus-complicating severe 
refl ux disease. GERD, Gastroesophageal refl ux disease. Blue, Intestinal metaplasia; black, 
cardiac mucosa; red, oxyntocardiac mucosa; gray, squamous epithelium; yellow, gastric oxyntic 
mucosa with lines denoting rugal folds.
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Figure 2–37 There is a direct relationship between the length of columnar-lined esophagus 
and prevalence of Barrett esophagus (intestinal metaplasia). Barrett esophagus does not exist 
when there is no columnar-lined esophagus, is present 5% to 20% of the time with lengths less 
than 1  cm, and is invariably present when the length of columnar-lined esophagus exceeds 
5  cm. GEJ, Gastroesophageal junction. Blue, Intestinal metaplasia; black, cardiac mucosa; red, 
oxyntocardiac mucosa; gray, squamous epithelium; yellow, gastric oxyntic mucosa with lines 
denoting rugal folds.
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segment is extremely variable and can be assessed only with standardized 
mapping biopsies of the columnar-lined segment (Figure 2–38).

6. In a columnar-lined segment of esophagus, the epithelial types tend to 
have a consistent zonation, regardless of the length of the segment (see 
Figures 2–33, 2–36, and 2–37).19,21 Oxyntocardiac mucosa tends to be found 
in the most distal region, immediately proximal to the gastroesophageal 
junction. Intestinal metaplasia tends to be found in the most proximal 
region, immediately distal to the squamocolumnar junction. Cardiac mucosa 
is found throughout. The amount of these three epithelial types varies 
considerably among patients (see Figure 2–38).

Recommended Changes to Present Diagnostic 
Criteria by Accepted Data (Table 2–7)

It is incomprehensible, based on the universally accepted and undisputed 
evidence that columnar metaplasia of the esophagus is a manifestation of 
refl ux disease, that the presence of an endoscopically visualized columnar-
lined esophagus is not used to diagnose refl ux disease. There is absolutely 
no reason not to accept the following recommendation22:

1. The visualization of a columnar-lined esophagus at endoscopy is diagnostic 
of gastroesophageal refl ux disease (see Figures 2–8 to 2–12 and 2–15). The 
diagnosis of refl ux disease by this criterion does not need biopsy confi rma-
tion because all histologic types of columnar-lined esophagus are diagnos-
tic of refl ux. This is the most specifi c endoscopic criterion for refl ux disease. 
It is far superior to erosive esophagitis, which can occur in a variety of 
esophageal diseases such as pill ulceration, Herpes simplex infection, 

A B C

Figure 2–38 Diagrammatic representation of three patients with a columnar-lined 
segment of 6  cm. All three patients are shown to have intestinal metaplasia. By current 
defi nition, they would all be classifi ed as having long-segment Barrett esophagus. 
However, the amount of intestinal metaplasia is very limited in Patient A, intermediate in 
Patient B and extensive in Patient C. Blue, intestinal metaplasia; black, cardiac mucosa; 
red, oxyntocardiac mucosa; gray, squamous epithelium; yellow, gastric oxyntic mucosa 
with lines denoting rugal folds.

TABLE 2–7 New Diagnostic Criteria to Assess Refl ux Disease Based on Facts that Are Universally Accepted

Diagnostic criterion Present status Recommended change

Endoscopically visible CLE Ignored unless IM is present on biopsy Diagnostic of refl ux disease
CLE >2  cm, negative for IM on biopsy Ignored Diagnostic of severe refl ux disease (refl ux carditis)
CLE <2  cm, negative for IM on biopsy Ignored Diagnostic of moderate refl ux disease (refl ux 
   carditis)
IM present in a biopsy from visible CLE Diagnostic of Barrett esophagus Diagnostic of Barrett esophagus
IM present in a biopsy from visible CLE Long-segment Barrett esophagus Barrett esophagus-complicating severe refl ux disease
 >2  cm
IM present in a biopsy from visible CLE Short-segment Barrett esophagus Barrett esophagus-complicating moderate refl ux
 <2  cm   disease

CLE, Columnar-lined esophagus; IM, intestinal metaplasia.
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pemphigus vulgaris, HIV infection, and cytomegalovirus esophagitis, among 
others. To not use this criterion is an omission that is diffi cult to 
understand.

2. The length of columnar-lined esophagus measured at endoscopy as the 
distance between the proximal limit of rugal folds and the most proximal 
point of the squamocolumnar junction is proportional to the severity of 
refl ux23 (see Figure 2–33). This is the best indicator of the severity of refl ux. 
Again, histology is irrelevant to this assessment. By this criterion, severe 
refl ux disease can be defi ned as the presence of a visible segment of 
columnar-lined esophagus greater than 2  cm (see Figure 3–36) and moder-
ate refl ux disease as the presence of a visible segment of columnar-lined 
esophagus measuring less than 2  cm (see Figure 2–36). This criterion is 
more specifi c than the presently used criterion of severity of erosive 
esophagitis to assess severity of refl ux disease (such as in the Los Angeles 
classifi cation).

3. Biopsy is not necessary to establish the diagnosis of a visible columnar-
lined esophagus; this is an endoscopic diagnosis. However, biopsy is 
necessary when refl ux-induced columnar-lined esophagus is visualized at 
endoscopy to establish the diagnosis of Barrett esophagus, which requires 
the presence of intestinal metaplasia (see Figure 2–34).

4. Patients with intestinal metaplasia in the biopsy have Barrett esophagus 
(see Figure 2–34). This is the present standard of diagnosis of Barrett 
esophagus, which is defi ned as the presence of intestinal metaplasia in 
a biopsy taken from an endoscopically visualized columnar-lined 
esophagus.

5. The presence of cardiac mucosa (refl ux carditis) without intestinal meta-
plasia in the esophagus is histologic proof of cellular pathology caused by 
refl ux (Figure 2–39). This is the histologic equivalent of columnar-lined 
esophagus without intestinal metaplasia. Refl ux carditis is the most 
specifi c and most sensitive diagnostic criterion of refl ux disease. 
There is no rational basis to dispute this when infl amed cardiac mucosa is 
present in a biopsy taken from an endoscopically defi ned point above the 
gastroesophageal junction in the distal esophagus.

6. Long- and short-segment Barrett esophagus are misnomers. The presence 
of intestinal metaplasia in a long segment of columnar-lined esophagus is 

Figure 2–39 Biopsy at the squamocolumnar junction at the proximal limit of a visible 
columnar-lined esophagus. When this shows no intestinal metaplasia but shows cardiac 
mucosa, it represents refl ux carditis, which is a highly specifi c diagnostic criterion for 
gastroesophageal refl ux disease.
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Barrett esophagus-complicating severe refl ux disease (see Figure 2–36). The 
presence of intestinal metaplasia in a short segment of columnar-lined 
esophagus is Barrett esophagus-complicating moderate refl ux disease 
(see Figure 2–36). Short- and long-segment Barrett esophagus can only 
be defi ned by quantitating the amount of intestinal metaplasia within a 
columnar-lined segment by histologic mapping (see Figure 2–38).

Applying these changes, which are based on non-controversial facts, will 
signifi cantly improve the histologic diagnosis of refl ux disease without any 
modifi cation of present clinical practice. However, because the diagnosis is 
based on the present recommendation that biopsies be taken only in patients 
with an endoscopically visible columnar-lined esophagus, there is a signifi cant 
underdiagnosis of refl ux disease and Barrett esophagus. This is not a ques-
tionable statement. By the laws of physics, the resolution of the endoscope 
is limited. Changes of refl ux disease must exist at a microscopic level before 
they become visible at endoscopy. The correct resolution of confusion in the 
diagnosis of gastroesophageal refl ux disease will emerge only when we stop 
ignoring this microscopic phase of the disease. I will describe this in later 
chapters.
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Histologic Defi nition and Diagnosis of Epithelial 
Types in the Esophagus and Stomach

The Importance of Histology in Understanding Disease

Virchow, in 1858, established the fundamental basis on which scientifi c medi-
cine is practiced. In his now classic treatise, “Die Cellular Pathologie,”1 he 
suggested that the understanding of disease must occur at the cellular level. 
Although future understanding will extend down to the molecular level, 
present technologic capability demands that gastroesophageal refl ux disease 
be defi ned at the histologic level.

Unfortunately, present criteria for diagnosis of gastroesophageal refl ux 
disease are not based in histology and have no established standard and uni-
versally accepted defi nitions. The result is chaos and confusion that ultimately 
results in suboptimal patient care and research. Histology only becomes useful 
in the diagnosis of refl ux disease only at the stage of diagnosis of Barrett 
esophagus and beyond, where it becomes the mainstay of detecting intestinal 
metaplasia, dysplasia, and adenocarcinoma. One aim of this atlas is to change 
this situation. Once misconceptions and false dogmas are eradicated, histology 
can become a highly effective tool for the diagnosis of refl ux disease from its 
earliest stage.

The fi rst step in the systematic histologic study of a mucosal disease 
caused by luminal agents is to precisely defi ne the various types of epithelia 
encountered. Defi ning these epithelia is the aim of this chapter. In later chap-
ters, I will systematically seek to defi ne the normal state, recognize it by his-
tologic criteria, and then progress to demonstrate the sequential pathologic 
changes in the esophagus in refl ux disease, from the earliest damage to 
esophageal squamous epithelium to the occurrence of refl ux-induced adeno-
carcinoma. This will lead to accurate and easily reproducible histologic defi ni-
tions of the normal state and all stages of refl ux disease, replacing the present 
confusion with the necessary order for true scientifi c understanding. The 
standard equipment, used in every hospital in the world, is the glass slide, 
made from biopsies and stained by hematoxylin and eosin.

Embryologic Development

The Fetal Esophagus

The fetal esophagus (Table 3–1) is initially lined by a primitive stratifi ed 
columnar epithelium.2 This is replaced in the second trimester by a stratifi ed 
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ciliated epithelium, which lines the entire esophagus. Beginning around week 
22, this ciliated fetal epithelium is progressively replaced by the adult stratifi ed 
squamous epithelium, which fi rst appears in the mid-esophagus. Small areas 
of ciliated epithelium persist into late pregnancy and can be seen in autopsies 
of premature infants. They are rarely seen after full term. At full term, the 
entire esophagus is covered by stratifi ed squamous epithelium, except for 
small areas at both ends, which are composed of a simple non-ciliated, tall 
columnar epithelium (Figures 3–1, 3–2, and 3–3). This columnar epithelium 
may persist into the early neonatal period but is ultimately replaced by adult-
type stratifi ed squamous epithelium within the fi rst year of life. In adults, 
squamous epithelium normally lines the entire esophagus and stops sharply 
at the end of the esophagus (gastroesophageal junction).

Understanding the embryologic development of the esophagus is an 
important concept when one interprets studies of the fetal and neonatal 

Figure 3–1 The junction between the esophagus and stomach in a 
premature infant born in the third trimester who survived only a few 
weeks. On the left is stratifi ed squamous epithelium (thin arrow marks 
the distal limit of squamous epithelium). In the central region is 
undifferentiated late fetal columnar epithelium. Toward the right of the 
fi gure is mucosal glandular epithelium containing parietal cells, which 
can be identifi ed below the surface layer (right of the thick arrow). The 
gastroesophageal junction is undefi ned at this point; it is somewhere 
within the undifferentiated fetal columnar epithelial zone. As 
development continues, this fetal columnar epithelium shrinks by 
differentiating into squamous epithelium on the esophageal side of 
the gastroesophageal junction.

TABLE 3–1 Epithelial Differentiation in the Fetal Esophagus

Type Description Location Gestational age

Fetal esophageal columnar Stratifi ed columnar epithelium; two to three Entire length First trimester
 type I  layers; undifferentiated
Fetal esophageal columnar Stratifi ed ciliated epithelium Entire length Second and early third trimesters
 type II
Fetal esophageal columnar Non-stratifi ed tall or short columnar epithelium Upper and lower ends Third trimester; rarely after birth
 type III  with short foveolar pit
Fetal esophageal columnar Intestinal type with goblet cells Lower end—rare Rare; transient
 type IV
Superfi cial mucous glands Initially associated with non-stratifi ed columnar Entire length; lamina Third trimester; persist into adult
 (fetal and adult)  epithelium; later under squamous epithelium  propria of mucosa  life
Squamous (fetal and adult) Stratifi ed squamous epithelium Begins in middle third 22nd week to adult
Deep glands (adult) Submucosal glands with gland ducts draining Entire length Postnatal to adult life
  into surface

Figure 3–2 Junction between fetal stratifi ed squamous epithelium 
and undifferentiated fetal columnar epithelium in the distal esophagus. 
The fetal columnar epithelium sits on the fl at, developing muscularis 
mucosae and consists of a single layer of tall columnar cells, which 
are undulating in this collapsed state. No mucosal glands or parietal 
cells are seen.
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esophagus. The correct interpretation of the fi nding of columnar lining at the 
distal end of the esophagus in late fetal and early neonatal life is that it is 
fetal epithelium. All studies show a progressive decrease in this fetal epithe-
lium with increasing age, a feature that is typical of developing fetal structures. 
In the fi rst year of life, this fetal epithelium disappears, to be replaced by 
stratifi ed squamous epithelium. Three recent studies fi nd this fetal columnar 
epithelium in late fetal life; two studies call this cardiac mucosa and conclude 
that cardiac mucosa is present as a normal structure in fetal life in all patients.3,4 
The third study calls this transitional epithelium and concludes that cardiac 
mucosa is not present in fetal life.5 All three studies describe fetal columnar 
epithelium that is normally present in late fetal life.

The use of the term cardiac mucosa to describe fetal columnar epithelium 
must be discouraged. An epithelium composed entirely of mucous cells and 
devoid of parietal cells lines the entire esophagus at various stages of fetal 
life. This fi ts into the accepted defi nition of cardiac mucosa and means that 
the entire esophagus is lined by cardiac mucosa in early fetal life.

If the term cardiac mucosa is used for normal fetal columnar epithelium, 
as well as the cardiac mucosa found in adults, the distribution of cardiac 
mucosa shows a constant pattern until development is complete, usually in 
early postnatal life (Figure 3–4). At this point, fetal development of the esopha-
geal epithelium is completed, and fetal columnar epithelium has been com-
pletely replaced by squamous epithelium. The occurrence of adult-type cardiac 
mucosa in the esophagus after this point is a pathological process resulting 
from metaplasia of the squamous epithelium induced by gastroesophageal 
refl ux.

No one currently believes that cardiac mucosa is normally found in the 
esophagus in adult life. De Hertogh et al3 clearly demonstrated that what they 
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Figure 3–3 Undifferentiated fetal columnar epithelium distal 
to stratifi ed squamous epithelium. The lamina propria is 
scanty with no infl ammatory cells.

Figure 3–4 Distribution of columnar epithelium in the esophagus. Until 22 
weeks of gestation, the entire esophagus is lined by a primitive columnar 
epithelium composed only of mucous cells, which in the second trimester 
becomes ciliated. Stratifi ed squamous epithelium replaces the columnar 
epithelium, beginning at 22 weeks in the middle part of the esophagus and 
extending in both directions. This squamous replacement is complete 
somewhere in the third trimester to early postnatal life (in this fi gure, 
development is shown to be completed at 2 to 3 months). Normally, no 
columnar epithelium is present in the adult esophagus. Adult-type cardiac 
mucosa occurs in the esophagus as a pathologic metaplasia of the squamous 
epithelium induced by gastroesophageal refl ux (i.e., columnar-lined 
esophagus), and its extent varies considerably among patients, depending 
on the amount of refl ux.
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were calling fetal cardiac mucosa was present in the esophagus proximal to 
the gastroesophageal junction (the angle of His in their beautiful studies) 
(Figure 3–5).

Late fetal columnar epithelium in the esophagus is different from adult-
type metaplastic cardiac mucosa in the following respects:

1. It is well organized, consisting of an undulating epithelium composed of 
a uniform population of tall columnar cells with apical mucin (see Figure 
3–3) that has a horizontal muscularis mucosae beneath it.

2. It is completely devoid of infl ammatory cells in the lamina propria.

3. It does not contain parietal cells; ciliated columnar cells are present in the 
second and third trimesters; and goblet cells may appear in fetal columnar 
epithelium in the second trimester as a transient event. This does not mean 
that Barrett esophagus can be a congenital phenomenon. The developing 
fetal epithelium is simply displaying its potential for differentiation.

4. Its length progressively decreases with increasing fetal age. Adult-type 
cardiac mucosa tends to increase in length with increasing age.

Two types of glands are encountered in the adult esophagus. Superfi cial 
glands are located in the lamina propria of the esophageal mucosa. They arise 
in fetal life as out-pouchings from fetal columnar epithelium.2 When the fetal 
columnar epithelium is replaced by squamous epithelium, these glands remain 
and are seen in the adult esophagus. Deep glands are located in the submu-
cosa. According to Johns,2 they occur after fetal life and after the esophagus 
has been replaced by stratifi ed squamous epithelium. They arise as out-
pouchings of the squamous epithelium that traverse the mucosa and result in 
glands within the submucosa. The original out-pouchings remain as the ducts 
that drain these glands into the surface.

The Fetal Stomach

Normal human gastric mucosa is always columnar. In the 13th week of fetal 
life, the primitive stratifi ed columnar epithelium invaginates into a foveolar 
pit and develops glands that contain parietal cells.6,7 From this point, the gastric 
epithelium increases in thickness to become adult gastric mucosa. De Hertogh 

Figure 3–5 Autopsy specimen showing the esophagus and stomach with 
the diaphragm in place (arrow). The angle of His (arrowhead) marks the 
gastroesophageal junction. The area between the two is the abdominal 
esophagus. The data in the study showed that “cardiac mucosa” (in reality, 
fetal columnar epithelium identical in appearance to that shown in Figure 1–3) 
was found in the abdominal esophagus above the angle of His. (Reproduced 
with permission from De Hertogh G, Van Eyken P, Ectors N, et al: On the 
existence and location of cardiac mucosa: an autopsy study in embryos, 
fetuses, and infants, Gut 52:791–796, 2003.)
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et al3 showed that parietal cells are present at the gastroesophageal junction 
(angle of His) in fetuses (see Figure 3–5), indicating that the entire stomach 
is lined by parietal cell-containing epithelium. There is normally no cardiac 
mucosa or fetal columnar epithelium devoid of parietal cells distal to the 
gastroesophageal junction after the 17th week of fetal development.

Histologic Defi nition of Epithelial Types in 
Postnatal Esophagus and Proximal Stomach

When defi ning the epithelia of this region, no attempt will be made to ascribe 
an esophageal or gastric location to the different epithelia. This is because the 
location of the gastroesophageal junction is controversial, and there is evidence 
that the present understanding of the location of the gastroesophageal junction 
is fl awed. The anatomic area that is considered here extends from the begin-
ning of the esophagus to the point at which gastric oxyntic mucosa in the 
body of the stomach transforms into pyloric antral mucosa. The true gastro-
esophageal junction is certainly included within this defi ned area.

In this chapter, I will concentrate on the defi nition and diagnosis of the 
various epithelial types. The exact placement of these epithelial types, their 
signifi cance, and which epithelia are normal and abnormal will be discussed.

Stratifi ed Squamous Epithelium

This is a fl at epithelium with superfi cial keratinocytes and a proliferative basal 
region that is normally less than 20% of the epithelial thickness (Figure 3–6). 
The squamous epithelium is a dynamic epithelium in which surface epithelial 
cells are continuously lost during swallowing. The basal zone contains the 
progenitor stem cells of the esophagus, which continuously proliferate to 
replace lost surface cells. In the normal squamous epithelium, the proliferative 
zone of cells can be identifi ed as two to three layers of suprabasal cells by 
Ki67 staining (see Figure 2-26). In the normal squamous epithelium, the time 
taken for a cell to move from the basal region and shed at the surface is 7 
to 8 days.8 During this process of migration to the surface of the epithelium, 
the squamous cell loses its mitotic capability, becomes keratinized, and fl at-
tens out at the surface.

The state of normalcy of the squamous epithelium is diffi cult to defi ne. 
Gastroesophageal refl ux is such a common occurrence in humans that it is 
diffi cult to be certain that any squamous epithelium examined has not been 

Figure 3–6 Normal stratifi ed squamous epithelium lining the esophagus. 
This is non-keratinizing and fl at with short (less than 60% of epithelial 
thickness) papillary extensions and a basal cell region that is one to three cells 
thick and less than 20% of the thickness of the epithelium.
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exposed to gastric refl uxate. It is likely that many very early and nonspecifi c 
changes caused by refl ux fall within the present defi nition of “normal” squa-
mous epithelium (see Figures 2-20, 2-21). This may include slight thickening 
of the epithelium because no limits have been established for “normal thick-
ness.” A few lymphocytes may appear in the epithelium without it being rec-
ognized as abnormal. The earliest recognized abnormalities described in 
Chapter 2 used for the diagnosis of refl ux esophagitis are intercellular edema 
(“dilated intercellular spaces”), basal cell hyperplasia and elongation of papil-
lae, and the presence of intraepithelial eosinophils. These have been estab-
lished as abnormal and indicative of refl ux because they have been associated 
with refl ux disease diagnosed largely by the presence of refl ux symptoms. 
Because symptoms are not a valid diagnostic criterion for refl ux disease, the 
defi nition of these diagnostic criteria is also likely to be inaccurate. It is very 
likely that what we call “normal squamous epithelium” in fact has features of 
refl ux damage that we do not recognize.

Normal stratifi ed squamous epithelium is an excellent barrier that is 
impervious to luminal molecules (Figure 3–7). This barrier effect is the result 
of tight cell junctions that keep the keratinocytes closely apposed to one 
another. The squamous epithelium contains nerve endings that reach approxi-
mately halfway up the epithelium. These are sensitive to pain. These nerve 
endings are normally separated from luminal molecules by the superfi cial cells 
of the epithelium. The nerve endings may also play a role as afferents in the 
neuromuscular functions of the esophagus and the sphincter, but this is not 
well understood.

Mucous glands are found sporadically and are located both in the lamina 
propria (Figure 3–8) and submucosa (Figures 3–9, 3–10, and 3–11). They are 
easily seen in resection specimens (see Figures 3–9 and 3–10). Because of their 
location, they are rarely encountered in a biopsy specimen (see Figure 3–11). 
Glands, both mucosal and submucosal, tend to remain when the squamous 
epithelium of the esophagus undergoes columnar metaplasia. This is easy to 
detect in resection specimens (Figure 3–12) but more diffi cult in biopsies in 
which the glands tend to be more superfi cial and merge with the glands of the 
columnar metaplastic epithelium (Figures 3–13 and 3–14).

Luminal molecules
Impermeable

Nerve endings
no pain

Proliferative
cells

No cell
interactions

Figure 3–7 The normal squamous epithelium is impermeable to the 
entry of luminal molecules. Because of this, there is no interaction 
between luminal molecules and nerve endings in the mid-region of the 
epithelium or the proliferative cells that are restricted to the basal 
region.

Figure 3–8 Esophageal biopsy showing a mucous gland in the 
lamina propria.
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Figure 3–9 Esophagectomy specimen showing a deep mucous 
gland in the submucosa. The overlying mucosa is lined by squamous 
epithelium. The submucosal gland is located between the muscularis 
mucosae and the muscularis externa. Two glands are seen. The one 
on the left appears normal; the one on the right shows chronic 
infl ammation, atrophy of acini, and dilatation of the duct. There are 
two lymphoid aggregates in the lamina propria above the infl amed 
gland. The signifi cance of this is unknown.

Figure 3–10 Higher magnifi cation of deep esophageal gland 
located in the submucosa between the muscularis mucosae and 
muscularis externa. The gland shows focal chronic infl ammation.

Figure 3–11 Esophageal submucosal gland at the 
squamocolumnar junction. Note the transition of squamous epithelium 
to oxyntocardiac mucosa. There is chronic infl ammation in the lamina 
propria at the junction. The submucosal gland is immediately under 
the muscularis mucosae.

Figure 3–12 Submucosal mucous gland in the esophagus lined by 
metaplastic columnar epithelium of cardiac type. The presence of the 
gland confi rms the esophageal location of this columnar lining.

These glands resemble minor salivary glands and drain to the surface via 
gland ducts that traverse the lamina propria and epithelium. The ducts of the 
submucosal glands can be identifi ed within the lamina propria in mucosal 
biopsies and defi ne the location of the biopsy as esophageal, whether the 
surface epithelium is squamous or metaplastic columnar types (Figures 3–15 
to 3–20). The ducts are lined with a varying mixture of columnar and squa-
mous cells (see Figures 3–15 to 3–18); rarely, ciliated cells (see Figure 3–19) 
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Figure 3–13 Superfi cial mucosal gland in the deep part of the 
metaplastic oxyntocardiac mucosa in the esophagus (between the 
two arrows). The gland can be recognized because of its lobulated 
appearance and its location deep to the glands of the epithelium, 
which contain parietal and mucous cells.

Figure 3–14 Higher magnifi cation of Figure 3–13, showing a 
residual esophageal mucosal gland in oxyntocardiac mucosa.

Figure 3–15 Gland duct in the lamina propria of metaplastic esophageal 
oxyntocardiac mucosa. The gland duct is lined by a mixture of columnar cells 
and basaloid squamous cells. It appears to open into the deep foveolar pit.

and columnar cells with basophilic cytoplasm that contain Alcian blue 
positive-acid mucin (see Figure 3–20) may be present.

Because submucosal glands are distributed sporadically in the esophagus 
and vary in number among individuals, only the positive fi nding of a gland 
or gland duct can categorize the location of the biopsy as esophageal. The 
absence of gland ducts means nothing; specifi cally, it does not exclude the 
location as esophageal. We reported the fi nding of gland ducts in 64 (13.6%) 
of 471 biopsies that showed cardiac mucosa with and without intestinal meta-
plasia and oxyntocardiac mucosa.9

Pathologic changes occur in esophageal squamous epithelium due to 
diseases other than gastroesophageal refl ux disease. These include infections 
(Candida, cytomegalovirus, herpes simplex, herpes varicella-zoster, human 
immunodefi ciency virus), trauma, chemical injury (lye, pills), immunologic 
diseases (pemphigus vulgaris, scleroderma), and neoplasms (squamous 
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Figure 3–17 Large, predominantly squamous-lined duct in the 
lamina propria of metaplastic oxyntocardiac mucosa of the 
esophagus.

Figure 3–18 Gland duct in metaplastic esophageal oxyntocardiac 
mucosa. The duct is dilated and lined by a mixed glandular and 
basaloid squamous epithelium.

Figure 3–19 Higher magnifi cation of the lining of the duct shown in 
Figure 3–18, showing ciliated columnar epithelium.

Figure 3–20 Gland duct in cardiac mucosa. The lower half is lined by 
squamous epithelium. The upper half of the duct is lined by columnar 
epithelium with prominent basophilic mucin in the cytoplasm (“columnar blue 
cells”). These cells can mimic goblet cells, and care is necessary not to 
diagnose them as intestinal metaplasia.

Figure 3–16 Gland duct in the metaplastic esophageal intestinal 
metaplastic epithelium. The gland duct consists of a small, slit-like, 
mucin-fi lled lumen lined by fl at cuboidal epithelium, which is 
surrounded by basaloid squamous epithelium.
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papilloma, carcinoma). These entities must be reported when they are 
encountered.

Columnar Epithelia

Basic Structure

Columnar epithelia in this region have three basic components—the surface 
epithelium, foveolar region, and glands10 (Figure 3–21). Surface and foveolar 
pit cells are normally mucous cells; the cells comprising the glands are varied 
and can include mucous cells, parietal cells, chief cells, Paneth cells, and 
serous (pancreatic) cells. Neuroendocrine cells are scattered throughout 
columnar epithelia.

Columnar epithelial cells are continuously shed at the surface. These 
surface cells are replenished by proliferation of the progenitor stem cells. The 
stem cells in all columnar epithelia are located in the deepest part of the 
foveolar pit (Figures 3–21, 3–22, and 3–23). Ki67 stain shows proliferative cells 
normally limited to the deep foveolar region (Figure 3–24). The only excep-
tion to this is in a fl at epithelium without a foveolar region; in this instance, 
the stem cells are in this fl at layer of cells (see Figure 3–23).

Division of stem cells in the deep foveolar region in columnar epithelia of 
this region is associated with two lines of differentiation8 (see Figure 3–22):

1. More than 95% of the products of stem cell division move upward in the 
foveolar pit. As they do this, they lose their mitotic capacity and differenti-
ate into surface mucous cells with apical mucin. This line of differentiation 
is associated with a short life span of the cells.

2. In columnar epithelia that have glands, the stem cell products that are 
destined to differentiate into glandular cells move downward from the 
foveolar pit. These glandular cells lose their mitotic capacity and either 
remain as mucous cells or differentiate into parietal cells. Glandular cells 
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Pit and surface cells:
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Figure 3–21 Diagrammatic representation of the basic structure of 
glandular epithelium in the esophagus and stomach. The surface and 
foveolar pit are lined with mucous cells. The proliferative zone is in the 
deep foveolar region (shown by black nuclei). The gland consists of 
long-lived stable cells of a variety of types; shown here are parietal 
cells (pink), chief cells (blue), and mucous cells (yellow).

Figure 3–22 Diagram showing the cell kinetics of normal gastric 
oxyntic mucosa. The proliferative stem cells in the deep foveolar 
region divide and move toward the surface or downward into the 
gland. Those that move upward pass along the foveolar region to 
become the differentiated mucous cells of the surface and have a 
short life span. Those that move into the gland differentiate into 
parietal and chief cells and have a long life span.
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Surface
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type
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Figure 3–23 Three basic epithelial types in columnar-lined esophagus. The 
columnar epithelia evolve from the simplest, where it consists of a single layer of 
mucous cells, to the formation of a foveolar pit and then a gland. Only the gland 
contains parietal cells.

Proliferative
zone

Figure 3–24 Immunoperoxidase stain for Ki67 in normal gastric 
oxyntic mucosa, showing positive staining in cells of the proliferative 
region, which is normally limited to the deep foveolar region 
(between the two horizontal green lines).

Figure 3–25 A section of the squamocolumnar junction showing 
transition from the thin squamous epithelium (on the right) to a single 
fl at layer of columnar epithelial cells of mucous type. This is the 
“surface-only” type of cardiac mucosa.

Figure 3–26 Immunoperoxidase stain for Ki67 on “surface-only” 
type cardiac mucosa, showing strong positive staining of the 
proliferative stem cell pool.

Figure 3–27 Early invagination of the surface columnar cells into a 
rudimentary foveolar pit. The cells are still entirely undifferentiated 
mucous cells. This is the “surface plus foveolar type” of cardiac 
mucosa.

Figure 3–28 Immunoperoxidase stain for Ki67 on the “surface plus 
foveolar type” of cardiac mucosa, showing positivity limited to the 
deep foveolar region with the surface region being negative. This 
indicates that the proliferative stem cell pool has moved down into the 
deepest part of the foveolar pit.
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Figure 3–29 Well developed “surface plus foveolar type” epithelium 
showing tortuosity of the deep part of the foveolar pit. In this section, 
it is diffi cult to determine whether the deep part of the epithelium 
contains glands. The epithelium is a mixture of mucous and goblet 
cells, indicating cardiac mucosa with extensive intestinal metaplasia.

Figure 3–30 Immunoperoxidase stain on “surface plus foveolar 
type” of cardiac mucosa with intestinal metaplasia. This shows Ki67 
positivity extending to the deepest part of the foveolar pit. There are 
no Ki67-negative glands deep to the foveolar region.

may also differentiate into chief cells, Paneth cells, serous (pancreatic) cells, 
or neuroendocrine cells. Glandular cells can be recognized by the fact that 
they are non-mitotic (i.e., Ki67-negative) and are located deep to the pro-
liferative Ki67-positive cell zone in the deep foveolar region (see Figures 
3–21 to 3–24). Glandular cells are stable and have a long life span that 
ranges from 1 to 6 months. They undergo programmed cell death and are 
replaced by new glandular cells from the stem cells. Ki67 staining is valu-
able in understanding the dynamics of glandular epithelial types in this 
region.

Columnar epithelia can be divided into three types (see Figure 3–23), 
based on which of the three components are present:

1. “Flat surface type,” composed of a single layer of columnar mucous cells 
without a foveolar pit (Figure 3–25). This is usually seen in healing erosions 
and represents a regenerative epithelium. Intense Ki67 positivity in the fl at 
surface layer is usually seen (Figure 3–26).

2. An epithelium composed of a surface layer, which has invaginated into a 
foveolar pit of varying length (Figure 3–27). In this “surface plus foveolar-
type” columnar epithelium, the Ki67-positive proliferative zone and stem 
cells are located in the deepest part of the foveolar pit. The superfi cial 
foveolar region and surface are composed of Ki67-negative, terminally dif-
ferentiated mucous cells (Figure 3–28). The fl at surface type and surface 
plus foveolar epithelial types are normally composed of mucous cells only 
(see Figures 3–25 and 3–27) or a mixture of mucous cells and goblet cells 
(Figures 3–29 and 3–30).

3. An epithelium that contains a gland below the foveolar pit—”surface plus 
foveolar plus glandular-type.” Specialized cells such as parietal and chief 
cells are found only in glands (Figure 3–31). The cells in the gland are 
long-lived, are not mitotically active, and are therefore negative for Ki67 
(Figure 3–32).
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In the pathological state of intestinal metaplasia, goblet cells occur in this 
region (see Figure 3–29). It can be diffi cult to differentiate a tortuous foveolar 
pit from a gland at the base of the mucosa on routine stains (see Figure 3–29). 
In such cases, Ki67 staining clearly demarcates the proliferative Ki67-positive 
foveolar pit from the Ki67-negative gland. If there is a Ki67-negative glandular 
structure below the proliferative zone, the epithelium is glandular in type (see 
Figure 3–32). If the Ki67-positive cells reach the base of the epithelium, the 
epithelium is a foveolar type of epithelium (see Figure 3–30).

In evaluating and classifying columnar epithelia, the basic structural unit 
that is considered is a single foveolar gland complex. The type of epithelium 
is determined by criteria applied to each unit. Thus, it is possible to categorize 
each biopsy or section into its exact composition (Figures 3–33 and 3–34). 
For example, in Figure 3–33, approximately 50% of the biopsy is composed 
of oxyntocardiac mucosa, and 50% is composed of cardiac mucosa. In Figure 
3–34, approximately 50% is composed of intestinal and cardiac mucosa. An 
infi nite mixture of the three epithelial types can be defi ned quantitatively. 
Such complexity of classifi cation is not necessary in clinical reporting but is 
valuable in research if quantitation of the different epithelial types is 
necessary.

Cell Types

All columnar epithelia in this region have an identical surface layer and foveo-
lar pit composed entirely of mucous cells (Figure 3–35). The surface mucous 
cells have the typical picket-fence appearance with basal nuclei, straight and 
parallel lateral cell borders that are very distinct, and a homogeneous eosino-
philic cytoplasm without a brush border. The foveolar pit is lined by similar 
cells. The surface and foveolar mucous cells are often different in appearance 
than the mucous cells in the glands, which tend to be more rounded with 
fl attened basal nuclei and vacuolated cytoplasm (Figure 3–36). This normal 
appearance of the surface and foveolar pit may be altered by the presence 
of multi-layered epithelium (Figures 3–37 and 3–38) and goblet cells (in intes-
tinal metaplasia) (Figure 3–39).

Figure 3–31 Evolution of the “surface plus foveolar type” of cardiac 
mucosa (on the right) to a glandular mucosa on the left. The glands 
are seen as lobulated structures composed of mucous cells and 
parietal cells deep to the foveolar region. This glandular mucosa in 
the right half of the picture is oxyntocardiac mucosa.

Figure 3–32 Immunoperoxidase stain on glandular-type mucosa 
showing the presence of Ki67-negative glands under the Ki67-positive 
proliferative stem cell zone in the deep foveolar region. The glands 
consist of mucous cells only without parietal cells. The surface and 
foveolar region are composed of a mixture of mucous and goblet 
cells, indicative of cardiac mucosa with intestinal metaplasia.
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The presence or absence of parietal (i.e., oxyntic) (Figure 3–40) and 
mucous cells (Figure 3–41) in the glands and the presence of goblet cells 
(Figure 3–42) are used to defi ne the different columnar epithelial types in this 
region (see Table 3–2). Parietal cells are large cells with a round contour and 
have eosinophilic cytoplasm (see Figure 3–40). Mucous cells that populate 
the glands have an appearance that is different than the mucous cells in the 
foveolar region. They are round and have more rounded nuclei and vacuo-
lated cytoplasm that does not have the picket-fence appearance of the foveolar 
and surface cells (see Figure 3–41). The progenitor stem cells in the deep part 
of the foveolar pit are morphologically identical to mucous cells. There are 

Figure 3–33 Biopsy from columnar metaplastic epithelium of the 
esophagus. The right half of the fi eld shows cardiac mucosa 
consisting entirely of mucous cells. The left half of the fi eld shows 
oxyntocardiac mucosa, with glands containing a mixture of mucous 
and parietal cells.

Figure 3–34 Biopsy from columnar metaplastic epithelium of the 
esophagus. The right half of the fi eld shows cardiac mucosa with 
extensive intestinal metaplasia, including the presence of Paneth cells. 
The left half of the fi eld is composed of cardiac mucosa with mucous 
cells only. Note the presence of a gland duct in the lamina propria, 
which characterizes the location of this biopsy as esophageal.

Figure 3–35 Mucous cells lining the surface and foveolar region. 
Although they appear identical morphologically, the deep foveolar 
region cells are the Ki67-positive proliferative stem cells, and the 
superfi cial cells are non-mitotic, terminally differentiated Ki67-negative 
cells.

Figure 3–36 Mucous cells in the glandular element in cardiac 
mucosa are different in appearance than the foveolar cells. They are 
more rounded and have more fl attened nuclei and foamy cytoplasm.
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Figure 3–37 Multi-layered surface epithelium in cardiac mucosa, 
consisting of surface columnar cells with basaloid reserve cells under 
the columnar layer.

Figure 3–38 Multi-layered surface epithelium in cardiac mucosa, 
showing stratifi ed columnar epithelial cells.

Figure 3–39 Goblet cells in cardiac mucosa, indicative of intestinal 
metaplasia. Goblet cells are large and round with a large cytoplasmic 
vacuole, which is fi lled with mucin. The vacuole distends the lateral 
cell borders. The cells may have a brush border (top left) or may be 
associated with the apical mucin typical of cardiac mucous cells 
(right). In this instance, the mucin stains deeply basophilic with 
hematoxylin. The mixture of cardiac-type cells with goblet cells is 
typical of “incomplete intestinal metaplasia.” The presence of a brush 
border and Paneth cells indicates “complete intestinal metaplasia.”

Figure 3–40 Gastric oxyntic mucosa, consisting of a surface 
epithelium and short foveolar pit, from which arise as glands containing 
parietal cells. These are large, round cells with small, round, central 
nuclei and abundant eosinophilic cytoplasm. They are the dominant 
cells in the gland. In the deep foveolar region of the gland complex on 
the left are scattered mucous cells in the isthmus of the gland. These 
have a somewhat basophilic cytoplasm. These cells are the mucous 
neck cells. Many of them show pre-zymogenic granules on electron 
microscopy and represent precursors of chief cells.

also mucous cells in the region of the gland immediately below the foveolar 
pit that contains mucous cells. These are known as mucous neck cells and 
frequently have basophilic cytoplasm (see Figure 3–40). They are frequently 
pre-zymogenic and are precursors of chief cells as shown by the presence of 
zymogenic granules on electron microscopy.8

Goblet cells have a single, round cytoplasmic vacuole that displaces the 
nucleus toward the base and distends the lateral cell border (see Figures 3–39 
and 3–42). Goblet cells contain acid mucin. In hematoxylin-stained and 
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Figure 3–41 Appearance of mucous cells in the glands. These 
have vacuolated, foamy, eosinophilic cytoplasm.

Figure 3–42 Appearance of goblet cells in cardiac mucosa. These 
cells have a mucin vacuole that is less basophilic and clearer and 
appears empty. The absence of basophilia does not negate the fact 
that this is a goblet cell.

eosin-stained sections, goblet cells frequently have a basophilic granular 
content (see Figure 3–39). However, with some preparations, the vacuole can 
be empty and clear (see Figure 3–42).

The glands can contain numerous cell types apart from parietal and 
mucous cells. These include the following:

1. Neuroendocrine cells, which appear as small cells with round nuclei and 
clear cytoplasm interspersed between other cells (Figure 3–43). They can 
be highlighted by the use of immunoperoxidase markers, such as synap-
tophysin or chromogranin.

2. Chief cells, which are basophilic cells seen with the parietal cells (Figure 
3–44).

Figure 3–43 Oxyntocardiac mucosa with glands composed of a 
mixture of mucous cells and parietal cells. Scattered in the gland are 
round cells with central round nuclei, which are dense and clear 
cytoplasm. These are neuroendocrine cells and can be specifi cally 
identifi ed by neuroendocrine markers.

Figure 3–44 Deep glandular region of gastric oxyntic mucosa 
showing the presence of numerous parietal cells with an admixture 
of the more basophilic chief cells. Note that although there are no 
mucous cells, the differentiation of mucous and chief cells is based 
almost entirely on the tincture of the cytoplasm.
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3. Paneth cells, which are usually seen in the deep regions of the gland and 
are columnar cells with basal nuclei and intensely eosinophilic granular 
cytoplasm (Figures 3–45, 3–46, and 3–47).

4. Serous, or pancreatic cells, which resemble the acinar cells of the pancreas 
with basophilic granular cytoplasm (Figures 3–48, 3–49, and 3–50).

Classifi cation

The classifi cation of columnar epithelial types given here follows the excellent 
defi nitions used by Paull et al in 1976.11 They described the defi ning criteria: 
“When columnar epithelium was present in esophageal biopsies the following 
features were assessed: surface architecture; surface cell types—whether con-
sisting only of gastric surface cells or gastric surface combined with intestinal 

Figure 3–45 Metaplastic esophageal epithelium of oxyntocardiac 
type with lobulated glands containing mucous cells, parietal cells, and 
numerous Paneth cells. The Paneth cells are seen largely in the 
deeper half of the gland.

Figure 3–46 Higher magnifi cation of Figure 3–45, showing the 
deeper part of the gland in oxyntocardiac mucosa. The three cell 
types are easily recognized. The mucous cells have pale, foamy 
cytoplasm; the parietal cells are large and round with glassy 
eosinophilic cytoplasm; and the Paneth cells are columnar cells with 
deeply eosinophilic cytoplasm.

Figure 3–47 Paneth cells at the base of the foveolar pit in 
metaplastic columnar epithelium, showing the typical columnar cells 
with deeply eosinophilic granular cytoplasm.

Figure 3–48 Metaplastic esophageal epithelium of oxyntocardiac 
type with serous or pancreatic metaplasia. Three lobulated glands are 
shown in the deep mucosa. The central gland consists of mucous 
cells. The other two contain serous cells. Note the presence of 
scattered parietal cells in the glands outside the lobulated glands.
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type goblet cells; and composition of glandular layers—whether containing 
mucous cells only or also parietal (oxyntic) and chief cells.” Using these fea-
tures, they defi ne the following three epithelial types:

1. Gastric-fundic-type epithelium whose surface layer is negative for villiform 
folds and goblet cells and positive for foveoli. It contains mucous cells, 
parietal cells, and chief cells in the glandular layer.

2. Junctional-type epithelium whose surface layer is negative for villiform 
folds and goblet cells and positive for foveoli. It contains mucous cells only 
in the glandular layer, which is devoid of parietal cells and chief cells.

3. Specialized columnar-type epithelium whose surface layer is positive for 
villiform folds and goblet cells and negative for foveoli. It contains mucous 
cells only in the glandular layer, which is devoid of parietal cells and chief 
cells.

This classifi cation, although accurate, has superfl uous features that can be 
deleted in the interest of simplicity, recognizing the fact that simplicity of 
defi nition almost always results in improved reproducibility. The nature of the 
surface epithelium (villiform versus foveolar) and the presence of chief cells 
(which coexist with parietal cells) can be deleted without consequence. This 
results in a simplifi ed histologic classifi cation of the three epithelial types. The 
terms used for these epithelia have changed in general usage since the time 
of Paull et al.11 The following more modern terminology and defi nitions are 
recommended12–14 (Table 3–2).

The defi nitions of the four columnar epithelial types are as follows:

1. Cardiac mucosa: an epithelium containing only mucous-type columnar cells 
and no parietal or goblet cells (Figure 3–51). Cardiac mucosa may consist 
only of a surface layer (see Figure 3–25), have a foveolar region (see Figure 
3–27), or contain glands. The glands are usually lobulated.

2. Cardiac mucosa with intestinal metaplasia: an epithelium containing goblet 
cells admixed with the mucous cells (Figure 3–52). No parietal cells are 
present.

Figure 3–49 Higher magnifi cation of Figure 3–48, showing serous 
cells with basophilic cytoplasm admixed with mucous cells in this 
focus of pancreatic metaplasia within oxyntocardiac mucosa.

Figure 3–50 Higher magnifi cation of Figure 3–49, showing 
pancreatic metaplasia. The serous cells have deeply basophilic 
cytoplasm. There are admixed cells that have more eosinophilic 
cytoplasm, which may be Paneth cells. The presence of pancreatic 
and Paneth cells has no known signifi cance, and their specifi c 
identifi cation is not important.
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TABLE 3–2 Recommended Terminology and Defi nitions for Columnar Epithelia Found in the 
Esophagus and Proximal Stomach

 Mucous cells Parietal cells Goblet cells in surface
Epithelial type in glands in glands and foveolar region

Cardiac mucosa + − −
Oxyntocardiac mucosa + + −
Intestinal epithelium + − +
Gastric oxyntic mucosa − + −*

*Goblet cells are not found in normal gastric oxyntic mucosa but may be found in chronic atrophic 
gastritis. This is different than intestinal metaplasia occurring in columnar-lined esophagus.

+, Present; –, absent.

Figure 3–51 Cardiac mucosa, composed entirely of mucous cells. 
There are no parietal or goblet cells. This photo shows the entire 
thickness of the mucosa with fi bers of the muscularis mucosae visible 
at the bottom left half. The diagnosis of cardiac mucosa cannot be 
made without seeing the full thickness of the mucosa, because it 
depends on the absence of parietal and goblet cells. Note the lack of 
organization and chronic infl ammation in the lamina propria.

Figure 3–52 Intestinal metaplasia in cardiac mucosa, characterized 
by the presence of goblet cells. Only the superfi cial region of the 
mucosa is seen, but this is adequate because the diagnosis of 
intestinal metaplasia depends on the presence of goblet cells.

3. Oxyntocardiac mucosa: an epithelium containing a mixture of parietal cells 
and mucous cells in the glands (Figure 3–53). The glands are usually 
lobulated.

4. Gastric oxyntic mucosa: an epithelium containing parietal cells but no 
mucous cells in the glands. Mucous cells are limited to the surface, foveolar 
pit, and the isthmus of the gland (Figures 3–40, 3–54, and 3–55). The glands 
are usually straight and tubular.

The following differences are established between Paull et al’s classifi ca-
tion and the one suggested here:

1. Paull et al’s defi nitions were limited to columnar-lined esophagus above 
the proximal limit of the lower esophageal sphincter; they did not fi nd 
gastric oxyntic mucosa in the esophagus. I have extended the anatomic 
area to include the entire region by including gastric oxyntic mucosa within 
the classifi cation. It is only when this is done that the gastroesophageal 
junction is certain to be included because gastric oxyntic mucosa lines the 
entire stomach up to the pyloric antrum.

2. Chief cells are excluded from the defi nitional criteria. The reason for this 
is that chief cells and parietal cells usually coexist, and parietal cells are 
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Figure 3–53 Oxyntocardiac mucosa, showing a mixture of parietal 
cells and mucous cells in the glands under the foveolar region. The 
surface and foveolar region are lined by mucous cells. Note the mild 
chronic infl ammation in the superfi cial lamina propria.

Figure 3–54 Normal gastric oxyntic mucosa, showing a surface 
and very short foveolar region composed of mucous cells with long 
tubular glands arising from the base of the foveolar pit. The straight, 
unbranching, tubular glands contain only parietal and chief cells. The 
glands are tightly packed with minimal lamina propria. There is no 
infl ammation.

Figure 3–55 High magnifi cation of the deep region of three tubular glands 
of gastric oxyntic mucosa. These are composed entirely of parietal and chief 
cells without mucous cells. The stroma between the glands shows blood 
vessels and a few connective tissue cells only.

much easier to identify. Chief cells may be diffi cult to differentiate from 
mucous cells; in fact, the mucous cells that move down into the glands 
from the foveolar region (mucous neck cells) frequently have pre-
zymogenic granules on electron microscopy (see Figure 3–40).

3. Paull et al’s “junctional epithelium” is called cardiac mucosa. This term is 
currently used more commonly than junctional mucosa. Also, the gastro-
esophageal junction is not a structure with any length; it is an imaginary 
line drawn between the end of the esophagus and the beginning of the 
stomach. The word junctional therefore has no meaning.

4. Paull et al’s “gastric-fundic-type epithelium” is renamed oxyntocardiac 
mucosa. The reason for this is that “gastric-fundic-type” epithelium, as 
described by Paull et al, was clearly esophageal in location; the term pro-
motes the incorrect view that gastric epithelium lines the esophagus. The 
gastric fundus is lined by gastric oxyntic mucosa, not “gastric-fundic-type” 
or oxyntocardiac mucosa. The term oxyntocardiac epithelium is gaining 
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acceptance, although it is not universally used; some authorities use the 
term mixed mucous and parietal cell epithelium.15 In my opinion, the term 
oxyntocardiac mucosa is easier and better and should be used.

5. Paull et al’s “specialized columnar epithelium” is called cardiac mucosa 
with intestinal metaplasia. This is much more commonly used at the 
present time.

Diagnosis of Columnar Epithelial Types

There are only four columnar epithelial types in this region: cardiac mucosa 
without intestinal metaplasia, cardiac mucosa with intestinal metaplasia, oxyn-
tocardiac mucosa, and gastric oxyntic mucosa. All other terms used are syn-
onymous with one of these epithelial types. The profusion of terms may give 
some the impression of multiple epithelial types. For example, the terms spe-
cialized columnar epithelium (SCE), specialized intestinal epithelium (SIM), 
incomplete and complete intestinal metaplasia occurring in the esophagus, and 
cardiac intestinal metaplasia (CIM) occurring in cardiac mucosa all refer to 
intestinal metaplasia of the esophagus as defi ned here. This is different than 
gastric intestinal metaplasia occurring in atrophic gastritis. Similarly, mixed 
mucous and parietal cell epithelium, transitional epithelium, and gastric-
fundic-type epithelium are all generally synonymous with oxyntocardiac 
mucosa, and junctional epithelium and mucous cell-only epithelium are gener-
ally synonymous with cardiac mucosa. It would be a great advantage if all 
terms other than those recommended here were discontinued to reduce con-
fusion, but I fear this is too much to ask of a large medical community.

Gastric Oxyntic Mucosa

Gastric oxyntic mucosa (synonyms: gastric body and gastric fundic mucosa) 
consists of a surface epithelial layer and short foveolar region that is composed 
of mucous cells with basal nuclei and apical mucin (see Figures 3–40 and 
3–54). Below the foveolar region is a straight, unbranching tubular gland 
composed of acid-secreting parietal (i.e., oxyntic) cells and pepsin-secreting 
chief cells (see Figures 3–54 and 3–55). The gastric gland is long and ends at 
the muscularis mucosae. No mucous cells are present below the deep foveolar 
region and the isthmus of the gland where there are mucous neck cells (see 
Figure 3–40). The lamina propria in normal gastric mucosa is minimal. Infl am-
matory cells are not normally present, and the vascular stroma between the 
glands is so small that the sides of the gastric glands are in close apposition 
to each other (see Figure 3–55).

Gastric oxyntic mucosa may show pathologic changes that include chemi-
cal injury with erosion and reactive change, commonly caused by drugs (such 
as non-steroidal anti-infl ammatory drugs) and bile refl ux, and true infl amma-
tion (gastritis). There are two major etiologies for gastritis: Helicobacter pylori 
infection and autoimmune gastritis; both of these cause a chronic gastritis, 
with active infl ammation commonly superimposed in H. pylori infection. H. 
pylori gastritis tends to maximally involve the distal stomach (antral gastritis) 
but in a majority of patients extends into the proximal stomach to cause a 
pangastritis. Chronic autoimmune gastritis, on the other hand, is an immune 
destruction of parietal cells and typically produces chronic gastritis that maxi-
mally involves gastric oxyntic mucosa of the body and fundus of the stomach. 
In both these forms of gastritis, the process can extend into the most proximal 
region of the gastric oxyntic mucosa adjacent to the gastroesophageal junction. 
Neither of these diseases, however, causes infl ammation that is limited to the 
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region immediately distal to the gastroesophageal junction. As such, one easy 
method of excluding the possibility of chronic gastritis involving gastric 
oxyntic mucosa is to take a biopsy sample from the antrum and body of the 
stomach; if this is normal, it is highly unlikely that any pathology in the region 
of the gastroesophageal junction can be attributed to gastritis.

In H. pylori gastritis involving gastric oxyntic mucosa, the infl ammation is 
commonly limited to the superfi cial region around the foveolar pit with 
sparing of the glandular region (superfi cial gastritis) (Figures 3–56 and 3–57). 
In these cases, the cellular composition of the oxyntic mucosal glands is not 
altered. If the severity of infl ammation increases, the infl ammatory cells extend 
deeper into the mucosa, surrounding gastric glands (Figure 3–58). The severity 
of infl ammation in gastritis is graded by the Sydney system16; the highest grade 
of infection includes active infl ammation (Figure 3–59). The diagnosis of H. 
pylori gastritis is made by demonstrating the organisms in gastric mucosa; the 
bacilli are easily seen in routine hematoxylin-stained and eosin-stained sec-
tions (Figure 3–60) but can be highlighted in Giemsa (Figure 3–61), Genta 
(Figure 3–62), and immunoperoxidase stains. In chronic cases, when the 
number of bacilli may be small and not demonstrable in the gastric biopsy 
even with special stains, serologic testing for H. pylori is helpful to establish 
the diagnosis. The diagnosis of chronic autoimmune gastritis can be confi rmed 
by demonstrating the presence of anti-parietal cell antibodies in the serum.

The extension of infl ammation into the glandular region of oxyntic mucosa 
is frequently associated with destruction of the glands, resulting in progressive 
loss of parietal cells (known as atrophy) (see Figure 3–58). This process may 
be accompanied by two types of metaplasia (see Figure 3–62):

1. Pseudo-pyloric metaplasia, in which the glands are replaced by mucous 
cells, resembling antral mucosa (Figures 3–63 and 3–64). When the gastric 
glands are completely destroyed, there may be no parietal cells, and the 
mucosa is composed entirely of mucous cells. When this happens, the 
atrophic gastric oxyntic mucosa may closely resemble cardiac mucosa in 
that it is composed of mucous cells only, resulting in much of the confu-
sion that exists in this area (see Figure 3–64). It must be recognized that 

Figure 3–56 Gastric oxyntic mucosa with mild chronic gastritis. The 
abnormality is limited to the superfi cial foveolar region with the gastric 
glands being normal. The foveolar pit is elongated and surrounded by 
a mild increase in lymphocytes and plasma cells. This patient had a 
pangastritis with H. pylori infection identifi ed.

Figure 3–57 Higher magnifi cation of Figure 3–56, showing the 
infl ammatory cells in the superfi cial lamina propria in mild chronic 
superfi cial gastritis. The cells are a mixture of lymphocytes and plasma 
cells with scattered eosinophils. Neutrophils are not present.
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Figure 3–58 Gastric oxyntic mucosa with moderate 
chronic gastritis, again secondary to H. pylori. The 
infl ammation is more severe and extends into the glandular 
zone. It still consists largely of lymphocytes and plasma cells. 
Some lymphocytes are seen invading the epithelium.

Figure 3–59 Gastric oxyntic mucosa stained with a combined silver 
and Alcian blue stain. There is severe chronic gastritis with marked active 
infl ammation characterized by the presence of numerous neutrophils, 
which are seen infi ltrating the glands. There is focal intestinal metaplasia, 
characterized by the blue-staining goblet cells. Numerous H. pylori bacilli are 
present in the glands that do not have intestinal metaplasia. The organisms 
appear as short black-staining rods abutting the epithelial surface.

Figure 3–60 H. pylori in chronic gastritis. The organisms are easily 
seen in routine hematoxylin and eosin stain when they are abundant. 
They are short, curved (seagull shaped) bacilli that occupy the 
mucous layer at the epithelial cell surface. Figure 3–61 H. pylori, demonstrated in a Giemsa stain. The blue 

stain highlights the organism and is valuable in biopsies when the 
bacilli load is small.

total atrophy of gastric oxyntic mucosa with pseudo-pyloric metaplasia is 
a different epithelium than cardiac mucosa, despite their similar appear-
ance. Later in this chapter, I will discuss the differential diagnosis between 
true cardiac mucosa and total atrophy of gastric oxyntic mucosa with 
pseudo-pyloric metaplasia.

2. Gastric intestinal metaplasia, which involves mainly the surface and foveo-
lar region (Figures 3–63, 3–65, and 3–66). When intestinal metaplasia occurs 
in gastric oxyntic mucosa that has total atrophy (i.e., no parietal cells) with 



84 CHAPTER 3  Histologic Defi nition and Diagnosis of Epithelial Types in the Esophagus and Stomach

Figure 3–62 H. pylori, demonstrated by a Genta (silver) stain. The bacilli 
stain black.

Figure 3–63 Chronic atrophic gastritis involving the gastric body in 
a patient with autoimmune chronic gastritis. The parietal cell-
containing glands have been completely destroyed and replaced by 
an intestinal metaplasia epithelium in the left half of the photo and a 
mucous cell-only epithelium with mucous glands in the center and 
right half. The latter resembles pyloric antral mucosa and is termed 
pseudo-pyloric metaplasia.

Figure 3–64 Chronic atrophic gastritis with pseudo-pyloric 
metaplasia involving the gastric body in chronic autoimmune gastritis. 
The parietal cell-containing glands are lost and replaced by a 
disorganized mucous cell-only epithelium that resembles both pyloric 
antrum and cardiac mucosa.

Figure 3–65 Biopsy of gastric body showing multifocal chronic atrophic 
gastritis of H. pylori infection. The left half shows oxyntic mucosa with mild 
chronic infl ammation. In the right half, there is severe chronic infl ammation, 
and the glandular region has been completely destroyed and replaced by a 
foveolar epithelium that shows extensive intestinal metaplasia.
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pseudo-pyloric metaplasia, it resembles intestinal metaplasia occurring in 
cardiac mucosa (i.e., Barrett esophagus). The differentiation between these 
two entities will be discussed later in this chapter.

Cardiac Mucosa

Cardiac mucosa (synonyms: junctional mucosa, mucous cell-only epithelium) 
is defi ned as an epithelium that is devoid of parietal cells and goblet cells 
and composed of mucous cells only (see Figure 3–51). The presence of neu-
roendocrine cells, chief cells, Paneth cells, and pancreatic cells does not 
change the defi nition of cardiac mucosa as long as there are no parietal cells 
and goblet cells.

Cardiac mucosa includes a wide variety of morphologic epithelial types. 
Rarely, it is seen as a fl at epithelium composed of a single surface layer of 
mucous cells (see Figure 3–25). This most likely represents surface erosion 
that is healing by columnar regeneration. Cardiac mucosa may consist of a 
surface epithelium with a foveolar pit without glands under the foveolar pit 
(see Figure 3–27). The foveolar pit can vary in length from rudimentary to 
elongated. When glands are present below the foveolar region, they are dis-
organized, lobulated, and composed of mucous cells and have no parietal 
cells or goblet cells (Figure 3–67).

In most cases, the surface epithelium of cardiac mucosa is a single-layered 
columnar epithelium with basal nuclei and apical mucin, resembling the 
surface cells of gastric mucosa (see Figures 3–51 and 3–67). On occasion, the 
surface layer is multi-layered, consisting either of multiple layers of columnar 
cells (see Figure 3–38) or a mixture of columnar cells and basaloid squamous 

Figure 3–66 Chronic atrophic gastritis involving the gastric body in 
a patient with multifocal H. pylori pangastritis. The mucosa is fl at, 
shows marked chronic infl ammation, and consists entirely of an 
elongated foveolar pit and surface in which there is intestinal 
metaplasia.

Figure 3–67 Cardiac mucosa, composed of mucous cells only and 
characterized by disorganized and lobulated glands. Note the 
hyperplastic muscularis mucosae with a few muscle fi bers extending 
upward into the lamina propria.
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cells resembling reserve cells17,18 (see Figure 3–37). Multi-layered epithelium 
is a feature of cardiac mucosa, but it can be found in oxyntocardiac mucosa 
and cardiac mucosa with intestinal metaplasia; it is not seen in gastric oxyntic 
mucosa and is a reliable marker of esophageal location of a biopsy. We 
reported that 68 (14.4%) of 471 biopsies composed of cardiac mucosa with 
and without intestinal metaplasia and oxyntocardiac mucosa contained foci 
of multi-layered epithelium.9 Multi-layered epithelium most likely represents 
an unstable reactive change in refl ux-induced columnar epithelium. It has 
been suggested that multi-layered epithelium is a precursor of Barrett esopha-
gus; this distinction is not necessary when one recognizes that all cardiac 
mucosa is a precursor of Barrett esophagus.

Cardiac mucosa is always infl amed and frequently shows reactive hyper-
plasia of the foveolar region. Infl ammatory cells are lymphocytes, plasma cells, 
and eosinophils (Figures 3–68 and 3–69). Neutrophils are usually absent unless 
there is an erosion or secondary infection with H. pylori (Figure 3–70). Reac-
tive change is characterized by foveolar elongation and serration and can 
mimic a hyperplastic polyp (Figures 3–71, 3–72, and 3–73). Smooth muscle 

Figure 3–68 Cardiac mucosa, showing chronic infl ammation in the 
lamina propria. The plasma cell is the dominant cell here with 
scattered eosinophils and lymphocytes.

Figure 3–69 Cardiac mucosa distal to the squamocolumnar 
junction, characterized by a villiform surface and infl ammation 
dominated by eosinophils in addition to the usual plasma cells and 
lymphocytes. Note the basal cell hyperplasia and eosinophil infi ltration 
of the squamous epithelium, indicative of refl ux.

Figure 3–70 Cardiac mucosa with active infl ammation, characterized by 
neutrophils, which are seen infi ltrating the glandular epithelium. This patient 
had H. pylori pangastritis with extension of the infl ammation to cardiac 
mucosa.
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proliferation is often present with fi bers passing vertically into the lamina 
propria from the muscularis mucosae (see Figure 3–71). Cardiac mucosa can 
form small polypoid lesions in the distal esophagus; the most common cause 
of a polypoid lesion encountered at endoscopy of the gastroesophageal junc-
tion region is reactive, infl amed cardiac mucosa.

In patients with concomitant H. pylori infection of the stomach with pan-
gastritis, the H. pylori can extend into cardiac mucosa. Infection with H. pylori 
increases the severity of chronic infl ammation and adds active infl ammation 
with neutrophils into the mix (see Figure 3–70). H. pylori infection is a sec-
ondary phenomenon; it does not produce cardiac mucosa because this is a 
metaplastic epithelium derived from squamous epithelium, and squamous 
epithelium is not infected by H. pylori. In general, the prevalence of 
H. pylori in cardiac mucosa is similar to its prevalence in the population 
being studied. For example, in our population at the University of Southern 
California, the prevalence of H. pylori in cardiac mucosa is around 15%.19 
The effect of H. pylori secondarily infecting cardiac mucosa is to increase the 

Figure 3–71 Cardiac mucosa with marked reactive changes in 
addition to the chronic infl ammation. There is marked foveolar 
elongation with serration of the lumen, lamina propria edema, and 
smooth muscle proliferation. Numerous smooth muscle fi bers are 
seen oriented vertically and extending up toward the surface. This was 
submitted as a polypoid lesion at the endoscopic gastroesophageal 
junction.

Figure 3–72 Cardiac mucosa, tangentially sectioned through the 
foveolar region showing the hyperplastic features characterized by 
serration of the lumen.

Figure 3–73 Cardiac mucosa, tangentially sectioned, showing severe 
infl ammation and a villiform appearance of the hyperplastic foveolar region.
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infl ammatory reaction within it and add active infl ammation. If the Sydney 
grading system is used for cardiac infl ammation, the highest grades will be 
seen in patients with secondary infection with H. pylori, because active infl am-
mation is not commonly seen in refl ux disease unless there is erosion or H. 
pylori infection. This leads to a positive association between the grade of 
infl ammation and the presence of H. pylori in cardiac mucosa if the Sydney 
system is used. However, if one evaluates acute and chronic infl ammation 
separately, the severity of acute infl ammation does not correlate with refl ux, 
although there is a strong correlation between chronic infl ammation and 
refl ux.

Oxyntocardiac Mucosa

Oxyntocardiac mucosa (i.e., fundic-type and mixed mucous-parietal cell epi-
thelium) is an epithelium consisting of glands composed of a mixture of 
parietal cells and mucous cells (Figure 3–74). The glands differ from cardiac 
mucosal glands because of the presence of parietal cells. The glands differ 
from gastric oxyntic mucosa by the fact that they are lobulated (Figure 3–75) 
and contain mucous cells in addition to parietal cells. In addition, oxyntocar-
diac mucosa may contain mucosal mucous glands (see Figure 3–14) or gland 
ducts draining the esophageal submucosal glands (see Figure 3–15); these are 
not seen in gastric oxyntic mucosa.

Oxyntocardiac mucosa is usually infl amed, but to a lesser extent than 
cardiac mucosa. In patients with cardiac, oxyntocardiac, and gastric oxyntic 
mucosa in the same biopsy level, the infl ammation is almost always maximal 
in cardiac mucosa, intermediate in oxyntocardiac mucosa, and absent in 
gastric oxyntic mucosa. Obviously, this is only true when gastric mucosa is 
normal. When severe gastritis is present in gastric oxyntic mucosa, the infl am-
mation levels in the three mucosal types are reversed.

Figure 3–74 Oxyntocardiac mucosa, showing mild foveolar 
hyperplasia, mild chronic infl ammation, and disorganized glands 
containing mucous and parietal cells.

Figure 3–75 Oxyntocardiac mucosa with numerous parietal cells in 
the glands. The mucosa is better organized but still shows lobulation 
of the glands, which is different than the straight glands seen in 
gastric oxyntic mucosa.
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■  ■  ■  C A S E  S T U D Y A 38-year-old female underwent endoscopy for recurrent heartburn that had 
lasted 5 years. This was associated with episodes of regurgitation. Endoscopy 
was interpreted as normal (Figure 3–76), despite the fact that the rugal folds 
did not reach all the way to the Z-line in some parts of the circumference. 
Biopsies were taken from the region of the squamocolumnar junction and the 
proximal limit of the rugal folds.

The biopsies, all taken from the same level, showed variable features in 
three separate pieces. The fi rst piece (from the area labeled A in Figure 3–76, 
lowest biopsy) showed cardiac mucosa with severe foveolar hyperplasia and 
severe infl ammation (Figure 3–77). The second piece (from the area labeled 
B, central biopsy, in Figure 3–76) showed oxyntocardiac mucosa with a much 
lesser degree of chronic infl ammation and foveolar hyperplasia (Figure 3–78). 
The third piece (from the area labeled C, highest biopsy, in Figure 3–76) showed 
oxyntic mucosa, which was essentially normal (Figure 3–79).

Figure 3–76 Endoscopic appearance showing features that were 
interpreted as normal despite the suggestion of mild separation of the Z-line 
and the proximal limit of the rugal folds in some parts of the circumference, 
particularly in the lower part of the photo. Three biopsy sites at this level are 
shown as green squares labeled A, B, and C. A is shown in Figure 3–77, B is 
shown in Figure 3–78, and C is shown in Figure 3–79.

Figure 3–77 Biopsy from location A in Figure 3–76 showing cardiac 
mucosa with marked chronic infl ammation and foveolar hyperplasia 
manifesting as a villiform surface. The glands contain no parietal cells.

Figure 3–78 Biopsy from location B in Figure 3–76 showing 
oxyntocardiac mucosa characterized by glands showing a mixture of 
parietal and mucous cells. The chronic infl ammation is mild, and there 
is no signifi cant foveolar hyperplasia.
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This is a typical fi nding in biopsies of this region. It illustrates the huge 
variation in both mucosal types and degree of infl ammation and reactive 
change over a very short distance in this region. The potential for sampling 
error is very high, and adequate sampling is essential.

Intestinal Metaplasia in Cardiac Mucosa

Intestinal metaplasia (i.e., specialized columnar epithelium) is defi ned by the 
presence of goblet cells in cardiac mucosa (see Figures 3–39 and 3–42). The 
diagnosis can be made with just one defi nite goblet cell; it does not depend 
on a specifi c number (Figures 3–80, 3–81, and 3–82). In columnar-lined 
esophagus, intestinal metaplasia occurs only in cardiac mucosa and tends to 
occur in the most proximal region of the columnar-lined segment, immediately 
adjacent to the squamocolumnar junction (Figures 3–83 and 3–84). With very 
rare exceptions, intestinal metaplasia does not occur in oxyntocardiac mucosa 
(i.e., goblet cells and parietal cells do not coexist in a single foveolar-gland 
complex in columnar-lined esophagus).

Figure 3–79 Biopsy from location C in Figure 3–76 showing 
essentially normal oxyntic mucosa. The foveolar region is very short 
with the parietal cell containing straight glands arising very near the 
surface. A few lymphocytes without any plasma cells are present in 
the superfi cial lamina propria.

Figure 3–80 Intestinal metaplasia in cardiac mucosa. There are 
numerous goblet cells with a relatively clear mucous vacuole in the left 
half. A foveolar-gland complex at the right edge shows cardiac 
mucosa without intestinal metaplasia.

Figure 3–81 Intestinal metaplasia in cardiac mucosa. Numerous goblet cells 
are present in the surface and foveolar region. The deep glands in the mucosa 
do not show goblet cells.
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Intestinal metaplasia is diagnosed in routine hematoxylin-stained and 
eosin-stained sections by the presence of defi nite goblet cells. Goblet cells 
have a single, large, and round mucinous vacuole that distends the cell and 
pushes the nucleus to the base. The vacuole frequently has a basophilic tinge 
(see Figures 3–39 and 3–82) but may be empty (see Figures 3–42 and 3–81). 
Goblet cells are variably interspersed in the cardiac mucosa. Alcian blue stain 
at pH 2.5 stains acid mucin and is positive in goblet cells (Figure 3–85).

Intestinal metaplasia is not defi ned by the presence of acid mucin or 
Alcian blue positivity. Signifi cant overdiagnosis of intestinal metaplasia occurs 
if Alcian blue stain is used because of the positive staining of non-goblet cells 
of cardiac mucosa (see the discussion of differential diagnosis between goblet 
cells and pseudo-goblet cells later in this chapter). I do not use Alcian blue 
stain routinely. The use of a combined periodic acid Schiff-Alcian blue (PAS-

Figure 3–82 Intestinal metaplasia in cardiac mucosa showing 
goblet cells interspersed in cardiac mucosa. These goblet cells have a 
distinct basophilic tinge in the mucous vacuole.

Figure 3–83 Intestinal metaplasia occurring in the columnar 
epithelium immediately adjacent to squamous epithelium. This is the 
preferred and typical location for intestinal metaplasia.

Figure 3–84 Alcian blue stain of Figure 3–83, showing positive 
(blue) staining of the goblet cells of intestinal metaplasia, indicating 
their acid mucin content.

Figure 3–85 Intestinal metaplasia in cardiac mucosa, Alcian blue 
stain, showing the typical hyperplastic villiform foveolar region with 
scattered Alcian blue-positive goblet cells interspersed in the cardiac 
mucosa.
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AB) is also popular. This stains neutral mucin-containing cells with PAS 
(magenta) and acid mucin-containing cells with Alcian blue (deep blue). Cells 
with both neutral and acid mucin take on a color that is a mixture of the two 
stains (Figure 3–86). Although it looks beautiful, this stain is not diagnostically 
valuable and actually results in overdiagnosis of intestinal metaplasia if one 
takes any blue staining as a positive stain. I will discuss the differentiation of 
true goblet cells from pseudo-goblet cells later in the chapter.

Classifying intestinal metaplasia in the esophagus into incomplete and 
complete categories (by evaluating biopsies for sulfated and sialated acid 
mucins with the use of high-iron diamine stain) has little value.20 Most patients 
with intestinal metaplasia in the esophagus have incomplete intestinal meta-
plasia. There has not been a clear demonstration of a differential cancer risk 
based on these stains. I do not use the high-iron diamine stain.

Application of Histologic Defi nitions

The histologic terms just discussed are defi ned for each foveolar-gland complex 
of columnar epithelium. A single biopsy specimen may therefore contain one 
or more columnar epithelial types, with and without squamous epithelium 
(Figure 3–87; see Figures 3–33 and 3–34). Adjacent foveolar gland complexes 
may be classifi ed as intestinal, cardiac, oxyntocardiac, or gastric oxyntic. If 
adequately biopsied, all patients will have squamous epithelium and gastric 
oxyntic mucosa, which are recognized as the normal epithelia lining the 
esophagus and stomach. The fi nding of oxyntocardiac, cardiac, and intestinal 
epithelia, on the other hand, varies from patient to patient.

Three methods of biopsy reporting are available. The fi rst is to record all 
the columnar epithelial types present and to provide a detailed estimate of 
the percentage of each epithelial type that exists in all biopsies at each level. 
This is valuable only when the signifi cance of the amounts of these epithelial 
types is researched. For example, in studies designed to evaluate the cancer 
risk associated with intestinal metaplasia, we use a grading system that quan-
titates the number of goblet cells as a percentage of the total columnar cells. 
This method is clearly overkill for clinical use.

Submucosal
gland duct

IM

CM
OCM

Figure 3–86 Periodic acid Schiff-Alcian blue stain (PAS-AB) of 
intestinal metaplasia in cardiac mucosa,  showing the round goblet 
cells staining blue. Cells with both acid and neutral mucin stain a color 
between blue and magenta.

Figure 3–87 Biopsy showing multiple epithelia over a very short 
distance. From left to right are oxyntocardiac mucosa (OCM, most 
distal), cardiac mucosa without intestinal metaplasia (CM), and cardiac 
mucosa with intestinal metaplasia (IM). A submucosal gland duct lined 
by squamous epithelium is seen, opening at the surface of the 
epithelium.
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The second method is to simply record all the epithelial types without 
quantitation. It is important to precisely defi ne all of them. This is a reason-
able method if one is not convinced about the signifi cance of the different 
epithelial types. The record is accurate and can be interpreted by whatever 
opinion the clinician uses.

The third method is to establish a priority of epithelial types; this is the 
method I routinely use to report esophageal biopsies (Table 3–3). When intes-
tinal metaplasia is present, it is not necessary to report the coexistence of 
cardiac and oxyntocardiac mucosa; the diagnosis line can simply read: “intesti-
nal (Barrett) metaplasia.” However, I frequently indicate: “refl ux carditis; intes-
tinal (Barrett) metaplasia” when there are signifi cant amounts of cardiac 
mucosa without goblet cells. I also use the term refl ux carditis with focal intes-
tinal metaplasia when the number of goblet cells is small and cardiac mucosa 
without goblet cells dominates. These subtleties are designed to indicate the 
quantity of goblet cells in cardiac mucosa and are probably not necessary.

When cardiac and oxyntocardiac mucosa are present together, the diag-
nosis line can simply state “refl ux carditis.” When oxyntocardiac mucosa is 
present alone without cardiac and intestinal epithelium, the diagnosis line can 
state “oxyntocardiac mucosa with infl ammation.” When only squamous and 
gastric oxyntic mucosae are present and are histologically unremarkable, the 
diagnosis line can state: “no pathologic abnormality,” because these are undis-
putedly normal epithelia in the esophagus and stomach, respectively. A 
sample pathology report at the University of Southern California is presented 
in Table 3–4. It details the epithelial types in the microscopic description and 
what the diagnosis line reads.

In Chapter 7, I will describe how these epithelial types are used to defi ne 
a new grading system for the diagnosis and management of patients with 
gastroesophageal refl ux disease. The third reporting method described here 
will become more intelligible with that system.

To make the report more sophisticated, a drawing that outlines biopsy 
fi ndings can be added. An example is shown in Figure 3–88. It is a diagram-
matic representation of the fi ndings reported in Table 3–4. Biopsy images can 
also be included in the report, as required. I do not presently include any of 
these items in my practice.

Problems in Differential Diagnosis 
Between Columnar Epithelial Types

In the vast majority of cases, diagnosing epithelial types is easy. There are, 
however, situations that cause diffi culty because of overlap of defi nitional 

TABLE 3–3 Methods of Reporting a Biopsy Specimen from a Single Level

Epithelia present Method 1 Method 2 Method 3

Normal SQ only Normal SQ Normal SQ No pathologic abnormality
SQ only with refl ux changes Refl ux esophagitis Refl ux esophagitis Refl ux esophagitis
SQ + GOM only Normal* SQ (v%) + GOM† (w%) Normal* SQ + GOM† No pathologic abnormality*/†

SQ + GOM + OCM Normal* SQ (v%) + GOM† (w%) +  Normal* SQ + GOM† + OCM Oxyntocardiac mucosa with
  OCM (x%)   chronic infl ammation*/†

SQ + GOM + OCM + CM Normal* SQ (v%) + GOM† (w%) +  Normal* SQ + GOM† + OCM +  Refl ux carditis*/†

  OCM (x%) + CM (y%)  CM
SQ + GOM + OCM + CM + IM Normal* SQ (v%) + GOM† (w%) +  Normal* SQ + GOM† + OCM +  Intestinal (Barrett) metaplasia*/†

  OCM (x%) + CM (y%) + IM (z%)   CM + IM

SQ, Squamous epithelium; GOM, gastric oxyntic mucosa; OCM, oxyntocardiac mucosa; CM, cardiac mucosa; IM, intestinal metaplasia in cardiac mucosa.
*If there is any pathologic fi nding in squamous epithelium, this must be recorded in the diagnosis.
†If there is any pathologic fi nding in gastric oxyntic mucosa, this must be recorded in the diagnosis.
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TABLE 3–4 Sample of Pathology Report in a Patient with a 6-cm Segment of Columnar-Lined Esophagus*

LABORATORY INFORMATION (deleted)
DEMOGRAPHIC DATA AND DATES (deleted)

SPECIMENS: (a) antrum and body; (b) fundus; (c) retrograde at GEJ; (d) 40  cm; (e) 38  cm; (f) 36  cm; (g) 34  cm; (h) 32  cm

GROSS DESCRIPTION (deleted)

MICROSCOPIC DESCRIPTION:
A.  Sections show unremarkable antral and body mucosa. There is no signifi cant infl ammation, intestinal metaplasia, dysplasia or 

malignancy. H. pylori is absent, confi rmed with a negative Giemsa stain.
B.  Sections show unremarkable gastric oxyntic mucosa. There is no signifi cant infl ammation, cardiac mucosa, intestinal metaplasia, 

dysplasia, or malignancy. H. pylori is absent.
C.  Sections show gastric oxyntic mucosa and oxyntocardiac mucosa, the latter with mild chronic infl ammation. There is no cardiac 

mucosa, intestinal metaplasia, dysplasia, or malignancy.
D.  Sections show oxyntocardiac and cardiac mucosa, the latter with chronic infl ammation and foveolar hyperplasia. There is no intestinal 

metaplasia, dysplasia, or malignancy.
E.  Sections show oxyntocardiac and cardiac mucosa, the latter with chronic infl ammation, foveolar hyperplasia, and focal intestinal 

metaplasia characterized by the presence of goblet cells. There is no dysplasia or malignancy.
F.  Sections show cardiac and intestinal epithelium, the latter with goblet cells. There is no dysplasia or malignancy.
G.  Sections show unremarkable squamous epithelium without criteria of refl ux and intestinal epithelium with goblet cells. There is no 

dysplasia or malignancy.
H.  Sections show unremarkable squamous epithelium without criteria of refl ux. There is no glandular epithelium, dysplasia, 

or malignancy.

DIAGNOSIS:
 A. ANTRUM AND BODY, BX: No signifi cant pathologic abnormality.
 B. FUNDUS, BX: Unremarkable gastric oxyntic mucosa.
 C. RETROGRADE BX AT GEJ: Oxyntocardiac mucosa with chronic infl ammation.
 D. ESOPHAGUS, 40 CM, BX: Refl ux carditis.
 E. ESOPHAGUS, 38 CM, BX: Refl ux carditis; intestinal (Barrett) metaplasia.
 F. ESOPHAGUS, 36 CM, BX: Refl ux carditis; intestinal (Barrett) metaplasia.
 G. ESOPHAGUS, 34 CM, BX: Intestinal (Barrett) metaplasia.
 H. ESOPHAGUS, 32 CM, BX: Unremarkable squamous epithelium.

*Diagnosed at the Keck School of Medicine, University of Southern California.
GEJ, Gastroesophageal junction; BX, biopsy.

H: 32 cm: squamous

E-G: 38-34 cm: IM

D: 40 cm: CM

C: retrograde bx: OCM 

A: antrum and body: no
significant pathologic
abnormality

B: fundus: normal
gastric oxyntic mucosa 

E: 38

D: 40

G: 34

H: 32

F: 36

characteristics and similarity of epithelia types. For example, this question 
frequently arises: When is a goblet cell a goblet cell? Problems are encountered 
because cardiac mucosa can have cells with acid mucin and cytoplasmic 
vacuolation (pseudo-goblet cells). The similarity between atrophic gastritis, 
when parietal cells are destroyed, and cardiac mucosa creates problems. This 

Figure 3–88 Diagrammatic representation of a sample pathology report in a patient with 
a 6-cm segment of columnar-lined esophagus biopsied according to our protocol. This 
illustrates the sample pathology report shown in Table 3–4. CM, Cardiac mucosa; IM, 
intestinal metaplasia; OCM, oxyntocardiac mucosa. Blue, Intestinal metaplasia; black, 
cardiac mucosa; red, oxyntocardiac mucosa; gray, squamous epithelium; yellow, gastric 
oxyntic mucosa with lines denoting rugal folds.
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becomes more complex in atrophic gastritis associated with intestinal meta-
plasia. Diffi culty arises separating this from Barrett-type intestinal metaplasia 
in cardiac mucosa. These entities should be studied with a clear understand-
ing that they are different; as a result, better criteria for distinguishing them 
will emerge. Until then, we must do the best we can with the present 
defi nitions.

Cardiac Mucosa with Pseudo-Goblet 
Cells Versus Intestinal Metaplasia in 
Cardiac Mucosa

The diagnosis of intestinal metaplasia is very important and depends on the 
presence of goblet cells in cardiac mucosa. The diagnostic criterion is the 
presence of a single defi nite goblet cell in routine hematoxylin-stained and 
eosin-stained sections (Figure 3–89). Unfortunately, cardiac mucosa frequently 
shows mucin-distended cells called pseudo-goblet cells (Figures 3–90, 3–91, 
and 3–92). These show varying amounts of vacuolation of the cytoplasm that 
mimic true goblet cells to varying degrees. In most cases, the vacuoles tend 
to be clear, apical, not perfectly round, multiple within one cell, affect many 
adjacent cells, and do not cause bulging of the lateral cell border (see Figure 
3–90 and 3–91). It is not rare, however, for pseudo-goblet cells to have a blue 
tinge in the vacuoles (see Figure 3–92).

In some cases, mucin-distended pseudo-goblet cells of cardiac mucosa 
can be diffi cult to differentiate from true goblet cells. The pathologist must 
be absolutely certain of the presence of a true goblet cell before designating 
a biopsy as intestinal metaplasia (Figure 3–93). When in doubt, do not diag-
nose the condition as intestinal metaplasia. The objective is to make the 
diagnosis of intestinal metaplasia on the basis of only defi nitive criteria for 

Figure 3–89 Cardiac mucosa with focal intestinal metaplasia limited 
to a few goblet cells in one foveolar complex. The epithelium contains 
Paneth cells in addition to the mucous cells. The diagnosis of 
intestinal metaplasia is made when the fi rst defi nitive goblet cell is 
identifi ed in cardiac mucosa.

Figure 3–90 Cardiac mucosa with reactive mucin-distended cells. 
The mucin vacuoles are largely apical and do not satisfy the criteria 
for goblet cells. They have a basophilic tinge and are likely to be 
positive in an Alcian blue-stained section.
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goblet cells. This rule makes the diagnosis of intestinal metaplasia highly 
specifi c.

The absence of absolute criteria to differentiate pseudo-goblet and true 
goblet cells results in an inevitable interobserver variation in the sensitivity 
and specifi city of intestinal metaplasia diagnosis. With training and experience, 
however, pathologists can achieve signifi cant interobserver concordance in 
the diagnosis of intestinal metaplasia (see Figure 3–93). There is no evidence 
that pseudo-goblet cells in cardiac mucosa are a precursor of true intestinal 
metaplasia. It is considered to be a reactive change.

The use of Alcian blue stain at pH 2.5 (or periodic acid Schiff-Alcian blue) 
has been advocated in the literature as a means of diagnosing intestinal meta-
plasia. This is based on the fact that true goblet cells contain acid mucin (see 
Figures 3–85 and 3–86). However, acid mucin is frequently present in pseudo-
goblet cells of cardiac mucosa (so-called columnar blue cells) (Figures 3–94 
and 3–95). As such, a positive Alcian blue stain is not specifi c for true goblet 
cells, and Alcian blue positivity does not defi ne intestinal metaplasia. The 
use of Alcian blue stains is discouraged because it tends to increase the false-
positive diagnosis of intestinal metaplasia.

Figure 3–91 Cardiac mucosa with pseudo-goblet cells. Some of 
the mucin-distended cells in the epithelium are rounded and have a 
signifi cant resemblance to goblet cells with a clear mucin vacuole. I 
did not make a diagnosis of true goblet cells on this biopsy. However, 
it is likely that there will be disagreement among pathologists in this 
case.

Figure 3–92 Cardiac mucosa with a focus of deeply basophilic 
cells. These do not satisfy the criteria for true goblet cells even if they 
are positive in Alcian blue stain.

Figure 3–93 Cardiac mucosa with a single foveolar unit that contains goblet 
cells indicative of intestinal metaplasia. I made a diagnosis of intestinal 
metaplasia on this biopsy. However, despite the fact that the vacuoles are not 
perfectly rounded, I believe that there will be observer consensus that this 
represents true intestinal metaplasia.
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Cardiac Mucosa Versus Oxyntocardiac Mucosa

There is no diffi culty in differentiating cardiac mucosa, which has no parietal 
cells, from oxyntocardiac mucosa, which has parietal cells (see Figure 3–33). 
The presence of a single parietal cell precludes using the term cardiac mucosa 
for that foveolar-gland complex. In addition, cardiac mucosa almost always 
shows greater severity of chronic infl ammation and reactive foveolar hyper-
plasia than coexisting oxyntocardiac mucosa (see Figures 3–77 and 3–78). The 
glands of cardiac mucosa are also more variable and disorganized than oxyn-
tocardiac mucosa.

Diffi culty arises when differentiating cardiac from oxyntocardiac mucosa 
in biopsies that are superfi cial or tangentially sectioned (Figure 3–96). Because 
the surface and foveolar region of both cardiac and oxyntocardiac mucosa 
are composed of mucous cells, a biopsy that does not sample the deep 

Figure 3–94 Cardiac mucosa, stained with Alcian blue, showing the typical 
appearance of Alcian blue staining in columnar cells of cardiac mucosa (i.e., 
“columnar blue cells”). The staining is intense in some cells. This should not be 
interpreted as representing intestinal metaplasia.

Figure 3–95 Cardiac mucosa, stained with periodic acid Schiff-
Alcian blue (PAS-AB) stain. The gland on the side shows the typical 
magenta stain of neutral mucin in cardiac mucosal cells. The glands in 
the center show cells that have somewhat round shapes with a color 
that is between blue and magenta, indicating a mixed neutral and 
acid-mucin content. These are not goblet cells and should not be 
used to defi ne intestinal metaplasia.

Figure 3–96 Tangentially sectioned superfi cial biopsy of metaplastic 
columnar epithelium, showing foveolar hyperplasia and chronic 
infl ammation. If a biopsy sample excludes the deep part of the 
mucosa, a diagnosis is not possible, because it is unknown whether 
the deep region contains parietal cells.
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glandular region of oxyntic and oxyntocardiac mucosa can be mistaken 
for cardiac mucosa. This is not a common problem; most biopsies of this 
region are adequate. Deeper sections are helpful in this situation because 
they may show the deeper part of the mucosa. When faced with a superfi cial 
or tangential biopsy, I use a somewhat pragmatic approach; I call the 
epithelium cardiac mucosa if there is signifi cant chronic infl ammation and 
foveolar hyperplasia (see Figure 3–96). If it appears normal, I label it “super-
fi cial columnar epithelium” without a statement of inadequacy of the 
biopsy.

Oxyntocardiac Versus Gastric Oxyntic Mucosa

The relative number of parietal and mucous cells in oxyntocardiac mucosa 
varies. When the glands contain few parietal cells, oxyntocardiac mucosa 
resembles cardiac mucosa, from which it is reliably differentiated by the pres-
ence of easily recognizable parietal cells. There is also signifi cant chronic 
infl ammation and lobulation of the glands in oxyntocardiac mucosa that 
permits easy distinction from gastric oxyntic mucosa (Figure 3–97).

However, when the number of parietal cells increases in the glands of 
oxyntocardiac mucosa, the infl ammation and lobulation tend to decrease and 
the glands become straighter (Figure 3–98). In this situation, the differentia-
tion of oxyntic mucosa from gastric oxyntic mucosa depends on the presence 
of mucous cells in the glands or the presence of gland ducts (see Figure 
3–98). Mucous cells are always present but can be few in number. In such 
cases, it can be quite diffi cult to draw a line through the exact point where 
oxyntocardiac mucosa meets gastric oxyntic mucosa. When oxyntocardiac 
mucosa coexists with chronic gastritis associated with atrophy and pseudo-
pyloric metaplasia of gastric oxyntic mucosa, the distinction can be even 
more diffi cult.

The signifi cance of an error in this differential diagnosis is minimal. As 
will be shown later, oxyntocardiac mucosa is a benign epithelium with no 
risk of developing intestinal metaplasia or esophageal adenocarcinoma.

Figure 3–97 Oxyntocardiac mucosa. Despite the presence of large 
numbers of parietal cells in the glands, the mucous cell admixture is 
obvious. This, and the lobulated appearance of the glands, makes 
distinction from gastric oxyntic mucosa relatively easy.

Figure 3–98 Oxyntocardiac mucosa. The number of parietal cells is 
greater, mucous cells are fewer, and the glands have lost their lobular 
shape and become more straight. The resemblance to gastric oxyntic 
mucosa is greater. In this case, the presence of a squamous-lined 
gland duct (seen partially at the left edge) establishes the esophageal 
location of this oxyntocardiac mucosa.
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Cardiac Mucosa Versus Normal Gastric 
Oxyntic Mucosa

There is no diffi culty in differentiating cardiac mucosa, which has disorganized 
and lobulated glands composed of mucous cells with no parietal cells (see 
Figure 3–51), from normal gastric oxyntic mucosa, which has straight tubular 
glands containing parietal cells and no mucous cells (see Figure 3–54).

Cardiac mucosa invariably shows lymphocytes, plasma cells, and eosino-
phils in the lamina propria; normal gastric mucosa is uninfl amed. In patients 
with chronic gastritis, gastric oxyntic mucosa is infl amed. In non-atrophic 
gastritis, the infl ammation is in the superfi cial foveolar region and spares the 
glands, which remain as straight tubular glands with parietal and chief cells 
(see Figure 3–56). There is no diffi culty in differentiating cardiac mucosa from 
gastric oxyntic mucosa with chronic non-atrophic gastritis.

Chronic gastritis is caused by H. pylori and autoimmunity and is a diffuse 
change in the stomach that is commonly associated with atrophy, which can 
result in loss of parietal cells and pseudo-pyloric or intestinal metaplasia. H. 
pylori gastritis primarily involves the antrum and extends into the proximal 
stomach in a majority of cases (Figure 3–99). The availability of a biopsy 
sample from the distal stomach is very useful in the diagnosis of pathologic 
changes in the proximal stomach. Chronic gastritis of all types is a diffuse 
gastric mucosal infl ammation (see Figure 3–99); there is no evidence that H. 
pylori or autoimmune gastritis causes infl ammation in gastric mucosa that is 
restricted to the proximal stomach.

Cardiac Mucosa Versus Atrophic Gastric 
Mucosa with Pseudo-Pyloric Metaplasia

Chronic gastritis, resulting from both H. pylori and autoimmunity, often leads 
to atrophy of gastric oxyntic mucosa, which is associated with a loss of parietal 
cells. In many cases, the destroyed parietal cells are replaced by mucous 
cells (pseudo-pyloric metaplasia). The pseudo-pyloric metaplastic type of 
chronic atrophic gastritis in its end stage, with complete loss of parietal cells, 

EDBA C

Figure 3–99 Patterns of gastric involvement in chronic gastritis. Green, Gastritis; yellow, 
normal stomach; purple, atrophy. A, Chronic antral gastritis without atrophy, typical of H. pylori. 
B, Chronic atrophic antral gastritis, typical of H. pylori. C, Chronic pangastritis with atrophy 
limited to the antrum, typical of H. pylori. D, Chronic atrophic pangastritis, typical of H. pylori. 
E, Antral-sparing chronic atrophic gastritis, typical of autoimmune gastritis, but also seen in H. 
pylori infection. Note that there is no chronic gastritis that is limited to the proximal 2–3  cm of 
the stomach.
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is composed only of mucous cells and contains chronic infl ammatory cells 
(see Figure 3–64). In a limited biopsy from the gastroesophageal junction 
region, this can be impossible to distinguish from cardiac mucosa (see 
Figure 3–67).

The following morphologic differences exist between cardiac mucosa and 
gastric oxyntic mucosa with atrophy and pseudo-pyloric metaplasia:

1. Cardiac mucosa is associated with reactive foveolar hyperplasia, which 
typically gives it a villiform surface with elongation and serration of the 
foveolar lumen and mucin distension of the foveolar cells (see Figures 3–69 
and 3–73). This is in contrast to atrophic gastritis, which tends to have a 
fl at surface with a non-reactive foveolar region (see Figures 3–63 and 
3–64).

2. Smooth muscle proliferation into the mucosa is present in cardiac mucosa 
(see Figure 3–71; Figure 3–100) and usually absent in chronic atrophic 
gastritis, where the muscularis mucosae retain their its horizontal appear-
ance (see Figure 3–63). Cardiac mucosa commonly shows smooth muscle 
fi bers oriented in a perpendicular direction in the lamina propria, extending 
up from the hyperplastic muscularis mucosae toward the surface (see 
Figure 3–71). This is uncommon in chronic atrophic gastritis, but it may 
still occur.

3. The presence of gland ducts in the mucosa indicates cardiac mucosa (see 
Figure 3–20). Gland ducts are not present in gastric oxyntic mucosa.

4. The presence of multi-layered surface epithelium indicates cardiac mucosa 
(see Figures 3–37 and 3–38); multi-layered epithelium is not seen in gastric 
oxyntic mucosa. Despite these differences, the distinction between the two 
can be quite diffi cult in cases with limited biopsy sampling.

Most cases of chronic atrophic gastritis with pseudo-pyloric metaplasia 
are caused by H. pylori infection. H. pylori often involves cardiac mucosa 
when it is present, causing an increase in the severity of the chronic infl am-
mation in cardiac mucosa and active infl ammation. The presence of H. pylori 
in the epithelium, therefore, is of no value in distinguishing cardiac mucosa 
from chronic atrophic gastritis. The presence of H. pylori in cardiac mucosa 

Figure 3–100 Cardiac mucosa with hyperplasia of the muscularis mucosae. The muscularis 
mucosae has split into two layers. The submucosa begins at the deep edge of the lower layer 
of muscularis mucosae and contains a submucosal gland, indicating an esophageal location.
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does not mean that cardiac mucosal infl ammation is caused by H. pylori infec-
tion. Cardiac mucosal infl ammation exists without H. pylori and is aggravated 
when it is infected with the organism.

The fact that the differentiation of these two “mucous cell only” epithelia 
is diffi cult is not evidence that they are identical epithelial types. Cardiac 
mucosa results from columnar metaplasia of esophageal squamous epithelium 
because of gastroesophageal refl ux and is very different etiologically from 
chronic atrophic gastritis with pseudo-pyloric metaplasia. It is not uncommon 
in pathology to encounter two completely different pathologic processes that 
cannot be distinguished from one another by routine histologic examination. 
An adenocarcinoma in the liver could represent a primary cholangiocarcinoma 
or a metastasis; the fact that they cannot be distinguished does not equate 
cholangiocarcinoma to metastatic adenocarcinoma.

Differentiating cardiac mucosa from chronic atrophic gastritis with pseudo-
pyloric metaplasia in a biopsy from the proximal stomach region is easily 
accomplished in the majority of cases by evaluating the entire clinical picture. 
This is similar to using the example of the patient with an adenocarcinoma 
in a liver biopsy who also has a pancreatic mass and the clinican having to 
determine whether the diagnosis is metastatic pancreatic adenocarcinoma 
versus cholangiocarcinoma. Taking appropriate biopsy samples (the impor-
tance of having routine biopsy samples from the distal stomach cannot be 
overemphasized) and applying the following rules greatly reduces the number 
of problem cases.

1. If the biopsy in question is from an endoscopically visualized columnar-
lined esophagus, the diagnosis is cardiac mucosa, regardless of whether 
the patient has atrophic gastritis with pseudo-pyloric metaplasia (Figure 
3–101). H. pylori infection and autoimmune gastritis do not affect esopha-
geal squamous epithelium and cause columnar metaplasia of the esopha-
gus. If there are normal distal gastric biopsies, the patient has only cardiac 
mucosa with no pathology in gastric oxyntic mucosa (Patient A in Figure 
3–101). If there is chronic atrophic gastritis in the distal gastric biopsies, 
the patient has coexisting cardiac mucosa and chronic atrophic gastritis 
with or without pseudo-pyloric metaplasia (Patient B in Figure 3–101).

2. If the patient has no columnar-lined esophagus at endoscopy and biopsies 
of the distal stomach show no evidence of chronic atrophic gastritis, the 
presence of a mucous cell-only epithelium in the proximal stomach is 

Biopsy site

A B

Figure 3–101 Patient with a biopsy from an endoscopically visualized columnar-lined esophagus 
that shows cardiac or oxyntocardiac mucosa is diagnostic of esophageal cardiac or oxyntocardiac 
mucosa. Black, Cardiac mucosa; red, oxyntocardiac mucosa. A, Patient has a normal gastric 
mucosa (yellow area). B, Patient has gastritis coexisting with the esophageal cardiac or 
oxyntocardiac mucosa (green area).
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diagnostic of cardiac mucosa (Figure 3–102). H. pylori and autoimmunity 
do not produce atrophic gastritis with pseudo-pyloric metaplasia that is 
localized to the proximal few millimeters of the stomach. Chronic gastritis 
is a diffuse gastric epithelial disease that always involves the distal stomach 
if it has involved the proximal stomach. In Chapter 4, I will show that cardiac 
mucosa is always esophageal, and when it is called gastric, it is because of 
an error in the present defi nition of the gastroesophageal junction.

3. If the patient has no columnar-lined esophagus at endoscopy and biopsies 
of the distal stomach show chronic atrophic gastritis with pseudo-pyloric 
metaplasia, the diagnosis is one of two things: The patient either has 
chronic atrophic gastritis extending into the proximal stomach without 
cardiac mucosa (Patient A in Figure 3–103) or the patient has chronic atro-
phic gastritis coexisting with a small amount of cardiac mucosa distal to 
the endoscopic gastroesophageal junction (Patient B in Figure 3–103). In 
these cases, careful morphologic study of the proximal gastric biopsy is 
essential. If there are features distinctive of cardiac mucosa (e.g., multi-
layered epithelium, gland ducts), a diagnosis of cardiac mucosa coexisting 
with chronic atrophic gastritis is made. If the histologic features do not 
permit the characterization of cardiac mucosa separate from chronic atro-
phic gastritis, the presence of a small amount of coexisting cardiac mucosa 
may be impossible to identify.

In patients with chronic atrophic gastritis involving the entire stomach 
with a normal gastroesophageal junction at endoscopy, there is a signifi cant 
risk of missing a small amount of cardiac mucosa at the most proximal end 
of atrophic gastritis. This is not clinically signifi cant because there is no real 
risk of cancer in such a patient.

Biopsy site

A B

Biopsy site

Figure 3–102 Endoscopically normal patient with a biopsy taken 
immediately distal to the gastroesophageal junction that shows 
cardiac or oxyntocardiac mucosa. Black, cardiac mucosa; red, 
oxyntocardiac mucosa. If this patient has a normal gastric mucosa 
(yellow area) in a biopsy taken at a point 3  cm distal to the 
endoscopic gastroesophageal junction, the fi nding in the 
gastroesophageal junction is diagnostic of cardiac mucosa or 
oxyntocardiac mucosa.

Figure 3–103 When there is diffuse pangastritis with diffuse or 
multi-focal pseudo-pyloric metaplasia (green areas) and the patient is 
endoscopically normal, the fi nding of a mucous cell-only or mixed 
mucous and parietal cell mucosa in a biopsy taken immediately distal 
to the gastroesophageal junction can be diffi cult to interpret. It may 
represent chronic gastritis extending to the gastroesophageal junction 
with the biopsy representing pseudo-pyloric metaplasia in a patient 
without cardiac and oxyntocardiac mucosa (A). It may also represent 
cardiac or oxyntocardiac mucosa coexisting with chronic gastritis (B). 
Black, cardiac mucosa; red, oxyntocardiac mucosa.
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■  ■  ■  C A S E  S T U D Y A 42-year-old white female presented with a history of vague, intermittent 
dyspepsia for the past 2 months. Her medical history was signifi cant for chole-
cystectomy for gallstones 5 years previously. Physical examination revealed 
mild obesity but was otherwise unremarkable.

The upper endoscopy was essentially normal. The tubular esophagus was 
entirely lined by squamous epithelium (Figure 3–104). The stomach showed 
moderate amounts of bile in the gastric juice but was otherwise unremarkable 
without evidence of erythema, ulcers, or mass lesions. The rugal folds extended 
proximally to the Z-line. No separation was seen between the Z-line and the 
proximal limit of the rugal folds. The patient had biopsies according to our 
standard protocol: A–antrum and body; B–retrograde biopsy from the region 
within 1  cm from the proximal limit of the rugal folds; C–antegrade biopsy 
from the region of the Z-line, sampling the columnar epithelium immediately 
distal to the squamocolumnar junction, attempting to straddle the junction; 
and D–biopsy of squamous epithelium 2  cm above the Z-line.

The antrum and body biopsies showed moderate chronic gastritis with 
diffuse pseudo-pyloric metaplasia involving both the antral and body mucosa 
(Figure 3–105). The retrograde biopsy showed gastric oxyntic mucosa with 
chronic infl ammation and pseudo-pyloric metaplasia (Figure 3–106). The 
antegrade biopsy straddling the squamocolumnar junction showed squamous 
epithelium without criteria of refl ux transitioning into cardiac mucosa (Figure 
3–107).

Comparison of the cardiac mucosa in Figure 3–107 and the gastric oxyntic 
mucosa with chronic atrophy and pseudo-pyloric metaplasia in Figure 3–106 
showed all the described differences between these two epithelia. It is easy to 
recognize not only that these two epithelia are completely different, but also to 

C (Antegrade SCJ):
cardiac mucosa

Fig. 3-107

D (Squamous esophagus):
no pathologic abnormality

B (Retrograde bx): CAG +
pseudo-pyloric metaplasia

Fig. 3-106

A (Antrum, body): CAG +
pseudo-pyloric metaplasia

Figure 3–104 Endoscopic appearance of the junctional region. 
The Z-line is horizontal, and the rugal folds extend all the way to the 
Z-line. There is bilious refl uxate in the lumen.

Figure 3–105 Diagrammatic representation of biopsy fi ndings. The 
stomach showed diffuse chronic gastritis (CAG) (green area) with 
multifocal pseudo-pyloric metaplasia involving the oxyntic mucosa in the 
retrograde specimen (B), shown in Figure 3–106. The antegrade biopsy 
(C) straddling the squamocolumnar junction (SCJ) showed cardiac 
mucosa, shown in Figure 3–107. Black, Cardiac mucosa; red, 
oxyntocardiac mucosa.
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identify one as cardiac mucosa and the other as gastric oxyntic mucosa with 
pseudo-pyloric metaplasia. The cardiac mucosa in this patient was limited to 
the few millimeters distal to the squamocolumnar junction and accompanied 
by diffuse chronic gastritis with pseudo-pyloric metaplasia. It should be noted 
that this is an easy differential diagnosis. When the atrophy in chronic gastritis 
is more severe and the mucosa becomes mucous cell-only without parietal cells, 
the distinction can be more diffi cult.

Intestinal Metaplasia in Cardiac Mucosa 
Versus Intestinal Metaplasia in Chronic 
Atrophic Gastritis Involving Gastric 
Oxyntic Mucosa

The only truly diffi cult and clinically signifi cant differential diagnosis is that 
between intestinal metaplasia in cardiac mucosa (Barrett esophagus) and 
gastric intestinal metaplasia that occurs in gastric oxyntic mucosa in chronic 
atrophic gastritis. Chronic atrophic gastritis in gastric oxyntic mucosa frequently 
results in complete loss of parietal cells and intestinal metaplasia (see Figures 
3–65 and 3–66). Chronic atrophic gastritis is a diffuse gastric infl ammation, 
with atrophy and intestinal metaplasia being initially patchy and multi-focal 
with a progression to increasingly diffuse involvement (see Figure 3–99). It 
frequently is a pangastritis, involving the entire gastric mucosa all the way up 
to the gastroesophageal junction. Chronic atrophic gastritis caused by H. pylori 
tends to involve the antrum maximally, extends to the gastric body in the 
majority of cases, and is a pangastritis that commonly involves the most proxi-
mal region of the stomach (see Figure 3–99D). Autoimmune chronic gastritis 
is directed primarily at the parietal cell-containing body of the stomach and 
involves the most proximal stomach in all cases (see Figure 3–99E).

The differentiation of intestinal metaplasia in cardiac mucosa from intesti-
nal metaplasia in chronic atrophic gastritis by pure histologic criteria is possible 
in many cases. Intestinal metaplasia in cardiac mucosa often has a villiform 
surface with reactive foveolar hyperplasia and smooth muscle proliferation 
(see Figures 3–81 and 3–86). Chronic atrophic gastritis tends to be a fl at mucosa 
(see Figures 3–65 and 3–66). Residual parietal cells may be present in chronic 

Figure 3–106 Retrograde biopsy (B in case study) showing gastric 
oxyntic mucosa with chronic gastritis and early atrophy with loss of 
parietal cells and pseudo-pyloric metaplasia. Note the fl at surface with 
minimal foveolar hyperplasia typical of atrophic chronic gastritis. Only 
the central region is devoid of parietal cells.

Figure 3–107 Antegrade biopsy (C in case study) showing the 
squamocolumnar junction. The columnar epithelium is cardiac with 
severe chronic infl ammation and marked foveolar hyperplasia and a 
villiform surface.
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atrophic gastritis (Figure 3–108). Intestinal metaplasia does not occur in oxyn-
tocardiac mucosa. Paneth cells, which can be present in both, tend to be more 
frequent in chronic atrophic gastritis (Figure 3–109). The presence of gland 
ducts in the mucosa indicates intestinal metaplasia in cardiac mucosa (see 
Figure 3–16). Gland ducts are not present in gastric oxyntic mucosa. The pres-
ence of multi-layered surface epithelium indicates intestinal metaplasia in 
cardiac mucosa. Multi-layered epithelium is not seen in gastric oxyntic mucosa. 
Cardiac mucosa with intestinal metaplasia tends to have a hyperplastic mus-
cularis mucosa with irregular extension of smooth muscle fi bers into the lamina 
propria and splitting of the muscularis mucosae (see Figure 3–100). In contrast, 
atrophic gastritis has a fl at muscularis mucosae (see Figure 3–63). Atrophic 
gastritis with intestinal metaplasia may be associated with neuroendocrine cell 
hyperplasia, including multiple micro-carcinoid tumors (Figures 3–109 and 3–
110). This results from the hypochlorhydria of atrophic gastritis, which causes 
elevation of serum gastrin that leads to hyperplasia of the neuroendocrine cells 
of the stomach. Nodular neuroendocrine cell hyperplasia and micro-carcinoid 
tumors are not seen in cardiac mucosa with intestinal metaplasia. Despite these 
differences, it is not unusual to encounter diffi culty in differentiating between 
intestinal metaplasia in cardiac mucosa and intestinal metaplasia in chronic 

Figure 3–108 Chronic atrophic gastritis with intestinal metaplasia. There are 
scattered residual parietal cells in the glands of the atrophic mucosa. The 
combination of intestinal metaplasia and parietal cells almost never occurs in 
the same foveolar complex in metaplastic esophageal columnar epithelium.

Figure 3–109 Chronic atrophic gastritis with prominent Paneth 
cells and micronodular neuroendocrine cell hyperplasia. The 
neuroendocrine cells appear as nests of small round cells with 
uniform round nuclei in the deepest part of the mucosa.

Figure 3–110 Chronic atrophic gastritis, stained by 
immunoperoxidase technique for chromogranin, shows positive 
staining in the nests of neuroendocrine cells in the deep mucosa.
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atrophic gastritis when one is faced with a limited biopsy sample from the 
region of the gastroesophageal junction.

The signifi cance of intestinal metaplasia in cardiac mucosa is that it rep-
resents Barrett esophagus. There is controversy here; currently, the diagnosis 
of Barrett esophagus requires the presence of an endoscopically visualized 
columnar-lined esophagus in addition to the fi nding of intestinal metaplasia 
in cardiac mucosa. When the same histologic change is seen in a biopsy taken 
distal to the endoscopic gastroesophageal junction, there is confusion and 
controversy. Despite the confusion, there is concern among most gastroenter-
ologists that this may be the precursor lesion for adenocarcinoma of the gastric 
cardia. This will be addressed in Chapter 4. In contrast, intestinal metaplasia 
occurring in chronic atrophic gastritis is believed to have a much lower 
malignant potential that does not require placing the patient on long-term 
endoscopic surveillance.

As in the distinction of cardiac mucosa from chronic atrophic gastritis with 
pseudo-pyloric metaplasia, if one considers the entire picture rather than one 
limited biopsy, the correct diagnosis of intestinal metaplasia in a proximal 
gastric region biopsy can be established in the vast majority of cases. The rules 
here are similar to those established earlier for the distinction between cardiac 
mucosa and chronic atrophic gastritis with pseudo-pyloric metaplasia.

1. If the biopsy in question is from an endoscopically visualized columnar-
lined esophagus, the diagnosis is intestinal metaplasia in cardiac mucosa 
(Figure 3–111). This is the defi nition of Barrett esophagus. Atrophic gastritis 
does not extend into the esophagus to cause columnar metaplasia of squa-
mous epithelium. If there are normal distal gastric biopsies, the patient has 
only Barrett esophagus with no pathology in gastric oxyntic mucosa (Patient 
A in Figure 3–111). If there is chronic atrophic gastritis in the distal gastric 
biopsies, the patient has coexisting Barrett esophagus and chronic atrophic 
gastritis with pseudo-pyloric (Patient B in Figure 3–111) or intestinal meta-
plasia (Patient C in Figure 3–111). In patients who have both Barrett 
esophagus and chronic atrophic gastritis with intestinal metaplasia, it is not 
uncommon for there to be a gap in the distal esophagus that is devoid of 
intestinal metaplasia. This is because the intestinal metaplasia in a segment 
of columnar-lined esophagus tends to occur in the more proximal region 
of the esophagus with the distal part of the columnar-lined segment com-
posed of non-intestinalized cardiac and oxyntocardiac mucosa (see Figure 

Biopsy site Biopsy site

A B C

Figure 3–111 When a biopsy from an endoscopically visualized columnar-
lined esophagus shows intestinal metaplasia, the diagnosis is always cardiac 
mucosa with intestinal metaplasia, regardless of any other fi nding. This may be 
associated with any fi nding in the distal gastric biopsies. The patient may have 
a normal gastric mucosa (yellow area in A), chronic gastritis without atrophy 
(green area in B), or chronic gastritis with multifocal atrophy and intestinal 
metaplasia (green with purple areas denoting atrophy and gastric intestinal 
metaplasia in C). Blue, Intestinal metaplasia; black, cardiac mucosa; red, 
oxyntocardiac mucosa; gray, squamous epithelium; yellow, gastric oxyntic 
mucosa with lines denoting rugal folds.
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3–111C ). This phenomenon is seen only in patients with long segments 
of columnar-lined esophagus and is detected only with a strict and exten-
sive biopsy protocol.

2. If the patient has no columnar-lined esophagus at endoscopy and biopsies 
of the distal stomach show no evidence of chronic gastritis, the presence 
of intestinal metaplasia in a mucous cell-only epithelium in the proximal 
stomach is diagnostic of intestinal metaplasia in cardiac mucosa (Figure 
3–112). H. pylori and autoimmunity do not produce a gastritis that is local-
ized to the proximal few millimeters of the stomach. Chronic gastritis is a 
diffuse gastric epithelial disease that always involves the distal stomach if 
it has involved the proximal stomach (see Figure 3–99). In Chapter 4, I 
will show that the reason this is presently called intestinal metaplasia of 
the gastric cardia is because the present defi nition of the gastroesophageal 
junction is incorrect. Cardiac mucosa with intestinal metaplasia is always 
esophageal and always represents Barrett esophagus.

3. If the patient has no columnar-lined esophagus at endoscopy and biopsies 
of the distal stomach show evidence of chronic atrophic gastritis with 
intestinal metaplasia, the presence of intestinal metaplasia in a mucous 
cell-only epithelium in the proximal stomach may mean one of two things: 
(1) the patient has chronic atrophic gastritis with intestinal metaplasia 
extending into the proximal stomach without any cardiac mucosa with 
intestinal metaplasia being present (Patient A in Figure 3–113) or (2) the 
patient has chronic atrophic gastritis coexisting with a small amount of 
intestinal metaplasia in cardiac mucosa distal to the endoscopic gastro-
esophageal junction. In these cases, careful morphologic study of the 

Biopsy site
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Figure 3–112 The fi nding of intestinal metaplasia limited to the 
region within 3  cm distal to the endoscopic gastroesophageal junction 
with the remaining stomach showing no infl ammation (yellow area) is 
diagnostic of intestinal metaplasia in cardiac mucosa. Blue, Intestinal 
metaplasia; black, cardiac mucosa; red, oxyntocardiac mucosa; gray, 
squamous epithelium; yellow, gastric oxyntic mucosa with lines 
denoting rugal folds.

Figure 3–113 In a patient who is normal endoscopically and has 
distal chronic atrophic gastritis with intestinal metaplasia, the fi nding of 
intestinal metaplasia in a mucous cell-only epithelium in a biopsy distal 
to the endoscopic gastroesophageal junction can mean one of two 
things: chronic atrophic gastritis with multi-focal intestinal metaplasia 
without cardiac mucosa (patient A) or intestinal metaplasia in cardiac 
mucosa coexisting with chronic atrophic gastritis with intestinal 
metaplasia (patient B). Blue, Intestinal metaplasia; black, cardiac 
mucosa; red, oxyntocardiac mucosa; gray, squamous epithelium; 
green with purple areas, gastric oxyntic mucosa with chronic atrophic 
gastritis and multi-focal intestinal metaplasia.
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proximal gastric biopsy is necessary. If there are features that are distinctive 
for intestinal metaplasia in cardiac mucosa, a diagnosis of intestinal meta-
plasia in cardiac mucosa coexisting with chronic atrophic gastritis is made. 
If the histologic features do not permit the characterization of cardiac 
mucosa separate from the chronic atrophic gastritis, the intestinal metapla-
sia in cardiac mucosa may be missed.

In such a patient with chronic atrophic gastritis involving the stomach 
and a normal gastroesophageal junction at endoscopy, there is a signifi cant 
risk of missing a small amount of intestinal metaplasia in cardiac mucosa at 
the most proximal end of atrophic gastritis. Unlike in pseudo-pyloric meta-
plasia, this is a signifi cant error because there is a greater likelihood of a 
malignant potential for intestinal metaplasia in cardiac mucosa than chronic 
atrophic gastritis. This is the only situation in which I use clinical information 
to aid in the pathologic diagnosis. If a patient with this problem has typical 
symptoms of refl ux disease, Barrett esophagus is very likely as a second 
pathology in a patient with chronic atrophic gastritis.

Immunoperoxidase testing has been recommended for this differential 
diagnosis. Das-1 monoclonal antibody is reported to be positive in intestinal 
metaplasia complicating cardiac mucosa but not gastric intestinal metaplasia.21 
Differential staining with cytokeratin-7 and 20 shows a “Barrett-type pattern” 
in intestinal metaplasia occurring in cardiac mucosa, which shows superfi cial 
staining with cytokeratin 20 (Figure 3–114) and both superfi cial and deep 
staining with cytokeratin 7 (Figure 3–115). This is different than the “gastric-
type pattern” in chronic atrophic gastritis.22 My experience with these immu-
noperoxidase stains is not positive. I fi nd them to be very diffi cult to interpret 
and rarely useful in the few cases in which I have had signifi cant doubt about 
the diagnosis based on morphologic features. Immunoperoxidase staining 
should be reserved for those few cases in which there is signifi cant doubt, 
because their value in this setting is not established. I rarely perform any 
immunostains for this differential diagnosis.

In the few cases when doubt exists after exhaustive analysis, it is appro-
priate to call the presence of intestinal metaplasia in cardiac mucosa only 
when there is reasonable certainty that this coexists with chronic atrophic 
gastritis. When there is doubt, I call it chronic atrophic gastritis. This approach 

Figure 3–114 Intestinal metaplasia in cardiac mucosa in an 
esophageal biopsy stained by immunoperoxidase technique for 
cytokeratin 20, showing staining limited to the superfi cial region of the 
glandular epithelium.

Figure 3–115 Intestinal metaplasia in cardiac mucosa in an 
esophageal biopsy stained by immunoperoxidase technique for 
cytokeratin 7, showing strong staining of both the deep and superfi cial 
regions of the glandular epithelium.
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will result in the false-negative diagnosis of a few patients with small amounts 
of Barrett-type intestinal metaplasia in cardiac mucosa. This is currently appro-
priate, because the actual risk associated with small amounts of intestinal 
metaplasia in cardiac mucosa is not established. If the data suggest a signifi cant 
cancer risk, one can adjust the criteria to make the diagnosis of intestinal 
metaplasia in cardiac mucosa more sensitive, but this will result in false-
positive diagnoses until more accurate criteria for differentiating the 
two emerge.

■  ■  ■  C A S E  S T U D Y A 46-year-old female presented with intermittent chest pain, dyspepsia, and 
nausea. There was no weight loss. There was no other signifi cant history. Upper 
endoscopy was essentially unremarkable, with the entire tubular esophagus 
lined by squamous epithelium, which ended at a horizontal Z-line. The gastric 
mucosa was somewhat fl attened with a focal cobblestone appearance, and the 
rugal folds were not well defi ned. Biopsies were taken as follows: A–antrum 
and body; B–retrograde in the region within 1  cm distal to the endoscopic 
gastroesophageal junction; C–antegrade biopsies attempting to straddle the 
squamocolumnar junction; D–biopsy of squamous-lined esophagus 2  cm above 
the Z-line.

The stomach biopsy, including the antrum, body, and retrograde, showed 
severe chronic atrophic pangastritis with extensive intestinal metaplasia 
(Figures 3–116 and 3–117). The antegrade biopsy showed intestinal metapla-
sia immediately distal to the squamous epithelium (Figure 3–118). The squa-
mous epithelium was unremarkable.

The morphologic features of the intestinal metaplasia adjacent to the squa-
mous epithelium in the antegrade biopsy (see Figure 3–118) showed the typical 

C (Antegrade SCJ):
cardiac mucosa with
intestinal metaplasia

Fig. 3-117

Fig. 3-118

D (Squamous esophagus):
no pathologic abnormality

B (Retrograde bx): CAG +
intestinal metaplasia

A (Antrum, body): CAG +
intestinal metaplasia

Figure 3–116 Diagrammatic representation of biopsy fi ndings. The 
stomach showed diffuse chronic gastritis (CAG) with multifocal 
atrophy and intestinal metaplasia (green with purple areas) involving 
the oxyntic mucosa in the retrograde specimen (B), shown in Figure 
3–117. The antegrade biopsy (C) straddling the squamocolumnar 
junction (SCJ) showed cardiac mucosa with intestinal metaplasia 
shown in Figure 3–118. Blue, Intestinal metaplasia in cardiac mucosa; 
black, cardiac mucosa; red, oxyntocardiac mucosa.

Figure 3–117 Retrograde biopsy (B in case study) showing chronic 
atrophic gastritis with intestinal metaplasia. Note the relatively fl at 
surface and prominent Paneth cells in the deep foveolar region.
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villiform appearance of intestinal metaplasia in cardiac mucosa. This was 
different than the appearance in the retrograde biopsy with chronic atrophic 
gastritis and gastric intestinal metaplasia (see Figure 3–117) in which the epi-
thelium had a fl at surface with numerous Paneth cells. An attempt was made 
to use the differential staining pattern with cytokeratin 7 and 20. The epithe-
lium at the squamocolumnar junction showed mainly superfi cial staining with 
cytokeratin 20 (Figure 3–119) and strong superfi cial and deep staining with 
cytokeratin 7 (Figure 3–120), which is the typical pattern of Barrett esophagus. 
Staining of the chronic atrophic gastritis (the antral biopsy was chosen for the 
staining) showed a somewhat different staining pattern with superfi cial and 
deep staining with cytokeratin 20 (Figure 3–121) and weaker staining with 
cytokeratin 7. There was positivity in both superfi cial and deep regions of the 
mucosa (Figure 3–122). It is probable, although it may be my bias, that the 
morphologic differences are more defi nitive than the differences in the cyto-
keratin staining. Certainly, they are much more cost-effective.

Figure 3–118 Antegrade biopsy (C in case study) showing the 
squamocolumnar junction. The squamous epithelium is unremarkable. The 
glandular mucosa is intestinal and shows a villiform surface.

Figure 3–119 Immunoperoxidase stain for cytokeratin 20 in the 
biopsy from the squamocolumnar junction, showing positive staining 
limited to the superfi cial glands.

Figure 3–120 Immunoperoxidase stain for cytokeratin 7 in the 
biopsy from the squamocolumnar junction, showing superfi cial and 
deep staining.
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Figure 3–121 Immunoperoxidase stain for cytokeratin 20 in the 
antral biopsy, showing positive staining in superfi cial and deep glands.

Figure 3–122 Immunoperoxidase stain for cytokeratin 7 in the 
antral biopsy, showing positive staining in superfi cial and deep glands.
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Defi nition of Normal and Refl ux-Induced 
Anatomy and Histology

Every human disease must be founded in accurate and reproducible anatomy 
and histology. Much of the confusion about gastroesophageal refl ux disease 
is the failure to defi ne it anatomically and histologically. In this chapter, I will 
explore the reasons for this confusion and show that its resolution is based 
on the accurate recognition of the gastroesophageal junction (Figure 4–1). For 
50 years we have failed to recognize the devastation caused in the most distal 
esophagus by the effects of refl ux disease. We have expected it to retain our 
concept of what an esophagus should look like. Instead, the damage produced 
by refl ux causes the esophagus to dilate and show columnar metaplasia. The 
confusion results from mistaking this dilated, end-stage refl ux-damaged distal 
esophagus with columnar metaplasia for the proximal stomach. When we 
understand how this damage happens, the confusion disappears.

Normal Anatomy

There are only two anatomic structures within this defi ned area of damage–the 
esophagus and the stomach. The two organs are separated by an imaginary 
line, which is called the gastroesophageal junction (Figure 4–2). There is no 
third organ here. The gastroesophageal junction is not a “region” or a “zone.” 
No diseases can arise from, or occur in, an imaginary line. Thus, the term 
adenocarcinoma of the gastroesophageal junction is a misnomer and an 
expression of the uncertainty about the exact relationship of the adenocarci-
noma to the true gastroesophageal junction. If this uncertainty did not exist, 
we would simply call a tumor in this region either esophageal or gastric adeno-
carcinoma, not adenocarcinoma of the gastroesophageal junction. The gastric 
cardia is part of the stomach; it cannot express pathologic changes in the 
esophagus by gastroesophageal refl ux.

The Normal Esophagus

The normal esophagus is the organ that transports food from the pharynx to 
the stomach by the act of swallowing. Swallowing is effected by a peristaltic 
wave that propels the bolus of food rapidly down the esophagus. The peri-
staltic wave is coordinated with relaxation of the lower esophageal sphincter, 
which permits passage of the food bolus into the stomach (Figure 4–3).

The esophagus traverses the neck and mediastinum (cervical and thoracic 
esophagus), passes through the diaphragmatic hiatus, and becomes an abdom-
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Figure 4–1 Diagrammatic representation of the controversial region. The gastroesophageal 
junction (GEJ) is presently defi ned as either the end of the tubular esophagus (on gross 
examination) or the proximal limit of rugal folds (endoscopy). When cardiac mucosa with and 
without intestinal metaplasia and oxyntocardiac mucosa are found distal to the 
gastroesophageal junction, they are, by defi nition, gastric in location. I will show in this chapter 
that this is incorrect. The true gastroesophageal junction cannot be defi ned by gross or 
endoscopic examination. It can only be defi ned histologically as the proximal limit of gastric 
oxyntic mucosa. Gray, Squamous epithelium; black, cardiac mucosa; red, oxyntocardiac 
mucosa; yellow, gastric oxyntic mucosa with rugal folds shown as stripes.

Present definitions
of the GEJ

End of tubular
esophagus

Proximal limit
of rugal folds

Area of
controversy

True GEJ

Esophagus

Lower
esophageal
sphincter

Diaphragm

Stomach

GEJ

Figure 4–2 Diagram of normal anatomy of the 
esophagus and proximal stomach. The lower 
esophageal sphincter (red areas) includes the distal 
3 to 4  cm of the esophagus, straddling the 
diaphragm. The normal gastroesophageal junction 
(GEJ) is the distal limit of the tubular esophagus, 
the distal limit of the sphincter (red areas), the distal 
limit of squamous epithelium (yellow area), and the 
proximal limit of gastric oxyntic mucosa (green 
area).

Figure 4–3 A normal swallow with complete high-resolution manometry depiction of 
motor function from the upper esophageal sphincter (UES) to the proximal stomach 
using the Manoscan 360 system. Pressures are expressed in color intensity (red, orange, 
yellow, green, dark blue; blue indicates decreasing pressure levels). This shows the 
relaxation of the upper esophageal sphincter (upper horizontal band) at the beginning 
of the swallow, and the propagated high-pressure peristaltic wave passing down the 
esophagus. The lower esophageal sphincter (lower horizontal band) relaxes at the onset 
of the swallow and regains its resting pressure when the peristaltic wave has passed. 
(Reproduced with permission from Sierra Scientifi c Instruments. Special thanks to 
James L. Pitman for providing the images.)

inal organ (abdominal esophagus) before it ends at the gastroesophageal 
junction (Figures 4–2 and 4–4). The abdominal esophagus is normally 2 to 
3  cm long. Anatomically, the normal esophagus is a tubular structure that 
transitions into the saccular stomach at the gastroesophageal junction (see 
Figure 4–2). This point of transition is marked externally by the peritoneal 
refl ection. The lesser curvature of the stomach passes straight down and to 
the right at the junction, but the greater curvature of the stomach on the left 
side passes acutely upward and to the left from the junction, forming the 
acute angle of His. The muscle wall of the abdominal esophagus is equivalent 
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to the abdominal part of the lower esophageal sphincter, which is therefore 
1 to 3  cm long (see Figure 4–2).

The Lower Esophageal Sphincter

A competent lower esophageal sphincter normally prevents gastroesophageal 
refl ux. The sphincter is a high-pressure zone (resting pressure is normally 15 
to 40  mm  Hg) resulting from tonic contraction of the muscle wall of the distal 
esophagus (Figures 4–5 and 4–6). The sphincter straddles the diaphragmatic 
hiatus; it has a thoracic segment above the diaphragm that is 1 to 3  cm long 
and an abdominal segment below the diaphragm that is 1 to 3  cm long (see 
Figures 4–5 and 4–6). The sphincter ends at the end of the esophagus. The 
lower esophageal sphincter is a manometrically defi ned entity. It cannot be 
accurately defi ned anatomically or endoscopically, despite claims by some 
gastroenterologists that it can be clearly seen at endoscopy and claims by 
some pathologists that it can be identifi ed at gross examination. There is no 
muscle thickening or other easy and reproducible criterion for the anatomic 
defi nition of the sphincter.

For the lower esophageal sphincter to function normally in preventing 
gastroesophageal refl ux, the following three components are essential1:

1. Adequate resting high pressure; when this decreases to below approxi-
mately 8  mm  Hg, sphincter competence is impaired, regardless of any other 
factor.

2. Adequate total length; when this is less than approximately 3  cm, sphincter 
competence is impaired.

3. Adequate abdominal segment length; when this is less than 1  cm, sphincter 
competence is impaired. 

Lesser magnitude of abnormality in these three factors may result in 
sphincter failure when they are combined. In gastroesophageal refl ux disease, 
lower esophageal sphincter abnormalities that impair sphincter competence 
occur early and increase in severity with the severity of refl ux disease.2 In 
general, the degree of sphincter abnormality correlates with the amount of 
refl ux as measured in the 24-hour pH test and the multichannel impedance 
test. The earliest detectable sphincter abnormality is generally a decrease in 

Figure 4–4 Fetal gross specimen of esophagus and stomach showing the 
diaphragm (long arrow) and the angle of His (short arrow). The area between 
the two arrows is the abdominal portion of the esophagus. (Reproduced with 
permission from De Hertogh G, Van Eyken P, Ectors N, et al: Gut 52:791–796, 
2003.)
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Figure 4–5 Esophageal manometry tracing showing two separate swallows. The upper channel (red line) shows the upper esophageal 
sphincter, which is 20 to 23  cm from the nares. The middle four channels are in the body of the esophagus and show the propagated peristaltic 
wave. The bottom channel (green line) is the lower esophageal sphincter, which extends from 45 to 49  cm from the nares. The lower sphincter 
relaxes at the beginning of the swallow and returns to its high resting pressure at the end of the passage of the peristaltic wave. The anatomic 
depiction of the tracing is on the right with the distances from the nares. (Reproduced with permission from Sierra Scientifi c Instruments.)

Figure 4–6 The same normal swallows as the tracing in Figure 4–5 in a high-resolution color format. The color code for the pressure range is 
shown at the left. Note the lower esophageal sphincter (horizontal band) with the high resting pressure (orange and yellow areas) between the 
swallows and relaxation (blue and light green areas) during the swallow. The length of the sphincter is approximately 3 to 4  cm, corresponding 
to the height of the resting pressure wave as marked on the right as distance from nares next to the anatomic depiction of the waveform. Note 
also the background negative pressure (dark blue area) in the thoracic esophagus and the positive pressure (lighter blue area) in the stomach. 
(Reproduced with permission from Sierra Scientifi c Instruments.)
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sphincter length. Both total length and abdominal segment length decrease, 
suggesting that the sphincter length loss begins distally.

It is important to understand that “loss of sphincter length” is defi ned by 
manometry and is a physiologic abnormality. What is lost is the ability of this 
part of the esophageal wall to maintain tonic contraction and a high pressure. 
The part of the sphincter that has lost its function still retains its basic anatomic 
structure unless pathologic abnormalities occur in these structural elements; 
its wall is still the esophageal muscle wall, it is lined by squamous epithelium, 
it has submucosal glands, and it is above the peritoneal refl ection. I will show 
that changes to this part of the abdominal esophagus that has “lost” the 
sphincter are the changes that have caused much of the confusion about the 
recognition of the early stages of gastroesophageal refl ux disease.

The lower esophageal sphincter masks the normal intraluminal pressure 
in the distal esophagus (Figure 4–7). Above the sphincter, the esophageal 
luminal pressure is −0.5  mm  Hg, which is usual for intrathoracic organs. Below 
the sphincter, intraluminal gastric pressure is 5  mm  Hg, which is typical for 
intra-abdominal organs. The baseline intraluminal pressure of the distal esoph-
agus changes from thoracic (−0.5  mm  Hg) to abdominal (5  mm  Hg) at the 
diaphragmatic hiatus (the “respiratory or pressure inversion point” at manom-
etry). In a normal person, this baseline intraluminal pressure is masked by 
the normal high pressure of the sphincter zone. When the sphincter is lost, 
this masked baseline pressure will be manifested. Therefore, one can expect 
a dilatory tendency of the esophagus below the diaphragm, because its intra-
luminal pressure is positive; one can also expect a tendency to collapse above 
the diaphragm, because the thoracic intraluminal pressure is negative.

The Normal Stomach: What Is the 
Gastric Cardia?

The stomach is a saccular structure that begins at the gastroesophageal junc-
tion and ends at the gastroduodenal junction (see Figures 4–2 and 4–4). It is 
a true reservoir and is in a normally collapsed state until there is food intake, 
at which time it distends. Until normal gastric capacity is reached, gastric dis-
tension is associated with only a minimal rise in the intragastric pressure from 
its baseline of 5  mm  Hg, which is normal for intra-abdominal organs.

The stomach is traditionally divided into the cardia, fundus, body, and 
antrum. The gastric cardia is one of the most confusing structures in the human 
body. Anatomically, the gastric cardia is defi ned as the proximal part of the 

Esophagus

Diaphragm

Stomach

Thorax

–0.5 mm Hg

Abdomen

+5 mm Hg
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15–20 mm Hg

Figure 4–7 Diagrammatic representation of the pressures in the distal esophagus and 
proximal stomach. The normal background positive pressure in the abdominal esophagus is 
usually masked by the resting high pressure tone of the lower esophageal sphincter (LES). 
Yellow, Squamous epithelium; red, lower esophageal sphincter; green, gastric oxyntic mucosa.
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stomach distal to the gastroesophageal junction (Figure 4–8). This viewpoint 
is well expressed by De Hertogh et al3:

Anatomists have applied the term “cardia” to that part of the stomach which lies around 
the orifi ce of the tubular oesophagus. There is no anatomical landmark for the distal 
margin of the so-defi ned cardia. Its proximal margin is the gastro-oesophageal junction 
which, according to anatomists, is localized at the level of the angle of His.

Although its distal limit is undefi ned, most people will assume that the 
gastric cardia is somewhere between 1 to 3  cm in length and that this is lined 
by cardiac mucosa (Figure 4–8A).

The only purpose of recognizing a “gastric cardia” is to differentiate it 
from the body and fundus of the stomach. In the past, this was not a problem, 
because it was assumed that this area was normally lined by the histologically 
distinct cardiac mucosa for a distance that was 1 to 3  cm. This is now known 
to be false and has created problems. What do we call the anatomic “gastric 
cardia” when it is not lined by cardiac mucosa?

When cardiac and oxyntocardiac mucosa are found in this region, they 
are regarded as normal gastric mucosa, and it is believed that these epithelia 
normally line the proximal stomach (Figure 4–9B). When infl ammation occurs, 
it is called carditis, with the implication that this is an infl ammation of proxi-
mal gastric mucosa. When cardiac mucosa with intestinal metaplasia is found 
in this region, it is called intestinal metaplasia of the gastric cardia (Figure 
4–9C). When adenocarcinoma arises in this region, it is called adenocarci-
noma of the gastric cardia and classifi ed as a gastric cancer (Figure 4–10). If 
this is correct, there should be no concern or confusion.

The confusion results from two factors:

1. These diseases of the “gastric cardia” are often restricted to the most proxi-
mal 3  cm of the stomach; the remainder of the stomach is often normal. It 
is diffi cult to understand how a gastric disease such as infl ammation or 
intestinal metaplasia can be limited to this region without involving the 
rest of the stomach.

2. These diseases have a demonstrated etiologic association with gastro-
esophageal refl ux. Patients with infl ammation, with and without intestinal 

A B C D

Figure 4–8 The evolving defi nition of the gastric cardia. Until recently, the gastric cardia was 
believed to be the proximal 2 to 3  cm of the stomach lined normally by cardiac mucosa (A). 
Recent evidence indicates this is not correct. In most people, there is less than 5  mm of 
combined cardiac and oxyntocardiac mucosa separating the squamous epithelium of the 
esophagus and gastric oxyntic mucosa (B). In many patients, only a very short segment of 
oxyntocardiac mucosa is present, with cardiac mucosa being absent (C). In still others, the 
oxyntocardiac mucosa found is only seen in part of the circumference (D). This means that in 
other parts of the circumference, squamous epithelium transitions directly into gastric oxyntic 
mucosa (D). Gray, Squamous epithelium; black, cardiac; red, oxyntocardiac; yellow, gastric 
oxyntic mucosa with rugal folds shown as stripes.
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Figure 4–9 Four patients (A-D) are shown with varying composition of columnar epithelia. 
Blue, Intestinal; black, cardiac; red, oxyntocardiac; gray, squamous; yellow, gastric oxyntic. The 
present diagnosis in these patients is compared with the corrected diagnosis as suggested by 
new evidence. BE, Barrett esophagus; Micro-BE, microscopic Barrett esophagus, which is an 
unrecognized entity; CLE, columnar-lined esophagus; CIM, intestinal metaplasia of the cardia.

Figure 4–10 Ulcerated adenocarcinoma occurring immediately distal to the end of the tubular 
esophagus. At present, this will be designated an “adenocarcinoma of the gastric cardia” and 
will be classifi ed as a gastric cancer. In reality, this is an esophageal adenocarcinoma arising in 
the dilated, refl ux-damaged distal esophagus.

metaplasia in cardiac mucosa, who have biopsies taken distal to the endo-
scopic gastroesophageal junction frequently have both gastroesophageal 
refl ux and Helicobacter pylori ascribed as etiologies.4 There is an epidemio-
logic association between adenocarcinoma of the gastric cardia and gas-
troesophageal refl ux disease.5 Confusion results because it is diffi cult to 



 Defi nition of Normal and Refl ux-Induced Anatomy and Histology 119

understand how gastroesophageal refl ux can cause pathology in the proxi-
mal stomach. It seems almost oxymoronic to state that intestinal metaplasia 
and cancer of the proximal stomach result from gastroesophageal refl ux.

The gastroenterologic community has developed an interesting method 
to deal with this confusion. They have produced practice guidelines that dis-
courage biopsy of this region in endoscopically normal patients.6 This is 
designed to avoid the problem: one cannot be confused by what one does 
not see. If these practice guidelines are followed, there will not be a problem, 
except in the approximately 10,000 patients who will present with refl ux-
induced adenocarcinoma in the “gastric cardia” each year.

Because of this complication, some gastroenterologists disregard the prac-
tice guidelines and biopsy the controversial area, even when they do not see 
an abnormal columnar-lined esophagus. When cardiac mucosa, infl ammation, 
and particularly intestinal metaplasia are found in the biopsy, confusion is 
created (see Figure 4–9C). There is a fear that intestinal metaplasia of the 
gastric cardia is more similar to Barrett esophagus than gastric intestinal meta-
plasia in chronic atrophic gastritis because it has a higher risk of malignancy. 
This fear causes gastroenterologists to place these patients under surveillance 
similar to that for Barrett esophagus, even though the patient’s condition does 
not fi t into the present defi nition of Barrett esophagus. These same gastroen-
terologists will not place a patient with chronic atrophic gastritis with intestinal 
metaplasia under surveillance because the risk is known to be extremely 
small.

Normal Histology of the Esophagus and Proximal Stomach

With few exceptions, squamous epithelium is entirely esophageal, and pure 
oxyntic mucosa is entirely gastric in location. The exact location (i.e., whether 
distal esophagus or proximal stomach) and signifi cance of cardiac mucosa 
with and without intestinal metaplasia and oxyntocardiac mucosa as defi ned 
in Chapter 3 are presently controversial (Table 4–1).

There is no disagreement that these three epithelial types are always 
interposed between esophageal squamous epithelium and the proximal limit 
of gastric oxyntic mucosa (see Figure 4–9). There is disagreement, however, 
about whether these epithelia are found in all people, where they are located 

TABLE 4–1 Location and Signifi cance of the Five Epithelial Types as Presently Accepted Compared to What Will Be Proven

Epithelial type and endoscopic location Present belief Truth (future)

Squamous in the esophagus Normal lining of esophagus; damaged in refl ux Normal lining of esophagus; damaged in refl ux
Squamous in the proximal stomach Rare; “esophageal reaction to gastric injury” Normal lining of esophagus; damaged in refl ux
 by present defi nition
Oxyntic in the esophagus Not found Not found
Oxyntic in the stomach Not damaged by refl ux; proximal stomach Not damaged by refl ux
  damaged by refl ux?
Cardiac and oxyntocardiac in the Abnormal when seen at endoscopy; “normal Columnar-lined esophagus; caused by refl ux-
 esophagus  gastric” when seen in biopsies; no signifi cance?  induced metaplasia of squamous epithelium
Cardiac and oxyntocardiac in the Normal epithelial lining of proximal stomach Columnar-lined esophagus; caused by refl ux-
 proximal stomach by present   induced metaplasia of squamous epithelium
 defi nition
Cardiac mucosa with intestinal Barrett esophagus; caused by refl ux-induced Barrett esophagus; caused by refl ux-induced
 metaplasia in the esophagus  metaplasia of squamous epithelium  metaplasia of squamous epithelium
Cardiac mucosa with intestinal “Intestinal metaplasia of the gastric cardia;”  Barrett esophagus; caused by refl ux-induced
 metaplasia in the proximal  caused by either refl ux or H. pylori gastritis  metaplasia of squamous epithelium
 stomach by present defi nition
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(esophagus, stomach, or both), whether they are normal or abnormal, and 
what their signifi cance is when they are found in a biopsy.

According to what is presently accepted, cardiac mucosa with and without 
intestinal metaplasia and oxyntocardiac mucosa are known to be the compo-
nents of columnar-lined esophagus (see Figure 4–9D). Cardiac mucosa without 
intestinal metaplasia and oxyntocardiac mucosa are also believed to be the 
normal lining of the proximal stomach, known as the gastric cardia7 (see 
Figure 4–9B). Cardiac mucosa is believed to appear in all people, despite 
evidence to the contrary (see Figure 4–9A). When intestinal metaplasia occurs 
in cardiac mucosa in the area distal to the presently defi ned gastroesophageal 
junction, it is called intestinal metaplasia of the gastric cardia (cardiac intes-
tinal metaplasia [CIM]; see Figure 4–9C). There is no histologic difference 
among these three epithelial types when they occur in the esophagus as 
abnormal metaplastic epithelia and when they are believed to occur normally 
in the proximal stomach.

Discrepancy Between the Anatomic Gastric 
Cardia and Cardiac Mucosa

If one defi nes the anatomic gastric cardia as that area of the stomach lined 
by cardiac mucosa, the situation becomes complicated. If one adheres to the 
strict defi nition of cardiac mucosa, it is frequently completely absent in this 
region. In our autopsy series,8 cardiac mucosa was absent in 56% of patients. 
In Marsman et al,9 it was absent in 38% of patients. In these patients, only 
oxyntocardiac mucosa separated squamous from gastric oxyntic mucosa (see 
Figure 4–8C; Figure 4–11). It is only by including oxyntocardiac mucosa within 
the defi nition of cardiac mucosa that one can make a case for the universal 
presence of cardiac mucosa. Even then, the majority of patients have less than 
0.5  mm of the combined cardiac and oxyntocardiac mucosa (see Figure 4–8B; 
Figures 4–12 and 4–13). It is also clear that at least in a part of the circumfer-
ence of the squamocolumnar junction, some patients have a direct transition 
of squamous epithelium to gastric oxyntic mucosa (see Figure 4–8D; Figure 
4–14).

Figure 4–11 Squamocolumnar junction showing transition of 
squamous epithelium to oxyntocardiac mucosa with parietal cells. 
There is no intervening cardiac mucosa.

Figure 4–12 Squamocolumnar junction showing squamous 
epithelium on the left with basal cell hyperplasia and papillary 
elongation indicative of refl ux. This transitions to a very short length 
of cardiac mucosa (CM) and oxyntocardiac mucosa (OCM) before 
gastric oxyntic mucosa (OM) begins.
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Recently, Odze7 suggested a reproducible defi nition of the distal limit of 
the gastric cardia as the proximal limit of gastric oxyntic mucosa, as defi ned 
by histology. Odze’s “true” gastric cardia is defi ned as “the area of mucosa 
located distal to the anatomic gastroesophageal junction (defi ned as the proxi-
mal limit of the gastric folds) and proximal to the portion of the stomach 
(corpus) that is composed entirely of oxyntic glands.” According to Odze,7 
the normal extent of the true gastric cardia is less than 0.4  cm (see Figure 4–8B, 
C). It must be recognized that 0.4  cm (4  mm) is a very short length, and the 
question must be asked whether the use of the endoscopic gastroesophageal 
junction to defi ne the proximal limit of the “true gastric cardia” is suffi ciently 
accurate within this 4-mm range. Odze’s preamble to this defi nition suggests 
that this is not so: “At the time of endoscopy, it is diffi cult, if not impossible 
to detect a minor proximal displacement of the Z-line.  .  .  .” Most gastroenter-
ologists will agree that the proximal limit of rugal folds is diffi cult to determine 
within the 0.4-cm range of accuracy. The technical error for the criterion that 
defi nes the proximal limit of the “true gastric cardia” is larger than the 
maximum extent of the defi ned entity!

The gastric cardia, however it is defi ned, is not necessarily lined by an 
epithelium that falls within the defi nition of cardiac mucosa. Odze7 states:

“.  .  .  the true gastric cardia is composed of surface mucinous columnar 
epithelium and either pure mucous glands or a mixture of mucous/oxyntic 
glands in most individuals. However, the length of cardiac mucosa with this 
histologic appearance is variable, and ranges from 1.0 to 4.0  mm.  .  .  .  A para-
doxical observation is that a small proportion of patients have mucosa com-
posed of pure oxyntic glands only, without mucous glands, in the true gastric 
cardia.  .  .  .  This fi nding, however, is often focal, and does not usually involve 
the entire circumference of the true gastric cardia.”

Thus, Odze’s “true gastric cardia” can be lined by cardiac and/or oxynto-
cardiac mucosa, despite its extremely short length of less than 0.4  cm. It can 
“paradoxically” be lined in part of its circumference by gastric oxyntic mucosa, 
which defi nes its distal limit (see Figure 4–14), in which case the “true gastric 
cardia” disappears because its proximal and distal limits are coincidental. This 
madness is the only answer to circumvent accepting the truth (see Figure 4–
9A): Cardiac mucosa with and without intestinal metaplasia and oxyntocar-
diac mucosa does not exist as normal epithelia in either the esophagus or the 
stomach.10,11

Figure 4–13 Squamocolumnar junction in an autopsy specimen 
showing squamous epithelium followed by one foveolar complex of 
cardiac mucosa (CM), followed by one lobulated complex of 
oxyntocardiac mucosa (OCM), followed by gastric oxyntic mucosa.

Figure 4–14 Squamocolumnar junction in an autopsy from a child 
showing direct transition of squamous epithelium to gastric oxyntic 
mucosa. The latter is characterized by straight tubular glands 
composed of parietal cells.
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The Importance of Precise Histologic 
Defi nitions

At present, the defi nitions of epithelial types used in Chapter 3 are generally 
followed in a signifi cant body of literature, permitting conclusions to be 
drawn. Even when synonyms are used, the defi nitions provided in the 
methods usually, but not always, permit the epithelial type to be determined. 
For example, the Harvard group12 generally uses the terms mucous cell-only 
and mixed mucous and parietal cell in place of cardiac and oxyntocardiac. 
The problem with this is that it is not clear whether mucous cell-only refers 
to both cardiac mucosa and atrophic gastric oxyntic mucosa with pseudo-
pyloric metaplasia. Confusion also results when researchers lump all intestinal 
metaplasia in the gastric cardia without attempting to separate intestinal meta-
plasia of Barrett-type occurring in cardiac mucosa from gastric intestinal 
metaplasia occurring in atrophic gastric oxyntic mucosa.

Another problem in the literature is the profusion of terms used for these 
fi ve epithelial types. This profusion does not indicate an abundance of epi-
thelial types. There are only fi ve: squamous, cardiac mucosa with intestinal 
metaplasia, cardiac mucosa without intestinal metaplasia, oxyntocardiac 
mucosa, and gastric oxyntic mucosa (normal and with all the pathologic 
lesions associated with gastric oxyntic mucosa, including gastritis and gastric 
intestinal metaplasia). We should restrict the terminology of these fi ve epi-
thelial types in biopsies of the esophagus and proximal stomach; if pyloric 
antral mucosa is added, the epithelial types found in the entire esophagus 
and stomach are covered.

Confusion also results when the defi nitions are not followed precisely. 
The most common twist is to include oxyntocardiac mucosa within the defi ni-
tion of cardiac mucosa. Marsman et al,9 in a study of cardiac type mucosa at 
the esophagogastric junction, looked at whether the type of columnar mucosa 
immediately distal to the squamocolumnar junction was “purely cardiac, oxyn-
tocardiac, or fundic mucosa.” They found that, of 63 patients who had the 
squamocolumnar junction in one biopsy sample, “purely cardiac mucosa was 
present in 39 (62%) biopsies, and oxyntocardiac mucosa was present in 24 
(38%) biopsies.” There is no study that more effectively shows that cardiac 
mucosa is absent in a signifi cant number of people. However, the authors 
conclude that “cardiac mucosa was uniformly present adjacent to the squa-
mous epithelium at the esophagogastric junction.” This conclusion is reached 
by combining cardiac and oxyntocardiac mucosa within what these authors 
call cardiac mucosa. To them, cardiac mucosa includes “purely cardiac mucosa” 
and oxyntocardiac mucosa; the whole point of distinguishing between the 
two vanishes. If data are to be uniformly assessed, it is crucial that we adhere 
to strict defi nitions of the epithelial types rather than twisting them to fi t the 
needs of the moment. Why is it diffi cult for Marsman et al9 to correctly con-
clude from their data: “Cardiac mucosa was present in 39 (62%) biopsies and 
absent in 24 (38%) of biopsies ?”

Another source of confusion in the literature is the use of the word 
carditis in two completely different ways. If carditis is defi ned as “infl am-
mation of the histologically defi ned cardiac mucosa,” it will always show 
a strong association with gastroesophageal refl ux disease.13 If carditis is 
defi ned as “infl ammation in a biopsy taken from the anatomically defi ned 
gastric cardia,” there will be a mixed association, because there is variation 
in the histology of the anatomic gastric cardia.4 Those among this group 
who have cardiac mucosa will show an association with refl ux, whereas 
those with gastric oxyntic mucosa will show an association with gastritis.
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Defi nition of the Gastroesophageal Junction

Historical Background (Figure 4–15)

Defi ning the gastroesophageal junction has been problematic ever since 
Allison and Johnstone described the entity of columnar-lined esophagus in 
1953.14 Before this, the gastroesophageal junction was defi ned endoscopically, 
grossly, and histologically as the squamocolumnar junction. Norman Barrett, 
in 1950,15 expressing the viewpoint of the time, stated: “.  .  .  the oesophagus 
is that part of the foregut, distal to the cricopharyngeal sphincter, which is 
lined by squamous epithelium.” By this defi nition anything distal to the squa-
mocolumnar junction was “gastric.” The columnar-lined esophagus was mis-
classifi ed as a tubular intrathoracic stomach (Figure 4–16). By histology, any 
columnar epithelium distal to the squamocolumnar junction was designated 
as “gastric.” The concept that cardiac mucosa lined the proximal stomach is 

1995–Present:
1. End of tubular
esophagus
2. Proximal limit
of rugal folds

Pre-1953: Barrett:
Squamocolumnar junction

1961–1995: Hayward:
End of tubular esophagus

Future: Proximal
limit of gastric
oxyntic mucosa

1953: Allison and Johnstone:
Peritoneal reflection

SCJ = GEJ

Tubular
stomach

Figure 4–15 Various historical defi nitions of the gastroesophageal junction. At present, the 
gastroesophageal junction is defi ned by the unvalidated end of tubular esophagus and proximal 
limit of rugal folds. The validated defi nitions of the gastroesophageal junction are the peritoneal 
refl ection and the proximal limit of gastric oxyntic mucosa.

Figure 4–16 Norman Barrett’s (1950) 
interpretation of the columnar-lined 
esophagus. By using the 
squamocolumnar junction (SCJ) to defi ne 
the end of the esophagus, Barrett 
designated the entire columnar-lined 
esophagus as an intrathoracic tubular 
stomach. GEJ, Gastroesophageal 
junction. (Reproduced with permission 
from Barrett NR: Br J Surg 38:175–182, 
1950.)
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rooted in this old histologic dogma, which is based on the incorrect defi nition 
of the gastroesophageal junction as the squamocolumnar junction.

In their landmark paper of 1953, Allison and Johnstone14 proved that in 
some patients, there is a columnar-lined esophageal segment interposed 
between the squamocolumnar junction and the gastroesophageal junction 
(Figure 4–17). To convince Barrett that what he was calling an intrathoracic 
tubular stomach was actually a columnar-lined esophagus, the authors state:

Careful examination of such a specimen shows that it has no peritoneal covering, that 
the musculature is that of normal oesophagus, that there may be islands of squamous 
epithelium within it, that there are no oxyntic cells in the mucosa, and that in addition 
to gastric glands there are present typical oesophageal mucous glands (Figure 4–18).

This argument was so persuasive that Barrett abandoned his concept of 
the tubular intrathoracic stomach and completely embraced Allison and 
Johnstone’s (1953) concept of columnar-lined esophagus in 1957.16

OESOPHAGUS
LINED BY
SQUAMOUS
MUCOSA
OESOPHAGUS
LINED BY
GASTRIC
MUCOSA

HERNIATED
STOMACH

DIAPHRAGM

LEVEL OF

Allison and Johnstone, 1953

1. No peritoneal lining
2. Not oxyntic mucosa (cardiac)
3. Esophageal musculature
4. Squamous epithelial islands
5. Esophageal (submucosal) glandsColumnar-

lined
esophagus

Gastric
oxyntic
mucosa

Peritoneal reflection

Figure 4–17 One of the fi rst illustrations of the columnar-lined esophagus (“oesophagus lined 
with gastric mucous membrane”). (Reproduced with permission from Allison PR, Johnstone AS: 
Thorax 8:87–101, 1953.)

Figure 4–18 Allison and Johnstone’s reasons for interpreting the columnar-lined segment as 
esophagus rather than a tubular stomach. Note that they report the presence of gastric fundal 
(oxyntic) mucosa at the peritoneal refl ection.
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Allison and Johnstone14 showed that the columnar-lined esophagus was 
lined by a columnar epithelium that was largely lacking in oxyntic cells and 
contained squamous islands. This is cardiac and, very likely, oxyntocardiac 
mucosa. However, because of the defi nitions existing at the time, they called 
this “gastric epithelium” and titled their paper, “The Oesophagus Lined with 
Gastric Mucous Membrane.” While agreeing with Allison and Johnstone about 
the existence of the entity, Barrett in 195716 suggested that the name of the 
entity be changed from “oesophagus lined by gastric mucous membrane” to 
“columnar-lined esophagus.” He was pointing out the obvious: the esophagus 
is lined by esophageal epithelia, never gastric epithelia.

Allison and Johnstone14 provide detailed descriptions of the histology in 
seven cases; these show that the proximal part of the columnar-lined segment 
was lined by cardiac mucosa, oxyntic cells were seen in the more distal part, 
goblet cells were present in one patient, and one patient had an adenocarci-
noma. All these were reported as “gastric mucosa.” The pathology report by 
D.H. Collins on the resected specimen of the fi rst case is so masterful to be 
worthy of repeating:

The specimen comprises a substantial portion of the body and cardia of stomach  .  .  .  to-
gether with 5  cm of oesophagus.  .  .  .  The oesophagus was separated by a knife from 
the stomach along the line of peritoneal refl ection. A vertical slice was then made 
through the centre of the reconstituted specimen, (see Figure 4–18) i.e., up the poste-
rior wall, and three vertically contiguous blocks were prepared.  .  .  .  The stomach below 
the anatomical junction with the oesophagus is lined by gastric mucosa of fundal 
type.  .  .  .  Cardiac glands and cardiac gastric mucosa do not appear until 0.6  cm up the 
anatomical oesophagus, and the oesophageal glands appear at 2  cm up the oesophagus 
(see Figure 4–18).

Allison and Johnstone14 had no problem in accurately defi ning the extent 
of columnar-lined esophagus when it was present. It was limited proximally 
by the squamocolumnar junction and distally by the gastroesophageal junction. 
They used a validated defi nition of the gastroesophageal junction (the line of 
the peritoneal refl ection) to defi ne the histology (see Figure 4–18). This pro-
duced an accurate result: the entire stomach distal to the peritoneal refl ection 
is lined by gastric fundal mucosa. The major part of the columnar-lined esopha-
gus is lined by cardiac mucosa with squamous islands. Although they did not 
defi ne histologic criteria to defi ne the gastroesophageal junction, they showed 
that the mucosa at and distal to the junction was gastric oxyntic mucosa.

All the confusion associated with columnar-lined esophagus is based on 
applying incorrect and invalidated defi nitions of the gastroesophageal junction 
(Table 4–2). Unfortunately, the peritoneal refl ection is not easy to identify in 
anything other than esophagectomy and autopsy specimens. Problems began 
emerging when attempts were made to defi ne the gastroesophageal junction 
at endoscopy. This has largely been done without correlation with the true 
anatomic gastroesophageal junction; Allison’s and Johnstone’s fi nding that 
gastric fundal (i.e., oxyntic) mucosa is present at and distal to the peritoneal 
refl ection has been lost.

The most infl uential paper with regard to defi ning the gastroesophageal 
junction is that by Hayward in 1961.17 Hayward defi nes the gastroesophageal 
junction as the point of transition of the tubular esophagus into the saccular 
stomach. He states that “The oesophagus is a tube and all of this tube is 
oesophagus, regardless of its lining. The true junction is where the conducting 
tube changes to the digesting pouch.” The transition of the tube to the pouch 
can be determined endoscopically. This became the fi rst universally accepted 
endoscopic defi nition of the gastroesophageal junction after columnar-lined 
esophagus was recognized as an entity. This currently persists as the recom-
mended defi nition for pathologists to use for the gastroesophageal junction 
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when they dissect gross esophagectomy specimens.18 By this endoscopic and 
gross defi nition, the extent of the columnar lined-esophagus was now defi ned 
as the area between the squamocolumnar junction and the end of the tubular 
esophagus. Hayward17 expanded this error when he suggested that the distal 
2 cm of the tubular esophagus was normally lined by cardiac mucosa (Figure 
4–19).

Although the junction between the tubular esophagus and saccular 
stomach was clear in normal patients, this point was frequently not well 
defi ned, particularly in patients with hiatal hernia.19 For this reason, endosco-
pists sought a more reliable marker for the endoscopic gastroesophageal 
junction. In 1987, McClave et al20 reported that the proximal limit of the rugal 
folds was a reliably defi ned endoscopic landmark (see Figure 2–5). In normal 
patients, the rugal folds lined the entire saccular region distal to the tubular 
esophagus. Over the next decade, the proximal limit of the rugal folds sup-
planted the end of the tubular esophagus as the endoscopic gastroesophageal 
junction and is now almost universally accepted.21

In addition to these commonly used defi nitions, some gastroenterologists 
use their own defi nitions of the gastroesophageal junction, even though they 
do not even appear in the literature. One example of this states that the end 
of the lower esophageal sphincter defi nes the gastroesophageal junction. In 
1995, Kim et al22 showed that there was a substantial error in the endoscopic 
determination of the lower esophageal sphincter. However, even if the sphinc-
ter can be identifi ed at endoscopy, its lower end represents the true gastro-
esophageal junction only in normal people. One of the early manifestations 
of refl ux-induced distal esophageal damage is shortening of the abdominal 

TABLE 4–2 Historical Defi nitions of the Gastroesophageal Junction*

Period GEJ defi nition Clinical impact

VALIDATED DEFINITIONS
1953–1961; Allison and Johnstone, GEJ = peritoneal refl ection; mucosa at 1. CLE defi ned accurately as the zone interposed between
 1953  and distal to this was gastric oxyntic    the SCJ and gastric oxyntic mucosa.
  mucosa. 2. CLE composed of cardiac and oxyntocardiac mucosa.
The predicted future; Chandrasoma GEJ = proximal limit of gastric oxyntic 1. End of CLE is proximal limit of gastric oxyntic mucosa; 
 et al, 2006  mucosa; the entire stomach is lined    histology defi nes GEJ; endoscopy cannot defi ne GEJ.
  by gastric oxyntic mucosa; cardiac 2. True GEJ is 0–3  cm distal to the end of tubular
  mucosa is CLE (back to Allison!).    esophagus and proximal limit of rugal folds.
  3. Biopsy all patients, including those whose endoscopy is 
     normal, to defi ne CLE accurately.

UNVALIDATED DEFINITIONS
Before 1953; Barrett, 1950 The SCJ 1. CLE mistaken for tubular intrathoracic stomach.
  2. Pathology in the CLE interpreted as gastric pathology.
1961–1994; Hayward, 1961 GEJ = end of tubular esophagus; CLE 1. CLE known to be acquired as a result of
  in distal 2  cm of esophagus is    gastroesophageal refl ux.
  normal; cardiac mucosa is present 2. CLE could not be differentiated from proximal stomach; 
  in proximal stomach.    histology could no longer be used to defi ne the GEJ.
  3. Biopsy limited to patients with >2  cm CLE.
1987–present; McClave et al, 1987 GEJ = proximal limit of rugal folds; 1. End of CLE is proximal limit of rugal folds.
  Any visible CLE is abnormal; 2. CLE cannot be differentiated from proximal stomach; 
  Cardiac mucosa is present in    histology cannot be used to defi ne the GEJ.
  proximal stomach. 3. Biopsy limited to patients with any endoscopically 
     visible CLE; distal CLE missed.
1980s–present; not in the literature,  GEJ = end of the lower esophageal 1. End of CLE is the end of the lower esophageal
 but used in practice.  sphincter, seen as a tightness    sphincter.
  around the endoscope on retrograde 2. Endoscopic determination of the end of the sphincter
  view.    has been shown to have a large error.
  3. Lower esophageal sphincter is damaged in patients with
     refl ux and therefore unreliable.

SCJ, Squamocolumnar junction; GEJ, gastroesophageal junction; CLE, columnar-lined esophagus.
*This will also determine the distal limit of the columnar-lined esophagus and affect how columnar-lined esophagus is defi ned at the time.
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segment of the sphincter, which causes the end of the low esophageal sphinc-
ter to move proximally as it is destroyed progressively at the distal end.

Clinical Impact of Validated and Unvalidated 
Defi nitions of the Gastroesophageal Junction

Two validated defi nitions have been used for the gastroesophageal junction 
in the literature. The fi rst is by Allison and Johnstone,14 who used the line of 
the peritoneal refl ection. The second is a study of fetal autopsies by De 
Hertogh et al3; these authors used the angle of His to defi ne the gastroesopha-
geal junction (see Figure 4–4). In this study, as in the study by Allison and 
Johnstone, the epithelium at and distal to the gastroesophageal junction was 
gastric oxyntic mucosa with parietal cells. The angle of His is valid as the 
gastroesophageal junction in fetal and neonatal specimens. In patients with 
refl ux disease, particularly when hiatal hernia is present, the angle of His 
becomes progressively obliterated and therefore unreliable as a marker of the 
gastroesophageal junction.

When validated defi nitions of the junction are used, therefore, three seg-
ments are recognized (see Figure 4–18):

1. The squamous-lined esophagus.

2. The columnar-lined esophagus, which ends at the gastroesophageal junc-
tion; this is lined by cardiac mucosa with and without intestinal metaplasia 
and oxyntocardiac mucosa.

3. The stomach, which begins at the gastroesophageal junction and is lined 
entirely by gastric oxyntic mucosa.

The end of the tubular esophagus and the proximal limit of rugal folds 
are not validated defi nitions of the gastroesophageal junction. The end of the 

Figure 4–19 Hayward’s (1961) interpretation of normal anatomy and histology. This is the 
basis of the long-held belief that cardiac mucosa lines the distal 2  cm of the esophagus as well 
as “a variable part” of the proximal stomach. B–D, “Cardia,” which appears to be the area 
between the peritoneal refl ection and insertion of the phreno-esophageal ligament. C–E, Extent 
of “normal” cardiac mucosa. According to Hayward, the cardia is esophageal, not gastric.
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tubular esophagus was defi ned as a result of Hayward’s17 edict, and the proxi-
mal limit of rugal folds transformed from its original description of an endo-
scopic landmark to become the universal defi nition of the gastroesophageal 
junction. Neither of these has ever been validated against the true gastro-
esophageal junction.

When either the end of the tubular esophagus or the proximal limit of 
the rugal folds is used to defi ne the gastroesophageal junction, the truth of 
the three segments defi ned here earlier changes to the falsehood of the fol-
lowing four segments (Figure 4–20):

1. The squamous-lined esophagus.

2. The columnar-lined esophagus, which ends at the gastroesophageal junc-
tion, which is lined by cardiac mucosa with and without intestinal meta-
plasia and oxyntocardiac mucosa.

3. The gastric cardia (proximal stomach), which is an area of the proximal 
stomach lined by cardiac and oxyntocardiac mucosa.

4. The rest of the stomach, which begins at the distal limit of the gastric cardia 
and is lined by gastric oxyntic mucosa.

These new and incorrect defi nitions of the gastroesophageal junction have 
split the columnar-lined esophagus defi ned by Allison and Johnstone14 into 
two segments that straddle the false gastroesophageal junction (see Figure 4–
20). Cardiac mucosa has shifted from being always proximal to the gastro-
esophageal junction, and therefore abnormal columnar-lined esophagus, to 
an epithelium that is found “normally” in the proximal stomach. The “gastric 
cardia” lined by cardiac mucosa represents a mythical structure that has been 
created by an invalidated and incorrect defi nition of the gastroesophageal 
junction.

This has enormous implications for the diagnosis of biopsies of this 
region. According to Allison and Johnstone’s defi nition, the columnar-lined 
esophagus can be distinguished histologically from the stomach because the 
latter is lined entirely by gastric oxyntic mucosa that is different from the 
cardiac and oxyntocardiac mucosa that line the columnar-lined esophagus 
(see Figure 4–18). By the presently accepted defi nitions, histology cannot 
distinguish the columnar-lined esophagus from normal stomach because both 
are lined by cardiac and oxyntocardiac mucosa (see Figure 4–20). This has 

End of tubular
esophagus

Proximal limit
of rugal folds

Gastric
oxyntic
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Columnar-lined
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Cardiac and oxyntocardiac
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Peritoneal reflection
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Figure 4–20 The result of using incorrect defi nitions of the gastroesophageal junction (end of 
tubular esophagus and proximal limit of rugal folds) is to divide the columnar-lined segment into 
a visible columnar-lined esophagus and an area distal to the junction, which is called gastric 
cardia. Use of a validated defi nition of the gastroesophageal junction (proximal limit of rugal 
folds and peritoneal refl ection) corrects this error. GOM, Gastric oxyntic mucosa.
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resulted in the inability to develop and use histologic criteria in the biopsy 
diagnosis of refl ux disease for more than 50 years.

Defi nition of the True Gastroesophageal 
Junction by Histology: The Proof

We have accepted the end of the tubular esophagus and the proximal limit 
of the rugal folds as defi nitions of the gastroesophageal junction too easily 
and without requiring any validation or proof that they correspond to the true 
anatomic gastroesophageal junction. One is reminded of Barrett’s15 proclama-
tion that the squamocolumnar junction was the gastroesophageal junction, 
which was made because of his strong opinion and the agreement of the 
community (but without validation).

In a recently published study,23 we attempted to validate the present defi ni-
tions of the gastroesophageal junction, using some of the methodology used 
by Allison and Johnstone in 1953. We carefully selected 10 esophagectomy 
specimens that had a sharp demarcation between the tubular and saccular parts 
and had the rugal folds extending all the way to this point (Figure 4–21). We 
excluded patients who had any gastric pathology. Like Allison and Johnstone, 
who divided the specimen along the line of the accepted gastroesophageal 
junction (peritoneal refl ection), we divided the specimen along the line of the 
presently accepted gastroesophageal junction (the end of the tubular esopha-
gus and the proximal limit of the rugal folds). By selecting cases in which these 
two criteria were coincident, we were able to test both in the same specimen. 
We then took vertical sections from this line distally for 3  cm, examining the 
entire region distal to the gastroesophageal junction (Figure 4–22). We mapped 

Figure 4–21 Esophagogastrectomy specimen selected for study, 
showing a well-defi ned end of the tubular esophagus coinciding with 
the proximal limit of rugal folds.

Figure 4–22 Method of sectioning the specimen in Figure 4–21. 
The specimen is divided across the line of the presently defi ned 
gastroesophageal junction. The area immediately distal to this is 
completely submitted for microscopic examination by serial vertical 
sections. This permits direct measurement of changes distal to the 
presently defi ned gastroesophageal junction.
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the epithelial types according to strict defi nitions. We found cardiac mucosa 
with and without intestinal metaplasia and oxyntocardiac mucosa in all patients 
to a length that varied from 0.31  cm to 2.05  cm (Figure 4–23). By currently 
accepted standards and Odze’s7 defi nition, this would be the “true gastric 
cardia,” which is much larger than Odze’s maximum of 0.4  cm.

To test whether this was esophagus or stomach, we evaluated these full-
thickness sections for the presence of submucosal glands, a criterion used by 
Allison and Johnstone and shown by the embryologic study of Johns in 195224 
to be found only in squamous lined-esophagus and not in the stomach. Sub-
mucosal glands varied in number and were found in 8 of 10 specimens distal 
to the presently accepted gastroesophageal junction (Figures 4–23, 4–24, and 
4–25). The submucosal glands were always found under cardiac, oxyntocar-

Figure 4–24 Submucosal glands under cardiac mucosa in the 
region distal to the end of the tubular esophagus.

Figure 4–25 Submucosal glands under oxyntocardiac mucosa in 
the region distal to the end of the tubular esophagus.

Figure 4–23 Summary of histologic fi ndings in the specimen shown in 
Figure 4–21. Cardiac mucosa with intestinal metaplasia (yellow areas), cardiac 
mucosa (green area), and oxyntocardiac mucosa (pink area) line the area distal 
to the presently defi ned gastroesophageal junction to a distance of 2.05  cm. 
Esophageal submucosal glands (black dots) are present in this area, coincident 
with these three epithelial types.
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diac, and intestinal epithelium and extended to within 0.5  cm from the proxi-
mal limit of gastric oxyntic mucosa. Submucosal glands were never seen under 
gastric oxyntic mucosa. We concluded from this study that the presently 
accepted defi nitions of the gastroesophageal junction (the end of the tubular 
esophagus and the proximal limit of rugal folds) are incorrect and that up to 
2.05  cm of the region presently thought to be proximal stomach is actually 
distal, refl ux-damaged esophagus (Figure 4–26).

The extent of the segment distal to the end of the tubular esophagus that 
contained submucosal glands and was lined by cardiac mucosa with and 
without intestinal metaplasia and oxyntocardiac mucosa varied in our study 
from 0.31 to 2.05  cm (Figure 4–27). In a similar study of esophagectomy 
specimens by Sarbia et al,25 cardiac and oxyntocardiac mucosa were present 
up to 2.8  cm distal to the end of the tubular esophagus. Sarbia et al25 also 
reported the presence of submucosal glands and gland ducts in this part of 
the specimen distal to the end of the tubular esophagus. 2.8  cm is the 
maximum length of the “proximal stomach” lined by cardiac and oxyntocar-
diac mucosa in the literature.
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Figure 4–26 The presence of submucosal 
glands characterizes the area distal to the 
end of the tubular esophagus as end-dilated 
stage esophagus rather than part of the 
stomach. This permits the recognition of the 
distal microscopically defi ned columnar-lined 
esophagus (CLE) (by the presence of 
cardiac mucosa with and without intestinal 
metaplasia and oxyntocardiac mucosa and 
submucosal glands) that is currently missed 
because of the use of incorrect defi nitions of 
the gastroesophageal junction. Pink dots, 
Submucosal esophageal glands.

Figure 4–27 All 10 patients in this study had evidence of a dilated end-stage esophagus. 
The extent of this area varied from a minimum of 0.31  cm in one patient with squamous 
carcinoma of the esophagus to 2.05  cm in one patient with adenocarcinoma in long-segment 
Barrett esophagus (specimen shown in Figure 4–21). CLE, Columnar-lined esophagus. Pink 
dots, Submucosal esophageal glands.
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The most common cause of signifi cant error in medical research is over-
extension of technical capability. The endoscope and the naked eye at gross 
examination cannot see the true gastroesophageal junction. Overextending 
the capability of the endoscope and the naked eye and attempting to use 
these modalities to localize and defi ne the true gastroesophageal junction 
results in signifi cant error and signifi cant diagnostic failure. The true gastro-
esophageal junction can only be defi ned histologically as the proximal limit 
of gastric oxyntic mucosa. Gastric oxyntic mucosa cannot be reliably differ-
entiated endoscopically or by the naked eye from cardiac and oxyntocardiac 
mucosa. This requires histology; the best scope is the microscope, which has 
the required resolution of a few micrometers.

Pathogenesis of Refl ux Disease

Gastroesophageal refl ux disease occurs as a result of damage produced in 
esophageal squamous epithelium by exposure to gastric juice. A common 
error implicit in the very name of the disease is to believe that refl ux of gastric 
juice into the esophagus is necessary for refl ux disease. The proximity of the 
squamous epithelium at the end of the esophagus to gastric juice makes it 
feasible for the squamous epithelium to be exposed to gastric juice without 
refl ux. This can occur during gastric overdistension, which is very likely the 
primary event that causes squamous epithelial damage1 (Figure 4–28). Once 
refl ux damage begins, it sets up a vicious cycle of pathologic events that 
results in the later stages of the disease, which are more readily recognized.

Refl ux Versus Refl ux Disease

Gastroesophageal refl ux is extremely common, at least in the Western world. 
When a pH electrode is placed in the distal esophagus for a 24-hour period 
(in the 24-hour pH test), the vast majority of individuals will have episodes 
in which gastroesophageal refl ux causes the esophageal pH to dip below 4. 

Esophagus

Stomach
(overdistended by a

heavy meal)

Exposed
squamous
epithelium

Original GEJ

Shortened LES taken
up into gastric contour

(temporary)

Figure 4–28 Pathogenesis of early refl ux change. During gastric distension, the intragastric 
pressure increases, and the lower esophageal sphincter (LES) (red areas) shortens, being “taken 
up” into the contour of the stomach. The squamous epithelium of the most distal esophagus 
associated with this sphincter shortening (orange area) is now exposed to the gastric contents 
and can be damaged by gastric juice. GEJ, Gastroesophageal junction. Yellow, Squamous 
epithelium; green, gastric oxyntic mucosa.
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Acid exposure is considered abnormal in the 24-hour pH test only when the 
pH in the esophagus is less than 4 for greater than 4.5% of the 24-hour 
period26; this amounts to an astonishing 64 minutes per day.

Most “normal” people will experience an acid exposure in this test 
between zero and 4.5% of the 24-hour period; very few people will have 
absolutely no acid exposure. In the 24-hour pH test, the measuring electrode 
is placed 5  cm above the proximal limit of the lower esophageal sphincter; 
this is 8 to 10  cm above the gastroesophageal junction. If a point so high in 
the esophagus is exposed to so much acidity, even in the “normal” popula-
tion, it is likely that most, if not all, people experience some acid exposure 
in their distal esophagus.

It should therefore not be surprising if epithelial changes caused by refl ux 
are present in most people. Changes of refl ux can be expected to be as 
common as aortic atherosclerosis or anthracosis of the lung. Failure to under-
stand this simple fact has resulted in the early changes of refl ux disease being 
mistaken as “normal” for many decades.

The Mechanism of Gastroesophageal Refl ux

Ingesting a meal involves swallowing masticated food and air is frequently 
swallowed with the food, causing gastric distension. With small meals, this is 
not a problem. However, with large meals, the gas distends the stomach and 
increases intragastric pressure. Kahrilas et al,27 in an experimental study in 
which air was introduced into the stomach, showed that distension and 
increased intragastric pressure were associated with progressive shortening of 
the lower esophageal sphincter (see Figure 4–28). When the sphincter short-
ened to a critical level, a transient lower esophageal sphincter relaxation 
occurred, causing a refl ux episode and acid exposure of the lower esophagus. 
The number of transient lower esophageal sphincter relaxations was directly 
related to the degree of shortening of the length of the sphincter (Figure 4–29). 
Transient lower esophageal sphincter relaxations are believed to be the main 
mechanism of gastroesophageal refl ux.
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Figure 4–29 The number of acid refl ux events related to different mechanisms during 
baseline recording and during a period of intragastric air infusion among normal controls, non-
hernia GERD patients, and hernia patients. Air infusion resulted in a signifi cant increase in refl ux 
events only by the transient lower esophageal sphincter relaxation (tLESR) mechanism. 
(Reproduced with permission from Kahrilas PJ, Shi G, Manka M, Joehl RJ: Gastroenterology 
118:688–695, 2000.)
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The study by Kahrilas et al27 had three patient groups: patients without 
symptomatic refl ux disease, patients with symptomatic refl ux without hiatal 
hernia, and patients with symptomatic refl ux and hiatal hernia. The baseline 
sphincter length was lowest in patients with symptomatic refl ux with hiatal 
hernia and increasingly more normal in patients with symptomatic refl ux 
without hiatal hernia and patients without symptomatic refl ux (Figure 4–30). 
This correlated with a larger number of baseline refl ux episodes and higher 
acid exposure in hiatal hernia patients. It decreased in patients with refl ux 
but no hernia and was lowest in patients without symptomatic refl ux (see 
Figure 4–30). When air was infused into the stomach, the sphincter shortened 
equally in the three groups (see Figure 4–30). However, because the starting 
sphincter length was lowest in patients with hiatal hernia, the added shorten-
ing resulting from induced gastric distension caused a greater increase of 
refl ux episodes in this group (see Figure 4–30; Figures 4–31 and 4–32).

Consider a person without refl ux symptoms in this study and assume that 
the sphincter length is normal. As gastric distension is induced by air insuf-
fl ation into the stomach, the sphincter shortens until this becomes suffi cient 
to result in a sphincter relaxation, leading to refl ux. When the refl uxed con-
tents are swallowed air, this is belching; when they are liquid gastric contents, 
it is refl ux.

What is sphincter shortening? Where does the shortened sphincter go? 
Taking a round balloon and blowing it up can help answer these questions 
(Figure 4–33). Initially, the collapsed balloon (i.e., the stomach) fi lls up to 
capacity; the luminal pressure is not greatly increased, and the neck of the 
balloon (the sphincter) maintains its length (Figure 4–33B). As the balloon 
becomes overdistended with air, the intraluminal pressure increases, and 
the neck of the balloon shortens. If one draws a line at the distal end of the 
original neck, this point extends into the proximal part of the body of the 
balloon. Similarly, “shortening of the lower esophageal sphincter” during 
gastric overdistension results in the distal part of the esophagus being taken 
up into the contour of the stomach (Figure 4–33C). This part, which is lined 
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Figure 4–30 Esophagogastric junction (i.e., lower esophageal sphincter) length during 
recordings averaged over 30-minute periods. This shows that sphincter length at baseline is 
longest in normal patients, less in non-hernia GERD, and still less in hernia patients. All three 
groups show a similar decrease in the lower esophageal sphincter length during air infusion. 
(Reproduced with permission from Kahrilas PJ, Shi G, Manka M, Joehl RJ: Gastroenterology 
118:688–695, 2000.)
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Figure 4–31 Esophageal manometry tracing showing one swallow. This shows a short esophagus (ends at 43  cm) with complete loss of the 
resting high pressure zone of the lower esophageal sphincter (green tracing). The anatomic depiction of the tracing is on the right with the 
distances from the nares. The high-resolution color format of this same swallow provides a clearer depiction of the changes (see Figure 4–32). 
(Reproduced with permission from Sierra Scientifi c Instruments.)

Figure 4–32 The tracing in Figure 4–31 shown in high-resolution manometry format. The propagated peristaltic wave ends 43  cm from the 
nares; this is the end of the tubular esophagus in this patient. There is complete loss of high-pressure zone of the lower esophageal sphincter. 
The diaphragmatic pinch (intermittent green line) is at 47.4  cm. The segment between the end of the peristaltic (at 43  cm) and the diaphragmatic 
pinch (at 47.4  cm) represents the esophagus associated with the destroyed lower esophageal sphincter (= dilated end-stage esophagus) with a 
probable sliding hiatal hernia. Note that this entire area has the same light blue pressure coloration as intragastric pressure (+ 5  mm  Hg). This 
contrasts with darker blue coloration in the esophageal body, which corresponds to a more negative pressure in the color chart on the left. The 
anatomic depiction of the changes is shown on the right with the distances from the nares. (Reproduced with permission from Sierra Scientifi c 
Instruments.)
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by squamous epithelium, is now exposed to gastric luminal contents. Refl ux-
induced damage can now occur in this exposed distal esophagus.

The Dilated End-Stage Esophagus: 
The Earliest Stage of Refl ux Disease

The earliest changes to the squamous epithelium occur during periods of 
postprandial gastric distension. This is a temporary change because the post-
prandial gastric distension resolves as the stomach empties. It is very likely 
that the normal squamous epithelium can resist minor damage that occurs 
during this temporary exposure to postprandial gastric contents, which are 
likely to be less acidic because of the high percentage of ingested food in 
the stomach. However, when damage is prolonged with an exceptionally 
heavy meal or repeated with frequent large meals, the distal esophagus can 
be permanently damaged by this acid exposure. This damage is limited to the 
most distal few millimeters of the esophagus and is characterized by three 
important clinicopathologic events:

1. Esophageal pain or heartburn can occur; this explains why heartburn is 
typically postprandial in early refl ux disease.

2. The squamous epithelium undergoes columnar metaplasia into cardiac 
mucosa.

3. The lower esophageal sphincter is “lost,” resulting in sphincter shortening 
(Figures 4–34 and 4–35).

All these changes occur without any overt gastroesophageal refl ux. It is 
likely that the 24-hour pH test, which only detects free refl ux into the esopha-
geal body, is normal in some of these patients.

This correlates well with changes observed in studies of patients with 
minimal refl ux disease. In our autopsy study, the range of mean length of 
cardiac and oxyntocardiac mucosa was less than 5  mm in 17 of the 18 patients 
studied completely. In the pediatric autopsy study by Kilgore et al,28 the mean 
cardiac mucosal length was 1.8 mm. In the study by Oberg et al29 of clinical 
patients who were endoscopically normal, 88 (26%) of 334 patients had such 
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Figure 4–33 The effect of blowing up a balloon resembles the change produced by gastric 
distension. In the collapsed state (A) and when blown to capacity (B), the pressure is low and 
the neck (purple areas) remains long. As the balloon overdistends (C), the pressure increases 
and the neck shortens, with its distal part being taken up into the contour of the stomach. 
D, The similarity to the dilated end-stage esophagus with loss of the distal part of the lower 
esophageal sphincter is shown.
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THORAX
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Shortened
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CLE in dilated
end-stage
esophagus

Figure 4–34 Diagrammatic representation of loss of the most distal part of the lower 
esophageal sphincter (LES) (red wall). This part of the esophagus dilates, and the squamous 
epithelium (yellow areas) undergoes columnar metaplasia. Blue, intestinal metaplasia; black, 
cardiac mucosa; red, oxyntocardiac mucosa. This microscopic columnar-lined (Barrett) 
esophagus (CLE) is interposed between the squamocolumnar junction and gastric oxyntic 
mucosa (green areas).
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Figure 4–35 Early refl ux disease at the microscopic phase. The most 
distal esophagus that has lost the sphincter effect (black- and white-striped 
wall) has become dilated and has taken the contour of the stomach. This 
area commonly develops rugal folds. Endoscopy and gross examination 
are normal, and the dilated end-stage esophagus will be mistaken for 
proximal stomach unless the proximal limit of gastric oxyntic mucosa 
(green area) is used to defi ne the gastroesophageal junction (GEJ). This 
patient has microscopic Barrett esophagus and is at risk for developing 
adenocarcinoma, which will be mislabeled “adenocarcinoma of the gastric 
cardia.” LES, Lower esophageal sphincter. Blue, Intestinal metaplasia; 
black, cardiac mucosa; red, oxyntocardiac mucosa.

a small amount of cardiac and oxyntocardiac mucosa that it was not present 
in extensive biopsies from this region. This is the baseline refl ux damage that 
occurs in the “normal” population; this is the acid exposure equivalent to the 
small amount of atherosclerosis that occurs in most people because of the 
lipid-rich diet so common in the Western world.

For nearly half a century, we have been confused by the severity of the 
damage to the distal esophagus by refl ux. It is incorrect to believe that 
the esophagus retains its normal shape when damaged by refl ux. The refl ux-
damaged distal esophagus loses its sphincter, dilates to become continuous 
with the gastric contour, and becomes lined by metaplastic columnar 
epithelia. Rugal folds do not indicate gastric mucosa. Rugal folds occur in all 
organs that act as reservoirs (e.g., the stomach, urinary bladder, gall bladder). 
When the distal refl ux-damaged esophagus dilates, it ceases to function as 
the tube that transmits food; instead, it becomes part of the reservoir that 
distends with meals. It therefore develops rugal folds. However obvious it 
may seem that rugal folds are gastric, the presence of submucosal glands 
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under rugal folds indicates that mucosa with rugal folds can be esophageal 
(see Figure 4–23).

The refl ux-damaged distal esophagus can be recognized histologically by 
the fact that it is lined by metaplastic columnar epithelia (cardiac mucosa with 
and without intestinal metaplasia and oxyntocardiac mucosa) and has submu-
cosal glands. I call this dilated end-stage esophagus. Like the end-stage kidney 
that becomes “thyroidized,” the end-stage esophagus has become “gastri-
cized.” The dilated end-stage esophagus is limited distally by the proximal 
limit of gastric oxyntic mucosa (the true gastroesophageal junction) and proxi-
mally by the end of the tubular esophagus. In some patients, the dilated 
end-stage esophagus represents the only pathologic abnormality associated 
with refl ux disease (see Figure 4–27, patient on the left). In others with more 
severe refl ux disease, the columnar metaplasia extends into the tubular 
esophagus to a variable length (see Figure 4–27, patient on the right).

In normal people without refl ux damage to the distal esophagus, there is 
no columnar-lined esophagus (i.e., no cardiac or oxyntocardiac mucosa). The 
entire esophagus is tubular and lined by squamous epithelium, which transi-
tions to gastric oxyntic mucosa at the gastroesophageal junction (see Figure 
4–2). In these patients without refl ux-induced damage, the anatomic gastric 
cardia is lined by gastric oxyntic mucosa. In normal people, every defi nition 
ever used for the gastroesophageal junction is correct. The normal junction 
is the distal limit of squamous epithelium, the proximal limit of gastric oxyntic 
mucosa, the end of the lower esophageal sphincter, the end of the tubular 
esophagus, the angle of His, the peritoneal refl ection, and the proximal limit 
of the gastric rugal folds.

Let us consider a patient with refl ux disease affecting the most distal 1  mm 
of the esophagus. The distal lower esophageal sphincter has lost 1  mm of the 
normal high-pressure zone (this shortening is too small be detectable at 
manometry). The squamous-lined tubular esophagus is shortened by 1  mm, 
being replaced by 1  mm of metaplastic columnar epithelia in the dilated end-
stage esophagus; this is below the resolution capacity of the endoscope, and 
endoscopy is normal. This is equivalent to a 1-mm cephalad migration of the 
squamocolumnar junction. This explains the fi ndings by Glickman et al12 that 
21% of children with less than 1  mm of cardiac mucosa had active esophagitis, 
compared to 55% of children with greater than 1  mm of cardiac mucosa. The 
presence of cardiac mucosa is an exquisitely sensitive indicator of refl ux. It 
can also identify patients with cellular changes of refl ux who are asymptom-
atic; many patients with 1  mm of columnar metaplastic epithelia limited to 
dilated end-stage esophagus will be asymptomatic.

This patient, however, can show all the changes and complications of 
refl ux disease in this abnormal 1-mm area. He or she can develop microscopic 
Barrett esophagus in this segment (which will be misdiagnosed as “intestinal 
metaplasia of the gastric cardia”) and refl ux-induced adenocarcinoma of the 
dilated end-stage esophagus (which will be misdiagnosed as “adenocarcinoma 
of the gastric cardia”).

Because the dilated end-stage esophagus results from destruction of the 1- 
to 3-cm abdominal segment of the lower esophageal sphincter, its maximal 
extent must be less than 3  cm. This correlates with the 2.8-cm maximum 
reported length of cardiac and oxyntocardiac mucosa distal to the end of the 
tubular esophagus. Additional sphincter loss in refl ux disease affects the thoracic 
part of the sphincter, which is an intrathoracic organ with a negative intraluminal 
pressure that prevents it from dilating even when the sphincter is destroyed.

Dilated end-stage esophagus is the earliest stage of refl ux disease and 
columnar-lined esophagus. Although these patients may have classical symp-
toms, endoscopy is normal because this area is distal to the end of the tubular 
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esophagus and is often lined by rugal folds. By present defi nitions, this will be 
called non-erosive refl ux disease (NERD). According to current practice guide-
lines, this area is not subject to biopsy. Dilated end-stage esophagus, involving 
the most distal region of the esophagus, is the most common type of refl ux 
disease and is present in a majority of the population. Present defi nitions ignore 
this most common manifestation of gastroesophageal refl ux disease.

Visible Columnar-Lined Esophagus and Hiatal 
Hernia: The Later Stage of Refl ux Disease

The study by Kahrilas et al27 shows the occurrence of permanent sphincter 
shortening that occurs as gastroesophageal refl ux progresses. Compared with 
asymptomatic patients, the baseline sphincter length shortens in the group 
with symptomatic refl ux and shortens even more when a hiatal hernia devel-
ops (see Figure 4–30). As baseline sphincter shortening occurs, baseline refl ux 
episodes and acid exposure increase, and the patient becomes increasingly 
susceptible to gastric distension. The vicious cycle is well demonstrated here 
where the initial sphincter damage sets the stage for further damage and 
increasing refl ux.

At the level of sphincter shortening that accompanies minimal disease, 
sphincter competence is largely retained except during gastric distension in 
the postprandial period. With increasing sphincter shortening, sphincter incom-
petence increases, and free refl ux occurs into the body of the esophagus. This 
is associated with columnar metaplasia in the tubular esophagus above the 
dilated segment (Figure 4–36). This is endoscopically visible columnar-lined 
esophagus (Figure 4–37). In these patients, the diagnosis is not missed. 
However, the endoscopic measurement of the length of the columnar-lined 
segment commonly ignores the invisible dilated end-stage esophagus distal to 
the visible segment of columnar-lined esophagus in the tubular esophagus.

Shortened LES taken
up into gastric contour

(permanently)
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(tubular part lined by CLE)

CLE in dilated
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Original GEJ

Figure 4–36 Later stage of refl ux damage in which the permanent shortening of the lower 
esophageal sphincter (black- and white-striped wall) has resulted in an incompetent sphincter 
and free refl ux into the body of the esophagus. The columnar-lined esophagus (CLE) has 
extended beyond the dilated end-stage esophagus into the tubular esophagus and is now 
visible endoscopically. GEJ, Gastroesophageal junction. Blue, intestinal metaplasia; black, 
cardiac mucosa; red, oxyntocardiac mucosa; yellow, squamous epithelium; green, gastric 
oxyntic mucosa.
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As the extent of the dilated end-stage esophagus increases, there is a 
progressive shortening of the tubular component of the abdominal esophagus. 
This causes the angle of His to become progressively less acute. When the 
entire abdominal segment of the lower esophageal sphincter is lost, the end 
of the tubular part of the esophagus is close to the diaphragmatic hiatus, and 
the angle of His is close to being a right angle. The resistance to upward 
movement of the dilated esophagus and stomach has decreased. When there 
is shortening of the esophagus due to fi brosis resulting from severe refl ux, a 
sliding hiatal hernia occurs (see Figures 4–31 and 4–32; Figure 4–38). Hiatal 

Figure 4–37 Endoscopic appearance of the diagrammatic esophagus 
shown in Figure 4–36, demonstrating a long segment of columnar-lined 
esophagus in the tubular esophagus.

Area of LES loss

CLE in dilated
end-stage
esophagus

Hiatal hernia

Figure 4–38 Final and advanced stage of refl ux-induced damage, associated with 
esophageal shortening due to longitudinal contraction of the esophagus. This is possible 
because the angle of His has become obliterated by the loss of the sphincter and dilatation of 
the distal esophagus. The entire dilated end-stage esophagus (area where the wall is shown as 
the black and white stripes representing the lost sphincter and lined by metaplastic epithelium) 
and part of the stomach (green area, oxyntic mucosa) lie above the diaphragm. Note that the 
proximal part of the dilated segment above the diaphragm is the dilated end-stage esophagus. 
LES, Lower esophageal sphincter; CLE, columnar-lined esophagus.
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hernia has been accurately defi ned for a long time; Allison’s (1948) description 
and illustration of a sliding hiatal hernia is perfect (Figure 4–39).

It should be recognized that the more proximal 2 to 3  cm of what is called 
hiatal hernia very likely represents the dilated end-stage esophagus. This can 
be proved by biopsy, in which the proximal region of a hiatal hernia is fre-
quently lined by cardiac mucosa with and without intestinal metaplasia and 
oxyntocardiac mucosa (and not by gastric oxyntic mucosa).

Anatomic Location and Signifi cance of Epithelial 
Types: Resolution of Controversy

It is clear that when one examines the vertical extent of the fi ve epithelial 
types, the following conclusions are always true:

1. Squamous epithelium is always the most proximal of the fi ve epithelial 
types and is the normal lining of the tubular esophagus.

2. Gastric oxyntic mucosa is always the most distal of the fi ve epithelial types 
and is the normal lining of the body of the stomach.

3. A variable amount of cardiac mucosa with and without intestinal metaplasia 
and oxyntocardiac mucosa is interposed between squamous epithelium 
and gastric oxyntic mucosa in most, if not all, patients. The extent of 
involvement varies from zero to the entire esophagus in rare cases.

The anatomic location of this segment of cardiac mucosa with and without 
intestinal metaplasia and oxyntocardiac mucosa depends on where the line 
is drawn that defi nes the gastroesophageal junction:

1. When the line is drawn at the peritoneal refl ection14 (see Figure 4–18) or 
the angle of His in fetal specimens3 (see Figure 4–4), the entire area at 
and distal to the line (i.e., stomach) is lined by gastric oxyntic mucosa, 
and the other three columnar epithelial types are located entirely in the 
esophagus.

Hermial sac

Esophagus

Stomach

Diaphragm

Peritoneal

Figure 4–39 Sliding hiatal hernia 
as illustrated by Allison in 1948. The 
sliding hiatal hernia is covered by a 
sac of peritoneum, and the 
squamous epithelium (straight line) 
ends at the end of the tubular 
esophagus at the point of the 
peritoneal refl ection. At this point, 
gastric mucosa (serrated line) begins. 
There is no columnar-lined 
esophagus or dilated end-stage 
esophagus shown here. (Reproduced 
with permission from Allison PR: 
Thorax 3:20–42, 1948.)
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2. When the line for the gastroesophageal junction is drawn at the end of the 
tubular esophagus or the proximal limit of the rugal folds, this line straddles 
the segment of columnar epithelium composed of cardiac mucosa with and 
without intestinal metaplasia and oxyntocardiac mucosa. This results in part 
of this columnar epithelium being regarded as esophageal and part as 
proximal gastric (see Figure 4–20).

We have shown that the end of the tubular esophagus and proximal limit 
of rugal folds are incorrect defi nitions of the gastroesophageal junction, 
because the area distal to it and extending up to the proximal limit of gastric 
oxyntic mucosa contains submucosal mucous glands and gland ducts, which 
characterize this part as esophageal. What is called “gastric cardia” by these 
defi nitions is refl ux-damaged dilated end-stage esophagus. As soon as this 
fact is understood, everything falls into place (see Figure 4–26).

Squamous Epithelium

Squamous epithelium is the normal epithelial lining of the esophagus and is 
present in all people. In the vast majority of patients, squamous epithelium 
of the esophagus is continuous with the squamous epithelium of the pharynx 
proximally and stops at the end of the tubular esophagus. This is currently 
accepted as the norm, at least from an endoscopic point of view, in which 
the coincidence of squamous epithelium at the end of the tubular esophagus 
with the proximal limit of the rugal folds is defi ned as the normal gastro-
esophageal junction. In a study of patients presenting for screening colonos-
copy (mean age 59 years; 60% male; 78% white), Rex et al30 showed that the 
squamous epithelium extended all the way to the end of the tubular esopha-
gus and to within 5 mm of the proximal limit of the rugal folds in 785 (81.7%) 
of 961 patients; the other 176 patients had a visible columnar-lined segment 
in the lower esophagus. This percentage was higher in patients without heart-
burn than those with heartburn.

In rare cases, squamous epithelium extends into the proximal region of the 
pouch distal to the end of the tubular esophagus (Figures 4–40C and 4–41). 
This usually occurs as tongues of squamous epithelium distal to the end of the 
tubular esophagus between rugated columnar epithelial folds.31 The maximum 
extent to which squamous epithelium has been reported to extend distal to the 
proximal limit of rugal folds is 3  cm. The prevalence of squamous epithelium 
distal to the proximal limit of the rugal folds was 16 (3%) of 547 patients. If the 

A B C

Figure 4–40 Epithelial composition of the area immediately distal to the tubular 
esophagus (lined entirely by squamous epithelium [gray areas] ). A, Normal patient without 
dilated end-stage esophagus or columnar-lined esophagus. The squamous epithelium 
transitions directly to gastric oxyntic mucosa (yellow striped areas represent rugal folds). 
B, Patient with approximately 1  cm of microscopic columnar-lined esophagus composed 
of cardiac mucosa without intestinal metaplasia (black areas) and oxyntocardiac mucosa. 
This area is often lined by rugal folds. C, Patient with approximately 1  cm of microscopic 
columnar-lined esophagus composed of cardiac and oxyntocardiac mucosa where 
residual squamous epithelial islands (gray areas) are present in the dilated end-stage 
esophagus.
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defi nition of the gastroesophageal junction used by the authors (i.e., the proxi-
mal limit of rugal folds) is correct, the only possible conclusion is that in these 
rare patients, squamous epithelium lines the proximal stomach. This would not 
be impossible. In many ruminant and herbivorous animals, a varying part of 
the proximal stomach is normally lined by squamous epithelium.

However, Fass and Sampliner31 showed that most, if not all, their patients 
with squamous epithelium extending into the “proximal stomach” had features 
suggesting gastroesophageal refl ux disease. They all had hiatal hernias and 
heartburn was reported in 12 (75%), acid regurgitation in 8 (50%), Barrett 
esophagus was present in 6 (38%), and esophageal stricture in 4 (25%). These 
data make it unlikely that the presence of squamous epithelium in the proxi-
mal stomach represents a congenital anomaly. When attempting to explain 
the relationship between the fi nding of squamous epithelium in the proximal 
stomach and gastroesophageal refl ux disease, the authors suggest two expla-
nations. In their abstract, they conclude: “Squamous cell extension into the 
proximal stomach  .  .  .  may represent an esophageal mucosal response to prox-
imal gastric injury.” In the paper, they write: “These fi ndings suggest that acid 
refl ux may be one of the culprits responsible for the development of squa-
mous epithelium in the proximal stomach.” Both these explanations are diffi -
cult to comprehend.

In the authors’ Figure 4, the squamous epithelium abuts infl amed cardiac 
mucosa. By our defi nition, this area is the dilated end-stage esophagus proxi-
mal to the true gastroesophageal junction (the proximal limit of gastric oxyntic 
mucosa). The authors are actually describing squamous islands within tongues 
of columnar-lined esophagus extending up into the dilated end-stage esopha-
gus (see Figures 4–40 and 4–41). Their blind trust in the accuracy of the 
endoscopic gastroesophageal junction prevents them from seeing the obvious. 
As Allison and Johnstone14 suggested, squamous islands are typical of colum-
nar-lined esophagus, not stomach; squamous epithelium almost never occurs 
in the human stomach.

Figure 4–41 Endoscopic appearance of the patient discussed in Figure 4–40C, showing a 
retrograde view of the region immediately distal to the end of the tubular esophagus. Squamous 
epithelium extends down as irregular tongues between columnar epithelium, which represent 
metaplastic columnar epithelia lining the dilated end-stage esophagus.
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Gastric Oxyntic Mucosa

Gastric oxyntic mucosa with straight, tubular, unbranching glands composed 
of parietal and chief cells is present in all humans. It is the normal lining of 
that part of the stomach proximal to the point at which it transforms into 
antral mucosa in the distal stomach. In general, it is accepted that typical 
gastric oxyntic mucosa is not seen in the esophagus. The oxyntocardiac 
mucosa, which is found in columnar-lined esophagus, has parietal cells and, 
when these are numerous, this epithelium can resemble gastric oxyntic 
mucosa. However, oxyntocardiac mucosa is generally thinner and has lobu-
lated and less organized glands that distinguish it from gastric oxyntic mucosa 
(Figure 4–42).

Gastric oxyntic mucosa is normally continuously exposed to gastric juice. 
It is an epithelium that is designed to withstand gastric juice exposure. It 
cannot, therefore, show pathologic changes in gastroesophageal refl ux disease. 
Gastric oxyntic mucosa shows pathologic changes in the numerous diseases 
that affect the stomach. These include infl ammation (gastritis) resulting mainly 
from infection with H. pylori and autoimmunity, and chemical injury (acute 
erosive gastropathy and reactive gastropathy) resulting from drugs, such as 
non-steroidal anti-infl ammatory drugs (NSAIDs) and bile refl ux. In most 
patients with these gastric diseases, there is a diffuse involvement of the gastric 
mucosa, and the proximal stomach is involved only when there is a pangas-
tritis. Malignant epithelial neoplasms arising in gastric oxyntic mucosa are 
adenocarcinomas; they have a strong association with H. pylori infection. 
Gastric adenocarcinomas are histologically indistinguishable from esophageal 
adenocarcinomas.

Cardiac Mucosa with and Without Intestinal 
Metaplasia and Oxyntocardiac Mucosa

These three epithelial types, when present, are always interposed between 
the squamocolumnar junction and gastric oxyntic mucosa (Figure 4–43). Not 
all three occur in all patients; oxyntocardiac mucosa is the most prevalent; 
next is cardiac mucosa without intestinal metaplasia; cardiac mucosa with 
intestinal metaplasia is the least prevalent. Most adult patients have at least 

Figure 4–42 The true gastroesophageal junction in a patient with a columnar-lined 
esophagus. The gastroesophageal junction is the proximal limit of gastric oxyntic mucosa (right 
half of the fi eld), which transitions into the lobulated oxyntocardiac mucosa. This is almost 
always the most distal of the types of columnar epithelia in the esophagus.
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one of these epithelial types, usually oxyntocardiac mucosa. The amount of 
the three epithelial types varies greatly among patients in whom all three 
types are found.

When more than one of these epithelial types is present, there is a con-
sistent zonation32,33 (see Figure 4–43). Oxyntocardiac mucosa tends to be most 
distal immediately adjacent to gastric oxyntic mucosa (see Figures 4–42 and 
4–43); cardiac mucosa with intestinal metaplasia is usually found proximally, 
adjacent to the squamous epithelium (Figure 4–44); cardiac mucosa without 
intestinal metaplasia is intermediate in location.

This zonation is maintained in all patients when the entire region between 
the squamocolumnar junction and the proximal limit of gastric oxyntic mucosa 
is considered. In patients who have these three epithelia straddling the end 
of the tubular esophagus and the proximal limit of the rugal folds, the zona-
tion generally holds true across these lines (see Figure 4–43). In patients who 
have these epithelia limited to the region distal to the end of the tubular 
esophagus, the same zonation is seen when all three epithelia are present 
(see Figure 4–35).

Prevalence and Extent—Present Viewpoint

Paull et al32 showed that columnar-lined esophagus consists of cardiac mucosa 
with and without intestinal metaplasia and oxyntocardiac mucosa. Since the 
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Figure 4–43 Present interpretation of the fi ndings of six patients compared with the new 
correct interpretation based on the accepted concept of the dilated end-stage esophagus. 
A, This is the normal state; currently, it is not believed to exist. B and C, Presence of small 
amounts of oxyntocardiac (red areas) or cardiac (black areas) and oxyntocardiac mucosa distal 
to the end of the tubular esophagus in a patient with normal endoscopy. This is presently 
designated normal gastric cardia. It represents refl ux-induced columnar-lined esophagus (CLE) 
in dilated end-stage esophagus (End-S E). D, Presence of intestinal metaplasia distal to the end 
of the tubular esophagus in a patient with normal endoscopy. This is presently designated 
cardiac intestinal metaplasia (CIM). It represents microscopic Barrett esophagus (BE) in dilated 
end-stage esophagus. E, Patient with 2  cm of columnar-lined esophagus at endoscopy who 
has no intestinal metaplasia on biopsy. There is no diagnosis for this patient using current 
criteria. This represents moderate refl ux disease manifesting as columnar-lined esophagus. 
F, Patient with 2  cm of columnar-lined esophagus at endoscopy with intestinal metaplasia on 
biopsy. This is correctly diagnosed as Barrett esophagus. SSBE, Short-segment Barrett 
esophagus.
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1960s, this has been considered an abnormal metaplasia of the esophagus 
resulting from the effect of refl ux disease on esophageal squamous epithelium. 
Columnar-lined esophagus involves a variable extent of the tubular esopha-
gus; in rare cases, the metaplasia extends to the most proximal region below 
the cricopharyngeal sphincter.

The amount of cardiac mucosa with and without intestinal metaplasia and 
oxyntocardiac mucosa varies greatly depending on the population being 
studied. In a screening population of 961 patients that included patients with 
symptoms of refl ux disease, Rex et al30 showed that 176 (18.3%) patients had 
a visible columnar-lined segment in the tubular esophagus (Figure 4–45). This 
was defi ned as the presence of columnar-lined esophagus equal to or greater 
than 5  mm above the end of the tubular esophagus and the proximal limit of 
rugal folds. Sixty-fi ve (6.8% of the total population and 36.9% of the 176 
patients with a visible columnar-lined esophagus) of these patients had intes-
tinal metaplasia and were diagnosed as Barrett esophagus. The columnar 
epithelial segment lengths in these 65 patients were 5 to 9  mm in 33, 10 to 
19  mm in 15, 20 to 29  mm in 5, 30 to 39  mm in 9, 40 to 49  mm in 1, 50  mm 
in 1, and 80  mm in 1 patient. Unfortunately, the segment lengths in the 111 
patients who had columnar-lined esophagus without intestinal metaplasia (i.e., 
patients with cardiac mucosa without intestinal metaplasia and oxyntocardiac 
mucosa) are not reported. This is because these patients currently do not fall 
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Figure 4–45 Findings in 961 patients in the screening study by Rex et al, 2003. The length of 
the columnar-lined segment is shown on the scale at the left. Blue, Intestinal metaplasia; black, 
cardiac mucosa; red, oxyntocardiac mucosa; gray, squamous epithelium; yellow, gastric oxyntic 
mucosa.

Figure 4–44 The proximal limit of the columnar-lined esophagus in a patient 
with intestinal metaplasia. The squamous epithelium (left) usually transitions 
into intestinalized cardiac mucosa.
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into a diagnostic category and are ignored despite the fact that there was a 
clearly defi ned endoscopic abnormality that led to biopsy.

Although Rex et al30 is a screening study of patients presenting for colo-
noscopy who were offered upper endoscopy without the existence of a clinical 
indication, this is not a normal population. The patients presented for screening 
colonoscopy, which excluded patients under 40 years; they had a mean age of 
59 years. It included patients with symptoms of refl ux such as heartburn. The 
study clearly shows the impact of including patients with heartburn in the 
study. The 384 patients with heartburn had a prevalence of Barrett esophagus 
and long-segment Barrett esophagus that were 8.3% and 2.6%, signifi cantly 
higher than the 5.6% and 0.36%, respectively, in patients without any heartburn. 
This study is selected, however, because it is probably the most normal popula-
tion studied clinically and represents one end of the spectrum.

This contrasts with our study of a clinical population of 959 patients who 
presented to a foregut surgery unit for potential refl ux disease surgery34 (Figure 
4–46). Our measurements were gathered with histologic mapping biopsies 
that assessed the separation of gastric oxyntic mucosa from squamous epithe-
lium, regardless of endoscopic landmarks. They are not directly comparable 
to the numbers in the study by Rex et al.30 The data provide much more 
detailed information regarding patients with very small amounts of cardiac 
mucosa with and without intestinal metaplasia and oxyntocardiac mucosa. 
There were 148 (15.4%) patients who had 1  cm or more of these three epi-
thelial types. The segment lengths were determined by the measured biopsies 
and not by the endoscopic length. The lengths were 1 or 2  cm in 54 patients, 
3 or 4  cm in 38 patients, and 5  cm or greater in 56 patients. A total of 811 
(84.6%) of the patients had 0 to 1  cm of separation between squamous epi-
thelium and gastric oxyntic mucosa; 161 (19.9%) of these had only gastric 
oxyntic mucosa and squamous epithelium; 158 (19.4%) had only oxyntocar-
diac mucosa between gastric oxyntic mucosa and squamous epithelium; and 
492 (60.7%) had cardiac mucosa with and without intestinal metaplasia. The 
prevalence of intestinal metaplasia in the columnar epithelium was 120 
(14.8%) of the 811 patients who had less than 1  cm; 38 (70.4%) of the 54 
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Figure 4–46 Findings in 959 patients in the study by Chandrasoma et al, 2005, of mapping 
biopsies. This is a clinical population biased toward having patients with severe refl ux disease. 
CM, Cardiac mucosa; IM, intestinal metaplasia; OCM, oxyntocardiac mucosa. Blue, Intestinal 
metaplasia; black, cardiac mucosa; red, oxyntocardiac mucosa; gray, squamous epithelium; 
yellow, gastric oxyntic mucosa.
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patients with 1 and 2  cm; 34 (89.5%) of the 38 with 3 and 4  cm; and 56 (100%) 
of those with 5  cm or greater.

This population is highly biased toward patients with complicated refl ux 
disease being referred for surgery and refl ects the distribution of these epi-
thelia in the most abnormal setting. This study is the opposite end of the 
spectrum to that by Rex et al.30 Most other clinical studies will have data that 
are between these two studies in terms of prevalence and extent of cardiac 
mucosa with and without intestinal metaplasia and oxyntocardiac mucosa.

The medical community has always had diffi culty in determining how 
much of this cardiac mucosa with and without intestinal metaplasia and oxyn-
tocardiac mucosa is abnormal. One of the most incredible phenomena of the 
past fi ve decades has been the change in what is considered the normal extent 
of cardiac mucosa. Before Allison and Johnstone14 described the columnar-
lined esophagus, all cardiac mucosa was considered a normal part of the 
stomach. The initial viewpoint about columnar-lined esophagus, until it was 
recognized as a refl ux-induced metaplasia, was that it was just a congenital 
anomaly. In 1961, Hayward17 defi ned normal cardiac mucosa as lining the 
distal 2  cm of the tubular esophagus and extending a variable distance into 
the proximal stomach. In the most recent (1997) edition of the standard his-
tology text used by pathologists, DeNardi and Riddell35 state that “the distal 
2  cm of the esophagus may be lined by columnar cells of the gastric cardia.” 
Owen,36 discussing gastric histrology, states that, “Pure cardiac mucosa and 
cardiofundic mucosa are normal fi ndings but that the extent of the mucus-
secreting mucosa is less than was previously thought.

The viewpoint still remains that there are 3 to 4  cm of cardiac mucosa 
straddling the gastroesophageal junction and partially in the esophagus and 
partially in the proximal stomach. The presence of columnar epithelium in 
the tubular esophagus is endoscopically abnormal; this is an indication for 
biopsy. However, it is only when intestinal metaplasia is present in the biopsy 
that this columnar epithelium is considered abnormal; this is the defi nition of 
Barrett esophagus. If no intestinal metaplasia is found in the biopsy, most 
people will revert to the viewpoint that this columnar epithelium in the distal 
esophagus is “normal” or “gastric,” regardless of the endoscopic length of 
columnar epithelium (see Figure 4–43). This viewpoint is clearly seen in Rex 
et al,30 in which 111 patients with columnar-lined esophagus who did not 
have intestinal metaplasia were essentially ignored in the data.

It is believed that cardiac mucosa normally lines the proximal stomach. A 
biopsy distal to the gastroesophageal junction that shows cardiac mucosa is 
accepted as normal despite the presence of signifi cant infl ammation and reac-
tive change in the mucosa. Currently, no attempt is made to quantitate this 
cardiac mucosa during biopsy interpretations of this region; there is no limit to 
the amount of cardiac mucosa that is accepted as normal in a gastric biopsy.

When the accepted normal amount of cardiac mucosa separating the squa-
mocolumnar junction and gastric oxyntic mucosa was in the 3- to 4-cm range, 
all these opinions made sense. However, recent evidence suggests that the 
amount of cardiac mucosa present between squamous and oxyntic mucosa is 
much smaller in the vast majority of the population. In the mid-1990s, we sug-
gested that the evidence indicated that there was no normal cardiac mucosa in 
this region37; this still remains a controversial opinion. However, the concept 
of normalcy has shifted dramatically from the 3- to 4-cm range to an amount 
much closer to the zero that I predicted. In a recent review of the literature, 
Odze7 suggests that the normal amount of cardiac mucosa is “less than 0.4  cm,” 
and most studies of normal people show that the amount of cardiac mucosa is 
either zero or less than 0.5  cm. The medical community is very slowly but 
inexorably accepting this amount as the normal length of cardiac mucosa.
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When this accepted number shrinks, it becomes increasingly diffi cult to 
place this minute amount of cardiac mucosa normally in both esophagus and 
stomach and to regard this as a normal epithelium. The tissue accessed by the 
standard biopsy forceps is approximately 3 to 4  mm, which means that unless 
the actual squamocolumnar junction is present in the biopsy sample, there is 
a signifi cant risk that any cardiac mucosa present will not be sampled. Marsman 
et al9 showed this to be the case. In a study of endoscopically normal patients, 
they showed that 62% of patients who had the squamocolumnar junction in 
one biopsy specimen had cardiac mucosa, compared with only 2% of patients 
when the squamocolumnar junction was not present in one biopsy sample.

If the accepted maximal length of normal cardiac mucosa is “less than 
4  mm” as suggested by Odze,7 the fi nding of cardiac mucosa entirely involving 
one biopsy sample (which is 4  mm) or more must be abnormal. However, 
pathologists interpreting biopsies of this region will accept any amount of 
cardiac mucosa in this region and call it “normal” without any attempt at 
quantitation. This is obviously an error. This situation will only change when 
the medical community accepts my viewpoint that cardiac mucosa is always 
abnormal. At that time, the presence of cardiac mucosa in any biopsy will be 
regarded as the pathologic state that it truly represents.

Prevalence and Extent—New Data in 
Autopsy Populations

One reason the amount of cardiac mucosa has been greatly exaggerated in the 
historic literature is because the data have been derived from studies of esopha-
gectomies and endoscopic biopsies. By defi nition, these are highly abnormal 
cases that are not likely to provide accurate data on the normal state. When 
this region is studied at autopsy in people who had no esophageal disease, the 
data that emerge are very different. The fi rst autopsy study of the gastroesopha-
geal junctional region was not reported until after the turn of this century.8

Cardiac mucosa is not seen in all patients. The maximum amount of cardiac 
and oxyntocardiac mucosa encountered in the 18 patients who were com-
pletely examined ranged from 0.48 to 8.05  mm (Figure 4–47). Autopsy studies 
are not able to accurately identify intestinal metaplasia. We fi rst reported this 
in an autopsy study of the gastroesophageal junctional region; although this 
study was published 2000, the data were available many years before, when 
the study was being rejected by multiple journals. In 10 (56%) of 18 patients in 
whom the entire circumference of the junction was examined by vertical sec-
tions, there was no cardiac mucosa. In eight patients, the cardiac mucosa had 
a mean length of 0.036 to 1.038  mm and a maximum length of 0.25 to 2.75  mm. 
Note that 0.36  mm is 36  μm, which is equivalent to a single foveolar-gland 
complex. Oxyntocardiac mucosa was present in all 18 patients, but only in a 
part of the circumference of the squamocolumnar junction in nine patients. The 
length of oxyntocardiac mucosa in the 10 patients without cardiac mucosa was 
a mean of 0.40 to 1.92  mm, a maximum of 1.00 to 7.25  mm. In the eight patients 
who had cardiac mucosa, the combined cardiac plus oxyntocardiac mucosal 
length was a mean of 0.16 to 6.95  mm and a maximum of 0.48 to 8.05  mm. In 
patients who had no oxyntocardiac or cardiac mucosa in some part of the cir-
cumference of the squamocolumnar junction, the squamous epithelium transi-
tioned directly to gastric oxyntic mucosa (see Figure 4–14).

Only one study, by Kilgore et al,28 found that cardiac mucosa was uni-
versally present distal to the squamous epithelium. The reason for this undu-
plicated fi nding is that the authors used a unique and fl awed defi nition of 
cardiac mucosa: “In each case, 5 μm sections were stained with hematoxylin 
and eosin as well as Alcian blue/periorid acid-Schiff (PAS).  .  .  .  All slides were 
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evaluated in a blinded fashion by two observers looking for the presence of 
cardiac-type mucosa characterized by unequivocal PAS-positive mucous glands 
arranged in lobular confi guration.”

This is the fi rst and only time in the literature that cardiac mucosa was 
primarily defi ned by the PAS stain and the fi rst time that the defi nition was 
made by the presence of mucous glands rather than the absence of parietal 
cells. The authors suggest in the next sentence that parietal cells were absent 
in their cardiac mucosa: “The length of the cardiac-type mucosa, the distance 
between the most distal portion of the squamous mucosa and the identifi ca-
tion of the most proximal parietal cell, was measured.  .  .  .” However, because 
the cytoplasm of parietal cells frequently stains weakly with PAS, exclusion 
of parietal cells is not always clear. Careful examination of the illustrations 
is revealing. In their Figure 4, they show an admixture of PAS-positive glands 
and parietal-cell containing glands, indicative of oxyntocardiac mucosa (which 
they call transitional mucosa). When their Figure 2 is examined, it shows a 
low magnifi cation view of the squamocolumnar junction where “squamous 
mucosa.  .  .  .  is found adjacent to cardiac-type mucosa characterized by a 
lobular confi guration of PAS-positive mucous-secreting glands.” First, the 
glands appear more straight tubular than lobulated; second, not all the cells 
of the gland are strongly PAS-positive; third, there appears to be a population 
of smaller, PAS-negative cells between the surface and the deep glands that 
look identical to the parietal cells.

The critical point here is that cardiac mucosa is not defi ned by the presence 
of PAS-positive mucus-secreting cells; it is defi ned by the fact that all the cells 
must be mucous cells in a hematoxylin- and eosin-stained section. PAS-stained 
sections have not been used in any other paper to defi ne cardiac mucosa. If 
PAS-stained sections are used, all the cells must be strongly PAS-positive 
mucus-secreting cells, and the entire mucosa must be lobulated. Every colum-
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Figure 4–47 Findings in the autopsy study by Chandrasoma et al, 2000. The patient on the 
left represents the minimum separation of squamous and gastric oxyntic mucosa, represented 
by oxyntocardiac mucosa (OCM) only in a part of the circumference measuring a maximum of 
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nar epithelium in the esophagus and stomach has a surface-lining epithelium 
composed of mucous cells containing neutral mucin and therefore is strongly 
PAS-positive. The report by Kilgore et al28 is important because it is the only 
study that reports the universal presence of cardiac mucosa at the junction.

Additional dissent with the statement that cardiac mucosa is not univer-
sally present comes from two autopsy studies of fetuses and neonates, which 
claim to fi nd cardiac mucosa in all patients. The study by De Hertogh et al3 
is extremely interesting. What these authors call “cardiac mucosa” is clearly 
located above the gastroesophageal junction and therefore in the esophagus. 
The epithelium at the gastroesophageal junction contains parietal cells. The 
authors actually show the reverse of their conclusion that cardiac mucosa is 
normally present in the proximal stomach in human fetuses. No one at this 
time will suggest that cardiac mucosa is normally found in the distal esopha-
gus. What the authors call “cardiac mucosa” is actually the non-ciliated colum-
nar epithelium present in the distal esophagus as the last fetal columnar 
epithelium to disappear during epithelial development. Providing data that 
essentially prove this, the authors show that the length of this “cardiac mucosa” 
decreases with increasing fetal age, a feature that defi nes a fetal structure 
destined to disappear when development is completed. Derdoy et al38 also 
incorrectly designate fetal columnar epithelium “cardiac mucosa” and fi nd that 
it is universally present; this study also shows that this “fetal cardiac mucosa” 
decreases in length as fetal age increases, a characteristic feature of fetal tissue. 
In a third similar fetal and neonatal study from South Korea, Park et al39 des-
ignated fetal columnar epithelium as “transitional epithelium” and concluded 
that cardiac mucosa was not present in fetuses. This study contained an excel-
lent illustration of a direct transition from squamous epithelium to gastric 
oxyntic mucosa in a neonate.

Prevalence and Extent—Data from 
Clinical Populations

The fi nding that cardiac mucosa is frequently absent at the squamocolumnar 
junction, which was initially received with skepticism, has now been amply 
confi rmed. In studies with extensive sampling of the normal squamocolumnar 

TABLE 4–3 Prevalence of Cardiac Mucosa at the Endoscopically Normal Squamocolumnar 
Junction in Different Studies with Adequate Histologic Data

 Prevalence of
Study cardiac mucosa Comments

Chandrasoma et al, 2000  44% Circumferential vertical sections at autopsy
Jain et al, 1998  35% Extensive endoscopic sampling
Kilgore et al, 2000 100% Pediatric autopsies; fl awed; incorrect 
   defi nition of cardiac mucosa was used
Marsman et al, 2002  62% Endoscopic sampling; authors conclusion 
   contradicted their data
Glickman et al, 2003  19% Pediatric endoscopies; high prevalence of 
   refl ux
De Hertogh et al, 2003 100% Fetal autopsies; fetal columnar epithelium 
   mistaken for cardiac mucosa
Derdoy et al, 2003 100% Fetal autopsies; fetal columnar epithelium 
   mistaken for cardiac mucosa
Park et al, 2003   0 Fetal autopsies; fetal columnar epithelium 
   called transitional mucosa
Zhou et al, 2000  45% Autopsy
Oberg et al, 1997  74% Endoscopic sampling in clinical population 
   with a bias toward refl ux
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junction at endoscopy, in biopsies that have the actual squamocolumnar junc-
tion in one biopsy piece, and in vertical sections taken across the squamoco-
lumnar junction in esophagectomy specimens, cardiac mucosa is absent in a 
variable number of patients. In these studies, the incidence of cardiac mucosa 
generally increases when the population studied is older, has a higher rate 
of symptomatic refl ux disease, and has endoscopically visible columnar-lined 
esophagus.

There is no argument that columnar-lined mucosa can extend proximally 
into the tubular esophagus from the gastroesophageal junction; in rare cases, 
this reaches the upper esophagus.

Evidence shows that up to approximately 3  cm of the presumed proximal 
stomach distal to the end of the tubular esophagus and/or proximal limit of 
the rugal folds can be lined by cardiac and oxyntocardiac mucosa. In our 
autopsy study,8 which is the closest to a normal population, 0.05 to 0.8  cm of 
the region distal to the end of the tubular esophagus was lined by cardiac 
and oxyntocardiac mucosa. In our esophagectomy study,23 we reported the 
0.31 to 2.05  cm of the area distal to the end of the tubular esophagus and the 
proximal limit of rugal folds was lined by these three epithelial types. Sarbia 
et al,25 in a study of esophagectomy specimens in patients with squamous 
carcinoma, reported the presence of cardiac and oxyntocardiac mucosa to a 
maximum extent of 2.8  cm distal to the end of the tubular esophagus. Jain et 
al40 showed that cardiac mucosa was present 2  cm distal to the proximal limit 
of the rugal folds by endoscopic biopsy in one of 31 patients. This confi rms 
the contention in many histology textbooks that approximately 2  cm of the 
“proximal stomach” is lined by cardiac mucosa. When combined with the data 
that cardiac mucosa can frequently be absent at the junction, it can be stated 
that an area distal to the end of the tubular esophagus measuring 0 to 30  mm 
in length can be lined by cardiac (and oxyntocardiac) mucosa (Table 4–4). 
This is the maximum extent of the dilated end-stage esophagus.

Signifi cance of Cardiac Mucosa with 
and Without Intestinal Metaplasia and 
Oxyntocardiac Mucosa

The presence of cardiac mucosa in the tubular esophagus (i.e., columnar-lined 
esophagus) has long been known to result from metaplasia caused by 
squamous epithelial damage induced by gastroesophageal refl ux. Despite 
this, columnar-lined esophagus has never been used as a diagnostic criterion 
for refl ux disease. I have suggested in Chapter 2 that this is inexplicable 
and should be changed. The question remains as to how much cardiac 

TABLE 4–4 Studies that Provide Measurement of the Extent of Cardiac Mucosa with and 
without Oxyntocardiac Mucosa Distal to the Gastroesophageal Junction*

 Patients without Maximum length of Maximum length of
Study cardiac mucosa cardiac mucosa CM + OCM

Chandrasoma et al, 2000 56% 2.75  mm 8.05  mm
Jain et al, 1998 65% 3% had 20+  mm Data not provided
Glickman et al, 2002 19% 43% had >1  mm Data not provided
Kilgore et al, 2000 0 1–4  mm Data not provided
   (mean 1.8  mm)
Sarbia et al, 2003 3% 1–15  mm 28  mm
   (mean 5  mm)

*As presently defi ned.
CM, Cardiac mucosa; OCM, oxyntocardiac mucosa.
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mucosa with and without intestinal metaplasia and oxyntocardiac mucosa is 
necessary before its presence becomes associated with gastroesophageal 
refl ux (Figure 4–48).

In 1993, Csendes et al41 reported that the extent of columnar-lined esopha-
gus correlated with the severity of refl ux disease; the longer the columnar-
lined segment, the greater the likelihood and severity of refl ux disease, and 
the greater the likelihood and severity of lower esophageal sphincter 
abnormality.

In a histologic study, we compared a population of patients who had less 
than or greater than 2  cm of cardiac mucosa with and without intestinal meta-
plasia and oxyntocardiac mucosa separating the squamous epithelium and 
gastric oxyntic mucosa in mapping biopsies.42 Patients with greater than 2  cm 
of these columnar epithelia were signifi cantly more likely to have an abnormal 
acid exposure and abnormalities in the lower esophageal sphincter than 
patients with less than 2  cm of these epithelial types (see Figure 4–48).

This association between the presence of these three columnar epithelia 
and gastroesophageal refl ux disease has been shown at even very short 
lengths. Oberg et al,29 in a study of 334 endoscopically normal patients, 
showed that the 246 patients who had cardiac and/or oxyntocardiac mucosa 
in their biopsies were more likely to have an abnormal 24-hour pH test with 
higher acid exposure of the lower esophagus. In addition, they were more 
likely to have lower esophageal sphincter incompetence such as decreased 
total and abdominal length (see Figure 4–48).

In a study of pediatric patients who had the squamocolumnar junction in 
one biopsy sample, many of whom had symptomatic refl ux, Glickman et al12 
showed that patients with greater than 1  mm of cardiac mucosa were more 
likely to have refl ux symptoms than those with less than 1  mm (see Figure 
4–48). This suggests that even minute amounts of cardiac mucosa are a mani-
festation of gastroesophageal refl ux. If cardiac mucosa was a normal structure, 
the fi ndings would have been the reverse. If cardiac mucosa was unassociated 
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Figure 4–48 Results of three studies that compare the severity of refl ux disease in patient 
groups that differ in the amount of cardiac and/or oxyntocardiac mucosa (CM/OCM) present 
between the squamous epithelium and gastric oxyntic mucosa. In all the studies, the presence 
of cardiac mucosa indicated more evidence of refl ux, and greater lengths of cardiac mucosa 
indicated greater severity of refl ux. Black, Cardiac mucosa; red, oxyntocardiac mucosa; gray, 
squamous epithelium; yellow, gastric oxyntic mucosa.
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with refl ux, there is no reason for a statistically signifi cant relationship between 
the amount of cardiac mucosa and refl ux.

These data prove beyond any reasonable doubt that cardiac mucosa is 
an abnormal epithelium associated with gastroesophageal refl ux. It is not a 
normal epithelium—even at a length of 1  mm. In Chapter 5, I will show that 
cardiac mucosa is the fi rst columnar metaplastic epithelium that arises from 
squamous epithelium in the esophagus. Depending on the milieu in the 
esophagus, cardiac mucosa can transform into oxyntocardiac mucosa (by 
developing parietal cells) or develop goblet cells, which represent intestinal 
metaplasia in cardiac mucosa. The three columnar epithelial types–cardiac 
mucosa with and without intestinal metaplasia and oxyntocardiac mucosa–are 
all derived from refl ux-induced columnar metaplasia of the esophageal squa-
mous epithelium.

New Defi nitions of the Normal State 
and Gastroesophageal Refl ux Disease

The understanding of the changes associated with early refl ux in anatomic 
and histologic terms fi nally permits the clear, unambiguous, and easily repro-
ducible defi nition of the esophagus and stomach (Table 4–5). Cardiac mucosa 
with and without intestinal metaplasia and oxyntocardiac mucosa represent 
refl ux-induced columnar metaplastic esophageal epithelia. They are never 
gastric and never normal (see Figures 4–2, 4–9, and 4–43).

The acceptance and use of these new defi nitions are essential for gastro-
esophageal refl ux disease to be understood and appropriately treated. Until 
this happens, confusion is inevitable.
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 ■  ■  ■  C H A P T E R  5

Cellular Changes of Non-Neoplastic 
Gastroesophageal Refl ux Disease

The cellular events that occur with gastroesophageal refl ux result from interac-
tion of the cells that are exposed and the nature of the refl uxate. Ultimately, 
every change must be explained on the basis of a cellular interaction between 
a cell present in the patient and a molecule or combination of molecules in 
the refl uxate. Such interactions are theoretically of two types (Figure 5–1):

1. Destructive or injurious, in which a molecule causes cell damage by a 
chemical reaction with cell components. Acid in a high enough concentra-
tion has the potential to induce direct cell damage in all types of esophageal 
epithelia, whether squamous or metaplastic columnar. It is likely that mol-
ecules in the refl uxate other than acid also contribute to cell injury.

2. Interactive, in which a molecule in the refl uxate combines with a cell 
component, usually a receptor, and induces a change in the structure 
and/or function of the cell. Interactive mechanisms generally preserve the 
altered cell in contrast to the destructive infl uences, which damage and 
destroy the cells.

The most important result of molecule-cell interactions is an alteration in 
the genetic control of the cell. All the genetic changes in the stem cells of the 
esophagus must result from such molecule-receptor interactions. Conceptu-
ally, two types of genetic changes are produced:

1. Genetic switches, which are reversible changes that direct the differentia-
tion of the stem cell. Normally, the direction of differentiation in the adult 
esophagus is squamous. Genetic switches due to reactivation of suppressed 
columnar signaling genes may cause the stem cell to differentiate into all 
the columnar cell types seen in the esophagus. This is metaplasia.

2. Genetic mutations, which are irreversible changes in the genetic structure. 
It is likely that multiple mutations are necessary to give the cells the 
characteristics that we recognize as cancer.

Destructive injuries tend to be the mechanism of physical agents and simple 
chemicals such as highly ionic compounds (the coagulative heat of a laser, 
the hydroxyl ions of lye, the free radicals generated by radiation, and the free 
hydrogen ions of acid). It is very unlikely that any cell has receptors to simple 
ionic compounds. Cell receptors are generally complex and interact with larger 
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molecules. It is therefore likely that larger molecules, such as complex nitrog-
enous compounds and bile salt derivatives, are responsible for interactive 
changes (see Figure 5–1).

Squamous Epithelial Injury

Refl ux disease must begin as a cellular change in squamous epithelium 
because the entire esophagus is lined by squamous epithelium. Squamous 
epithelial damage resulting from refl ux progresses in two directions. The fi rst 
is an injury caused by toxic luminal molecules, mainly acid. Acid causes 
surface epithelial damage, resulting in increased cell loss and increased pro-
liferation of the epithelium, recognized as basal cell hyperplasia. Acid entering 
the epithelium very likely causes cell damage, resulting in the release of che-
mokines such as interleukins. These attract neutrophils and eosinophils into 
the epithelium. When severe, it is characterized by erosions and ulcerations. 
When untreated, this may lead to perforation of the ulcers and fi brosis of the 
wall with strictures. Problems resulting from this severe squamous epithelial 
injury have declined with the availability of effi cient acid suppression.

The manifestations of squamous epithelial injury represent the presently 
recognized criteria for the diagnosis of refl ux disease. These have been 
described in Chapter 2 (Figures 2–2 to 2–4 and 2–17 to 2–28).

Sequence of Columnar Metaplasia of the Esophagus

The second direction of change in squamous epithelium is more chronic with 
interactive cellular changes that result in columnar metaplasia. Columnar 
metaplasia results from genetic switches in the progenitor stem cells of the 
esophagus (Figure 5–2). Each genetic switch produces a phenotypically dif-
ferent epithelial type with different clinical signifi cance. Study of the sequence 
and mechanism of these interactions provides understanding of the pathogen-
esis of refl ux-induced adenocarcinoma.

Cardiac Metaplasia of Squamous Epithelium: 
The First Genetic Switch

One of the important changes in squamous epithelium associated with refl ux 
is the increase in epithelial permeability that results from the separation of 
tight junctions between the cells (“dilated intercellular spaces”).1 This is an 
acid-induced change. It permits luminal molecules to enter the epithelium and 
permeate downward (Figure 5–3). With increasing severity of acid-induced 

Acid
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Cell death

Interactive
change

Molecule
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Figure 5–1 Diagram showing the two basic types of injury to cells in 
gastroesophageal refl ux disease. In the fi rst mechanism, the agent of injury 
(exemplifi ed by acid) damages the cell directly, resulting ultimately in cell 
destruction. In the second mechanism, changes result from interactions between 
complex (non-acid) molecules in the refl uxate and cell receptors.
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permeability, progressively larger luminal molecules reach greater depths of 
the epithelium. Tobey et al2 showed that severely acid-damaged squamous 
epithelium permitted molecules up to 20  kD in size to enter and permeate 
the full thickness of the squamous epithelium. Stimulation of nerve endings 
by these molecules is very likely responsible for the pain associated with 
refl ux disease. Although acid is the most potent stimulant of pain-sensitive 
nerve endings, it is likely that other molecules can also induce pain in this 
manner. This would explain why non-acid refl ux episodes can cause pain in 
some patients who are on acid-suppressive drugs.

Reflux-damaged
squamous epithelium

Unknown refluxate
molecule

Benign genetic switch
? SHH gene

Oxyntocardiac
mucosa

No progression

First genetic switch
Unknown

Cardiac mucosa

? Acid ? Bile

Second genetic switch
? Cdx-2

Intestinal metaplasia
(Barrett esophagus)

? Bile Multiple genetic
mutations

Adenocarcinoma

Luminal
molecules

Acid-induced
permeability
increase

Receptor interaction;
Genetic switch—unknown

Proliferating
cell pool

Cardiac mucosa

Figure 5–2 The refl ux-to-adenocarcinoma sequence. This involves conversion of squamous 
epithelium to cardiac mucosa, conversion of cardiac mucosa to intestinal metaplasia, and fi nally, 
the occurrence of multiple carcinogenic mutations in intestinal metaplasia. The pathway where 
cardiac mucosa switches to oxyntocardiac mucosa is benign, because oxyntocardiac mucosa 
does not progress to intestinal metaplasia or cancer. The possible genes and molecules 
involved in each step are shown. SHH, Sonic hedgehog gene.

Figure 5–3 The fi rst genetic switch, which results in the conversion of squamous epithelium 
to cardiac mucosa. Acid damage of the squamous epithelium leads to increased permeability. 
Refl uxate molecules enter and fi lter down to encounter the proliferating stem cell pool in the 
suprabasal region. Interaction between cell surface receptors and complex molecules induces 
the genetic switch that causes the stem cell to change its differentiation from squamous to 
columnar.
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The progenitor esophageal stem cells are located in the basal layer of the 
squamous epithelium. Normally sequestered from the lumen, these cells pro-
liferate to continually renew the epithelium. In normal esophageal epithelium, 
the proliferating cell pool is limited to the basal two to three cell layers. In 
patients with acid-induced increased permeability of the epithelium, these 
proliferating cells become exposed to permeating luminal molecules. The 
interaction between cell receptors of proliferating cells and extrinsic refl uxate 
molecules is essential for signifi cant genetic changes to occur. Genetic changes 
produced in terminally differentiated surface cells are irrelevant, except for 
promoting cell death. Acid in the refl uxate is the key that unlocks the esopha-
geal squamous epithelium and exposes its normally sequestered stem cells 
and proliferating cells to the effect of all the luminal molecules that have been 
permitted access.

The fi rst recognizable evidence of a change in the genetic control of the 
esophageal epithelial stem cell is a shift in the direction of differentiation from 
squamous to columnar. This is columnar metaplasia. Columnar transformation 
has been recognized as a complication of gastroesophageal refl ux for some 
time. In 1961, Hayward3 described the process well:

When the normal sphincteric and valvular mechanism in the lower esophagus and 
oesophagi-gastric junction.  .  .  .  fails,  .  .  .  refl ux from the stomach occurs and acid and 
pepsin reach the squamous epithelium and begin to digest it.  .  .  .  In quiet periods some 
healing occurs, and in these periods the destroyed squamous epithelium may re-form, 
often with.  .  .  .  junctional (= cardiac) epithelium, usually not very healthy-looking.  .  .  .  Fur-
ther refl ux therefore attacks principally the squamous epithelium higher up. In the 
next remission it may be replaced by more junctional (= cardiac) epithelium.  .  .  .  With 
repetition over a long period the metaplastic junctional (= cardiac) epithelium may 
creep higher and higher.  .  .  .

When the esophageal stem cell in the base of the epithelium shifts its 
differentiation from squamous to columnar, the columnar daughter cell that 
is produced has none of the typical cell attachments that bridge it with the 
adjacent squamous cells immediately above (Figure 5–4). The stratifi ed squa-
mous epithelium changes to a single- or multi-layered columnar epithelium 
composed of mucous cells. This is cardiac mucosa of surface type (see Figures 
3–25 and 3–26). This rapidly progresses to develop a foveolar region, seques-

Figure 5–4  The zone of transition from squamous to the single-layered columnar epithelium. 
Note the line of cleavage in the suprabasal region of the squamous epithelium. This is the 
expected change resulting from a change in the differentiation of the stem cell to columnar. The 
lack of cell attachments between the new columnar cell and the superfi cial squamous cells 
leads to separation of the superfi cial part of the squamous epithelium.
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tering the esophageal epithelial stem cells in the deep part of the foveolar 
pit, separating them from the lumen (see Figures 3–27 and 3–28). Glands may 
form under the foveolar region. In the fi rst phase of columnar metaplasia, 
there are no differentiated cells, and this mucosa consists only of mucous 
cells, falling within the defi nition of cardiac mucosa.

Two pieces of direct evidence support the statement that cardiac mucosa 
is the fi rst epithelium to arise from squamous epithelium as a result of refl ux:

1. The type of metaplastic epithelium encountered in children with refl ux 
disease is cardiac. Intestinal metaplasia is rare in children.4

2. In patients who have undergone esophagogastrectomy with gastric pull-up, 
cardiac mucosa is the fi rst columnar epithelium to develop in the esophagus 
above the anastomotic line as a result of the refl ux that is very common in 
these patients (Figure 5–5).5–8 In both situations, cardiac mucosa precedes 
the occurrence of intestinal metaplasia by many years, if not decades.

Cardiac mucosa resembles the late fetal columnar epithelium that occurs 
in the distal esophagus,9 being composed of columnar mucous cells and 
mucosal mucous glands (fetal columnar epithelium, type III; see Chapter 3, 
Figures 3–1 to 3–3). Cardiac metaplasia probably results from reactivation of 
a genetic signal that is innate to esophageal stem cells and is expressed during 
fetal life. It is signifi cant that this is the last esophageal columnar genetic signal 
that is suppressed during development. Earlier genetic signals responsible for 
ciliated (type II) and more primitive (type I) fetal columnar esophageal epi-
thelia are rarely, if ever, reactivated in the metaplastic process that occurs in 
refl ux disease.

Columnar transformation of the esophageal squamous epithelium to form 
cardiac mucosa is the result of a complex series of changes highly specifi c 
for refl ux. It requires refl ux-induced damage of the squamous epithelium to 
cause increased permeability, followed by a genetic switch resulting from an 
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Figure 5–5 Study by Dresner et al of esophagogastrectomy patients. On follow-up, these 
patients sequentially develop cardiac and then intestinal metaplastic epithelium in the squamous 
epithelium above the anastomotic line. The likelihood of developing metaplasia is signifi cantly 
related to duodenogastroesophageal refl ux in these patients. CM, Cardiac mucosa; IM, intestinal 
metaplasia. Blue, Intestinal metaplasia; black, cardiac mucosa; gray, squamous epithelium; 
yellow, gastric oxyntic mucosa.



162 CHAPTER 5  Cellular Changes of Non-Neoplastic Gastroesophageal Refl ux Disease

interaction between an unknown and probably specifi c molecule in the refl ux-
ate and the esophageal progenitor cell. Although the squamous epithelial 
damage is not specifi c for refl ux and can occur in other diseases such as 
allergic esophagitis, the actual genetic switch that causes columnar metaplasia 
in the squamous epithelium appears to be highly specifi c for refl ux. It is not 
reproduced by any other known agent producing injury in the esophagus–not 
by chemicals, pills, corrosives, or infectious agents.

Although acid acts as the key that permits access to the squamous epi-
thelium, it is likely that a molecule other than acid is responsible for the actual 
genetic switch that leads to columnar transformation in the esophageal pro-
genitor cell. The exact molecule in the gastric refl uxate, the progenitor cell 
receptor, and the genetic change that causes cardiac metaplasia in esophageal 
squamous epithelium are unknown.

Cardiac transformation of squamous esophageal epithelium is a cumulative 
change. As the number of refl ux episodes increases, so too does the amount 
of squamous epithelium that transforms into cardiac mucosa. Cameron et al10 
reported that the length of cardiac mucosa in any given individual increases 
until a steady state is reached at around 20 years of age. In the vast majority 
of autopsy studies, the amount of cardiac mucosa is less than 0.5  cm.11,12 The 
length of columnar transformation found in the esophagus in any patient at 
any point in time is a function of the amount of exposure to refl ux, the dura-
tion of exposure, and the susceptibility of that individual to refl ux-induced 
damage (Figure 5–6). In any individual, columnar transformation will tend to 
increase with age and increasing severity of refl ux (Figure 5–6D).

There is much evidence that toxic molecules in the gastric refl uxate cause 
damage to cardiac mucosa. Cardiac mucosa almost always shows infl amma-

Patient A
No reflux

Patient B
Mild reflux

Patient C
Moderate

reflux

Patient D
Severe
reflux

Patient D

Birth 5 years 15 years 30 years

Figure 5–6 Four patients with different and constant levels of refl ux are shown. A, Patient 
without refl ux has only squamous epithelium (gray) and gastric oxyntic mucosa (yellow). B, 
Patient with mild refl ux (column of refl ux shown as an orange triangle) who has a short segment 
of metaplastic columnar epithelium (black), shown here to be limited to the dilated end-stage 
esophagus. C, Patient with moderate refl ux, who has a longer segment of columnar-lined 
esophagus, extending into the tubular esophagus from the dilated end-stage esophagus. 
D, Patient with severe refl ux with a long segment of columnar-lined esophagus. The bottom 
box shows the possible evolution of the esophageal abnormality with increasing age in the 
patient shown in D, showing a progressive worsening of the severity of refl ux with age.
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tion, with the number of eosinophils and plasma cells correlating with the 
severity of refl ux. Reactive hyperplasia of the foveolar region with elongation, 
serration, mucin distension of the cells, and smooth muscle proliferation is 
almost invariably seen. We call this refl ux carditis.13

In addition to remaining as cardiac mucosa with evidence of damage, 
there are three interactions that may cause cardiac mucosa to change to other 
phenotypically different epithelial types:

1. It can reverse to squamous epithelium (unlikely without treatment).

2. It can develop goblet cells, becoming intestinal metaplasia, which defi nes 
Barrett esophagus (uncommon, but critical).

3. It can develop parietal cells, becoming oxyntocardiac mucosa (very 
common) (see Figure 5–2).

These changes are the result of complex interactions between molecules in 
the refl uxate and cardiac mucosal cells. It is very unlikely that they are acid-
induced changes. Other specialized cells, such as pancreatic cells, Paneth cells, 
neuroendocrine cells, and chief cells, also arise in esophageal columnar 
epithelium. These are ignored because they have no known clinical 
signifi cance.

Cardiac Mucosa to Intestinal Metaplasia: 
The Second Genetic Switch

The proliferating stem cells in cardiac mucosa are located in the basal region 
of the foveolar pit, where they multiply to renew the epithelium. Luminal 
refl uxate molecules have relatively easy access to the progenitor cells in 
cardiac mucosa through the open foveolar pit (Figure 5–7). Intestinal meta-
plasia, characterized by the appearance of goblet cells in cardiac mucosa (see 
Figure 5–7), is the most important change in cardiac mucosa. This defi nes 
Barrett esophagus. This occurs in a relatively small number of patients and is 
a necessary precursor to progression to cancer. It is believed, and correctly 
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Figure 5–7 The second genetic switch whereby cardiac mucosa undergoes intestinal 
metaplasia. Refl uxate molecules have relatively easy access to the proliferating stem cell pool in 
the deep region of the foveolar pit. When the appropriate receptor-molecule interaction occurs, 
the Cdx-2 gene is activated, resulting in intestinal metaplasia. This change appears to be 
promoted in an alkaline pH.
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so, that the only metaplastic columnar epithelium that is susceptible to refl ux-
induced cancer is intestinal metaplasia.

There is strong evidence that the genetic switch that causes intestinal 
metaplasia in cardiac mucosa is activation of the Cdx homeobox transcription 
gene system, which includes Cdx-1 and Cdx-2. These genes are suppressed 
in normal esophagus and stomach. However, they are expressed in the normal 
small and large intestine and are believed to drive differentiation in these 
sites.14 Cdx-1 and Cdx-2 are expressed in most cases of intestinal metaplasia 
of the esophagus.15 Cdx-2 can be demonstrated by immunohistochemistry in 
most cases of intestinal metaplasia and some cases of cardiac mucosa in the 
esophagus.16 Vallbohmer et al,17 from our group, using a laser capture micro-
dissection technique to measure Cdx-2 mRNA expression levels by quantitative 
real-time polymerase chain reaction, showed that there was a signifi cant 
stepwise increase in Cdx-2 expression from squamous to cardiac to Barrett’s 
epithelium.

Goblet cells are not expressed in the esophagus during fetal life, except 
in rare cases in which they occur transiently in the second trimester.18 Induc-
tion of Cdx-2, which is the normal genetic signal directing small and large 
intestinal differentiation, is to be regarded as the reactivation of an aberrant 
columnar signal in the esophageal stem cell.

The exact molecule responsible for intestinal metaplasia in cardiac mucosa 
is unknown. There is a strong correlation between Barrett esophagus and an 
abnormal 24-hour pH test. This has been taken as evidence that acid is 
responsible for Barrett esophagus. Correlation of Barrett esophagus with the 
24-hour pH test only means that Barrett esophagus has an association with 
the severity of refl ux. Acid is measured in the 24-hour pH test as a marker 
of the severity of refl ux. Every other molecule in the refl uxate other than acid 
will be increased equally with acid in patients with an abnormal 24-hour pH 
test. Any one of these refl uxate molecules can be responsible for Barrett 
esophagus.

What is more relevant is a strong correlation between Barrett esophagus 
and an abnormal Bilitec test.19 This test measures esophageal exposure to 
bilirubin. Just as acid is a marker for gastric juice, bilirubin is a marker for 
duodenal contents in the refl uxate and therefore indicates the presence of 
duodenogastric refl ux. The association between Barrett esophagus and duo-
denogastric refl ux has led some authorities to believe that compounds in bile, 
mainly bile acid metabolites, are the molecules responsible for intestinal 
metaplasia in cardiac mucosa. Bile acid metabolites have been shown to enter 
esophageal cells, become concentrated within the cell, and induce a variety 
of cellular changes in experimental models.20

Cardiac to Oxyntocardiac Mucosa: 
The Benign Genetic Switch

Oxyntocardiac mucosa is formed when cardiac mucosa develops a genetic 
signal that causes its progenitor cells to differentiate into parietal cells and 
move downward into the glands in the deeper part of the mucosa (Figure 5–8). 
Review of the embryology of the esophagus indicates that this event is also 
aberrant for the esophagus. At no point during embryogenesis does the fetal 
stem cell in the esophagus produce parietal cells.9 Gastric mucosa, on the 
other hand, develops parietal cell-containing glands very early in fetal life. It 
therefore appears that oxyntocardiac transformation of cardiac mucosa repre-
sents the acquisition of an aberrant genetic signal that resembles the normal 
gastric genetic signal (see Figure 5–2).
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Recent studies indicate that the Sonic hedgehog gene directs epithelia in 
the gastrointestinal tract to differentiate into parietal cells.21 This gene is maxi-
mally expressed in normal adult gastric oxyntic mucosa. It is also expressed 
in heterotopic gastric mucosa in Meckel diverticula and has been shown to 
be expressed in metaplastic columnar epithelia of the esophagus that contains 
parietal cells (i.e., oxyntocardiac mucosa). The genetic signal acquired by 
cardiac mucosa that results in oxyntocardiac mucosa appears to be the Sonic 
hedgehog gene (see Figure 5–8).

As fi rst reported by Paull et al22 and confi rmed by us,23 parietal cells are 
almost never associated with goblet cells in the same foveolar-gland complex. 
What this means is that when cardiac mucosa gets the gastric-type (Sonic 
hedgehog) genetic signal to produce parietal cells, it precludes the simulta-
neous development of the genetic signal that causes intestinal metaplasia 
(Figure 5–9). The gastric-type genetic signal appears to block the occurrence 
of the intestinal-type genetic signal in the same foveolar-gland complex. As 
such, it is a benign epithelium. Conversion of other types of metaplastic 
columnar epithelium in the esophagus, such as cardiac and intestinal epithelia, 
to oxyntocardiac mucosa will decrease the risk of carcinoma. As such, it can 
be regarded as one mechanism of “histologic cure” of columnar metaplasia.

Distribution of Columnar Epithelial Types

Intestinal metaplasia develops in cardiac mucosa in a highly consistent and 
non-random manner. This was shown by Paull et al,22 who mapped the dis-
tribution of the three different types of epithelia: “When present, specialized 
columnar-type (intestinal) epithelium was always the most proximally located, 
and the gastric-fundic-type (oxyntocardiac) always the most distally located 
columnar epithelium. Junctional-type (cardiac) epithelium, when present, was 
interposed between the gastric-fundic-type (oxyntocardiac) and the special-
ized columnar (intestinal) type or squamous epithelium.”

In a more recent study,23 we confi rmed the fi ndings of Paull et al. In a 
detailed mapping of goblet cells within the columnar-lined segment, we showed 
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Figure 5–8 The third (and benign) genetic switch whereby cardiac mucosa converts to 
oxyntocardiac mucosa. Refl uxate molecules interact with proliferating stem cell receptors in the 
deep foveolar region. The appropriate receptor-molecule interaction leads to activation of the 
Sonic hedgehog gene (SHH), resulting in parietal cell differentiation and oxyntocardiac mucosa. 
This change appears to be promoted in an acidic pH.



166 CHAPTER 5  Cellular Changes of Non-Neoplastic Gastroesophageal Refl ux Disease

that intestinal metaplastic epithelium occupies the most proximal segment of 
the columnar-lined esophagus (Figure 5–10). This was true regardless of the 
length of columnar-lined esophagus. It was also true when the columnar meta-
plastic epithelium extended into the dilated end-stage esophagus.

The distribution of intestinal metaplasia in 424 biopsies from the colum-
nar-lined esophagus in 32 patients is shown in Table 5–1. The mean density 
of goblet cells in biopsies at the most proximal and most distal levels are 
shown in Table 5–2. These show that intestinal metaplasia favors the more 
proximal regions of a segment of columnar-lined esophagus.

The distribution of oxyntocardiac mucosa was the exact reverse of intes-
tinal metaplasia; the number of parietal cells was maximal at the distal end 
and progressively decreased in the more proximal regions of the columnar-
lined segment.

Relationship Between Prevalence of Intestinal 
Metaplasia and Length of Columnar-Lined Esophagus

There is an increasing prevalence of intestinal metaplasia with increasing 
length of columnar-lined esophagus (Figure 5–11). In a study that mapped 
the different epithelial types in 959 patients,24 100% of patients with a columnar 
epithelium segment of more than 5  cm had intestinal metaplasia, compared 
with 90% when the length was 3 to 4  cm, 70% when the length was 1 to 
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Figure 5–9 The genetic switches that result in oxyntocardiac and 
intestinal metaplasia appear to mutually exclude each other. In some 
way, activation of the receptor that causes oxyntocardiac mucosa 
precludes activation of the receptor that causes intestinal metaplasia. 
In this fi gure, the receptors are shown to be blocked. IM, Intestinal 
metaplasia; OCM, oxyntocardiac mucosa.

Figure 5–10 Distribution of the three types of metaplastic 
columnar epithelia in the esophagus. Regardless of the length of the 
columnar-lined segment and whether the metaplasia is in the tubular 
or dilated end-stage esophagus, intestinal metaplasia (when present) 
tends to be proximal, cardiac mucosa intermediate, and 
oxyntocardiac mucosa most distal. Blue, Intestinal metaplasia; black, 
cardiac mucosa; red, oxyntocardiac mucosa; gray, squamous 
epithelium; yellow, gastric oxyntic mucosa.

TABLE 5–1 Frequency of Intestinal Metaplasia in Biopsies from the Most Proximal and Most 
Distal Levels in 32 Patients with Columnar-Lined Esophagus Studies by Mapping Biopsies23

 Number of patients Number of biopsies Number of biopsies
 with IM (%) with IM (%) without IM (%)

Total 32 311/424 (73%) 113/424 (27%)
Most proximal level 32 (100)  64/68 (94%)   4/68 (6%)
Most distal level 22 (69)  40/102 (39%)  62/102 (61%)
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2  cm, and 15% with a length less than 1  cm. This study consisted of patients 
presenting for complicated refl ux disease to a foregut surgery unit. Although 
the overall numbers of different epithelial types are skewed toward a higher 
prevalence of the more severe manifestations of refl ux disease, the prevalence 
of intestinal metaplasia at the various lengths of columnar-lined esophagus is 
likely to be accurate (Table 5–3).

This linear relationship between the prevalence of intestinal metaplasia 
and length of columnar-lined esophagus suggests that intestinal metaplasia is 
not a random event. In some way, the likelihood of intestinal metaplasia 
appears to increase the farther away the squamocolumnar junction moves 
from the true gastroesophageal junction. This suggests that factors causing 
intestinal metaplasia are most active at points increasingly more proximal in 
the esophagus. The fact that intestinal metaplasia occurs in all patients who 
have a columnar epithelial length of 5  cm suggests that the occurrence of 
intestinal metaplasia in cardiac mucosa is the result of a refl uxate molecule 
found in all humans. This event appears more related to milieu (i.e., the pres-
ence of cardiac mucosa at a particular point in the esophagus) than by the 
presence of a specifi c molecule in the refl uxate.

The distribution of intestinal metaplasia and oxyntocardiac mucosa within 
the columnar-lined segment is exactly opposite. Oxyntic mucosa favors the 
more distal part of the columnar-lined esophagus and is almost always present 
immediately above the true gastroesophageal junction at the distal limit of the 
dilated end-stage esophagus, where it transitions into gastric oxyntic mucosa. 
This suggests that the factors involved in the generation of oxyntocardiac 

TABLE 5–2 Goblet Cell Density in Biopsies at Most Proximal and Most Distal Levels in 32 
Patients with Columnar-Lined Esophagus Studies by Mapping Biopsies23

 Grade 0 Grade 1 Grade 2 Grade 3

Most proximal level  0 5  6 21
Most distal level 10 8 13  1

Grade 0, No goblet cells; Grade 1, less than one-third of glands contain goblet cells; Grade 2, one- to 
two-thirds of glands contain goblet cells; Grade 3, more than two-thirds of glands contain goblet 
cells.
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5% to 20% 40% to 60% 70% to 95% 100%

Figure 5–11 Prevalence of intestinal metaplasia in different lengths of columnar-lined 
esophagus, showing a progressive increase in prevalence, reaching 100% when the length 
of columnar-lined esophagus is 5  cm. GEJ, Gastroesophageal junction. Blue, Intestinal 
metaplasia; black, cardiac mucosa; red, oxyntocardiac mucosa; gray, squamous epithelium; 
yellow, gastric oxyntic mucosa. 
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mucosa from cardiac mucosa are probably related and opposite to those 
producing intestinal metaplasia.

Historical Differences in Epithelial Composition 
of Columnar-Lined Esophagus

A long segment of columnar-lined esophagus was common from the time the 
entity was fi rst described. Allison and Johnstone25 reported that 21 of 125 
patients had columnar-lined esophagus, extending to the level of the aortic 
arch. Hayward3 encountered columnar-lined esophagus so frequently that he 
felt the need to defi ne it as abnormal only when it exceeded 2  cm. Subsequent 
endoscopists increased the normal amount of columnar epithelium necessary 
for a diagnosis of columnar-lined esophagus to 3  cm. This evidence strongly 
suggests that there has been no signifi cant increase in the prevalence of 
columnar-lined esophagus. In fact, careful evaluation of the historical literature 
suggests that the very long (15 to 20  cm) segments of columnar-lined esopha-
gus reported by Allison and Johnstone,25 Barrett,26 and Paull et al22 are seen 
less frequently at the present time. This would be the expected effect of an 
increased use of more effective acid-suppressive drugs in the early symptom-
atic stage of refl ux disease, which would decrease the amount of squamous 
epithe lium undergoing columnar metaplasia. If true, the fact that this has not 
caused a decrease in refl ux-induced adenocarcinoma must mean that the 
length of columnar-lined mucosa is not primarily related to the risk of 
adenocarcinoma.

Detailed descriptions of the histologic types within a columnar-lined 
segment of esophagus are rare in the literature. The histologic descriptions in 
Allison and Johnstone’s 195325 report on columnar-lined esophagus and Bar-
rett’s 195726 report suggest that goblet cells were rarely seen even in patients 
who had columnar-lined esophagus extending to the aortic arch. Allison and 

TABLE 5–3 Prevalence of Epithelial Types in Patients Classifi ed According to Length of 
Columnar-Linded Esophagus†

Group Defi nition Signifi cance Number (%)

1 Abnormal columnar epithelium 0–0.9  cm  811
1a Only oxyntic and squamous epithelia Normal 161 (19.9)
1b + OCM only Compensated refl ux 158 (19.4)
1c + CM without IM Mild refl ux disease 372 (45.9)
1d + IM Microscopic BE 120 (14.8)
2 Abnormal columnar epithelium 1–2  cm   54
2a Only oxyntic and squamous epithelia *   0 (0)
2b + OCM only *   1 (3.8)
2c + CM without IM Moderate refl ux  15 (27.8)
   disease
2d + IM BE  38 (70.4)
3 Abnormal columnar epithelium 3–4  cm   38
3a Only oxyntic and squamous epithelia *   0 (0)
3b + OCM only *   0 (0)
3c + CM without IM Severe refl ux disease   4 (10.5)
3d + IM BE  34 (89.5)
4 Abnormal columnar epithelium 5+  cm   56
4a Only oxyntic and squamous epithelia *   0 (0)
4b + OCM only *   0 (0)
4c + CM without IM *   0 (0)
4d + IM BE  56 (100)

OCM, Oxyntocardiac mucosa; CM, cardiac mucosa; IM, intestinal metaplasia; BE, Barrett esophagus.
*Too rare to warrant clinical signifi cance.
†The signifi cance of the different categories is based on the new proposed system and is not the recent 

view.
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Johnstone25 described one patient with goblet cells. The dominant epithelium 
in these early reports is cardiac mucosa with some mention of the presence 
of “a few parietal cells” in the distal part of the columnar-lined segment.

The only good historical example of mapping of the three epithelial types 
is found in the report by Paull et al,22 which is a detailed histologic analysis 
of 11 patients with long segments of columnar-lined esophagus. The research-
ers used the manometrically defi ned proximal end of the lower esophageal 
sphincter as the primary landmark to defi ne the biopsies as esophageal. 
Although intestinal metaplastic epithelium (specialized columnar epithelium) 
was the most prevalent epithelial type, the following data are signifi cant:

Of the 11 patients, two had no intestinal metaplasia, and two had intestinal 
metaplasia in only one biopsy. Unfortunately, the lengths of columnar-lined 
esophagus in these patients are not stated. Substantial amounts of oxyntocar-
diac mucosa were seen fairly high in the body of the esophagus. In the two 
patients without intestinal metaplasia, oxyntocardiac (gastric-fundic-type) 
mucosa extended at least 3 and 6  cm above the lower esophageal sphincter. 
The proximal limit of the lower esophageal sphincter is approximately 4  cm 
above the true gastroesophageal junction, making these extremely long seg-
ments of columnar-lined esophagus.

Paull et al22 illustrate detailed histologic maps in four patients (Figure 
5–12). One patient has a 10-cm length of columnar-lined epithelium above 
the proximal limit of the sphincter (total length around 13 to 15  cm) and no 
intestinal metaplasia. In the patients in this study, the intestinal metaplasia 
appears to spare the more distal part of the esophagus. In only one of four 
patients did intestinal metaplasia reach the proximal limit of the sphincter. In 
two patients, oxyntocardiac mucosa was found at a point greater than 5  cm 
above the proximal limit of the sphincter (see Figure 5–12).

The extent of intestinal metaplasia in the 1953 to 1976 period appears to 
be different than what is seen at the present time. In our study of the distri-
bution of histologic epithelial types in 32 patients with endoscopically visible 
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Figure 5–12 Paull et al’s (1976) mapping diagrams showing the distribution of intestinal 
metaplasia (blue), cardiac mucosa (black), and oxyntocardiac mucosa (red) in four patients with 
long segments of columnar-lined esophagus. The authors made their measurements from the 
proximal limit of the manometric lower esophageal sphincter (LES). The true gastroesophageal 
junction (GEJ) is 3 to 4  cm distal to this point. Gray, Squamous epithelium.



170 CHAPTER 5  Cellular Changes of Non-Neoplastic Gastroesophageal Refl ux Disease

columnar-lined esophagus,23 intestinal metaplasia was present in 64 of 68 
biopsies from the most proximal level in all 32 patients. Intestinal metaplasia 
was present in 40 of 102 biopsies at the most distal level in 22 of 32 patients 
(see Table 5–1). It should be noted that “the most distal level” in our study 
is the end of the histologically defi ned columnar-lined esophagus, which is 3 
to 4  cm more distal than that presented in the study by Paull et al,22 which 
uses the top of the lower esophageal sphincter as the distal limit. In contrast, 
oxyntocardiac mucosa was absent at the proximal level in all 68 biopsies; it 
was present in the most distal level in 16 of 32 patients and in the retrograde 
(unmeasured) biopsy in another three patients. In a recent study of 10 esopha-
gectomy specimens, we showed that intestinal metaplasia involved the entire 
columnar-lined segment in the tubular esophagus and extended below the 
level of the end of the tubular esophagus in all eight of the patients with 
Barrett esophagus27 (Figure 5–13).

The data comparing the 197622 and 200627 studies suggest that there is a 
much greater dominance of intestinal metaplasia over oxyntocardiac mucosa 
in the columnar-lined esophagus in today’s patient compared with that shown 
in the study by Paull et al (see Figures 5–12 and 5–13).

One possible cause for the increasing incidence of adenocarcinoma is 
that there has been a shift in the direction of cardiac mucosal transformation 
from oxyntocardiac mucosa to intestinal metaplasia, while the length of colum-
nar-lined esophagus has remained constant or actually decreased. This change 
will remain undetected by all tests other than careful mapping biopsies and 
correct histologic classifi cation of the columnar-lined segment of esophagus. 
Despite the evidence, few researchers recognize that the columnar epithelium 
in Barrett esophagus is a mixture of cardiac mucosa with and without intestinal 
metaplasia and oxyntocardiac mucosa.

Mechanism of the Genetic Switches 
in Columnar-Lined Esophagus

A genetic change must be caused by the interaction of a refl uxate molecule 
with an appropriate target cell receptor. The target cell is always the progeni-
tor stem cell in the esophageal epithelium. The fi rst genetic change involves 
this cell when it is in the basal region of the stratifi ed squamous epithelium. 
The result of this change is a conversion of the esophageal epithelium from 
squamous to cardiac (see Figures 5–3 and 5–4). There is no evidence for any 
genetic switch in the squamous epithelium that directly results in oxyntocardiac 
mucosa or intestinal metaplasia. These two specialized columnar epithelial 
types develop from cardiac mucosa (see Figures 5–7 and 5–8), not from squa-

5 cm

End of tubular
esophagus

Figure 5–13 Chandrasoma et al’s (2006) mapping diagrams of the distribution of the three 
epithelial types. Note that the entire segment of columnar metaplastic epithelium, including the 
dilated end-stage esophagus, is shown. Blue, intestinal metaplasia; black, cardiac mucosa; 
red, oxyntocardiac mucosa; gray, squamous epithelium; yellow, gastric oxyntic mucosa.
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mous epithelium. This is important; the fact that there is an epithelium that 
precedes Barrett esophagus, often by decades, gives us the opportunity to 
attack this epithelium and prevent the occurrence of Barrett esophagus. Before 
this is done, we need to understand the molecular basis of this change.

Two factors are essential to produce a genetic change in the stem cell:

1. The appropriate refl uxate molecule must come into contact with the appro-
priate target cell receptor.

2. There must be suffi cient time for the interaction to occur.

Both these factors are related to the severity of gastroesophageal refl ux. In 
patients who have infrequent, small-volume refl ux episodes, the exposure of 
the esophagus is limited to its most distal few millimeters. If cleared rapidly, 
the cell’s exposure time to refl uxate molecules is short. With increasing sever-
ity and volume of refl ux, the refl uxate is propelled farther up the esophagus, 
and the time taken to clear the refl uxate increases, thereby increasing the 
exposure time of the target cell (see Figure 5–6; Figure 5–14).

Gastroesophageal refl ux inevitably alters the pH of the distal esophagus 
(see Figure 5–14). In people who have a competent lower esophageal sphinc-
ter and no refl ux, there is a sudden pH change from neutral (pH 7) in the 
distal esophagus to the acid (pH 1–3) milieu of the stomach (see Figure 
5–14A). When refl ux occurs, there is a progressive widening of this pH gradi-
ent. The greater the severity and volume of the refl ux, the more severe the 
acid exposure at increasingly more proximal points in the esophagus (see 
Figure 5–14B–D). This factor is responsible for the initial squamous epithelial 
damage and its conversion to cardiac mucosa and explains why the length 
of cardiac metaplasia of the esophagus correlates with the severity of refl ux 
(see Figure 5–6).

The genetic switches that occur in cardiac mucosa to produce intestinal 
and oxyntocardiac mucosa appear to be the result of opposing factors. Intes-
tinal metaplasia occurs in a relatively small number of patients with columnar-
lined esophagus and favors the more proximal part of the esophagus. This is 
proof that intestinal metaplasia in cardiac mucosa is not induced by acid; the 
more proximal region is the site of least acidity in the esophagus. The likeli-
hood of intestinal metaplasia rises with increasing length of cardiac mucosa 
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Figure 5–14 Infl uence of severity of refl ux (shown by an orange triangle) on the esophageal 
pH. In a patient with no refl ux, there is a sharp pH drop from esophageal neutrality to gastric 
acidity at the gastroesophageal junction (GEJ). With increasing refl ux volume, acid exposure 
extends over a larger part of the distal esophagus, the exposure time of the cell to refl uxate 
molecules increases, and a pH gradient of increasing length is established in the distal 
esophagus.
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and becomes invariable (at the present time) when the cardiac mucosal length 
reaches 5  cm. This is in contrast to oxyntocardiac mucosa, which is an almost 
invariable change that occurs in the most distal part of the metaplastic 
segment.

There are two reasons why intestinal metaplasia may be favored at a more 
proximal level of the esophagus:

1. Pulse or intermittent exposure to refl uxate molecules, such as acid and 
bile, is more damaging to metaplastic columnar cells than continuous 
exposure. It is likely that for a given amount of refl ux, the more proximal 
region has a greater pulse exposure, resulting in greater damage and 
increased likelihood of intestinal metaplasia. This mechanism, however, 
cannot explain the historical change in the prevalence and distribution of 
intestinal metaplasia within the columnar-lined segment.

2. The more likely explanation of why intestinal metaplasia is favored proxi-
mally is that a higher pH environment promotes it.

Let us consider a patient with mild refl ux disease who has generated a length 
of cardiac metaplasia measuring 1  cm (see Figure 5–6B; Figure 5–15). This 
patient has infrequent episodes of small-volume refl ux that exposes cardiac 
mucosa to the refl uxate for a short time. The pH gradient created in the 
esophagus goes from gastric baseline at the junction, to esophageal neutrality 
over a relatively short distance (see Figure 5–14B). The cardiac mucosa is 
exposed to the least acidic pH at the most proximal level but only for a very 
short time, decreasing the likelihood of intestinal metaplasia. If the exposure 
is suffi cient to result in the intestinal metaplasia genetic switch, it will be 
limited to the most proximal region (see Figure 5–15). The most distal region 
is exposed to a more acidic pH, which promotes conversion of cardiac mucosa 
to oxyntocardiac mucosa. This patient will demonstrate the typical distribution 
of epithelial types associated with a 1-cm length of columnar-lined esophagus 
with oxyntocardiac mucosa in the most distal region and cardiac mucosa in 
the most proximal region. There is a 15% probability of intestinal metaplasia 
in this patient, which is usually limited to the most proximal region of this 
segment.
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Figure 5–15 Factors infl uencing epithelial changes in the esophagus in a patient with mild 
refl ux that has caused a short (1  cm) segment of cardiac metaplasia. The pH gradient is such 
that the distal part of the segment is acid, tending to convert cardiac mucosa to oxyntocardiac 
mucosa. The pH is highest in the most proximal region. With a 1-cm length of cardiac mucosa, 
there is an approximately 15% probability that the higher pH exposure of the target cell is 
suffi cient to induce intestinal metaplasia. If it happens, intestinal metaplasia will favor the most 
proximal region. GEJ, Gastroesophageal junction. Blue, Intestinal metaplasia; black, cardiac 
mucosa; red, oxyntocardiac mucosa; gray, squamous epithelium; yellow, gastric oxyntic mucosa.
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A patient with less severe refl ux will have a shorter length of cardiac 
mucosa, a shorter duration of exposure, and early refl ux disease that is very 
likely limited to a short area of dilated end-stage esophagus. This part of the 
dilated esophagus is continuously exposed to gastric juice. In a patient with 
normal gastric pH, this predominantly acid exposure in the distal segment 
appears to favor all the cardiac mucosa being converted to oxyntocardiac 
mucosa, and the likelihood of intestinal metaplasia is very small. If, however, 
the baseline gastric pH is more alkaline due to the use of acid-suppressive 
drugs, this area is continuously exposed to the alkaline gastric baseline pH. 
This sets the stage for intestinal metaplasia occurring in this dilated end-stage 
esophagus.

In contrast, a patient with more severe refl ux will have a longer segment 
of cardiac metaplasia in the esophagus (e.g., 5  cm; see Figure 5–6D; Figure 
5–16). High-volume refl ux episodes will expose the entire segment of cardiac 
metaplasia for a longer duration. The pH gradient is also more spread out in 
the esophagus, with the region with the highest pH being most proximal. This 
patient has a 100% prevalence of intestinal metaplasia. This occurs in the most 
proximal segment, which has correct combination of factors for the intestinal 
metaplasia switch. The correct target cell (cardiac mucosal stem cell) is 
exposed to the refl uxate molecule at the correct pH (alkaline) for a suffi cient 
length of time.

Acid suppression on this model of genetic switches causes the most distal 
pH to change from baseline gastric acid pH of 1 to 3 to the acid-suppressed 
pH of between 4 to 6 or higher (Figure 5–17). As acid suppression increases 
its effectiveness, the mean baseline gastric pH becomes higher. An equal 
volume of refl ux in such a patient will lead to exposure of increasing lengths 
of cardiac metaplasia in the esophagus to the correct less acidic pH required 
for the conversion of cardiac mucosa to intestinal metaplasia. This will result 
in intestinal metaplasia involving a greater extent of the columnar-lined 
segment, which always favors the more proximal region but extends progres-
sively more distally in the esophagus (Figures 5–17 and 5–18). This perfectly 
explains the historical difference in the amount of intestinal metaplasia 
observed in the study by Paull et al study in 1976 and our study in 2005.
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Figure 5–16 Factors infl uencing epithelial changes in the esophagus in a patient with severe 
refl ux, which has generated a long segment of columnar-lined esophagus. With high-volume 
refl ux, the time available for receptor-molecule interactions is greater, and the extent of higher 
pH in the proximal region of a longer segment of cardiac mucosa is greater. This results in a 
greater likelihood of intestinal metaplasia, which still favors the most proximal region of the 
esophagus. When the length of columnar-lined esophagus reaches 5  cm, intestinal metaplasia 
invariably occurs. GEJ, Gastroesophageal junction. Blue, Intestinal metaplasia; black, cardiac 
mucosa; red, oxyntocardiac mucosa; gray, squamous epithelium; yellow, gastric oxyntic mucosa.
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Figure 5–17 Infl uence of acid-suppressive drug therapy and anti-refl ux surgery on epithelial 
changes in columnar-lined esophagus. This shows a patient with severe refl ux, a long segment 
of columnar-lined esophagus with intestinal metaplasia (IM) limited to the most proximal region. 
When this patient is treated with increasingly effective acid-suppressive drugs, the refl ux volume 
remains the same, but the acidity in the esophagus progressively decreases. This promotes 
intestinal metaplasia to reach more distal regions of the columnar-lined segment because the 
required higher pH exists much lower as the gastric baseline pH increases. With anti-refl ux 
surgery, the volume of refl uxate decreases, and the pH gradient reverts toward normal. The 
upper region is no longer exposed to refl uxate molecules and remains stable. The lower region 
tends to become a more acid milieu, and because of that, cardiac mucosa tends to convert to 
oxyntocardiac mucosa. GEJ, Gastroesophageal junction; OCM, oxyntocardiac mucosa. Blue, 
Intestinal metaplasia; black, cardiac mucosa; red, oxyntocardiac mucosa; gray, squamous 
epithelium; yellow, gastric oxyntic mucosa.

Figure 5–18 Infl uence of acid-suppressive drug therapy and anti-refl ux surgery on epithelial 
changes in columnar-lined esophagus in a patient with mild refl ux, a short segment of 
columnar-lined esophagus with intestinal metaplasia (IM) limited to the most proximal region. 
The changes are identical to those seen in the patient with severe refl ux. GEJ, 
Gastroesophageal junction; OCM, oxyntocardiac mucosa. Blue, Intestinal metaplasia; black, 
cardiac mucosa; red, oxyntocardiac mucosa; gray, squamous epithelium; yellow, gastric oxyntic 
mucosa.
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By the same reasoning, the decreased acid milieu of the distal esophagus 
in the acid-suppressed patient would tend to decrease the conversion of 
cardiac mucosa to oxyntocardiac mucosa in the distal esophagus (see Figures 
5–17 and 5–18). This is exactly as observed.

There is direct evidence for such a relationship between acid exposure 
along the esophagus and the occurrence of intestinal metaplasia. Tharalson 
et al28 studied 17 patients with varying lengths of Barrett esophagus with 24-
hour esophageal pH monitoring, using a pH probe with four sensors located 
5  cm apart. Barrett esophagus was defi ned as the presence of intestinal meta-
plasia on biopsy. Barrett’s length was measured from the proximal margin of 
continuous Barrett’s epithelium to the end of the tubular esophagus or the 
proximal margin of hiatal hernia folds. It should be noted how, even with 
highly experienced investigators like those in this group, Barrett esophagus 
is diagnosed when any biopsy shows intestinal metaplasia and the entire 
length of endoscopic columnar-lined esophagus becomes “Barrett’s length,” 
despite absence of any statement regarding the presence of intestinal meta-
plasia in the entire extent. If histologic mapping is done as in the study by 
Paull et al, a variable amount of the “Barrett length” will be found to consist 
of non-intestinalized cardiac mucosa.

A refl ux episode was defi ned as a decrease in pH less than 4 and refl ux 
time as the interval until the pH is more than 4. The data were reported for 
each of the four sensors as the percentage of time that the pH was under 4 
during the 24-hour test. The values for mean acid exposure, expressed as 
mean percent time pH less than 4 (+ or − one standard deviation) at each 
sensor height (expressed as centimeters above the lower esophageal sphinc-
ter), are shown in Table 5–4.

The authors use a complicated mathematical calculation to show that there 
was a statistically signifi cant relationship between the rate of change in acid 
exposure and the length of Barrett esophagus.

The data in the study are more interesting than the conclusion. They show 
that the acid exposure (and, potentially, exposure to all other molecules in 
the refl uxate that accompanies the acid) progressively decreases from the 
distal to the proximal esophagus in patients with refl ux. The severity of refl ux 
determines the length of columnar-lined esophagus. The constant zonation of 
epithelial types within this columnar-lined segment has intestinal metaplasia 
occurring at the most proximal part of the segment. This indicates that factors 
that promote intestinal metaplasia are most active in the proximal region. 
Because all the molecular components are either equal to or lower in con-
centration in the proximal esophagus compared with the distal esophagus, it 
becomes very likely that the intestinal metaplasia results from a factor other 
than just the presence of a molecule. If a molecule in the refl uxate was solely 
responsible for the development of intestinal metaplasia in cardiac mucosa, 
this would tend to be maximal in the distal esophagus, which is the region 
of highest concentration.

TABLE 5–4 Tharalson et al’s28 Study Data with Four Sensors Placed at Four Levels in the 
Columnar-Lined Segment*

Sensor height (cm) Total study time Upright position Supine position

 1 26.4 (+/−14.6)% 24.2 (+/−11.4)% 39.8 (+/−25.5)%
 6 23.2 (+/−15.8)% 21.4 (+/−15.8)% 25.8 (+/−20.8)%
11 12.6 (+/−8.0)% 10.2 (+/−8.0)% 15.8 (+/−13.2)%
16  6.7 (+/−6.9)%  5.3 (+/−4.5)%  8.4 (+/−12.0%)

*The data are expressed as the percentage of time that the pH was under 4 during the 24-hour test at 
each sensor height (expressed as centimeters above the lower esophageal sphincter.) The acid 
exposure for the total period and in the upright and supine positions are given.
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Multiple-level pH electrodes have shown that the pH tends to pro gressively 
increase more proximally in the esophagus in patients with columnar-lined 
esophagus. This suggests that intestinal metaplasia of cardiac mucosa is a 
pH-dependent phenomenon, with higher pH promoting intestinal metaplasia. 
Similarly, it suggests that a lower pH stimulates parietal cell differentiation in 
cardiac mucosa because oxyntocardiac mucosa occurs in the most distal 
region of the columnar-lined esophagus (see Figures 5–17 and 5–18). We 
again reach the rather frightening conclusion that increasing the pH of the 
gastric refl uxate may promote intestinal metaplasia over oxyntocardiac trans-
formation in cardiac mucosa.

■  ■  ■  C A S E  S T U D Y (Contributed by Daniel Oh, MD, Department of Foregut Surgery, USC)
The patient was a 30-year-old male at the time of his fi rst presentation at 

USC in 1995. He complained of worsening dysphagia with solids and recently 
also with liquids. He denied any symptoms of refl ux disease such as heartburn 
or regurgitation. He had not experienced any weight loss (body mass index 
[BMI] was 25).

The patient was told by his mother that he had a problem with vomiting 
and an inability to eat since infancy. This required parenteral nutrition and 
dilatations. He did not start eating solid food until age 4. He then experienced 
stable symptoms from age 8 to his middle 20s, during which time he experi-
enced solid food dysphagia once a month. However, his dysphagia began to 
increase in frequency to once a day, including episodes of food impaction. 
He was dilated at this time, and his symptoms improved. He required three 
subsequent dilatations in the next 5 years for his dysphagia.

Barium swallow at this time showed abnormal liquid bolus transit in fi ve 
of fi ve swallows, with incomplete propagation of peristalsis and stasis of bolus 
within the body of the esophagus. There was markedly decreased peristalsis 
in the distal half of the esophagus with a long segment of narrowing of the 
distal esophagus 10  cm long, 7  cm above the hiatus (fi xed deformity). There 
was no hernia, and the gastroesophageal junction opened normally.

Upper endoscopy was attempted, but the adult endoscope (9-mm diame-
ter) would not pass the narrowing in the distal esophagus. A pediatric endo-
scope was then used and could be passed into the stomach. At the 
gastroesophageal junction, short tongues (1.5  cm) of columnar mucosa were 
seen (Figure 5–19). Biopsies confi rmed the diagnosis of Barrett esophagus 
limited to biopsies of the most proximal level of columnar-lined esophagus 
adjacent to the squamocolumnar junction (Figure 5–20). Biopsies at more distal 
levels showed cardiac mucosa without intestinal metaplasia (Figure 5–21).

Manometric evaluation showed a structurally intact lower esophageal 
sphincter (total length 3.9, abdominal length 2.8  cm, resting pressure 
14.4  mm  Hg). The relaxation study showed complete relaxation, but there was 
abnormal peristalsis in the distal body of the esophagus. The mean contrac-
tion amplitudes in the body were: level I: 24  mm  Hg, level II: 33  mm  Hg, level 
III: 9  mm  Hg, level IV: 40  mm  Hg (normal 30 to 180  mm  Hg). The peristaltic 
waves were interrupted from level II to III in 90% of the swallows, with 
resumption of the wave proximal to the lower esophageal sphincter. This area 
corresponded to the narrowing seen on barium swallow and endoscopy. The 
24-hour pH monitoring was within limits of normal at this time (26 episodes, 
2% total time pH <4, DeMeester score 5–7).

In 1995, his main problem was dysphagia due to his congenital esopha-
geal hypoplasia. This esophageal narrowing had two components: fi brous 
mechanical stenosis and ineffective motility through the abnormal segment. 
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Figure 5–19 Case study patient. Endoscopy in 1995 at age 30 
showing short (measured at 1.5  cm) tongues of columnar-lined 
esophagus in the distal tubular esophagus. Figure 5–20 Case study patient. Biopsy from the squamocolumnar 

junction at the high point of one of the tongues of columnar-lined 
esophagus. The squamous epithelium shows basal cell hyperplasia 
and intraepithelial eosinophils indicative of refl ux. This transitions into 
cardiac mucosa with intestinal metaplasia, characterized by the 
presence of goblet cells.
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Figure 5–21 Case study patient. Diagrammatic representation of the endoscopic and biopsy 
features in the patient in 1995 and 2005. Also shown is a representation of the severity of refl ux 
and the pH gradient in the esophagus based on the severity of refl ux. The relationship of the 
location of the intestinal metaplasia to weak acid pH (5 to 6 range, highlighted in orange) is 
striking. In 2005 (right), the point at which intestinal metaplasia was found in 1995 now contains 
cardiac mucosa, very likely due to the fact that the milieu at that point is more acidic. The 
intestinal metaplasia at this point has reversed to cardiac mucosa. Blue, Intestinal metaplasia; 
black, cardiac mucosa; red, oxyntocardiac mucosa; gray, squamous epithelium; yellow, gastric 
oxyntic mucosa.
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The patient elected to continue dilatation as needed for his dysphagia, which 
was performed intermittently for the next 10 years.

In 2005, now at age 40 years, the patient returned to USC with new 
symptoms of heartburn, nocturnal regurgitation, and coughing. Barium swallow 
again showed failure in fi ve of fi ve liquid swallows with peristaltic wave failure 
in the esophagus and marked stasis that cleared only with repeated dry swal-
lows. There was a tapered narrowing in the distal esophagus 3  cm below the 
carina, 8  cm long, and 1.2  cm wide. Hamburger swallows were abnormal with 
slow transit (delay) through the narrowed region. No hiatal hernia or refl ux 
were seen in the radiologic study.

Endoscopy now showed a columnar-lined segment from 33  cm to the 
gastroesophageal junction at 36  cm (Figure 5–22); biopsies along the 3.5  cm 
segment showed intestinal metaplasia only at the top, with the more distal 
biopsies showing only cardiac and oxyntocardiac mucosa (see Figure 5–21). 
The crura were at 38  cm (indicating a 2-cm hiatal hernia). On retrofl exion he 
had a Hill grade III gastroesophageal fl ap valve.

Manometry revealed deterioration of the lower esophageal sphincter over 
the past decade (overall length 1.2  cm, abdominal length 0.6  cm, resting 
pressure 8.0  mm  Hg). Lower esophageal sphincter relaxation was normal. The 
body was again abnormal with loss of the peristaltic wave in the distal esopha-
gus and resumption near the lower esophageal sphincter. The 24-hour pH 
monitoring at this time showed markedly abnormal acid exposure (143 
episodes, 23% total time pH <4, and DeMeester composite score of 72).

This patient had a congenital hypoplastic distal esophagus that required 
repeated dilatations over his lifetime. At age 30, he was without refl ux symp-
toms but was noted to have short tongues of Barrett esophagus. By age 40, 
the patient’s lower esophageal sphincter function had deteriorated signifi -
cantly. With the increased severity of refl ux, he began to experience classic 
symptoms of refl ux disease. His columnar-lined esophageal segment had 
increased in length to 3  cm, and there was now a hiatal hernia.

Of considerable interest is the fact that his intestinal metaplasia in 2005 
was limited to the most proximal biopsy level. Biopsies that were taken more 
distally showed cardiac mucosa without intestinal metaplasia. This would 

Figure 5–22 Case study patient. Endoscopy in 2005 showing a longer (measured at 3.5  cm) 
segment of columnar-lined esophagus.
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indicate that the intestinal metaplasia at the proximal limit of the columnar-
lined esophagus in 1995 (i.e., about 2  cm distal to the proximal limit of the 
present columnar-lined segment) had reversed to cardiac mucosa. Instead, 
intestinal metaplasia was now seen 2  cm more proximally.

The likely explanation for this sequence of changes is the change in the 
pH gradient resulting from the change in the severity of refl ux during these 
two examinations (see Figure 5–21). The relatively mild refl ux in 1995 caused 
1.5  cm of columnar metaplasia in the esophagus. The pH gradient associated 
with the mild refl ux resulted in suffi cient alkalinity (shown in Figure 5–21 as 
a pH of 5 to 6, orange shaded area) in the more distal esophagus to produce 
intestinal metaplasia. As refl ux increased over the next 10 years, the amount 
of columnar metaplasia also increased in length. The pH gradient shift moved 
the 5 to 6 range pH to the more proximal esophagus. The zone of previous 
intestinal metaplasia was now exposed to a more acid milieu and reverted to 
cardiac mucosa and oxyntocardiac mucosa. The correct weak acid milieu to 
cause intestinal metaplasia in cardiac mucosa was more proximal (see Fig. 
5–21, arrow, pH 5 to 6).

This patient’s case was presented at the USC Foregut Conference held in 
Hawaii in February 2006. At this time, it was noted that the patient had been 
recently placed on acid-suppressive drugs to control his refl ux symptoms. This 
was the fi rst time in his life he had taken acid-suppressive drugs. The treat-
ment was expected to control his symptoms but would increase the risk of 
extension of his intestinal metaplasia as the pH 5 to 6 milieu extended distally 
with the increased gastric baseline pH induced by acid suppression. This 
would also increasingly bring the intestinal epithelium into closer proximity 
to carcinogens in the gastric juice, thereby increasing his risk for cancer.

Reversibility of Genetic Switches

We have discussed three genetic switches that are responsible for the array 
of metaplasia that converts squamous epithelium to the different types of 
columnar epithelia (Table 5–5).

Genetic switches result from expression and suppression of normal genetic 
pathways in the cell as a result of cell surface interactions. They are revers-
ible; removing or altering the surface interactions can drive these differentia-
tion pathways in different directions. If this is true, intestinal metaplasia can 
revert back to cardiac mucosa if the Cdx gene activation is reversed. Cardiac 
mucosa can revert to squamous epithelium if it loses the fi rst columnar genetic 
switch or can become oxyntocardiac mucosa if it can be made to acquire the 

TABLE 5–5 Genetic Switches Responsible for Different Directions of Epithelial Differentiation 
in the Esophagus*

   Effect of acid- Effect of
   suppressive anti-refl ux
Genetic switch Caused by Genetic factors drugs surgery

Squamous to cardiac Acid (?) Unknown Prevention; Prevention;
    reversal (?)  reversal (?)
Cardiac to oxyntocardiac Acid (?) Sonic hedgehog Prevention Promotion
   gene
Cardiac to intestinal Alkalinity Cdx-2 Promotion (?); Prevention;
    reversal (?)  reversal

*These are all caused by factors in the refl uxate. Changes in the quality of the refl uxate resulting from 
acid-suppressive drugs and the quantity of refl ux resulting from successful anti-refl ux surgery have 
different effects on these switches.
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“gastric-type genetic signal” associated with the Sonic hedgehog gene. The 
ability to manipulate the columnar epithelia in the esophagus to move it away 
from intestinal metaplasia and toward squamous and oxyntocardiac mucosa 
is equivalent to preventing adenocarcinoma.

The best method of manipulating these genetic shifts in columnar-lined 
esophagus is to characterize the nature of the interactions that cause the 
genetic changes and neutralize them. Until these specifi c interactions are 
characterized, however, the only logical method of achieving reversal is to 
alter the damaging environment or abolish refl ux completely. Acid-suppressive 
therapy is unlikely to do either of these; impedance studies have shown that 
the refl ux persists, the refl uxate becomes more alkaline, and the pulse effect 
does not change. The fact that the prevalence of intestinal metaplasia and 
adenocarcinoma has risen, even as acid suppression has improved, is evidence 
that acid is a relatively minor factor in these genetic switches.

On the other hand, successful anti-refl ux surgery, usually a Nissen or 
other type of fundoplication, creates a new valve and decreases the amount 
of gastroesophageal refl ux (see Figure 5–17). Anti-refl ux surgery is not perfect; 
it requires a fi ne balance of tightness of the wrap to ensure that refl ux is 
minimized without causing a physical obstruction that leads to dysphagia. The 
aim of anti-refl ux surgery is to reduce refl ux suffi ciently to prevent progres-
sion of genetic changes to cancer. This requires a level of refl ux control that 
is greater than that necessary to cure the patient of symptoms. Evidence sug-
gests that when a successful anti-refl ux surgery is defi ned as normalization of 
the 24-hour pH test, the control of refl ux is suffi cient to prevent progression 
to adenocarcinoma. What this means at a molecular level is that the exposure 
of the target cells in the esophagus to refl uxate molecules has been reduced 
to a level that prevents the occurrence of the genetic switches and mutations 
required for adenocarcinoma.

We have observed the phenotypic expression of some of these reversals; 
intestinal metaplasia accompanying short-segment Barrett esophagus fre-
quently reverses,29 and we have observed an increased amount of oxyntocar-
diac mucosa in post-fundoplication biopsies compared with preoperative 
biopsies. Both of these are highly benefi cial changes that occur at a histologic 
level without any change in the endoscopic length of the columnar-lined 
esophagus.

The most promising point of attack when attempting to prevent cancer 
is the stage of refl ux disease before the development of intestinal metaplasia. 
The patients at risk in the future are those who have cardiac mucosa, which 
is detectable by screening and biopsy. There is a long lag phase before cardiac 
mucosa progresses to intestinal metaplasia in most patients. Recognition of 
the molecular component in the refl uxate that drives Cdx-2 activation and the 
“gastric-type genetic signal” can lead to the production of drugs that have an 
impact on these molecules and drive differentiation of cardiac mucosa away 
from intestinal metaplasia and toward oxyntocardiac mucosa. This will theo-
retically prevent progression to adenocarcinoma.

Barrett Esophagus: Five Decades of Medical Failure

The medical community presently does not give Barrett esophagus the respect 
it deserves; the disease is belittled. Throughout history, its incidence and 
importance have been underestimated. Before 1953, its very existence was 
denied by the simple expedience of defi ning the end of the esophagus as 
squamocolumnar junction30 (Figure 5–23); the columnar-lined esophagus was 
therefore an intrathoracic tubular stomach. When it was described in 1953,25 
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it was declared to be an insignifi cant congenital anomaly. When it was rec-
ognized to be caused by gastroesophageal refl ux, the disease was limited to 
only those patients who had long-segment disease by using the false defi ni-
tion that the distal 2 to 3  cm of the esophagus was lined normally by columnar 
epithelium.3 This led to short-segment disease being ignored for three decades 
between 1961 and the 1990s. We continue to make the same mistake. Today’s 
incorrect criteria and defi nitions ignore microscopic Barrett esophagus that 
occurs in the dilated end-stage esophagus. By defi ning the end of the esopha-
gus as the tops of the rugal folds and the end of the tubular esophagus, we 
repeat the mistake of 1953, declaring the esophagus as ending more proxi-
mally than it does. This results in the majority of patients with Barrett esopha-
gus being declared as having a gastric disease. Today’s “intrathoracic tubular 
stomach” is “normal gastric cardiac mucosa, and intestinal metaplasia and 
adenocarcinoma of the gastric cardia.” We are ignoring the base of the iceberg 
of Barrett esophagus. This fi ve-decade comedy of errors must be at least partly 
responsible for the meteoric sixfold rise in the incidence of refl ux-induced 
adenocarcinoma of the esophagus.

Barrett esophagus is treated as if it is a relatively low-risk disease. This is 
not true. Barrett esophagus currently ranks as one of the most dangerous 
premalignant conditions. The magnitude of risk for cancer, which is 0.5% per 
year or 10% in 20 years, is similar to that of chronic ulcerative colitis. The 
risk is much higher than for colonic adenomas. It is a far more specifi c indi-
cator of risk than a mammographic abnormality. Yet we treat it like it is not 
signifi cant. Unlike mammographic abnormalities, we make no attempt to fi nd 
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Figure 5–23 The error made over fi ve decades in the diagnosis of columnar-lined 
esophagus. The true length of columnar-lined esophagus (CLE) in this esophagus (see Figure 
4–23) is 5.5  cm visible in the tubular esophagus plus 2.05  cm in the dilated end-stage 
esophagus. If the true gastroesophageal junction (proximal limit of gastric oxyntic mucosa) is 
used, the total length is 7.5  cm. Using present defi nitions of the gastroesophageal junctions 
(end of tubular esophagus and proximal limit of rugal folds), the length of columnar-lined 
esophagus is 5.5  cm; the 2-cm segment of microscopic disease in the dilated end-stage 
esophagus is missed. Between 1961 and the mid-1990s, 2  cm of the distal esophagus was 
believed to be normally lined by columnar epithelium. According to this, the length of 
abnormality would be 3.5  cm; both short-segment disease and microscopic disease in the 
dilated end-stage esophagus was missed. Before 1953, the entire columnar-lined segment was 
believed to be a tubular stomach; the entire entity was missed.
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it; unlike tubular adenomas of the colon, we do not remove it; and unlike 
ulcerative colitis, in which prophylactic colectomy is considered when low-
grade dysplasia is found, we wait until high-grade dysplasia is found before 
we do anything at all.

One reason for this inaction is the sense of extreme futility we have about 
our ability to prevent the occurrence of cancer in a patient with Barrett 
esophagus. In a recent Barrett esophagus workshop of 18 world experts (15 
gastroenterologists, two surgeons, and one pathologist), it was concluded that 
there was essentially nothing that could be done in a patient with Barrett 
esophagus to prevent cancer.30 This pessimistic viewpoint is pervasive and 
dooms the nearly 25,000 patients who develop refl ux-induced cancer to a 
85% to 90% mortality. I hope to convince you that this futility is not justifi ed. 
In Chapter 1, I made a plea for an aggressive attack on the disease by empha-
sizing cancer prevention. There is strong evidence that successful anti-refl ux 
surgery will prevent Barrett esophagus in patients with cardiac mucosa if it 
is performed before it occurs. There is signifi cant evidence in the literature 
and a strong theoretical basis for the statement that decreasing the volume of 
refl ux by a successful anti-refl ux operation stops the progression of the 
sequential change toward cancer (see Figures 5–17 and 5–18 and Chapter 6).

The natural history of refl ux-induced adenocarcinoma extends over many 
decades with epithelial changes that mirror the progression of disease. The 
correct way to prevent this is to detect these changes and treat the disease 
at the earliest feasible stage. At the present time, this is the patient with 
Barrett esophagus. The wrong way is to continue what we do now, which is 
doing nothing or promoting the progression to cancer with long-term, acid-
suppressive drugs.
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 ■  ■  ■  C H A P T E R  6

Refl ux-Induced Adenocarcinoma of the Esophagus

Gastroesophageal refl ux disease is the basis for all adenocarcinomas of the 
esophagus. Except for extremely rare adenocarcinomas that arise in the sub-
mucosal glands of the esophagus, adenocarcinomas arise from the surface 
epithelium that has progressed along the refl ux-to-adenocarcinoma sequence. 
This includes the following:

1. Squamous epithelial damage leading to cardiac metaplasia.

2. Intestinal metaplasia in cardiac mucosa, which defi nes Barrett esophagus.

3. Carcinogenesis; all esophageal adenocarcinomas pass through this 
sequence.

Cardiac metaplasia of squamous epithelium occurs early in the course of 
refl ux disease, often during childhood and early adult life (Figure 6–1). There 
is a long lag phase, measurable in years, and sometimes decades, before 
intestinal metaplasia occurs in cardiac mucosa. The rate of carcinogenesis in 
intestinal metaplasia, which likely requires multiple mutations, is variable but 
frequently takes many years and often decades (see Figure 6–1).

■  ■  ■  C A S E  S T U D Y (Contributed by Daniel Oh, MD; Case presented at USC Foregut Conference in 
Hawaii; also included in Lord R et al.1)

This patient gave a long and eventful history. As a 9-month-old boy, 
the patient swallowed a penny. This went undetected until progressive dys-
phagia resulted in a chest x-ray at age 7 years, which showed the penny in 
the thoracic esophagus. The penny was removed endoscopically. The patient 
continued to experience dysphagia, mainly with solids. This required multiple 
esophageal dilatations. Finally at age 15, it was determined that his dysphagia 
and inability to eat could not be adequately managed with dilatations, and 
he had a partial esophagectomy with gastric pull-up. As a result, the patient’s 
dysphagia resolved; however, he then experienced heartburn and regurgita-
tion over the next few decades. It was also determined that he was having 
aspiration events that were leading to progressively worsening pulmonary 
function.

At 56 years of age (41 years after the esophagectomy) the patient was 
referred to the USC Foregut Surgery Unit for severe refl ux symptoms that were 
not controlled adequately with medical treatment. The upper endoscopy 
showed that the cricopharyngeus was at 15  cm, and the esophagogastric 
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anastomosis was intrathoracic in location and 30  cm from the incisors. There 
was a long segment of columnar-lined esophagus from 30  cm to 23  cm (Figure 
6–2). A small nodule was present at 29  cm.

The surgical pathology report was as follows (Figure 6–3):

A. 29  cm, bx: Invasive, moderately differentiated adenocarcinoma.

B. 29  cm, nodule, bx: Invasive, moderately differentiated adenocarcinoma.

C. 26  cm, bx: Refl ux carditis; intestinal (Barrett) metaplasia.

D. 25  cm, bx: Intestinal (Barrett) metaplasia with low-grade dysplasia.

E. 24  cm, bx: Intestinal (Barrett) metaplasia with low-grade dysplasia.

F. 23  cm, bx: Refl ux esophagitis; intestinal (Barrett) metaplasia.

G. Brushings at 29  cm: Malignant cells present consistent with 
adenocarcinoma.

This patient demonstrates the typical course of the refl ux-to-
adenocarcinoma sequence. At the time of surgery, when he was 15 years old, 

Squamous epithelium
at birth

No cardiac
mucosa

Short length
of OCM

Short length
of CM + OCM

Cardiac mucosa —
early, rapid change

Increase in length
of cardiac mucosa

— many years

Intestinal metaplasia
x + 10–20 years

Dysplasia and adenocarcinoma
x + 10–20 yrs + 5–30 yrs

No reflux

Mild reflux

Cumulative reflux

Reflux begins at age x yrs

85%

15% with appropriate LM milieu;
with all lengths of CLE

?% dependent on carcinogenic
milieu

Figure 6–1 Typical lifetime course for a patient traversing the refl ux-to-adenocarcinoma 
sequence. The fi rst part of the sequence, which is conversion of increasing amounts of 
squamous epithelium to cardiac mucosa (CM), takes two to three decades. Those patients that 
progress in the sequence go on to develop intestinal metaplasia and adenocarcinoma, again 
over the course of several decades. This typical time sequence varies such that the age range 
for different stages can vary signifi cantly. CLE, Columnar-lined esophagus; OCM, oxyntocardiac 
mucosa.
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the patient’s distal esophagus and proximal stomach were removed. There is 
no “cardia” or “native cardiac mucosa” in this patient. This surgery is associ-
ated with gastroesophageal refl ux because the lower esophageal sphincter 
has also been removed. This patient had symptomatic refl ux disease after the 
surgery. The ravages of this gastroesophageal refl ux are clearly limited to his 
esophagus because the gastroesophageal junction can be recognized clearly 
as the anastomotic line; 41 years after his esophagectomy, the end result of 
refl ux included a 7-cm segment of columnar-lined esophagus with cardiac 
mucosa with and without intestinal metaplasia. The intestinal metaplasia 

Heartburn
Regurgitation
Severe reflux

Esophagectomy with
gastric pull-up

1952 at 15 years of age

1993
56 years old

Intestinal
metaplasia

Adenocarcinoma

23 cm
24 cm
25 cm
26 cm
27 cm
28 cm

Anastomotic
line

29 cm
30 cm

23 cm
24 cm
25 cm
26 cm
27 cm
28 cm
29 cm
30 cm

Figure 6–2 Case study. Endoscopic appearance at age 56 years showing the distal 
esophagus with a long segment of columnar-lined esophagus. The biopsy forceps are shown 
next to the area of the nodule at 29  cm, 1  cm above the anastomotic line.

Figure 6–3 Diagrammatic representation of the patient’s lifetime course. The area of 
esophagus and stomach resected at age 15 (red area) includes the proximal stomach and 
lower esophageal sphincter. This sets the stage for chronic and severe symptomatic refl ux 
disease (orange triangle). The end result is a 6-cm segment of columnar-lined esophagus 
composed largely of intestinal metaplastic epithelium. After four decades, an adenocarcinoma 
develops in the distal part of the area of intestinal metaplasia, 1  cm above the anastomotic line. 
Blue, Intestinal metaplasia; black, cardiac mucosa; gray, squamous epithelium; yellow, gastric 
oxyntic mucosa.
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extended to a point 1  cm above the anastomotic line. At this point, where 
there is maximum contact of the target cell in intestinal metaplasia with the 
highest dose of carcinogen in the refl uxate, an adenocarcinoma developed. 
In this case, it is clearly documented that the refl ux-to-adenocarcinoma 
sequence took 41 years to evolve.

A cancer with a long premalignant phase characterized by several histo-
logically recognizable steps (cardiac mucosa, intestinal metaplasia) would 
seem to be very amenable to preventive measures. This is true. However, we 
currently do nothing to fi nd people at risk for refl ux-induced adenocarcinoma; 
90% of patients present for the fi rst time with symptomatic and often advanced 
cancer, which has a mortality rate of approximately 90%. Less than 5% of 
patients who develop esophageal adenocarcinoma have a known diagnosis 
of Barrett esophagus.2 The majority of such patients give a history of symp-
tomatic refl ux for a long time preceding the cancer. Many such patients have 
been “successfully treated” with acid-suppressive drugs, which have controlled 
their symptoms. Only a small number of patients develop refl ux-induced 
adenocarcinoma while under surveillance because of a prior endoscopic 
diagnosis of Barrett esophagus; these patients present with early-stage cancer 
and have a better survival rate, suggesting that this disease’s mortality rate 
can be reduced if we change our attitudes.3

Refl ux-induced adenocarcinoma includes the following:

1. Adenocarcinoma of the tubular esophagus, the only entity presently 
accepted universally as being esophageal and defi nitely refl ux induced 
(Figures 6–4B, 6–5, and 6–6). It is also accepted that these tumors are 
preceded by Barrett esophagus and follow the refl ux-to-adenocarcinoma 

A B C

Figure 6–4 Three patients with adenocarcinoma (blue star) are shown. 
A, Patient with disease limited to the dilated end-stage esophagus. The tumor 
will be classifi ed by present criteria as an adenocarcinoma of the gastric 
cardia. B, Patient with a columnar-lined segment in the tubular esophagus. 
The intestinal metaplasia is limited to the most proximal region of the columnar 
segment. The tumor arises in that area with intestinal metaplasia and will be a 
distal esophageal tumor. C, Patient with a long segment of columnar-lined 
esophagus with intestinal metaplasia extending into the dilated end-stage 
esophagus, where the cancer has occurred. This would be classifi ed as an 
adenocarcinoma of the gastric cardia occurring in a patient with Barrett 
esophagus. In reality, it is a distal esophageal tumor arising in the region of 
maximum risk in Barrett esophagus.

Figure 6–5 Adenocarcinoma of the tubular esophagus. 
The proximal edge of the tumor consists of squamous 
epithelium. The columnar-lined esophagus from which the 
tumor arose has been almost entirely replaced by the tumor, 
except possibly in the dilated end-stage esophagus distal to 
the tumor. This can be identifi ed only by histology.
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sequence, although the early stages of the sequence as I have described 
(i.e., cardiac metaplasia) are not universally accepted. Every year in the 
United States, an estimated 14,000 patients develop adenocarcinoma in the 
tubular esophagus. The incidence is equal to or higher in Western Europe. 
Lagergren et al4 have shown that these tumors are strongly associated with 
symptomatic gastroesophageal refl ux disease, are more common in men, 
and arise in long-segment Barrett esophagus.

2. Adenocarcinoma of the dilated end-stage esophagus (see Figures 6–4A, C, 
6–6, and 6–7). These tumors arise at or distal to the present defi nition 
of the gastroesophageal junction (i.e., the end of the tubular esophagus 
and/or the proximal limit of the rugal folds). They are presently classifi ed 
as “adenocarcinoma of the gastroesophageal junction” or “adenocarcinoma 
of the gastric cardia.” Both these designations are currently categorized 
under “adenocarcinoma of the gastric cardia” in the WHO International 
Classifi cation of Tumors and are regarded as gastric adenocarcinomas. In 
a recent study of these tumors, we showed that most, if not all, adenocar-
cinomas classifi ed as gastric cardia using present criteria occur in metaplas-
tic esophageal columnar epithelium in dilated end-stage esophagus.5 These 
tumors are common, with an estimated 11,000 diagnoses every year in the 
United States. They may arise in patients who have Barrett esophagus 
limited to the end-stage dilated esophagus (see Figures 6–4A and 6–7) or 
in the distal region of a long segment of Barrett esophagus that involves 
both tubular and dilated end-stage esophagus (see Figures 6–4C and 6–6). 
In Lagergren et al’s4 study, adenocarcinoma of the cardia, which includes 
tumors within 3  cm distal to the gastroesophageal junction, was shown to 

Figure 6–6 Adenocarcinoma arising in columnar-lined esophagus. 
This is the specimen whose epithelia are mapped in Figure 4–23, 
showing a 2.05-cm dilated end-stage esophagus distal to the end of 
the tubular esophagus. There is an obvious ulcerated tumor (outlined 
in red) in the tubular esophagus. A second intramucosal 
adenocarcinoma was found in the distal region of the intestinal 
metaplasia in the dilated end-stage esophagus. This would not be 
sampled by present endoscopic practice guidelines until it became 
large enough to be visible. It would be incorrectly classifi ed as an 
adenocarcinoma of the gastric cardia.

Figure 6–7 Adenocarcinoma arising in disease limited to the end-
stage esophagus. The entire tubular esophagus is lined by squamous 
epithelium. Rugal folds are distorted by the ulcerated tumor. The only 
way to accurately defi ne the location of the tumor is to histologically 
map the epithelia around the tumor. This patient had intestinal 
metaplasia at the lateral edge, cardiac mucosa at the distal edge, and 
the gastric mucosa was normal. These features allow this to be 
defi ned as an adenocarcinoma of the distal esophagus by the newly 
suggested defi nitions.
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have an association with symptomatic gastroesophageal refl ux disease, 
albeit less than for adenocarcinomas of the tubular esophagus. The patho-
genesis of these tumors is uncertain at this time. If they are adenocarcino-
mas of the dilated end-stage esophagus, there is no reason to believe that 
they have a pathway other than the refl ux-to-adenocarcinoma sequence 
(through cardiac mucosa and Barrett esophagus) that leads to all other 
esophageal adenocarcinomas. The similarities between these tumors and 
adenocarcinomas of the tubular esophagus support a common pathogen-
esis.6 Many of the differences (gender distribution, lesser association with 
symptomatic refl ux) between the two can be explained by the fact that 
many adenocarcinomas of the dilated end-stage esophagus arise in very 
short segments of Barrett esophagus. Short-segment Barrett esophagus has 
an equal gender distribution, as opposed to the male predominant long-
segment disease, and has more asymptomatic patients because it is caused 
by a lesser severity of refl ux disease. If it is accepted that adenocarcinomas 
of the “gastric cardia” are refl ux-induced carcinomas of the end-stage 
dilated esophagus (as it should be), the total incidence of refl ux-induced 
adenocarcinomas in the United States is approximately 25,000 per year.

The Target Cell

The target cells for carcinogens that produce adenocarcinoma in gastroesopha-
geal refl ux disease are limited to proliferative cells in columnar-lined epithe-
lium marked by the presence of intestinal metaplasia.7 The carcinogens do 
not act on the goblet cells; these are usually terminally differentiated cells. 
Instead, they act on the proliferative cell pool in the deep foveolar region of 
intestinal metaplastic epithelium. It is as if the genetic switch that causes the 
esophageal cell to differentiate into goblet cells makes it receptive to carci-
nogenic molecules (Figure 6–8).

All other epithelia found in the esophagus, including squamous epithe-
lium, cardiac mucosa, and oxyntocardiac mucosa, are not susceptible to 
refl ux-induced carcinogenesis. In the study by Lagergren et al,4 there was no 
association between squamous carcinoma of the esophagus and symptomatic 
gastroesophageal refl ux disease.

Carcinogens
in refluxate

No effect

Cdx
expression

Progenitor cell in
intestinal metaplastic
epithelium

Progenitor cell in squamous,
cardiac, and oxyntocardiac
               mucosa

Receptive

Goblet cells

Figure 6–8 The target cell for carcinogens in the refl uxate is limited to the progenitor cell in 
intestinal-type epithelium, which differentiates into goblet cells (green boxes). The carcinogens 
do not produce cancer in squamous, cardiac, and oxyntocardiac mucosa (yellow boxes). The 
target cell is located in the proliferating progenitor stem cell pool in the deep foveolar region.
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If there is no intestinal metaplasia, there is no risk of malignancy, regard-
less of the length of columnar-lined esophagus or the concentration of car-
cinogen in the gastric refl uxate. Of course, there is the possibility that the 
target cell may eventually appear. The absence of the target cell in a 50-year-
old patient is more highly predictive of a lack of cancer risk than the absence 
of intestinal metaplasia in a child. The presence of the target cell indicates a 
risk of cancer, regardless of the length of columnar-lined esophagus (see the 
section later in this chapter, page 201).

The Carcinogen

Esophageal adenocarcinoma displays characteristics of a tumor caused by the 
effect of a luminal molecule associated with gastroesophageal refl ux. The 
carcinogen involved is unknown but must reside in the gastric juice. The very 
low incidence of adenocarcinoma in refl ux disease suggests that the carcino-
gen in not ubiquitous in gastric juice.

The rate of progression to cancer varies considerably in patients with 
Barrett esophagus; data exist only for the 10% of patients who develop cancer 
while under surveillance for Barrett esophagus. The majority of these patients 
have stable disease without progression to increasing dysplasia or cancer over 
many years. However, some patients progress through the sequence quickly. 
The rate of progression to cancer in the 90% of patients who fi rst present 
with cancer is unknown. The variable rate of progression to dysplasia and 
cancer in patients with Barrett esophagus suggests that carcinogen concentra-
tion is a dominant factor in the genesis of cancer. Unfortunately, without 
defi nitive knowledge regarding the nature of the carcinogen, there is no ability 
to categorize patients according to the level of carcinogenicity of gastric 
refl uxate.

The carcinogens in the gastric refl uxate may be endogenous secretions 
of the oral cavity, esophagus, stomach, or exogenous molecules in food. 
If the patient has duodenogastric refl ux, the endogenous compounds avail-
able to act on the esophageal epithelium greatly increase because all the 
components of bile and pancreatic juice enter the stomach. In the milieu 
of the gastric lumen, these molecules interact to produce new molecules 
that may induce cancer in the esophagus when gastroesophageal refl ux 
occurs.

Salivary Nitrogenous Compounds

Salivary secretions contain signifi cant amounts of nitrate. The normal oral 
bacterial fl ora rapidly convert 10% to 90% of this secreted salivary nitrate into 
nitrite. Under fasting conditions, signifi cant nitrite concentrations can be 
found in the saliva and esophagus.8 When nitrite progresses down the 
esophagus and encounters gastric acid, it is converted to potentially carcino-
genic N-nitroso compounds. These compounds are proven experimental car-
cinogens and have been used to induce gastric and esophageal cancers in 
animals.

McColl8 postulates that refl ux-induced adenocarcinoma is caused by gen-
eration of these carcinogenic compounds when saliva meets gastric acid. 
Normally, without signifi cant refl ux, the site of this saliva-gastric acid interac-
tion is the gastric cardia. In patients with refl ux, the location of this interaction 
is in the distal esophagus and causes cancer in that location. Although 
this hypothesis is interesting, there is relatively little direct evidence to 
support it.



 Refl ux-Induced Adenocarcinoma of the Esophagus 191

Acid

There is almost no clinical or experimental evidence that suggests that H+ ions 
in gastric juice are capable of causing genetic mutations. The only pathologic 
change shown to be caused by acid is related to cellular injury, which in turn 
results in increased proliferative activity. Increasing the proliferative activity 
of an epithelium has a secondary effect in facilitating mutations; because 
mutations occur during cell division, anything that increases proliferative activ-
ity will increase the chance of random mutations.

It is highly unlikely that acid is capable of causing genetic changes. H+ 
ions are the smallest and simplest particles in nature, and it is highly unlikely 
that cellular receptors have developed to recognize H+. In general, cell surface 
receptors have complex structures that are complementary to large molecules 
with complex tertiary structures that lend specifi city to the molecule-receptor 
interaction.

Despite the lack of evidence that acid is directly involved in carcinogen-
esis, as well as the theoretical objections to its action as a molecule capable 
of interacting with cell surface receptors to cause genetic mutations, most 
individuals will regard acid as the main factor in the etiology of refl ux-induced 
adenocarcinoma of the esophagus. The entire emphasis of treating refl ux 
disease is on acid suppression. There is a naïve expectation that removing 
acid from the equation will prevent all the complications of refl ux disease. 
There is no evidence, despite considerable study, that acid suppression 
decreases the likelihood of either Barrett esophagus or its progression to 
cancer in a patient with refl ux disease.

■  ■  ■  C A S E  S T U D Y A 64-year-old patient presented with dysphagia for solid food, which progres-
sively worsened over the course of 2 weeks. This was associated with a 10-pound 
weight loss during the previous month. The patient had a signifi cant history of 
chronic autoimmune gastritis 5 years previously and was documented at that 
time to have hypochlorhydria. Except for vitamin B12 injections at intervals, 
the patient was not on any medications for the gastritis. In particular, there 
was no history of acid-suppressive drug use. The patient was not under a 
routine surveillance protocol for the chronic atrophic gastritis and there was 
no prior diagnosis of Barrett esophagus.

Upper endoscopy showed a short segment of columnar epithelium in the 
distal 1  cm of the tubular esophagus and a nodular lesion at the gastroesopha-
geal junction (Figures 6–9 and 6–10). The stomach showed diffuse atrophy 
involving the body and fundus with a fl at mucosa showing no rugal folds 
(Figure 6–11).

Biopsies from the columnar-lined segment of the tubular esophagus 
showed cardiac mucosa with and without intestinal metaplasia. There was an 
area of low-grade dysplasia arising in intestinal metaplasia in the distal tubular 
esophagus in a biopsy taken immediately proximal to the nodular lesion 
(Figure 6–12). Biopsies from the nodule showed an invasive, poorly differ-
entiated adenocarcinoma arising in intestinal metaplasia (Figure 6–13). 
There was cardiac mucosa adjacent to the cancer in one of the biopsy pieces, 
indicating that this carcinoma had cardiac mucosa at one edge. Biopsies of 
the atrophic body of the stomach showed chronic atrophic gastritis with 
extensive intestinal metaplasia (Figure 6–14). There was diffuse enterochro-
maffi n cell hyperplasia with multiple microcarcinoid tumors (Figures 6–15 and 
6–16).

This case was sent to me for consultation from a pathologist in Los 
Angeles who wanted to know whether this was a gastric adenocarcinoma 
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arising in chronic autoimmune gastritis or an adenocarcinoma arising in Barrett 
esophagus. He and the gastroenterologist favored a gastric adenocarcinoma 
because the lesion was distal to the end of the tubular esophagus (the absence 
of rugal folds made the end of the tubular esophagus the only available cri-
terion for the junction).

The following things about this case are true:

1. There can be no argument that this patient had intestinal metaplasia of 
Barrett type in the esophagus and intestinal metaplasia in chronic atrophic 
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Figure 6–9 Case study. Endoscopy showing a short 
tongue of columnar-lined esophagus with a small nodular 
lesion at the gastroesophageal junction. The rugal folds are 
seen in the far region of the circumference.

Figure 6–10 Diagrammatic representation of the patient’s fi ndings, 
showing the columnar-lined segment with cardiac and intestinal metaplasia 
and an invasive adenocarcinoma in the dilated end-stage esophagus. The 
stomach shows diffuse atrophic gastritis with extensive intestinal metaplasia 
(green areas). The combined effect of the atrophic gastritis and refl ux (orange 
triangle) is shown. CLE, Columnar-lined esophagus; ECL, enterochromaffi n-
like; GEJ, gastroesophageal junction. Blue, Intestinal metaplasia; black, 
cardiac mucosa; gray, squamous epithelium.

Figure 6–11 Mucosal surface of the stomach, showing fl attening 
with absence of well-formed rugal folds. There is a cobblestone-like 
appearance in some areas.

Figure 6–12 Biopsy from the visible columnar-lined esophagus 
above the tumor nodule showing cardiac mucosa with intestinal 
metaplasia and evidence of low-grade dysplasia (left half).
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gastritis. The fact that there was a visible columnar-lined segment with 
intestinal metaplasia indicates Barrett esophagus.

2. There is a clear histologic difference between the appearance of the intes-
tinal metaplasia in the esophageal segment (see Figure 6–12), which shows 
disorganized glands with lamina propria fi brosis and mild infl ammation with 
non-intestinalized cardiac type glands in the deeper region, and in the 
gastric segment (see Figure 6–14), which shows a fl at mucosa with straight 
glands that demonstrate intestinal metaplasia and Paneth cells with marked 
chronic infl ammation. The neuroendocrine hyperplasia is restricted to the 
gastric intestinal metaplasia (see Figure 6–15). It appears that the adenocar-
cinoma arises in epithelium that has features of cardiac mucosa with and 
without intestinal metaplasia rather than the chronic atrophic gastritis.

3. The adenocarcinoma appears in the expected location for an adenocarci-
noma arising in Barrett esophagus, which is known to favor the most distal 
region of the intestinal metaplastic segment. This is related to the fact that 
the carcinogen dose is greatest most distally in the esophagus.

Figure 6–13 Biopsy from the tumor showing an invasive, poorly 
differentiated adenocarcinoma. Residual goblet cells are present.

Figure 6–14 Biopsy from the gastric body showing chronic 
atrophic gastritis with extensive intestinal metaplasia.

Figure 6–15 Biopsy of the gastric body showing micronodular 
neuroendocrine (ECL-cell) hyperplasia in the deep mucosa.

Figure 6–16 Biopsy of the gastric body, stained by 
immunoperoxidase technique for chromogranin, showing positive 
staining of the micronodules of neuroendocrine cells.
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4. It is possible for adenocarcinoma arising in chronic atrophic gastritis to 
involve the most proximal stomach, but this would not be the typical loca-
tion. There is no reason why a gastric adenocarcinoma should arise in this 
region instead of the rest of the gastric body.

5. The risk of adenocarcinoma is greater in Barrett esophagus than in chronic 
atrophic gastritis. At the present time, this is statistically more likely to be 
a refl ux-induced adenocarcinoma than one arising in chronic atrophic 
gastritis.

6. If the non-intestinalized cardiac mucosa seen at the edge of the cancer in 
one of the biopsies is at the distal edge, by our criteria, it would indicate 
that the metaplastic esophageal segment extends to a point distal to the 
tumor, which makes it entirely esophageal.

7. Based on these factors, I concluded that this was an adenocarcinoma arising 
in the dilated end-stage esophagus at the distal region of the segment of 
Barrett esophagus. This conclusion can only be reached by using our defi -
nition of the gastroesophageal junction as a point distal to the end of the 
tubular esophagus and marked by the distal limit of esophageal columnar 
metaplastic epithelium.

In one respect, the gastroenterologist was happy with this conclusion 
because it removed any issues of liability about the failure to monitor a patient 
with known chronic atrophic gastritis. However, he also objected to this con-
clusion by saying that it was not possible that adenocarcinoma could arise in 
Barrett esophagus in a patient known to be hypochlorhydric for the past 5 
years. There was proof of severe hypochlorhydria in the presence of entero-
chromaffi n cell hyperplasia seen in the gastric biopsy. This is a trophic effect 
of elevated serum gastrin.

In fact, the reverse is more likely to be true. The absence of acid is not 
a reason to rule out refl ux-induced cancer; it is likely to have promoted car-
cinogenesis. This patient probably had asymptomatic refl ux with intestinal 
metaplasia in the esophagus for an unknown period. The target cells in the 
intestinal metaplasia were continually exposed to gastric refl uxate, which 
included potential carcinogens. The increasing alkalinity of the gastric juice 
induced by the hypochlorhydria of chronic atrophic gastritis is likely to have 
caused a progressive increase of carcinogenicity in the refl uxate. The fact that 
this adenocarcinoma arose 5 years after known hypochlorhydria provides 
excellent evidence that acid is not the carcinogen in refl ux-induced adeno-
carcinoma of the esophagus.

Bile

There is signifi cant evidence that bile acid metabolites are implicated in the 
genesis of esophageal adenocarcinoma.9,10 The entry of bile into the stomach 
by duodenogastric refl ux is a very common phenomenon in humans. In a 
patient with normal gastric acidity in the 1 to 3 pH range, bile acids precipitate 
into harmless insoluble molecules. At a pH above 6, the bile acids remain in 
an ionized form, which precludes their entry into cells. Between a pH of 3 
and 6, the bile acids and their metabolites are converted to unionized soluble 
molecules that can penetrate cell membranes and enter esophageal epithelial 
cells (Figure 6–17). Acid suppression, particularly when it is uncontrolled (as 
in the vast majority of patients who take these medications—both over the 
counter and prescribed), has the effect of increasing gastric pH into the critical 
3 to 6 range. Carcinogens responsible for refl ux-induced esophageal cancer 
are likely activated from bile acids in the weak acid gastric milieu of the 
patient taking acid-suppressive medication on a long-term basis.
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Bile components, notably the bile acids cholic, taurocholic, and glyco-
cholic, and their deoxygenated metabolites, have been considered to be 
instrumental in potentiating the early stage of refl ux disease, acting synergisti-
cally with acid to contribute to severe erosive esophagitis, strictures, and 
Barrett esophagus.11 More importantly, they act in the carcinogenic phase of 
Barrett esophagus in a manner that is probably opposite to the action of 
acid.

Jaiswal et al12 showed that the conjugated bile salt glycochenodeoxycholic 
acid was highly effective in activating the P13 kinase/Akt signaling pathway 
in a Barrett adenocarcinoma cell line. This pathway is known to promote cell 
proliferation and inhibit apoptosis (see Figure 6–17). In a more recent paper, 
Jaiswal et al13 studied the effect of bile salts on normal esophageal squamous 
cells and non-neoplastic Barrett cells. Normal esophageal squamous cells 
exposed to 5 minutes of bile salts did not increase cell numbers. In Barrett 
epithelial cells, bile salt exposure increased cell numbers by 31%, increased 
phosphorylated p38 and ERK levels by twofold to threefold, increased BrdU 
incorporation by 30%, and decreased UV-induced apoptosis by 15% to 20%. 
The authors concluded that bile salt exposure induces a non-neoplastic Barrett 
cell line to proliferate by activation of both the ERK and p38 MAPK pathways 
and suggested that this could be a potential mechanism whereby bile refl ux 
may facilitate the neoplastic progression of Barrett esophagus.

Stamp14 showed that rats who were gastrectomized and jejunostomized 
to allow bile acids to refl ux into the esophagus developed many carcinomas 
in 50 weeks, while other modifi cations that kept bile out of the esophagus 
did not produce any cancers (see Figure 6–17). The authors concluded that 
bile acids refl uxing into the esophagus of humans should also cause cancers, 
especially in Westernized societies with their high-fat diets, which provide an 
abundant supply of bile. They showed that bile acids can enter the model 
OE33 cells and activate the oncogene c-myc at pH 4, the gene complex NF-
kappaB at pH 6.5, and induce cellular proliferation. In their discussion, the 
authors suggest that acid-suppression therapy used to treat patients with 
Barrett esophagus will solubilize free bile acids and some of the glycine con-
jugates, allowing them to enter the epithelial cells. These intracellular bile 
acids have the ability to produce cellular changes that induce carcinogenesis. 
The authors conclude that acid-suppression therapy should be restricted, not 
promoted.
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Figure 6–17 The effect of gastric pH on bile acids that enter the stomach via duodenogastric 
refl ux. In normal cases, the high acidity inactivates bile acids. At an intermediate pH (3 to 6), the 
bile acids become converted to soluble and unionized metabolites that enter the esophageal 
cells and induce genetic changes that promote proliferation, inhibit apoptosis, and cause 
cancer.



196 CHAPTER 6  Refl ux-Induced Adenocarcinoma of the Esophagus

Interaction Between Carcinogens and Target Cells

Whatever the carcinogenic molecules, it can be reasonably assumed they exist 
at highest concentration in the stomach, reach the esophagus by refl ux, and 
decrease in concentration from the gastroesophageal junction to the more 
proximal esophagus (Figures 6–18 and 6–19). The effective carcinogen con-
centration is always greatest in the most distal esophagus and reaches a vari-
able height in the esophagus (see Figures 6–18 and 6–19). The exact height 
to which an effective carcinogen dose is delivered by refl ux will depend on 
the severity of the refl ux (see Figure 6–18) and the concentration of the car-
cinogen (see Figure 6–19).

It is extremely interesting that the maximum carcinogenic tendency oper-
ates in the lowest regions of the esophagus. This is almost exactly opposite 
of the tendency to intestinal metaplasia. Patients with intestinal metaplasia 
limited to the most proximal region of the columnar-lined esophagus are more 
protected because it is unlikely that the carcinogen will reach an effective 
dose level so high in the esophagus (Figures 6–20 and 6–21). This is true 
whether the segment of columnar-lined esophagus is long and has been 
induced by severe, high volume refl ux (see Figure 6–20) or whether the 
segment of columnar-lined esophagus is short and has been induced by less 
severe, low-volume refl ux (see Figure 6–21). The only difference between the 
different lengths of columnar-lined esophagus is that the prevalence of intes-
tinal metaplasia is lower in patients with the shorter lengths.

The risk of cancer, however, increases as the intestinal metaplasia moves 
distally in such a patient. The patient who develops intestinal metaplasia in 
very short segments of columnar-lined esophagus has the highest theoretical 
exposure to the carcinogen because of the proximity to gastric juice (see Figure 
6–10). This is counterbalanced by the fact that the number of target cells in 
longer segments is greater, resulting in a complex interplay of factors.

Same carcinogen level

A B C

50 mm

40 mm

30 mm

20 mm

10 mm

GEJ

Different
severity of
reflux

Same severity of reflux

A B C D

50 mm
40 mm
30 mm
20 mm
10 mm

GEJ

Different
carcinogen
doses

Figure 6–18 Three patients with the same carcinogen 
concentration in the gastric juice. They have varying severity of refl ux 
(shwon by triangle size; A is highest, C is lowest). The carcinogen 
concentration progressively decreases from the gastroesophageal 
junction (GEJ) upward. Delivery of an effective carcinogen dose (red 
areas) in these three patients will therefore vary from most proximal in 
patient A to limited to the most distal esophagus in patient C.

Figure 6–19 Four patients with the same severity of refl ux (shown 
by triangle size). They have four different levels of carcinogen in their 
gastric juice (red areas). The height in the esophagus to which an 
effective carcinogen is delivered is greatest in patient A, who has the 
highest carcinogen concentration. Patient D does not have any 
carcinogens in the gastric juice and therefore has no cancer risk. 
Unfortunately, there is no method of assessing the carcinogen activity 
of gastric juice. GEJ, Gastroesophageal junction.
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Figure 6–20 Infl uence of acid-suppressive drug therapy and the mechanism by which it 
promotes refl ux-induced adenocarcinoma. The patient (shown at the left) has severe refl ux 
disease with a long segment of columnar-lined esophagus that has intestinal metaplasia (IM) 
limited to the proximal region. This patient is not at risk for cancer at any of the four carcinogen 
concentrations (A, B, C, and D) that are shown because the effective carcinogen dose (red 
lines) is below the area of intestinal metaplasia (blue areas). Carcinogen has no effect on cardiac 
(black areas) and oxyntocardiac (red areas) mucosa. With minor acid suppression (e.g., with 
H2-receptor blockers, #1), the change in the pH gradient in the esophagus causes the intestinal 
metaplasia to extend more distally. This patient will be at risk for cancer only at the carcinogen 
dose A, where an effective carcinogen dose is delivered to the target cell in intestinal 
metaplasia. With more effective acid suppression (#2), the intestinal metaplasia extends farther 
down, and the patient is at risk at increasingly lower concentrations of carcinogen in the 
refl uxate. GEJ, Gastroesophageal junction; OCM, oxyntocardiac mucosa.

Figure 6–21 The same mechanism of increased cancer risk with acid-suppressive drug 
use is seen in a patient with mild refl ux disease and a shorter segment of columnar-lined 
esophagus. Though the exposure to carcinogen is small because refl ux is mild, the proximity of 
the target cell to carcinogen makes this situation dangerous. GEJ, Gastroesophageal junction; 
IM, intestinal metaplasia; OCM, oxyntocardiac mucosa. Blue, Intestinal metaplasia; black, 
cardiac mucosa; red, oxyntocardiac mucosa; gray, squamous epithelium; yellow, gastric oxyntic 
mucosa.
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Carcinogen concentrations of gastric refl uxate most likely vary among 
patients. Patients with high carcinogen concentration in the refl uxate (see 
Figures 6–20A and 6–21) will tend to have the highest cancer risk. However, 
even the patient with the highest carcinogen dose will not be at risk for cancer 
if there is no intestinal metaplasia at the maximum height of effectiveness of 
carcinogenesis (see Figures 6–20 and 6–21). In contrast, patients with no car-
cinogenicity in their refl uxate (see Figures 6–20D and 6–21C ) will not be at 
risk for cancer, regardless of the extent of intestinal metaplasia in the esopha-
gus. Unfortunately, there is no test to assess the level of carcinogenicity in a 
given patient. Without this information, the only risk factor that can be 
assessed is the extent of intestinal metaplasia.

There is clinical evidence to support this hypothesis. Adenocarcinomas in 
Barrett esophagus are distributed throughout the esophagus but tend to occur 
more commonly in the distal part of the esophagus than in the proximal 
esophagus, even when long segments of Barrett esophagus are present. 
Thiesen et al15 reported that adenocarcinoma occurred maximally at the distal 
end of the intestinal metaplasia within a columnar-lined segment. In our study 
of 74 adenocarcinomas of the esophagus and “gastric cardia,” intestinal meta-
plasia was found at the proximal edge of the tumor in 25 cases and at the 
distal edge in 16 cases, again suggesting that malignant transformation favored 
the more distal part of the segment of intestinal metaplasia.5

■  ■  ■  C A S E  S T U D Y This case was graciously referred to me by Dr. Franz Martin Riegler in Vienna, 
Austria. A 70-year-old male (the age has been changed to hide the patient’s 
identity) was treated in Vienna. During surveillance biopsy of long-segment 
Barrett esophagus (Figure 6–22), there was high-grade dysplasia detected in 
the distal third of the columnar-lined segment within the tubular esophagus 
(Figures 6–23 and 6–24). The high-grade dysplasia occurred in fl at mucosa 
without ulceration or nodularity (see Figure 6–23). The more proximal region 
showed cardiac mucosa with intestinal metaplasia (Figure 6–25). The patient 
underwent esophagectomy with two fi eld lymphadenectomy and had a gastric 

Figure 6–22 Case study: endoscopy shows a long segment of 
columnar-lined esophagus.

Figure 6–23 Distal area showing the rugal folds. There is no visible 
nodular or ulcerated lesion.
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pull-up. In the resected specimen, the tumor was T1a stage with negative lymph 
nodes. He recovered uneventfully after surgery, and a recent follow-up endo-
scopy 1 year after the surgery showed a normal anastomotic line with no evi-
dence of columnar-lined esophagus.

This patient demonstrates the typical features of carcinogenesis within a 
columnar-lined esophagus. There is a long segment of intestinal metaplasia; 
this certainly indicates severe, long-duration refl ux disease of high volume. 
Although the entire segment is at risk, if there is a quantitation of target cells, 
the highest density of target cells (defi ned by the number of goblet cells within 
cardiac mucosa) is likely at the proximal end and decreases more distally. In 
contrast, the carcinogen dose, which is delivered by gastroesophageal refl ux, 
is maximal in the most distal region of the columnar-lined esophagus imme-
diately above the gastroesophageal junction (the rugal folds are visible in 
Figure 6–23, but the position of the proximal limit of gastric oxyntic mucosa 
is not known). The maximum carcinogen effect is determined by the optimum 
combination of the number of target cells and carcinogen dose. In this patient, 
it was in the distal third of the esophagus close to the end of the segment 
with intestinal metaplasia.

If we hypothesize about this patient’s life history (Figure 6–26), he was 
born without any columnar-lined esophagus and developed refl ux disease 
that progressively increased, resulting in a long segment of columnar-lined 
esophagus. This was likely complete by the time he was 30 years old. As long 
as the columnar-lined esophagus did not contain intestinal metaplasia, he was 
not at risk for cancer, regardless of the carcinogen dose in his refl uxate, 
because no target cells were present. At some stage, most likely around 40 
years of age, intestinal metaplasia developed in the most proximal region of 
the columnar-lined segment. The risk for cancer now surfaced, but it was still 
low because his target cells were far removed from the maximum carcinogen 
dose. In a patient with a relatively low carcinogen dose (as shown in Figure 
6–26), carcinogenesis only begins when the intestinal metaplasia extends dis-

Squamous

Intestinal
metaplasia

High grade
dysplasia

Maximum
carcinogen effect

Figure 6–24 Biopsy of the distal part of the visible 
columnar-lined segment.

Figure 6–25 Biopsy showed a long columnar-lined segment composed 
predominantly of intestinal metaplasia (blue area). An area of high-grade 
dysplasia (blue circle) was present in the distal region of this segment. This is 
the maximum point of carcinogen effectiveness, which is related to the number 
of target cells present and the concentration of carcinogen.
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tally to the point where there is an effective carcinogen dose. Within the area 
of the distal esophagus that is exposed to this effective carcinogen dose, the 
maximum dose is most distal (see Figure 6–26). The actual neoplasm occurs 
at the site of maximum carcinogenicity, which is a function of the number of 
target cells and carcinogen dose.

Two things should be noted here:

1. There is a long period of recognizable abnormality in this patient extending 
from the time he fi rst develops cardiac mucosa to the time at which carci-
nogenesis begins. In this hypothetical construct, cardiac mucosa was fi rst 
detectable at 10 years and intestinal metaplasia at 30 years, while carcino-
genesis began at 50 years. There was 40 years of recognizable abnormality 
during which there was no intervention to prevent the induction of change 
that exposed this patient to cancer risk. This failure is based on the present 
practice guidelines for refl ux disease. Surely, this is a missed opportunity. 
We would do better if we attacked the disease in this patient before age 50. 
A successful anti-refl ux procedure any time during that period would have 
prevented any possibility of cancer. This would have been a superior alterna-
tive to simply waiting for high-grade dysplasia to develop and then precipi-
tating an esophagectomy. This, however, is the present standard of care.

2. What were the factors that resulted in this patient developing intestinal 
metaplasia, which extended down to the distal region of the esophagus, 
where there was carcinogenic potential? This could have happened natu-
rally. However, if this patient was on acid-suppressive drug treatment, the 
resulting alkalinity would have induced the downward extension of intes-
tinal metaplasia in cardiac mucosa (see Figure 5–16). Although this patient 
could have developed high-grade dysplasia without acid-suppressive drugs, 
the use of such drugs would promote carcinogenesis by this mechanism.

Carcinogenesis

Carcinogen
dose

Birth 10–30 yrs 30–50 yrs 50–70 yrs 70 yrs

Figure 6–26 Hypothetical construct of the events in the esophagus during this patient’s 
lifetime. At birth, there was no cardiac mucosa. Refl ux likely began early in life, resulting in a 
progressive increase in the length of columnar-lined esophagus up to about age 30. Intestinal 
metaplasia develops in the most proximal part of this columnar-lined segment at this time. Over 
the next 20 years, the intestinal metaplasia gradually extends downward to involve the more 
distal esophagus. This process is accelerated if acid-suppressive drugs are used. When the 
intestinal metaplasia reaches a point in the distal esophagus where there is delivery (by refl ux) of 
an adequate carcinogen dose, the mutations of cancer begin and progress to the point where 
the epithelium shows high-grade dysplasia at age 70.
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Factors Associated with an Increased Cancer 
Risk in Gastroesophageal Refl ux Disease

All patients who develop esophageal adenocarcinoma have progressed through 
the refl ux-to-adenocarcinoma sequence. This means that at some stage before 
the development of cancer, the patient must have passed through a phase of 
Barrett esophagus (and a phase of cardiac metaplasia of the esophagus before 
that). Both these phases usually extend over many decades (see Figure 6–26). 
It is a travesty that we do nothing to identify and treat these patients effectively 
during this recognizable premalignant phase. Instead, the basic management 
plan is to simply allow these patients to progress to advanced disease and 
present with symptoms of cancer. At this stage, they have an expected survival 
rate of about 15%. If a patient is lucky, a physician will perform an endoscopy, 
detect Barrett esophagus, place the patient on surveillance, and fi nd the cancer 
in the noninvasive stage. Even then, the patient may require an esophagec-
tomy (see Figure 6–26). These lucky patients are those who “fail” to control 
initial symptoms with acid-suppressive drug therapy.

In this section, I will describe the current methods used to assess cancer 
risk and will show why this is extremely ineffective. In Chapter 1, I made a 
plea for a change in the approach to managing this disease with a new aggres-
sive method of detecting the premalignant phase. In Chapter 7, I will outline 
how correctly performed endoscopy and biopsy can assess cancer risk at a 
cellular level far more accurately than presently used methods.

Symptomatic Refl ux Disease

Lagergren et al4 reported that 60% of patients who develop adenocarcinoma 
of the esophagus gave a history of refl ux symptoms (heartburn and/or regur-
gitation at least once a week) 5 years before the diagnosis of cancer. The 
association between symptomatic refl ux and adenocarcinoma of the “cardia” 
is less (only 29% of patients gave a positive history of refl ux symptoms in the 
study by Lagergren et al4).

The reality of these data is that although the presence of symptoms indi-
cates risk of esophageal adenocarcinoma, the absence of such symptoms does 
not indicate an absence of risk. If Lagergren et al’s4 defi nition of symptomatic 
refl ux is used, 40% of patients who develop esophageal adenocarcinoma and 
71% of patients who develop adenocarcinoma of the “cardia” would not be 
detected by a screening test that was dependent on the presence of symptoms. 
If a more sensitive defi nition of symptomatic refl ux (e.g., any heartburn) had 
been used, a greater number of people who develop adenocarcinoma would 
have been symptomatic. However, these data are not available.

Demographic Factors

Refl ux-induced adenocarcinoma of the esophagus tends to occur in Caucasian 
males over the age of 40 years, with the incidence increasing with age to 
about 80 years. African-Americans, Asians, and Hispanic-Americans have a 
lower incidence.

The male-female ratio is highest for adenocarcinoma arising in the distal 
esophagus, where it is 6–8 : 1. The male predominance decreases as the cancer 
migrates distally. Adenocarcinoma of the “gastric cardia” has an almost equal 
incidence among the sexes. This most likely refl ects the sex distribution of 
the segment length of Barrett esophagus. Long-segment Barrett esophagus is 
a strongly male-predominant disease, with the sex distribution becoming 
progressively more equal as the length of the Barrett segment decreases.
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There is an association between obesity and esophageal adenocarcinoma. 
Bu et al,16 from our group, showed that there was a relationship between the 
presence of cardiac mucosa and Barrett esophagus, suggesting that obesity 
acted at an early stage in the refl ux-to-adenocarcinoma sequence.

Clinical Evidence of Severity of Refl ux Disease

There is a strong association between the severity of refl ux, however mea-
sured, and the risk of refl ux-induced adenocarcinoma. In the study by Lager-
gren et al,4 the odds ratio for adenocarcinoma of the esophagus increased 
from 7.7 (95% confi dence interval, 5.3 to 11.4) in patients with and without 
symptoms to 43.5 (95% confi dence interval, 18.3 to 103.5) in patients with the 
most severe symptoms for the longest duration. There was a similar increase 
for adenocarcinoma of the “cardia,” in which the odds ratio increased from 
2.0 (95% confi dence interval, 1.4 to 2.9) to 4.4 (95% confi dence interval, 1.7 
to 11.0) for the same two comparative groups.

There is also a strong association between the presence of a hiatal hernia, 
which is a manifestation of severe refl ux disease, and the risk of adenocarci-
noma. Similarly, there is a strong association between the degree of abnormal-
ity of the 24-hour pH test and adenocarcinoma.

All these associations (symptom severity, hiatal hernia, and an abnormal 
24-hour pH test) also exist for the presence of cardiac mucosa and Barrett 
esophagus. Many studies show a step-wise increase in these associations from 
cardiac mucosa, Barrett esophagus, to adenocarcinoma.

Unfortunately, the absence of even all these features cannot predict an 
absence of risk. Adenocarcinoma can arise in patients without symptoms, 
hiatal hernia, or an abnormal 24-hour pH test.

Evidence of Duodenogastroesophageal Refl ux

There is a strong association between the presence of duodenal elements in 
the gastroesophageal refl uxate (as shown by the presence of a positive Bilitec 
test) and esophageal adenocarcinoma.17 There is also evidence for an associa-
tion of a positive Bilitect test with the occurrence of Barrett esophagus.

Barrett Esophagus

The diagnosis of Barrett esophagus is the strongest risk indicator for esopha-
geal adenocarcinoma. At the time the patient is diagnosed, the duration for 
which intestinal metaplasia has been present is unknown. The risk of cancer 
for patients with Barrett esophagus is 0.5% per year.18 This is not an insignifi -
cant risk; it means that one in every fi ve patients who is diagnosed with 
Barrett esophagus at age 40 will develop adenocarcinoma by age 80. The risk 
increases in patients who have evidence of progression in the carcinogenic 
pathway at the index biopsy (e.g., low-grade dysplasia,19 aneuploidy,20 or 
high-grade dysplasia).20–22

There are factors within the diagnosis of Barrett esophagus that may be 
useful in delineating the risk of cancer.

The Length of Barrett Esophagus

The length of the Barrett segment (i.e., long-segment versus short-segment 
disease) as a risk indicator is controversial. At present, the classifi cation of 
Barrett esophagus into long-segment and short-segment disease is based entirely 
on the length of the endoscopically measured columnar-lined esophagus in a 
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patient with intestinal metaplasia. This basically assumes that the entire segment 
of columnar-lined esophagus consists of intestinal metaplasia, which is clearly 
a false assumption. In a patient who has intestinal metaplasia, the columnar-
lined segment seen at endoscopy almost always contains cardiac and oxynto-
cardiac mucosa admixed with and usually distal to the intestinal metaplasia. 
The amount of intestinal metaplasia is highly variable. It is very feasible that a 
patient with short-segment Barrett esophagus (Figure 6–27) may have more 
intestinal metaplasia than one with long-segment disease (Figure 6–28).

Figure 6–27 Endoscopy showing a short segment of columnar-lined esophagus with 
intestinal metaplasia on biopsy (Barrett esophagus). Histologic mapping is required to determine 
the amount of intestinal metaplasia, which could vary between a very small area in the most 
proximal part of the segment or almost the entire segment. Blue, Intestinal metaplasia; black, 
cardiac mucosa; red, oxyntocardiac mucosa; gray, squamous epithelium; yellow, gastric oxyntic 
mucosa.

Figure 6–28 Endoscopy showing a long segment of columnar-lined esophagus with intestinal 
metaplasia on biopsy (Barrett esophagus). Histologic mapping is required to determine the 
amount of intestinal metaplasia, which could vary considerably, involving a small, intermediate, 
or large part of the columnar-lined segment, always beginning in the proximal region and 
extending downward into the distal esophagus. Blue, Intestinal metaplasia; black, cardiac 
mucosa; red, oxyntocardiac mucosa; gray, squamous epithelium; yellow, gastric oxyntic 
mucosa.
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Evidence is mixed about the risk of cancer in long- and short-segment 
Barrett esophagus. Although many studies fi nd a correlation between Barrett 
segment length and cancer risk, one of the most authoritative studies found 
that there was no signifi cant difference.23 This view is generally adhered to 
in patient management; patients with both long- and short-segment Barrett 
esophagus are placed under an equivalent surveillance protocol.

The Amount of Intestinal Metaplasia

This is an unevaluated risk, but it is logical to believe that the cancer risk will 
be directly proportional to the number of target cells present, because the 
likelihood of a mutational event will be proportional to the number of target 
cells. Reclassifi cation of Barrett esophagus by some measure of the number 
of target cells is likely to provide better risk delineation than the present clas-
sifi cation into long- and short-segment Barrett esophagus (Figures 6–29 and 
6–30). Quantitation of intestinal metaplasia is diffi cult; it requires a standard-
ized biopsy protocol with adequate sampling within the entire columnar-lined 
segment and some system of histologic quantitation of goblet cells.

The Proximity of the Intestinal Metaplasia 
to the Gastroesophageal Junction

Because the concentration of the carcinogen is highest at the gastroesophageal 
junction, the risk of cancer increases when the intestinal metaplasia involves 
the distal part of the columnar-lined segment. In a patient with a long segment 
of columnar-lined esophagus, the more proximal region may not receive an 
adequate carcinogen dose during refl ux. If the patient with long-segment 
Barrett esophagus has intestinal metaplasia restricted to the proximal region, 
there may be no cancer risk for a given carcinogen dose. If, however, intes-

Goblet cells

Figure 6–29 The amount of intestinal metaplasia within cardiac 
mucosa varies considerably. This shows a very small area with goblet 
cells (limited to the area within the triangle) in cardiac mucosa.

Figure 6–30 Cardiac mucosa with intestinal metaplasia showing a 
higher density of goblet cells than what is seen in Figure 6–29. The 
number of target cells receptive to carcinogens is likely to be greater 
in this area than in Figure 6–29.
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tinal metaplasia is present more distally, the patient develops a risk of cancer 
at the same carcinogen dose.

This is supported by two pieces of evidence:

1. The location of cancer in a Barrett esophagus segment tends to be in the 
more distal rather than proximal region (see Figure 6–25).15 This is despite 
the fact that the density of intestinal metaplasia is usually greatest in the 
more proximal region.

2. A large number of adenocarcinomas arise in the end-stage dilated esopha-
gus, where they occur in very short segments of intestinal metaplasia. The 
total number of adenocarcinomas of the “gastric cardia” is only slightly less 
than that of adenocarcinomas of the tubular esophagus.

The Proliferative Rate of the Target Cells

Intestinal epithelium has the highest proliferative rate among the different 
epithelial types in columnar-lined esophagus.24 It is logical that cancer risk 
will correlate with proliferative rate, because the probability of mutations 
increases with increasing proliferative rate. Any factor that decreases the pro-
liferative rate of intestinal metaplastic epithelium can be expected to cause a 
slight decrease in the cancer risk. This is likely to be a minor factor.

Acid-suppressive drugs are used in the treatment of patients with 
Barrett esophagus based on the belief that acid increases proliferation rates 
in the target cells. Feagins et al25 showed that the reverse is true. In a study 
that used a non-neoplastic Barrett’s epithelial cell line, they showed that acid 
exposure had an antiprolifeartive effect on these cells. They concluded that 
the use of acid suppressive drugs in Barrett esophagus could therefore be 
detrimental.

Acid-Suppressive Drug Therapy

Coincidental with the development of increasingly effective acid-suppressive 
drugs—from simple antacids to H2-receptor antagonists to proton pump 
inhibitors—the incidence of adenocarcinoma of the esophagus has increased 
sixfold in the United States from 1975 to 2000.26 If we credit the decline in 
uncontrolled symptoms, ulcers, and strictures to the effi cacy of acid suppres-
sion, we should consider whether the increase in adenocarcinoma is due to 
a cancer-promoting effect of these drugs. We may be treating the symptoms 
of a disease with an agent that promotes cancer. Although we are benefi ting 
millions of people who suffer from heartburn, we may also be contributing 
to the death of 22,000 Americans every year from refl ux-induced adenocarci-
noma. This is not a good trade-off.

This question must be seriously addressed along two lines.

Statistical Evidence of Increased 
Risk with Acid-Suppressive Drugs

There is evidence that the use of acid-suppressive drugs promotes esophageal 
adenocarcinoma. In the landmark study that established the association 
between symptomatic refl ux and adenocarcinoma of the esophagus and 
gastric cardia, Lagergren et al4 reported (see Figure 1–9):

We compared the risk of esophageal adenocarcinoma among persons who used 
medication for symptoms of refl ux at least fi ve years before the interview with that 
among symptomatic persons who did not use such medication. The odds ratio was 
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3.0 (95% confi dence interval, 2.0 to 4.6) without adjustment for the severity of symptom 
and 2.9 (95% confi dence interval, 1.9 to 4.6) with this adjustment.

For some reason, they do not provide the data on which this conclusion 
is based. This is powerful evidence that acid-suppressive drugs play a primary 
role in promoting refl ux-induced adenocarcinoma. Because the increased risk 
persisted when the severity of symptoms were taken into account, the data 
suggest that acid-suppressive drug use has an equal or greater association 
with adenocarcinoma as does symptomatic refl ux.

In a more recent study by the same group,27 the use of acid-suppressive 
drugs was again shown to increase the risk of esophageal adenocarcinoma. 
This was a population-based, nested case-control study that looked at persons 
40 to 84 years of age registered in the General Practitioners Research Database 
in the United Kingdom between 1994 and 2001. In 4,340,207 person-years of 
follow-up, 287 patients with esophageal adenocarcinoma, 195 with gastric 
cardia adenocarcinoma, and 327 with gastric non-cardia adenocarcinoma were 
identifi ed. An “esophageal” indication for long-term acid suppression (refl ux 
symptoms, esophagitis, Barrett esophagus, or hiatal hernia) rendered a fi vefold 
increased risk of esophageal adenocarcinoma (odds ratio 5.42, 95% confi dence 
interval, 3.13 to 9.39). No association was observed among users within a 
group of other indications, including peptic ulcer and “gastroduodenal symp-
toms” (e.g., gastritis, dyspepsia, indigestion, and epigastric pain). The latter 
suggests that the presence of refl ux-induced pathology must be present in the 
esophagus for these drugs to act as promoters of refl ux-induced adenocarci-
noma. However, these data are not conclusive enough to establish a cancer-
promoting role of acid-suppressive drugs. As the authors suggest, the 
association is most likely explained by the underlying treatment indication 
(i.e., symptomatic refl ux) as a risk factor.

There is no contrary data that prove that acid-suppressive drug use either 
decreases or does not increase the risk of cancer. Most studies show a trend 
that suggests that acid-suppressive drugs may promote cancer, but these 
studies do not have the statistical power to prove this.

Theoretical Considerations

Understanding why acid-suppressive drugs can theoretically promote carcino-
genesis (see Figures 6–20 and 6–21) is not diffi cult. Acid suppression does 
not prevent refl ux; it simply removes the acid from the refl uxate. Refl ux con-
tinues unabated; the esophageal epithelium is exposed to all the molecules 
in the refl uxate except acid.28

From a theoretical standpoint, there are only two ways by which acid-
suppressive drugs would decrease the risk of cancer in a patient with refl ux 
disease:

1. If acid was responsible for critical steps in the refl ux-to-adenocarcinoma 
sequence: there is evidence that acid is responsible for the early stages of 
refl ux disease wherein the squamous epithelium is damaged, resulting in 
cardiac transformation. However, this phase occurs early in the course of 
refl ux disease, and cardiac metaplasia already exists at the time of presen-
tation in the vast majority of patients. It is possible that acid-suppressive 
drugs, when used early enough, will decrease the length of columnar-lined 
esophagus. There is no evidence that acid is responsible for the conversion 
of cardiac mucosa to intestinal (Barrett) metaplasia or Barrett esophagus 
to adenocarcinoma.

2. If acid increases the proliferation rate in cardiac mucosa and intestinal 
(Barrett) epithelium: there is little evidence that this is true. Acid suppressive 
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drugs may decrease the proliferative rate of cardiac mucosa in the esophagus 
and thereby decrease the overall likelihood of the genetic switch that results 
in intestinal metaplasia. On the other hand, acid suppression likely increases 
the proliferative rate in intestinal (Barrett) epithelium, thereby increasing the 
risk of genetic mutations. The overall effect of acid suppression in Barrett 
esophagus is likely to be detrimental rather than protective.25

On the other hand, acid-suppressive drug therapy is theoretically highly 
likely to increase the risk of cancer. I have shown that the mechanism of 
action of acid-suppressive drugs (decreasing gastric acidity) has a strong theo-
retical likelihood of promoting the development of intestinal metaplasia in 
cardiac mucosa as well as increasing the amount of intestinal metaplasia within 
the columnar-lined segment (see Figures 5–16 and 5–17). This fact is critically 
important; as the acid-suppressed patient develops intestinal metaplasia in the 
more distal esophagus, the target cell for carcinogenesis is brought closer to 
the highest concentration of carcinogen, which is at the gastroesophageal 
junction (see Figures 6–20 and 6–21).

The other damning evidence that acid-suppressive drugs may promote 
cancer is the effect of alkalinization on the metabolism of bile acids often 
present in the gastric lumen because of duodenogastric refl ux. Studies of bile 
salt metabolism show that there is a critical pH range, between 3 and 6, in 
which bile acids exist in their soluble, unionized form; can penetrate cell 
membranes; and accumulate within esophageal mucosal cells9 (see Figure 6–
17). At a lower pH, bile acids are precipitated, and at a higher pH, bile acids 
exist in their non-injurious ionized form.10 Penetration of bile salt metabolites 
into epithelial cells of the esophagus is a critical factor in carcinogenesis, 
because this activates a variety of metabolic pathways that lead to increased 
proliferation of the cells.

Acid-suppressive drugs are probably not the primary reason patients with 
refl ux disease develop adenocarcinoma. Many patients who present with 
refl ux-induced adenocarcinoma give no history of acid-suppressive medica-
tion use. There is some other basic reason for the dramatic increase in the 
adenocarcinoma incidence in the past three decades. This basic reason is 
unknown but is probably related to an increase in the concentration of the 
yet unknown carcinogens in the gastric refl uxate.

However, whatever carcinogenic tendency exists in any given patient, 
acid-suppressive drug therapy will cause a tilt in the equilibrium that promotes 
and increases the risk of carcinogenesis. First, the increased alkalinization of 
the refl uxate will bring the target cell closer to the gastroesophageal junction 
and carcinogen (see Figures 5–16 and 5–17). Second, the alkalinization of 
gastric juice will boost the generation of carcinogens from bile acids (see 
Figure 6–17), increasing the dose of carcinogen in gastric juice and driving 
the point of effective carcinogenesis in the esophagus more proximally. The 
combination of the two factors brings the target cell and carcinogen into 
increasingly greater contact in the patient using acid-suppressive drugs (see 
Figures 6–20 and 6–21). Acid-suppressive agents have promoted refl ux-induced 
adenocarcinoma. They have caused adenocarcinoma in some patients, who 
otherwise would have been below the threshold for carcinogenesis, and 
accelerated the development of cancer in others.

Factors that Are Protective Against Development 
of Cancer in Barrett Esophagus

The following section discusses the only effective methods of decreasing the 
risk of cancer.
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Decreasing Gastroesophageal Refl ux

Reducing refl ux to an extent that the changes in the refl ux-to-adenocarcinoma 
sequence are prevented will decrease cancer risk, both theoretically and 
practically. Because the cause of gastroesophageal refl ux is usually an abnor-
mality of the lower esophageal sphincter, decreasing refl ux usually entails 
some method of improving sphincter function. There are no drugs at present 
that effectively improve sphincter function over the long term. Many endo-
scopic techniques have been attempted to improve sphincter function, all 
without signifi cant success.

The only effective method of creating a permanent valve is some form 
of surgical fundoplication, in which the fundus of the stomach is wrapped 
around the distal esophagus and sutured in place. The most common tech-
nique is a Nissen fundoplication, which can be performed laparoscopically. 
A successful anti-refl ux surgical procedure, defi ned as one that normalizes the 
24-hour pH test, has been shown to prevent the occurrence of intestinal 
metaplasia in non-intestinalized columnar-lined esophagus.29 Although not yet 
proven, there is an increasingly convincing body of literature that strongly 
suggests that a successful fundoplication decreases the incidence of high-grade 
dysplasia and cancer in patients with Barrett esophagus, even when done in 
the presence of low-grade dysplasia.30

Theoretically, a successful anti-refl ux operation, by reducing the amount 
of refl ux, will lower the point in the esophagus at which the carcinogen is 
delivered at an effective dose (Figure 6–31). This will have a preventive effect 
in the induction of cancer in Barrett esophagus by separating the target cell 
in the proximal esophagus from the carcinogen. Anti-refl ux surgery may also 
reverse or decrease intestinal metaplasia, converting it into cardiac or squa-
mous epithelium. Another potential benefi t of anti-refl ux surgery is that it is 
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Figure 6–31 Effect of anti-refl ux surgery on the risk of cancer. Two patients with long-
segment, columnar-lined esophagus are shown with a high carcinogen concentration in the 
refl uxate (black triangles on right). Patient A has a very short area of intestinal metaplasia (IM) in 
the most proximal region. The refl ux fails to deliver an effective carcinogen dose to this area; 
this patient is not at risk despite a very long segment of Barrett esophagus and a signifi cant 
carcinogen concentration. Patient B is similar except for the fact that intestinal metaplasia 
extends lower into the distal esophagus and is present in the region of effective carcinogen 
dose. This patient is at risk for cancer. When an anti-refl ux operation is performed, the refl ux 
volume decreases, and the delivery of carcinogen to the esophagus decreases. The intestinal 
metaplasia is no longer exposed to an effective carcinogen dose; the patient has no cancer risk. 
GEJ, Gastroesophageal junction; OCM, oxyntocardiac mucosa.
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highly effective in controlling symptoms of refl ux; most patients do not require 
any acid-suppressive drug treatment after the surgery. As a result, the conver-
sion of bile acids to carcinogens in the stomach is prevented because baseline 
gastric pH is restored to the normal 1 to 3 level, at which level bile acids are 
inactivated (see Figure 6–17).

Ablation of Barrett Epithelium

Removing the target epithelium at risk by some ablative technique or surgical 
resection can theoretically decrease the cancer risk. However, in these cases, 
there remain the same conditions that prevailed before the ablation was 
undertaken, and the risk of recurrence of Barrett esophagus is very high. 
When ablation of the epithelium is accompanied by a method to decrease 
gastroesophageal refl ux (such as a Nissen fundoplication) the recurrence of 
Barrett esophagus can be prevented. This begs the question as to whether 
the ablation is necessary at all. An effective fundoplication renders the Barrett 
epithelium harmless by removing the carcinogens in the refl uxate; if this is 
true, ablating the epithelium is only worthwhile if there is evidence that it is 
the site of a prevalent cancer (e.g., in high-grade dysplasia).

When Barrett epithelium is ablated, the esophagus can be induced to heal 
by regeneration of squamous epithelium if acid is removed from the refl uxate 
with well-controlled acid-suppressive drug therapy. Once squamous epithe-
lium has developed, there is the possibility that effective acid suppression can 
prevent cardiac metaplasia in squamous epithelium. This is the earliest change 
in refl ux disease and is acid-induced. Ablation has given us the opportunity 
to prevent the fi rst step in the refl ux-to-adenocarcinoma sequence. Practically, 
this is diffi cult because it requires excellent acid suppression. If there is any 
failure of acid suppression that results in cardiac metaplasia, the acid-
suppressed alkaline refl uxate will promote intestinal metaplasia rapidly in the 
cardiac metaplastic segment because the milieu was correct for this before 
the ablation was performed.

The other problem with ablation is the uncertainty about the structure of 
the lamina propria under the regenerated squamous epithelial surface. If a 
residual glandular component of the Barrett epithelium remains under the 
squamous epithelium (Figure 6–32), this may progress to adenocarcinoma 
under the seemingly normal squamous epithelium (Figure 6–33). To remove 
this risk, the ablation must remove the entire thickness of the mucosa up to 
the muscularis mucosae. This is diffi cult because of the great variability of 
thickness of the glandular mucosa in different areas of columnar-lined esopha-
gus (Figures 6–34 and 6–35) and the fact that the muscularis mucosae fre-
quently undergoes irregular hyperplasia, often splitting into two distinct layers 
(Figure 6–36). When intramucosal adenocarcinoma is present, the epithelial 
thickness can be much greater than usual and extremely variable (Figure 6–
37). Ablation that extends deeper than the muscularis mucosae has a high 
risk of stricture formation.

Exclusion of Bile from the Refl uxate

Csendes et al31 have recently suggested a new operation for Barrett esophagus 
that adds to a fundoplication a step to exclude the duodenum and prevent 
the entry of bile into the stomach. If bile acids are important in carcinogenesis, 
as is strongly suggested by the evidence, this will protect against cancer better 
than a fundoplication alone. This surgery requires separation of the stomach 
from the duodenum and creation of a Roux-en-Y loop for gastric outfl ow. 
Although it sounds radical, the surgery is not much more radical than the 
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very commonly performed bariatric procedures for obesity. It is certainly 
worthy of consideration because its purpose is to prevent esophageal 
adenocarcinoma.

Assessment of Cancer Risk in Barrett Esophagus

As mentioned earlier, the baseline risk of cancer in a patient with Barrett 
esophagus is estimated at 0.5% per year.18 This is not currently considered an 
adequate risk to precipitate any cancer-preventing maneuver. The only man-
agement recommended for such patients is surveillance and acid-suppressive 
drug therapy in the naïve and false belief that acid suppression will magically 
prevent cancer in Barrett esophagus. There is some movement toward abla-
tion and anti-refl ux surgery to prevent cancer, but this is still miniscule.

Figure 6–32 Residual intestinal metaplasia in glands in the lamina 
propria after the surface has reverted to squamous epithelium.

Figure 6–33 Poorly differentiated adenocarcinoma under a surface 
lined by squamous epithelium.

Figure 6–34 Segment of columnar-lined esophagus showing a 
relatively thin epithelium, which varies considerably in thickness from 
place to place.

Figure 6–35 Segment of columnar-lined esophagus showing 
variation in thickness of the epithelial element and lymphoid infi ltration 
and fi brosis in the deep mucosa.
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I have suggested that the mere presence of Barrett esophagus is a suffi -
cient risk factor for cancer that it should precipitate an aggressive cancer 
prevention operation (anti-refl ux surgery; see Chapter 1). This only requires 
a change in attitude. The current belief is that a patient with Barrett esophagus 
only rarely develops cancer. The reality is that 1 of 10 people with Barrett 
esophagus will develop a lethal cancer in the next 20 years. In contrast, when 
one considers breast cancer, the fact that 1 in 8 or 9 women will develop the 
disease (which is less often lethal than esophageal adenocarcinoma) has pre-
cipitated mass screenings for mammographic lesions that are far less specifi c 
cancer indicators than Barrett esophagus.

The only recognized criterion to assess progression in the adenocarcinoma 
sequence in Barrett esophagus is dysplasia, which indicates a risk increase 
proportional to its grade. The ability to detect and grade dysplasia is fl awed 
for the following reasons:

1. Dysplasia is often invisible, and we depend on random biopsies to procure 
specimens to detect it. The effi cacy of random biopsies to provide an 
adequate sample is determined by the extent of Barrett esophagus (which 
is uncertain because endoscopy cannot differentiate intestinal from non-
intestinalized columnar epithelium), the extent of the area of dysplasia 
(which can be small), and the number and size of biopsies. If a patient 
has a 4-cm length of Barrett esophagus (assuming a circumference of 
esophagus as 5  cm), this means that the surface area of Barrett esophagus 
is potentially 20 square cm. The most compulsive biopsy protocol recom-
mended (four-quadrant biopsies at 1-cm intervals; Figure 6–38) will take 
24 biopsies from this area at six 1-cm levels. If each biopsy samples a 
surface area of 0.4 × 0.4  cm (the average biopsy size, 0.16  sq  cm), the total 
surface area sampled is 3.2 square cm or less than 20% of the total surface 
area. With less compulsive biopsy sampling, this percentage decreases. It 
should not be surprising that there is a signifi cant potential for missing a 
small focus of dysplasia in any random biopsy protocol.

Figure 6–36 Segment of columnar-lined esophagus showing 
marked hyperplasia of the muscularis mucosae. This has split to form 
two distinct layers, separated by a considerable thickness. It is 
impossible to determine the actual thickness of the mucosa in each 
area because of the tremendous variation from point to point over 
even a short distance.

Figure 6–37 Intramucosal adenocarcinoma showing extreme 
thickness of the mucosa. The mucosal thickness is approximately 
eight times of that shown in Figure 6–35.
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2. Even if the area of maximum dysplasia is sampled, the pathologic diagnosis 
of dysplasia and its grade has signifi cant error and interobserver variation 
(see page 213).

3. The rate of progression from Barrett esophagus to cancer is very variable. 
In patients with a high carcinogen milieu, the rate of passing through 
dysplasia to cancer may be more rapid than any surveillance interval. This 
would mean that cancer can develop between two surveillance endosco-
pies. This is particularly true because the commitment to regular surveil-
lance for Barrett esophagus is not high, and many patients have gaps 
of more than 1 year between surveillance endoscopies. It is not even 
commonly accepted in the medical community that annual surveillance 
endoscopy is indicated for Barrett esophagus.

4. There is a lag phase between a genetic change and its phenotypic expres-
sion. Patients who have no dysplasia may actually have all the genetic 
mutations required for cancer. These are prevalent cancers and are recog-
nized when patients develop cancer within 1 to 2 years after an index 
endoscopy or after anti-refl ux surgery.

All these problems relating to defi ning increased risk in Barrett esophagus 
should motivate everyone treating this disease to become more aggressive in 
preventing cancer as soon as Barrett esophagus is detected. This has not yet 
happened. We still wait until high-grade dysplasia is detected before there is 
active intervention. At this point, there is a 40% risk of a prevalent cancer that 
is not detected because of the limitations of random biopsies. Does this make 
any sense?

Molecular Abnormalities

Carcinogenesis in intestinal metaplastic epithelium probably progresses 
through a series of irreversible genetic mutations comparable to the develop-
ment of adenocarcinoma in the colon. The molecular pathway of carcinogen-
esis in Barrett esophagus is much less understood than that of colonic 
adenocarcinoma, and it can be accurately stated that it is largely unknown.

The only molecular marker for cancer risk that has some support in the 
literature is the detection of aneuploidy and 4N fraction increase in a biopsy 
of Barrett esophagus by fl ow cytometry.20 Reid et al20 showed that the fl ow 
cytometrically defi ned abnormalities of aneuploidy and increased 4N fraction 
are valuable in identifying a subset of patients with low-grade dysplasia who 
are at increased risk for cancer. The data are not so convincing for patients 

IM in dilated
end-stage
esophagus –
not biopsied

5 cm
4 cm
3 cm
2 cm
1 cm

Figure 6–38 The most thorough biopsy 
protocol in a patient with columnar-lined 
esophagus is a four-quadrant biopsy. By 
calculation, this samples approximately 20% 
of the mucosal surface area, assuming a 
biopsy size of 4  mm and an esophageal 
circumference of 5  cm. Blue, intestinal 
metaplasia; black, cardiac mucosa; red, 
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who are negative or indefi nite for dysplasia. In a patient with low-grade dys-
plasia, the absence of both aneuploidy and increased 4N fraction strongly 
suggests that cancer is much less likely. Flow cytometry requires special han-
dling of specimens at the time of biopsy and considerable extra expense. This 
precludes its use in every patient with Barrett esophagus in standard practice 
outside the academic environment. However, in a patient with known low-
grade dysplasia, its value justifi es the extra effort and cost.

Many other genetic mutations have been described in Barrett esophagus, 
dysplasia, and adenocarcinoma. Although these genetic changes are more 
frequent in these epithelia, none has been identifi ed as reliable molecular 
markers that defi ne the stage of carcinogenesis. There is some evidence for 
a value of Ki67 expression patterns (Figure 6–39) and p53 expression (Figure 
6–40) as risk indicators, but they are not yet considered reliable diagnostic 
tests with predictive value. P53, in particular, is often expressed at a low level 
in reactive epithelia and is sometimes completely negative in high-grade 
dysplasia.

In the absence of accurate molecular markers, reliance for clinical man-
agement of patients with Barrett esophagus must still be placed on the phe-
notypic expression of these changes (i.e., grade of dysplasia).

Dysplasia

Irreversible carcinogenic mutations may not be expressed phenotypically; 
when expressed, the phenotypic change may follow the genetic mutation after 
a signifi cant lag phase. In Barrett esophagus, the phenotypic expression of 
genetic changes of carcinogenesis is believed to progress through low-grade 
dysplasia, high-grade dysplasia, and invasive adenocarcinoma (Figure 6–41). 
There is evidence for such a progression from longitudinal studies in patients 
under long-term surveillance for Barrett esophagus. The changes of dysplasia 
are the cytologic abnormalities of neoplasia; in other sites in the body, the 
term intraepithelial neoplasia has replaced the term dysplasia.

Dysplasia progresses seamlessly within the spectrum from normal to the 
highest grade of dysplasia, which is the presence of all the cytologic features 
of malignancy without invasion (i.e., carcinoma in situ). The histologic criteria 

Figure 6–39 Immunoperoxidase staining for Ki67 in high-grade 
dysplasia showing positive staining in a high percentage of cells in the 
surface and superfi cial foveolar region. This is an aberrant Ki67 
staining pattern that is typical of high-grade dysplasia. It is seen 
infrequently in low-grade dysplasia.

Figure 6–40 Immunoperoxidase stain for p53 in high-grade 
dysplasia showing strong expression in the dysplastic cells in both 
the foveolar region and on the surface.
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used to defi ne and grade dysplasia are numerous and exist in an infi nite 
combination of changes. They are evaluated by the pathologist who, when 
dysplasia is present, makes the diagnosis and then assigns its grade. This is 
done by drawing lines within a continuous spectrum (see Figure 6–41).

Dysplasia is presently the most reliable practical test for assessing increased 
cancer risk in a patient with Barrett esophagus. The incidence of adenocarci-
noma on long-term follow-up increases progressively from non-dysplastic to 
low-grade dysplastic to high-grade dysplastic Barrett esophagus (Table 6–1).

Although dysplasia is recognized and universally used as the only cancer 
risk indicator in a patient with Barrett esophagus, its diagnosis is diffi cult and 
fraught with interobserver variation and error. The error is greatest at the low 
end of the spectrum. In high-grade dysplasia, errors are not as prevalent, 
although signifi cant interobserver variation still remains. Errors occur because 
the lines drawn by pathologists to differentiate grades of dysplasia may vary 
slightly, and the criteria used for defi ning dysplasia are multiple, complex, 
and subjectively interpreted.

The diagnosis and grading of dysplasia are based on the evaluation of 
changes in the epithelial cells in routine hematoxylin- and eosin-stained sec-
tions. At present, dysplasia is categorized as low grade and high grade. Some 
authorities have an “indefi nite for dysplasia” category. I do not use this term. 
I make a diagnosis of low-grade dysplasia only when defi nite criteria exist. 
If criteria are not defi nite, I do not make a diagnosis of dysplasia. The older 
classifi cation of dysplasia into mild, moderate, and severe is no longer used. 
The term carcinoma in situ is equivalent to high-grade dysplasia. The diag-
nosis of intramucosal adenocarcinoma is made when there is lamina propria 
invasion; in most cases, the presence of intramucosal carcinoma requires 
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Figure 6–41 The spectrum of change from normal to the highest grade of dysplasia (HGD). 
The diagnosis and grading of dysplasia depend on drawing lines within this continuous 
spectrum of change. These lines may overlap. Not every pathologist draws lines at the same 
point, resulting in signifi cant interobserver variation in the diagnosis of both low-grade (LGD) and 
high-grade dysplasia.

TABLE 6–1 Summary of Selected Studies Relating to the Incidence of Adenocarcinoma in 
Patients with Non-Dysplastic, Low-Grade Dysplastic, and High-Grade Dysplastic Barrett 
Esophagus

 Number of Follow-up
Study patients (mean years) No dysplasia LGD HGD

Miros et al, 199132  124 3.6 0/111 1/10 (10%)  2/3 (67%)
Hameetman et al,   50 5.2 2/43 (5%) 3/6 (50%)  0/1
 198933

O’Connor et al,  136 4.2 1/125 (1%) 1/10 (10%) 0/1
 199934

Weston et al,  108 3.3 2/80 (2.5%) 1/20 (5%)*   2/8 (25%)†

 199919

Reid et al, 200020  327 5 6/208 (3%)* 3/43 (7%) 45/76 (59%)
Montgomery  125 — 4/66 (6%)* 4/26 (15%) 20/33 (61%)
 et al, 200135

Schnell et al, 1057 7.3 0/230 10/748 (1.3%) 12/75 (16%)†

 200121

*Includes “indefi nite for dysplasia.”
†Excludes prevalent cancers.
LGD, Low-grade dysplasia; HGD, high-grade dysplasia.
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formal treatment for esophageal adenocarcinoma because the presence of 
invasion below the mucosa cannot be excluded in a mucosal biopsy. Intramu-
cosal carcinoma is beyond “high-grade dysplasia” even when it is only sug-
gested, or the statement is made in the microscopic diagnosis that it cannot 
be excluded (i.e., the diagnosis reads “high-grade dysplasia; intramucosal 
carcinoma cannot be excluded”).

The diagnostic criteria used for dysplasia grading are multiple and 
complex.36,37 They have such a high rate of interobserver variation that the 
data in studies using dysplasia as a diagnosis are unreliable. The diagnosis of 
dysplasia is observer-dependent; the published criteria are so numerous and 
have so many different combinations that their application in any individual 
case is highly subjective. The criteria I use may be different than those used 
by any other pathologist. I receive many requests for my expert opinion 
regarding dysplasia in Barrett esophagus. Disagreements are very common in 
these cases.

The variance in the diagnosis of dysplasia between even expert patholo-
gists is shown in the consensus study of Montgomery et al.37 In this study of 
42 cases of low-grade dysplasia and 52 cases of high-grade dysplasia (these 
were the diagnoses of the submitting institutions), only 27 of 42 cases of low-
grade dysplasia and 27 of 52 cases of high-grade dysplasia reached a majority 
agreement. High-grade dysplasia diagnosis is not identical in different institu-
tions, even when they are considered to be the best in the country.

In this milieu of uncertainty and lack of diagnostic standardization, it is 
important to recognize that accuracy (i.e., how predictive a positive or nega-
tive test is) and not precision (i.e., interobserver concordance) is the primary 
goal. Each pathologist must strive to ensure that his or her diagnosis of dys-
plasia is accurate. If a pathologist makes a diagnosis of low-grade dysplasia 
that frequently disappears on a subsequent sample, the possibility of overdi-
agnosis of low-grade dysplasia must be considered. If many patients with 
non-dysplastic or low-grade dysplastic Barrett esophagus develop cancer 
rapidly, it is possible that the pathologist failed to accurately recognize high-
grade dysplasia. If many esophagectomies performed for a diagnosis of high-
grade dysplasia have no dysplasia in the resected specimen, a fl ag should be 
raised about the accuracy of the high-grade dysplasia diagnosis. Retrospective 
analysis of biopsy results, particularly at a subsequent surveillance biopsy or 
esophagectomy, can improve accuracy of diagnosis. This can be the basis for 
an excellent quality improvement indicator in the laboratory.

My record of accuracy of the diagnosis of dysplasia in Barrett esophagus, 
established by formal retrospective study, is as follows:

1. Hofstetter et al38 reported the fi ndings of 85 patients with a diagnosis of 
non-dysplastic and low-grade dysplastic Barrett esophagus who underwent 
anti-refl ux surgery at our institution based on my preoperative diagnoses. 
After 408 patient-years of follow-up (mean follow-up per patient of 4.8 years 
after surgery), there were no patients with high-grade dysplasia or cancer. 
This indicates that I am not classifying patients with high-grade dysplasia 
as low grade or no dysplasia with any signifi cant frequency (i.e., my speci-
fi city of diagnosis of high-grade dysplasia is very high). In this study, 7 of 
16 patients who had Barrett esophagus with low-grade dysplasia regressed 
to non-dysplastic intestinal epithelium. This suggests that I may be over-
calling low-grade dysplasia in patients who have no true dysplasia. From a 
theoretical standpoint, true dysplasia should be irreversible.

2. In two separate studies of patients who underwent esophagectomy based 
on my diagnosis of high-grade dysplasia, there was prevalent cancer in the 
resected specimen in a signifi cant number of cases. Peters et al3 in a 1994 
study showed that fi ve of nine had foci of invasive carcinoma in the 
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resected specimen; Tharavej et al39 found prevalent cancer in the resected 
specimen in 14 of 31 patients taken to esophagectomy with a diagnosis of 
high-grade dysplasia. All patients without invasive cancer had residual 
high-grade dysplasia in their resected specimens. This indicates a high 
sensitivity (no false-positives) of my diagnosis of high-grade dysplasia.

Based on these studies, it appears that I have a record of considerable accu-
racy in the diagnosis and grading of dysplasia in Barrett esophagus. With this 
level of accuracy, it is a safe to perform anti-refl ux surgery in patients with 
Barrett esophagus who do not have a diagnosis of high-grade dysplasia. It is 
also reasonable to perform a limited esophagectomy in patients who have a 
diagnosis of high-grade dysplasia. It is rare for individual pathologists to 
provide outcome data on their diagnoses of dysplasia in Barrett esophagus 
such as I have done.

Criteria for Diagnosis of Dysplasia

These criteria were originally reported in 1988 by Reid et al36 and are shown 
in Table 6–2.

These criteria for recognizing dysplasia represented a great advance from 
the totally random pathologic diagnosis of dysplasia that existed at the time. 
However, the criteria are extremely complex and so vague that it is not likely 
that they would achieve signifi cant reproducibility.

Over the years, the criteria have evolved, more by general usage than by 
any defi nitional studies.

The Diagnosis of High-Grade Dysplasia

High-grade dysplasia in Barrett esophagus is the only presently available cri-
terion that indicates a high and imminent risk of adenocarcinoma in a patient 
with gastroesophageal refl ux disease. It is the last point in the process before 

TABLE 6–2 Criteria for Diagnosis and Grading of Dysplasia in Barrett Esophagus, Reproduced Exactly from Reid et al35

Grade Criteria

Negative The architecture is within normal limits. The nuclei do not vary greatly in size or shape and are located 
   basally. The nuclear:cytoplasmic ratio is not increased. The nuclear envelope is generally smooth. Nucleoli 

are not markedly enlarged. Focal nuclear stratifi cation is acceptable, as are small numbers of “dystrophic” 
goblet cells whose apical aspect does not communicate with the luminal surface. Greater nuclear alterations 
are acceptable when associated with evidence of infl ammation, erosion, or ulceration. Numbers of 
abnormal-appearing mitoses are variable. Apical cytoplasmic mucin is usually present but may be reduced 
or absent in infl ammation.

Indefi nite The architecture may be moderately distorted. Nuclear abnormalities are less marked than those seen in 
   dysplasia. Other features include more numerous dystrophic goblet cells, more extensive nuclear 

stratifi cation, diminished or absent mucus production, increased cytoplasmic basophilia, and increased 
mitoses. The diagnosis of indefi nite for dysplasia should be limited to cases in which the changes are too 
marked for negative but not suffi cient for the diagnosis of dysplasia.

Positive (LGD and HGD) The diagnosis of low-grade dysplasia (LGD) or high-grade dysplasia (HGD) is based on the severity of both 
   architectural and cytologic criteria that suggest neoplastic transformation of the columnar epithelium. 

Although either architectural or cytologic abnormalities may predominate, high-grade dysplasia is diagnosed 
if either one is suffi ciently prominent. Architectural abnormalities may include budded, branched, crowded, 
or irregularly shaped glands; papillary extensions into gland lumina; and villiform confi guration of the 
mucosal surface. Nuclear features may include marked variation in size and shape, nuclear and/or nucleolar 
enlargement, increased nuclear:cytoplasmic ratio, hyperchromatism, and increased numbers of abnormal 
mitoses. Nuclear alterations are especially noteworthy if they involve the mucosal surface. Diagnostic 
features easily recognizable at lower power are cytoplasmic basophilia with loss of mucus and excessive 
nuclear stratifi cation, often extending from the epithelial basement membrane to the luminal surface.

Intramucosal carcinoma Intramucosal carcinoma is defi ned as carcinoma that has penetrated through the basement membrane of the 
   glands into the lamina propria but has not yet invaded through the muscularis mucosae into the 

submucosa.
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invasion occurs and the patient develops a risk for metastatic disease. From 
a practical standpoint, the diagnosis of high-grade dysplasia is signifi cant 
because its presence in a biopsy indicates two things:

1. There is a signifi cant risk that the patient may already have invasive carci-
noma in an unsampled area of the esophagus.

2. It is a recognized indication for removing the area of dysplasia by either 
surgery or ablation.

In our series, approximately 40% of patients with high-grade dysplasia have 
prevalent invasive adenocarcinoma in the esophagectomy specimen. The risk 
of prevalent invasive cancer increases if the high-grade dysplasia is present 
in multiple biopsy levels and if there is a visible lesion associated with the 
high-grade dysplasia. Recent studies have shown that the natural history and 
progression to cancer are greater in patients who have multiple foci of high-
grade dysplasia rather than a single focus.22

The line drawn to separate high-grade from low-grade dysplasia varies 
among pathologists (see Figure 6–41). Studies of “high-grade dysplasia” are 
therefore not necessarily equivalent, making it very diffi cult to evaluate data 
and compare different studies on the natural history of high-grade dysplasia. 
The high risk of prevalent cancer, however, and the high incidence of pro-
gression to adenocarcinoma are strong reasons for immediate aggressive 
resection in patients with high-grade dysplasia. Management with multiple 
biopsies waiting for invasive cancer to occur seems irrational for a disease 
with a reported 40% prevalent cancer rate in our esophagectomy specimens 
and a nearly 60% incidence of adenocarcinoma within 5 years.20

Criteria for Diagnosis of High-Grade Dysplasia

The criteria for a diagnosis of high-grade dysplasia in Barrett esophagus are 
the presence of a severe cytologic abnormality and one of the two following 
features: complete loss of nuclear polarity and gland complexity. Loss of 
nuclear polarity consists of a rounding up of the nuclei, which cease to have 
their long axis perpendicular to the basement membrane (Figures 6–42 to 6–
46). Severe cytologic abnormality and loss of nuclear polarity usually occur 
simultaneously and represent the most important diagnostic criteria. Mitotic 
fi gures and individually necrotic cells are common (see Figures 6–45 and 6–
46), but they are not necessary criteria for the diagnosis or exclusion of high-
grade dysplasia. Gland complexity is characterized by luminal bridges and 
cribriform architecture, which usually signifi es high-grade dysplasia (see Figure 
6–46; Figures 6–47 to 6–49). However, cribriform architecture can rarely occur 
in low-grade dysplasia; in these cases, the absence of the required cytologic 
abnormality and retention of nuclear polarity are what negate the diagnosis 
of high-grade dysplasia (Figure 6–50).

Diagnosing high-grade dysplasia is problematic because several of the 
criteria are subjective:

1. What exactly is “severe cytologic abnormality,” and does its determination 
vary among pathologists? (Figures 6–51 to 6–54)

2. What exactly is “complete” loss of polarity, and does its determination vary 
among pathologists? (Figures 6–53 and 6–54)

3. When faced with a biopsy, do all pathologists evaluate all criteria sepa-
rately, or do they form an opinion based on a combination of the criteria? 
(Figure 6–55)
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Figure 6–42 Dysplastic Barrett epithelium; no goblet cells are seen. 
There is both low-grade and high-grade dysplasia. The low-grade 
dysplasia shows retained nuclear polarity. The high-grade dysplasia is 
characterized by cells that have rounded nuclei with their long axis 
more parallel rather than perpendicular to the basement membrane.

Figure 6–43 Dysplasia without much architectural distortion or 
crowding showing cytologic features of high-grade dysplasia. A small 
area of low-grade dysplasia is seen at the left edge.

Figure 6–44 Comparison of high-grade (upper half ) and low-grade 
(lower half ) dysplasia. The loss of nuclear polarity is easily seen in the 
high-grade dysplasia, and the cytologic abnormality is more severe.

Figure 6–45 High-grade dysplasia, microcystic type, showing 
dilated glands lined by cuboidal cells with complete loss of nuclear 
polarity. The lumen contains necrotic debris.

Figure 6–46 High-grade dysplasia, showing severe cytologic 
abnormality, complete loss of nuclear polarity, and gland complexity 
with luminal bridges resulting in early cribriform change.

Figure 6–47 High-grade dysplasia with gland crowding, disordered 
architecture, cytologic abnormality that is interpreted as severe 
(although it is less severe than in Figure 6–46), and gland complexity 
with cribriform change.
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Figure 6–48 High-grade dysplasia with gland crowding, severe 
cytologic abnormality, loss of nuclear polarity, and cribriform change. Figure 6–49 Higher magnifi cation of Figure 6–48 showing well-

developed cribriform change.

Figure 6–50 Complex cribriform architecture in a gland showing 
less than necessary cytologic abnormality for a diagnosis of high-
grade dysplasia. Nuclear polarity is also not completely lost. This was 
classifi ed as low-grade dysplasia.

Figure 6–51 High-grade dysplasia with severe cytologic 
abnormality present in some of the glands. There is room for 
interobserver variation in this case. This was not a problem because 
it was part of a more extensive high-grade dysplasia.

Figure 6–52 High-grade dysplasia. The cytologic abnormality is 
severe, and there are foci where the nuclear polarity appears lost. 
However, this is close to borderline and may be associated with 
interobserver variation. Figure 6–53 High-grade dysplasia, showing severe cytologic 

abnormality and loss of nuclear polarity.
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4. What is the effect of the amount of high-grade dysplasia? Do pathologists 
hesitate to make a diagnosis of high-grade dysplasia when only one focus 
is affected (compared to extensive high-grade dysplasia, when multiple 
biopsies are positive)?

5. Does the coexistence of extensive versus no low-grade dysplasia infl uence 
the facility of diagnosing high-grade dysplasia?

All these questions are diffi cult to answer. One misleading variant of high-
grade dysplasia is characterized by microcystic glands lined by a relatively fl at 
epithelium with complete loss of polarity but a relatively low level of cytologic 
abnormality (Figure 6–56). Such microcystic glands are a frequent indicator 
of invasive carcinoma (Figures 6–57 and 6–58).

Gland crowding and disorganization are frequently used criteria in the 
grading of dysplasia (Figure 6–59). The less the epithelium recapitulates the 
normal epithelial structure, the more likely is the diagnosis of high-grade 

Figure 6–54 Another area of the case illustrated in Figure 6–53. 
This area shows borderline changes. However, the presence of many 
such areas of borderline change favors a diagnosis of high-grade 
dysplasia compared to a case in which there is only one small area of 
abnormality.

Figure 6–55 Low-grade dysplasia with borderline features that 
were considered insuffi cient for a diagnosis of high-grade dysplasia. 
There is cribriform architecture, but the cytologic abnormality is not 
suffi ciently severe, and nuclear polarity is not completely lost. Residual 
goblet cells are present. Other areas in this biopsy showed high-grade 
dysplasia.

Figure 6–56 Cystically dilated irregular glands lined by fl attened 
dysplastic epithelium should be regarded with great suspicion in 
Barrett esophagus. This was diagnosed as high-grade dysplasia; the 
presence of intramucosal carcinoma cannot be excluded. The 
presence of such cystically dilated dysplastic glands are predictive of 
invasive carcinoma.

Figure 6–57 Invasive adenocarcinoma, microcystic type.
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dysplasia. However, gland crowding varies considerably and is diffi cult to 
defi ne. Another criterion is a villiform surface architecture that is commonly 
seen in high-grade dysplasia but can also be seen in low-grade dysplasia 
(Figure 6–60).

The presence of invasion in high-grade dysplasia is recognized by the 
penetration of the basement membrane of the dysplastic glands and extension 
of malignant cells into the lamina propria (Figures 6–61 to 6–64). When limited 
to the lamina propria without extension into the submucosa, this represents 
intramucosal adenocarcinoma. In a mucosal biopsy, the depth of invasion 
below the mucosa is diffi cult to assess accurately. However, mucosal biopsies 
of deeply invasive tumors show obvious invasive features, frequently with 
desmoplasia around the invasive glands.

The presence of glands under intact squamous epithelium is a common 
fi nding in columnar-lined esophagus. All types of columnar metaplastic 

Figure 6–58 Invasive adenocarcinoma, microcystic type. The 
glands are dilated, lined by a fl attened epithelium, and infi ltrate into the 
muscularis mucosae. The cytologic features of the cells lining the 
microcysts are deceptively bland.

Figure 6–59 High-grade dysplasia showing crowding and 
disorganization. The majority of this fi eld shows the cytology of low-
grade dysplasia with foci of high-grade dysplasia. In this setting, 
crowding and disorganization of glands rate as secondary diagnostic 
criteria to push the diagnosis to high-grade dysplasia.

Figure 6–60 High-grade dysplasia with severe cytologic 
abnormality, loss of nuclear polarity, and a villiform surface 
architecture.

Figure 6–61 Intramucosal adenocarcinoma showing high-grade 
dysplastic glands and irregularity associated with lamina propria 
invasion.
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epithelia, dysplastic and otherwise, can be found under squamous epithelium. 
As such, glands under squamous epithelium must be evaluated for dysplasia 
just like glands in columnar-lined epithelia (Figure 6–65). The mere presence 
of a gland under the squamous epithelium is inconsequential.

Similarly, the muscularis mucosae tend to become hyperplastic, split, and 
extend irregularly into the lamina propria in columnar-lined esophagus. Muscle 
fi bers extend vertically into the lamina propria, often reaching near the surface. 
When prominent, the hyperplastic smooth muscle may surround benign epi-
thelial elements in the mucosa. This phenomenon must not be interpreted as 
a manifestation of invasion. The presence of muscle around gland is never a 
criterion of malignancy or invasion in Barrett esophagus. Malignancy is deter-
mined by cytologic criteria of malignancy in the glands (see Figures 6–57 and 
6–58).

Criteria for Diagnosis of Low-Grade Dysplasia

The problems with criteria and lack of interobserver agreement relating to the 
reliable diagnosis of low-grade dysplasia are infi nitely greater than those 
associated with high-grade dysplasia. True low-grade dysplasia occurs as a 

Figure 6–62 Intramucosal adenocarcinoma, showing irregular 
dysplastic glands with lamina propria invasion.

Figure 6–63 Intramucosal adenocarcinoma, showing irregular 
lamina propria invasion.

Figure 6–64 Intramucosal adenocarcinoma showing infi ltration of 
the high-grade dysplastic cells across the basement membrane of the 
gland into the lamina propria. Figure 6–65 Intramucosal adenocarcinoma undermining a normal 

squamous epithelial surface. The malignant glands are irregular with 
an infi ltrative pattern, but there are relatively bland cytologic features.
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result of an irreversible genetic change that is an early step in the sequence 
necessary to produce adenocarcinoma. The change occurs in intact epithe-
lium; typical low-grade dysplastic epithelium is therefore un-eroded, without 
active infl ammation and shows the dysplastic cytologic change extending from 
the base of the foveolar pit (where the proliferating progenitor cell pool 
resides) to involve the surface (Figure 6–66). The cytologic change includes 
nuclear enlargement, stratifi cation, and hyperchromasia with absence of cyto-
plasmic goblet-type mucin (Figure 6–67). Nuclear polarity is maintained 
(Figure 6–68). The degree of change is less than that required to satisfy criteria 
for high-grade dysplasia.

The genetic change of dysplasia occurs in the proliferating stem cell in 
the deep foveolar region of the epithelium. It does not occur in the terminally 
differentiated goblet cells. The genetically altered dysplastic cell may show 
the nuclear abnormality while differentiating into a goblet cell. In such cases, 
the low-grade dysplastic epithelium can be recognized as arising in intestinal 
metaplasia (Figures 6–69 and 6–70). In many cases, however, the dysplastic 
stem cell does not mature suffi ciently as it moves to the surface to produce 

Figure 6–66 Low-grade dysplasia (left half ) arising in non-dysplastic 
intestinal metaplasia (right half ). The dysplastic glands have lost the 
goblet cell appearance, showing moderate cytologic abnormality 
involving the foveolar region all the way to the surface. Nuclear polarity 
is maintained, and there is no gland complexity.

Figure 6–67 Low-grade dysplasia with residual goblet cells. The 
cytologic abnormality is moderate, and nuclear polarity is maintained. 
The change is similar throughout the foveolar region all the way to the 
surface.

Figure 6–68 Low-grade dysplasia. The cells have enlarged, cigar-shaped 
nuclei with retained nuclear polarity, with the long axis of the nuclei being 
perpendicular to the basement membrane of the gland.
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a goblet cell. In these cases, low-grade dysplasia may occur seemingly without 
intestinal metaplasia. The presence of low-grade dysplasia in the esophagus 
is as diagnostic for Barrett esophagus as intestinal metaplasia because dyspla-
sia does not occur in the absence of intestinal metaplasia. Dysplasia must 
have arisen from intestinal metaplasia, even when goblet cells are not present 
in the dysplastic epithelium.

The cytologic abnormality of low-grade dysplasia is mimicked exactly by 
changes that are not associated with genetic abnormalities of the carcinoge-
netic pathway. These are known as reactive atypias; they are commonly seen 
in association with regenerative epithelial activity in areas of erosion and active 
infl ammation. Because of this, the diagnosis of low-grade dysplasia should 
not be made in these areas. Most reactive atypias are associated with increased 
proliferation, but maturation of the cells remains normal; as such, the cytologic 
abnormality is greatest in the deep part of the foveolar pit with normal cyto-
logic features at the surface. It is for this reason that surface epithelial abnor-
mality is usually necessary for a diagnosis of low-grade dysplasia (see Figures 
6–66, 6–67, and 6–70). In cases in which the cytologic change is limited to 
or maximal in the foveolar region with normal maturation at the surface, a 
greater degree of cytologic change is necessary than when there is surface 
involvement.

At present, the difference between the diagnoses of intestinal metaplasia 
with low-grade dysplasia and reactive atypia is merely a matter of surveillance 
interval. The rate of transformation of low-grade dysplasia to adenocarcinoma 
is, with very rare exceptions, slow. Routine surveillance is probably adequate. 
I therefore restrict diagnosis of low-grade dysplasia to cases in which the cri-
teria of low-grade dysplasia are defi nite and well developed. In such cases, 
shortening the surveillance interval is probably justifi ed. If there is any doubt 
about the criteria, I generally diagnose reactive change without dysplasia. I 
do not make a diagnosis of indefi nite for dysplasia; because I diagnose only 
dysplasia when it is defi nite, “indefi nite for dysplasia” is equivalent to “nega-
tive for dysplasia.”

Although the literature does not address the issue of extent of dysplasia, 
most pathologists will agree with a diagnosis of low-grade dysplasia when 
this is present extensively in the epithelium. A similar change affecting a single 
area is more likely to have considerable interobserver variation.

True borderline cases exist between low-grade and high-grade dysplasia 
(Figures 6–71 and 6–72). Some have associated erosion and active infl amma-
tion; in such cases, the possibility should be considered that reactive changes 

Figure 6–69 Low-grade dysplasia with residual goblet cells.

Figure 6–70 Low-grade dysplasia with residual goblet cells.
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have become superimposed on low-grade dysplasia, producing an additive 
change that mimics high-grade dysplasia. In these cases, a recommendation 
for follow-up biopsy after the infl ammation has been controlled is a reason-
able course of action. In borderline cases without active infl ammation, the 
diagnosis of low-grade dysplasia with a cautionary comment regarding the 
borderline nature of the dysplasia is appropriate; this will alert the patient to 
careful follow-up. I use immunoperoxidase staining for Ki67 and p53 in bor-
derline cases. The most valuable use of these stains is the negative fi nding. 
In borderline cases, a normal Ki67 staining pattern, with the proliferative zone 
limited to the deep foveolar region with sparing of the surface and superfi cial 
foveolar region, is a strong argument against a diagnosis of high-grade dys-
plasia24 (Figure 6–73). Similarly, negative staining for p53 supports low-grade 
dysplasia over high-grade dysplasia.

Prevalent Cancer in Barrett Esophagus

One thing rarely addressed is that at no point can we guarantee that the 
patient with Barrett esophagus does not already have cancer within the epi-
thelium. When the patient is subject to a regular surveillance endoscopy, has 

Figure 6–71 Borderline case that was diagnosed as low-grade 
dysplasia. The cytologic abnormality is close to severe focally, but 
there is no gland crowding, and the abnormality is largely restricted to 
the deeper region of the mucosa with only focal involvement of the 
surface. Cases such as this receive a cautionary comment after the 
diagnosis of low-grade dysplasia, recommending increased care in 
surveillance (i.e., a shorter surveillance interval). Note the absence of 
erosion or active infl ammation.

Figure 6–72 Low-grade dysplasia, with the worrisome potential for 
the presence of foci of high-grade dysplasia. Again, a cautionary 
comment recommends short interval surveillance.

Figure 6–73 Immunoperoxidase staining for Ki67 in a case of low-grade 
dysplasia, showing the Ki67 positive proliferative cell pool limited to the base 
and middle of the foveolar region. The surface and superfi cial foveolar region 
are negative. This recapitulates the normal staining distribution with Ki67 and is 
a strong argument against a diagnosis of high-grade dysplasia.
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no visible lesion, has the most compulsive series of biopsies as recommended 
by protocol, and the pathologist reports the absence of high-grade dysplasia 
or cancer in the biopsies, we assume that all is well.

In real life, this ideal scenario is uncommon; surveillance of Barrett 
esophagus is not believed to be effective and therefore not done with enthu-
siasm, and biopsies are rarely taken as recommended. The medical community 
belittles the disease from its outset, minimizing the fact that 10% of sufferers 
are destined to develop cancer within the next 20 years (a risk of 0.5% per 
year).

All is not well—even after the ideal negative surveillance examination. 
Every researcher who has studied the patient with Barrett esophagus who has 
been declared cancer free at an index endoscopy, indicates that a small per-
centage of these patients have cancer at the time they are declared cancer 
free. This is called a “prevalent cancer.” Prevalent cancer is defi ned as a cancer 
that occurs within a short time (usually 1 year) of a negative examination. It 
is the result of one of the following:

1. The cancer was present but missed by the sampling biopsies.

2. The genetic changes for the cancer were present without phenotypic 
changes, and the cancer expressed itself within that period.

3. The cancer developed rapidly after the negative examination.

Prevalent cancer is regarded as a nuisance that makes studies diffi cult to 
evaluate; it is not recognized for its true horror. The truth is that when we 
send patients out of the offi ce after doing the best we can for them, we cannot 
guarantee that they do not have cancer at that point in time.

In studies evaluating the long-term probability of cancer in Barrett esopha-
gus during follow-up after an index endoscopy, patients with prevalent 
cancers drop out of the study because they are declared irrelevant. In the 
study by Weston et al,19 patients who developed adenocarcinoma, multifocal 
high-grade dysplasia, or a dysplasia-associated lesion or mass at or within 6 
months of initial diagnosis were excluded. The number of such patients is 
not mentioned, although this would be one of the most important factors of 
whether follow-up was appropriate for a patient with Barrett esophagus.

In studies evaluating the results of anti-refl ux surgery, prevalent cancers 
give the impression that surgery is not successful in preventing cancer. The 
true test of surgery as a cancer prevention method must exclude prevalent 
cancers. The data are powerful in this regard. It is diffi cult to identify any 
patients with Barrett esophagus who have developed cancer more than 5 years 
after an anti-refl ux operation that has been shown to be successful by a normal 
postoperative 24-hour pH test. The incidence of cancer after anti-refl ux surgery 
is at its highest in the fi rst year; it drops to zero after 5 years. This is consistent 
with a lag phase of 5 years between the occurrence of the genetic changes 
required for cancer and their phenotypic expression as cancer.

It is essential to identify the probability of prevalent cancer in patients 
who are under surveillance for Barrett esophagus because treating it with 
anything other than resection guarantees that prevalent cancer will progress 
to more advanced stages. Cancer prevention is not effective when cancer 
already exists, even when we cannot detect it. Endoscopic mucosal resection 
or esophagectomy is necessary to eradicate prevalent cancer; otherwise, these 
patients are at serious risk for advanced cancer and death. Ablation is less 
appropriate because it does not permit histologic evaluation of the resected 
specimen; we will never know whether the patient had an invasive cancer 
or not.

The following sections deseribe indicators of risk for prevalent cancer.
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High-Grade Dysplasia

The risk of prevalent cancer is greatest when high-grade dysplasia is present 
in a biopsy. In our hands, the rate of prevalent cancer is approximately 50%. 
In two USC studies in which esophagectomy was performed based on a 
diagnosis of high-grade dysplasia, invasive cancer was present in fi ve of nine 
patients3 and in 14 of 31 patients in the study by Tharavej et al.39 This high 
incidence of prevalent cancer suggests that esophagectomy is strongly indi-
cated when high-grade dysplasia is diagnosed in a biopsy. Hameetman et al33 
reported the fi nding of invasive cancer in fi ve of eight patients within 1 year 
of an initial diagnosis of high-grade dysplasia, indicating an incidence of 
prevalent cancer similar to our data.

There is a contrary viewpoint. Schnell et al21 reported the detailed fi ndings 
of 79 patients with high-grade dysplasia; only four (5.1%) had prevalent cancer 
manifesting within 1 year of the initial diagnosis of high-grade dysplasia. The 
most likely explanation for the difference is that the criteria for diagnosis of 
low- and high-grade dysplasia are different. This is suggested by several facts 
in the study:

1. In their study, the authors state that the diagnosis of dysplasia was based 
on “previously established defi nitions.” The reference they cite is for criteria 
for dysplasia in infl ammatory bowel disease from 1983,40 not those for 
Barrett esophagus detailed by Reid et al in 1988.36

2. An amazing 738 of their 1099 patients with Barrett esophagus had low-
grade dysplasia at some point in the follow-up. A 67% incidence of low-
grade dysplasia in Barrett esophagus is higher than in any other study, 
suggesting their criteria for dysplasia are less stringent than usual.

3. The serial biopsies of patients with high-grade dysplasia who remained 
without cancer show that high-grade dysplasia was an ephemeral phenom-
enon, being found only once or twice during the course of the disease. 
This suggests a problem; the higher grades of dysplasia are likely to be a 
progressive fi eld effect rather than the focal and transient change that these 
authors report.

4. Only 12 (16%) of the 75 patients diagnosed with high-grade dysplasia pro-
gressed to invasive cancer during a mean follow-up period of 7.3 years. This 
contrasts with the study by Reid et al20 in which 59% of patients with high-
grade dysplasia developed invasive cancer within 5 years. All these factors 
point toward a diagnosis of high-grade dysplasia being less predictive of 
prevalent and imminent cancer in Schnell et al21 than in the other studies 
mentioned, including Reid et al,20 where the very reliable Rodger Haggitt 
would have been the pathologist who made the diagnosis of high-grade 
dysplasia. The data in this study should not be interpreted to mean that the 
patients with high-grade dysplasia who seek treatment at the Hines VA 
Hospital in Illinois have a different disease than patients with the same 
diagnosis in other centers. Patients do not vary in their behavior; it is patholo-
gists who frequently vary in their diagnosis of high-grade dysplasia!

High-Grade Dysplasia in a Lesion that Is 
Visible at Endoscopy

Our data suggest that the presence of high-grade dysplasia in a lesion that is 
visible at endoscopy (Figure 6–74) has a very high risk of prevalent invasive 
cancer, which will be detected only if the lesion is resected. The presence of 
high-grade dysplasia in a visible lesion must be an indication for resection. 



228 CHAPTER 6  Refl ux-Induced Adenocarcinoma of the Esophagus

Weston et al19 used dysplasia in a visible lesion as the end-point for Barrett 
surveillance in their study.

Multifocal Versus Unifocal 
High-Grade Dysplasia

The presence of high-grade dysplasia at multiple biopsy levels is similarly 
associated with a high risk of prevalent cancer and is a powerful indication 
for resection.40 Weston et al19 used multifocal dysplasia as an end-point for 
Barrett surveillance in their study.

In our data,40 the presence of unifocal high-grade dysplasia has an 
approximately 10% risk of prevalent cancer in the resected specimen but an 
almost invariable prevalence of residual high-grade dysplasia. Buttar et al22 
showed a difference in both prevalent and rapidly incident cancer in focal 
versus diffuse high-grade dysplasia. Their criterion for focal high-grade dys-
plasia was the presence of high-grade dysplasia in less than fi ve crypts limited 
to one biopsy piece. Patients with focal high-grade dysplasia had a 93% and 
86% cancer-free survival rate at 1 and 3 years, respectively, compared with 
62% and 44% for diffuse high-grade dysplasia.

Some authorities regard a 10% incidence of prevalent cancer as an accept-
able risk and recommend careful follow-up for high-grade dysplasia. Such an 
attitude is very unusual with any other cancer in the body. It is like saying 
that we will simply watch a patient with ductal carcinoma in situ in a breast 
biopsy without surgical intervention until invasive cancer develops. We spend 
billions of dollars to fi nd preinvasive breast cancer and ignore preinvasive 
esophageal cancer, even when we fi nd it. High-grade dysplasia is carcinoma 
in situ of the esophagus.

Extensive (Multifocal and Multilevel) 
Low-Grade Dysplasia

The presence of extensive, multilevel low-grade dysplasia is a worrisome 
fi nding, particularly when the changes in some foci approach (but do not 

Figure 6–74 Nodular lesion in a patient with columnar-lined esophagus. If a biopsy shows 
high-grade dysplasia, an invasive carcinoma is likely when the resected lesion is examined.
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reach) the criteria for a diagnosis of high-grade dysplasia. There is no infor-
mation on immediately prevalent cancers in this population because low-
grade dysplasia is not an indication for resection. Srivastava et al41 showed 
that the presence of extensive low-grade dysplasia in biopsies was predictive 
of progression to adenocarcinoma in 77 patients with dysplastic Barrett 
esophagus; 44 (57%) of these 77 patients developed adenocarcinoma after a 
mean follow-up period of 25 months.

The data suggest that an anti-refl ux operation performed in patients with 
low-grade dysplasia prevents cancer in most cases.37 However, these patients 
have the greatest likelihood of prevalent cancers after surgery and have the 
highest risk of quickly progressing to high-grade dysplasia. If it is shown that 
multifocal low-grade dysplasia has a high risk of prevalent cancer on follow-
up or anti-refl ux surgery, it may become an indication for resection in the 
future. This would follow the history of ulcerative colitis, in which the indica-
tion for prophylactic colectomy has recently moved from high-grade dysplasia 
to include more patients with low-grade dysplasia.

Non-Dysplastic Barrett Esophagus

Patients with non-dysplastic Barrett esophagus or those with focal low-grade 
dysplasia have an extremely low risk of prevalent cancer. They can be rea-
sonably managed without resecting the lesion by methods designed to prevent 
the progression of change toward cancer. However, this assumes that ideal 
biopsy sampling has been done. A negative surveillance endoscopy that has 
been biopsied suboptimally always has an unknown risk of prevalent 
cancer.

Conclusion

All patients who develop refl ux-induced adenocarcinoma must pass through 
a non-dysplastic stage of Barrett esophagus. Barrett esophagus is a highly 
reliable and signifi cant cancer risk indicator. If we recognize the risk of cancer 
in non-dysplastic Barrett esophagus (1 in 10 persons will get cancer within 
20 years) and agree that this signifi cant risk demands an aggressive cancer-
prevention treatment, a fl awed diagnostic test (the detection of dysplasia) 
becomes less important. Our aim should be to prevent the occurrence of 
dysplasia in Barrett esophagus, not to fi nd it. By the time we fi nd dysplasia 
with our fl awed methods, it may actually be too late for some patients who 
we declare as having “prevalent cancer.” Prevalent cancer is a disaster that 
we can prevent by aggressive cancer-preventive treatment of non-dysplastic 
Barrett esophagus.
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New Histology-Based Defi nitions and Method of 
Diagnosis of Refl ux Disease

At present, the defi nition of gastroesophageal refl ux disease is clinically based 
and full of contradiction. It is defi ned by the presence of classical symptoms, 
but we recognize that asymptomatic patients can manifest serious complica-
tions of refl ux disease such as Barrett esophagus and adenocarcinoma. It is 
defi ned by the presence of erosive esophagitis, but we recognize “non-erosive 
refl ux disease.” It is defi ned by an abnormal 24-hour pH test or impedance 
study that quantitates refl ux, but we recognize that the correlation between 
the amount of refl ux and refl ux disease is imperfect. There is no accepted 
histologic defi nition of refl ux disease; the only current criteria are changes in 
squamous epithelium, and these lack sensitivity and specifi city to an extent 
that they are useless as a diagnostic test1 (Table 7–1).

Without a standard defi nition, the diagnosis of refl ux disease is haphazard, 
illogical, and at the whim of whatever a physician wants to use at any given 
moment. As a result, the management of patients with refl ux is confusing. It 
is based on the false belief that every facet of the patient’s refl ux disease is 
effectively controlled by acid-suppressive therapy. As new drugs have improved 
our ability to suppress acid secretion, two things have happened:

1. Patients have had the ability to control their refl ux symptoms very effec-
tively and improve the quality of their lives.

2. There has been an explosion in the incidence of refl ux-induced adenocar-
cinoma (see Chapter 1).

A New Histologic Defi nition of 
Gastroesophageal Refl ux Disease

The current major threat to life for patients with gastroesophageal refl ux 
disease is Barrett esophagus and adenocarcinoma. It therefore seems appro-
priate to make adenocarcinoma the end-point in the diagnosis of refl ux 
disease and seek to fi nd a criterion in the refl ux-to-adenocarcinoma sequence 
to defi ne the disease (Figure 7–1). At present, the only accepted criterion is 
Barrett esophagus (defi ned by the presence of intestinal metaplasia in an 
endoscopically visualized columnar-lined segment of the esophagus). Barrett 
esophagus is 100% specifi c for refl ux disease; no etiology other than gastro-
esophageal refl ux results in Barrett esophagus. However, Barrett esophagus 
cannot be used to defi ne refl ux disease because of its very low sensitivity; 

232
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the vast majority of patients with refl ux disease do not have Barrett esophagus. 
The main value of Barrett esophagus is that it is a highly specifi c and sensi-
tive marker for future risk of adenocarcinoma.

The transformation of normal squamous epithelium to Barrett esophagus 
occurs through a series of changes, often taking many years. The earliest 
changes that involve the squamous epithelium are relatively nonspecifi c, rep-
resenting injury changes that are caused by many esophageal diseases.1 These 
include dilated intercellular spaces,2,3 intraepithelial eosinophils, basal cell 
hyperplasia, papillary elongation, erosions, and ulceration4 (see Figures 2–20 
to 2–32). Recognizable changes in squamous epithelium also lack sensitivity; 
up to 50% of patients with abnormal refl ux proven by 24-hour pH studies 

TABLE 7–1 Diagnostic Criteria for Gastroesophageal Refl ux Disease*

Criterion Specifi city Sensitivity

Presently used diagnostic methods
Classical symptoms High Intermediate
Erosive esophagitis High Low
24-hour ambulatory pH test High Intermediate
Multichannel impedance test High Intermediate
Histologic changes in squamous epithelium Intermediate Low
Barrett esophagus 100% Low
Suggested new criteria
Cardiac mucosal metaplasia (refl ux carditis) 100% High
Oxyntocardiac mucosal metaplasia 100% Nearly 100%

*The present criteria, used either singly or in any combination, do not provide a means of accurately 
diagnosing whether a patient has refl ux disease.

Reflux-damaged
squamous epithelium

First genetic switch
Unknown

Unknown refluxate
molecule

Benign genetic switch
? SHH gene

Second genetic switch
? Cdx-2

Multiple genetic
mutations

Cardiac mucosa

Intestinal metaplasia
(Barrett esophagus)

Adenocarcinoma

Oxyntocardiac
mucosa

No progression

? acid ? bile

? bile

Figure 7–1 The refl ux-to-adenocarcinoma sequence (red arrows). Carcinogenesis begins only 
when intestinal metaplasia is present in the esophagus. Intestinal metaplasia is preceded by 
cardiac mucosa, which is derived from columnar metaplasia of acid-damaged squamous 
epithelium. Cardiac mucosa can also convert to oxyntocardiac mucosa, which is a stable, 
benign epithelium that is out of the refl ux-to-adenocarcinoma sequence (green arrows). SHH, 
Sonic hedgehog gene.
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and the presence of symptoms have no specifi c changes in the squamous 
epithelium.

In contrast, columnar metaplasia of esophageal refl ux disease is absolutely 
specifi c; no other disease causes it. The presence of any of the three types 
of columnar epithelium in the esophagus is therefore 100% specifi c for refl ux 
disease (see Table 7–1). Columnar metaplasia is also extremely sensitive for 
the presence of refl ux. Although squamous epithelial criteria are absent in 
many patients with symptomatic refl ux, columnar metaplastic epithelia (defi ned 
as cardiac mucosa with and without intestinal metaplasia and oxyntocardiac 
mucosa) can be found in virtually all patients with symptomatic refl ux and 
many patients without symptoms of refl ux.

The occurrence of intestinal metaplasia in cardiac mucosa is preceded by 
many decades during which the esophagus is lined by columnar epithelium 
consisting of cardiac and oxyntocardiac mucosa. In the past, the problem with 
using these non-intestinalized columnar epithelia as a diagnostic criterion for 
gastroesophageal refl ux disease has been that they have been regarded as 
normal epithelia in the distal esophagus, proximal stomach, or both.5 Based 
on the evidence in many autopsy studies, this concept of normalcy has 
changed. It is now accepted that these epithelial types are never found in the 
distal esophagus.6 I have suggested in Chapter 2 that it is inexplicable that 
the presence of an endoscopically visible columnar-lined esophagus is not 
used as a diagnostic criterion for gastroesophageal refl ux disease.

The present controversy relates entirely to the signifi cance of cardiac 
mucosa with and without intestinal metaplasia and oxyntocardiac mucosa 
found distal to the endoscopic gastroesophageal junction.6 In Chapter 4, I 
provided strong evidence that the controversy is easily resolved when we 
recognize that the present endoscopic defi nition of the gastroesophageal junc-
tion is incorrect7 (Figure 7–2).

When the true gastroesophageal junction is recognized as the proximal 
limit of gastric oxyntic mucosa, the area that is presently controversial resolves 
into the dilated end-stage esophagus7 (see Figure 7–2). A microscopic phase 
of gastroesophageal refl ux disease that we ignore by present criteria now 
emerges as the most common manifestation of refl ux disease.

If cardiac and oxyntocardiac mucosae are not normal, as suggested by 
the evidence (Table 7–2), its presence is 100% specifi c and nearly 100% sensi-

False definitions
of the GEJ

End of tubular
esophagus

Columnar-lined
esophagus

OCM +/– CM +/– IM

Proximal limit
of rugal folds

Area of
controversy

Correct definition
of the GEJGastric

oxyntic
mucosa

Proximal limit of GOM

Figure 7–2 The resolution of the present controversy regarding cardiac mucosa (CM) distal 
to the end of the tubular esophagus and proximal limit of rugal folds (the present endoscopic 
defi nition of the gastroesophageal junction). When it is recognized that the true gastro-
esophageal junction (GEJ) is defi ned histologically as the proximal limit of gastric oxyntic 
mucosa, the area of controversy is seen to be the dilated end-stage esophagus. IM, Intestinal 
metaplasia; OCM, oxyntocardiac mucosa; GOM, gastric oxyntic mucosa.
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tive for refl ux disease, potentially making it a perfect defi nition of gastro-
esophageal refl ux.8–12 Although all metaplastic columnar epithelia are 100% 
specifi c for refl ux disease, only two (cardiac mucosa with and without intes-
tinal metaplasia) are in the refl ux-to-adenocarcinoma sequence (see Figure 
7–1). Oxyntocardiac mucosa is a benign epithelium that does not progress to 
intestinal metaplasia and adenocarcinoma.11–13 As such, the defi nition of refl ux 
disease is more meaningful if the defi ning criterion is restricted to cardiac 
mucosa, with and without intestinal metaplasia. The presence of oxyntocar-
diac mucosa, although caused by and diagnostic of refl ux disease, is irrelevant 
in terms of the adenocarcinoma that we have suggested is the appropriate 
end-point of our defi nition. I have suggested the term compensated refl ux for 
oxyntocardiac mucosa to indicate its association with refl ux and the fact that 
it is not an epithelium that places the patient at risk for refl ux-induced 
adenocarcinoma.11

There are two other practical advantages for excluding oxyntocardiac 
mucosa from the defi nition of refl ux disease:

1. Oxyntocardiac mucosa is almost universally present if the entire circumfer-
ence of the gastroesophageal junction is examined,16 refl ecting the almost 
universal presence of gastroesophageal refl ux in humans. As such, it will 
be too sensitive as a defi nitive criterion to have practical meaning. In con-
trast, cardiac mucosa is present in 50% or less of the general population. 
This is based on our autopsy study in which 44% of patients with complete 
sampling of the junction had cardiac mucosa16 and another study, which 
showed cardiac mucosal presence at the esophagogastric junction in 35% 
of patients in endoscopic biopsies.19

2. Oxyntocardiac mucosa can be diffi cult to differentiate from normal gastric 
oxyntic mucosa when it contains large numbers of parietal cells. As such, 
diagnostic error is possible. This is not the case with cardiac mucosa, 

TABLE 7–2 Studies that Indicate that Cardiac Mucosa is not a Normal Epithelial Structure, but Rather an Abnormal Refl ux-Induced Metaplastic 
Epithelium of the Esophagus

Sources Evidence

Allison and Johnstone, 195314 The epithelial type at the peritoneal refl ection (GEJ) in patients with CLE is gastric oxyntic mucosa.
De Hertogh et al, 200315 The epithelial type at the angle of His (GEJ) in fetal autopsies is gastric oxyntic mucosa.
Chandrasoma et al, 200016;  Cardiac mucosa is not universally found at the SCJ in autopsies of fully developed humans (over
 Zhou et al, 200117  1 year old).
Chandrasoma et al, 200016; When present at autopsy, cardiac mucosal length is less than 5  mm in the majority of patients, and often
 Kilgore et al, 200018  less than 1  mm.
Chandrasoma et al, 200016; The prevalence and length of cardiac mucosa tend to increase with age.
 Kilgore et al, 200018

Jain et al, 199819 The lowest reported prevalence of cardiac mucosa at the SCJ is 35%, in a population of patients with a 
  bias toward having a normal GEJ at endoscopy.
Marsman et al, 200420 The prevalence of cardiac mucosa is higher (61%) in patients with symptomatic refl ux, even when 
  endoscopy is normal.
Chandrasoma et al, 200321 When endoscopically visible columnar epithelium is present, the prevalence of cardiac mucosa 
  approaches 100%.
Csendes, 199322 The length of cardiac mucosa (= length of CLE = proximal migration of the SCJ) correlates with severity 
  of refl ux.
Oberg et al, 199723 The presence of cardiac and/or oxyntocardiac mucosa at the GEJ is associated with more refl ux and a 
  higher incidence of LES abnormality than absence of these epithelia.
Glickman et al, 200224 The presence of >1  mm of cardiac mucosa at the GEJ is associated with more refl ux than when it is 
  <1  mm.
Chandrasoma et al, 200025 The presence of CLE >2  cm is associated with more refl ux than <2  cm of CLE.
Hamilton et al, 197726; Oberg Cardiac mucosa develops above the anastomotic line in patients who have had an esophagogastrectomy
 et al, 200227; Dresner, 200328;  with gastric pull-up.
 Lord et al, 200429

CLE, Columnar-lined esophagus; GEJ, gastroesophageal junction.
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because its defi nition as an epithelium lacking any parietal cells makes its 
recognition highly reproducible and accurate.

We therefore propose that the presence of cardiac mucosa (refl ux carditis) 
should defi ne gastroesophageal refl ux disease (Table 7–3, Figure 7–3). Its 
presence is 100% specifi c for refl ux (i.e., all patients with cardiac mucosa have 
gastroesophageal refl ux). A patient who has only metaplastic oxyntocardiac 
mucosa without any cardiac mucosa is a patient with refl ux who is out of the 
refl ux-to-adenocarcinoma sequence and is not at risk for cancer. The use of 
cardiac mucosa to defi ne refl ux disease therefore limits the defi nition to those 
patients who are in the refl ux-to-adenocarcinoma sequence. A patient who 
does not have cardiac mucosa (with and without intestinal metaplasia) is not 
at risk for refl ux-induced adenocarcinoma with 100% predictability. Cardiac 
mucosa is as close to a perfect defi nition of gastroesophageal refl ux disease 
as possible if one’s end-point is refl ux-induced adenocarcinoma.

Refl ux Carditis: The Perfect Defi nition 
of Gastroesophageal Refl ux Disease

When cardiac mucosa is found, it is always histologically abnormal (see Figure 
7–3). The earliest researchers noted this. Allison and Johnstone14 describe it 

TABLE 7–3 Defi nitional Value of Different Types of Metaplastic Columnar Epithelial in 
Gastroesophageal Refl ux Disease*

  Specifi city for In the adenocarcinoma
Criterion Sensitivity for refl ux refl ux sequence?

Cardiac mucosa (refl ux High 100% Yes–early‡

 carditis)†

Intestinal metaplasia Low (5%–15%) 100% Yes–late
 (Barrett esophagus)
Oxyntocardiac mucosa Nearly 100% 100% No

*Although oxyntocardiac mucosa is 100% specifi c and 100% sensitive, it is not an epithelium that is in 
the refl ux-to-adenocarcinoma sequence. Cardiac mucosa, although less sensitive as an indicator of 
refl ux, is highly specifi c as an indicator for cancer because all Barrett esophagus and cancer must 
be preceded by cardiac mucosa.

†The terms cardiac mucosa and refl ux carditis are synonymous because cardiac mucosa is always 
infl amed.4,30

‡Cardiac mucosa is not transformed to cancer directly by carcinogens. Its presence indicates that the 
patient is at risk of developing intestinal metaplasia and progressing in the refl ux-to-
adenocarcinoma sequence.

Figure 7–3 Cardiac mucosa at the squamocolumnar junction. This is always 
infl amed and always represents refl ux-induced squamous metaplasia of the 
esophagus. It is never gastric and never normal. This is refl ux carditis, the 
perfect defi nition of gastroesophageal refl ux disease, which we have always 
erroneously called a normal gastric epithelium.
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as follows: “the rather villous type of cardiac mucosa, its lack of depth, and 
a diffuse fi brosis of the submucosa.  .  .  suggest healing of previous shallow 
ulcerations.”

Der et al30 reported that cardiac mucosa always showed chronic infl am-
mation and that the degree of chronic infl ammation in cardiac mucosa corre-
lated with the severity of gastroesophageal refl ux as assessed by a 24-hour 
pH test. The presence of cardiac mucosa is therefore equivalent to carditis 
because cardiac mucosa is always infl amed. There is no “histologically normal” 
cardiac mucosa.

When defi ned by histologic criteria, the presence of cardiac mucosa (i.e., 
carditis) is associated with gastroesophageal refl ux (Figure 7–4). Oberg et al23 
showed that the presence of cardiac mucosa in biopsies taken from an endo-
scopically normal junction predicted the presence of refl ux compared to 
patients who did not have cardiac mucosa (see Table 7–2). Glickman et al,24 
comparing children with greater than and less than 1  mm of cardiac mucosa 
in biopsies across the gastroesophageal junction, showed that refl ux was sig-
nifi cantly more common in patients with greater than 1  mm of cardiac mucosa. 
The adjective “refl ux” can therefore be appended to all “carditis,” making 
“refl ux carditis” an appropriate equivalent to “cardiac mucosa.” Refl ux carditis 
results from columnar metaplasia of the squamous epithelium of the esopha-
gus followed by continued damage of the metaplastic columnar epithelium 
by the refl uxate.

Defi nition of Refl ux Carditis

Refl ux carditis is defi ned as the fi nding of cardiac mucosa between the squa-
mocolumnar junction and gastric oxyntic mucosa (true gastroesophageal 
junction) (Figure 7–5). These biopsies may come to the pathologist labeled 
as “distal esophagus,” “gastroesophageal junction,” “gastric cardia,” “proximal 
stomach,” or “1–3  cm distal to the gastroesophageal junction.” The histologic 
fi nding of cardiac mucosa supersedes the endoscopic landmarks.

Normal
endoscopy

Measured Level biopsies

CM <1 mm CLE <20 mm

CLE> 20 mmCM >1 mmbx: CM and/or OCM

bx: No CM/OCM

Oberg et al Glickman et al Chandrasoma et al

Less
reflux

More
reflux

3 mm
2 mm
1 mm

3 mm
2 mm
1 mm

30 mm
20 mm
10 mm

30 mm
20 mm
10 mm

Figure 7–4 Three studies that have evaluated the signifi cance of cardiac mucosa. In Oberg 
et al,23 patients with any cardiac mucosa (CM) have more refl ux than those without cardiac 
mucosa. In Glickman et al,24 patients with greater than 1  mm of cardiac mucosa have a higher 
likelihood of refl ux than those with less than 1  mm. In Chandrasoma et al,25 patients with 
greater than 2  mm of cardiac mucosa have more refl ux than those with less than 2  mm. 
CLE, Columnar-lined esophagus; OCM, oxyntocardiac mucosa.



238 CHAPTER 7  New Histology-Based Defi nitions and Method of Diagnosis of Refl ux Disease

Histologic Features of Refl ux Carditis

The histologic features of refl ux carditis are those of cardiac mucosa (see 
Figure 7–3; also see Figures 3–67 to 3–74). It is an epithelium in the distal 
esophagus (including dilated end-stage esophagus) consisting of mucous cells 
without parietal or goblet cells. It ranges from a fl at epithelium to a complex 
glandular epithelium (see Chapter 3); invariably shows chronic infl ammation 
with plasma cells, lymphocytes, and eosinophils; and frequently shows reac-
tive features such as foveolar elongation and serration and smooth muscle 
proliferation in the lamina propria. The severity of the chronic infl ammation 
and foveolar hyperplasia correlates with the severity of refl ux. Erosion of the 
surface with granulation tissue may be seen.

Gross Pathologic and Endoscopic 
Features of Refl ux Carditis

Grossly and endoscopically, refl ux carditis is commonly invisible. In such 
patients, it is present in rugated mucosa distal to the squamocolumnar junc-
tion in dilated end-stage esophagus. In these patients, endoscopy is normal, 
and microscopic refl ux carditis represents the histologic criterion that is diag-
nostic of “non-erosive refl ux disease.” When refl ux carditis is recognized as 
the defi nition of refl ux disease, the entity of “non-erosive refl ux disease” will 
disappear.

Depending on the observer, it is likely that up to 5  mm of fl at columnar 
epithelium between the squamocolumnar junction and the proximal limit 
of the rugal folds may be interpreted as “normal” (Figure 7–6). Part of this 
“invisible” cardiac mucosa may therefore represent epithelium that may be 
recognized endoscopically as endoscopic resolution and technique improves. 

SCJ Columnar-lined esophagus
GEJ

Gastric
oxyntic
mucosa

Reflux carditis

Figure 7–5 Refl ux carditis is the presence of cardiac mucosa 
between the squamocolumnar junction (SCJ) (Z-line, visible 
endoscopically) and the true gastroesophageal junction (GEJ) (not 
visible endoscopically and defi nable only by histology). It is an error to 
regard the squamocolumnar junction as the true gastroesophageal 
junction at endoscopy when no columnar-lined esophagus is 
visualized. There must be a microscopic stage of columnar-lined 
esophagus before it reaches the limit of optical resolution of the 
endoscope.

Figure 7–6 Endoscopic appearance of the squamocolumnar 
junction. The Z-line is horizontal, and the rugal folds appear to reach 
the Z-line. However, there is signifi cant interobserver variability 
regarding the presence or absence of small amounts (less than 5  mm) 
of columnar-lined esophagus, particularly when the Z-line is not 
serrated. The proximal limit of the rugal folds, although universally 
recognized as the endoscopic junction, is not so precisely defi ned that 
it can detect the smallest amounts of columnar-lined esophagus.
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Part of it, however, is always likely to be invisible to endoscopy and detect-
able only by histology.

When visible, refl ux carditis is seen as a fl at epithelium between the 
proximal limit of the rugal folds and the squamocolumnar junction. It may 
form tongues extending into the squamous epithelium or be circumferential 
in the tubular esophagus (see Figures 2–8 to 2–19). It may be interposed 
between the Z-line at the end of the tubular esophagus and the proximal limit 
of the rugal folds, occupying the most proximal part of the saccular region 
distal to the tubular esophagus, which is the dilated end-stage esophagus. In 
rare cases, the reactive cardiac mucosa forms small, infl amed, polypoid lesions 
(Figure 7–7).

Visible refl ux carditis is equivalent to endoscopic columnar-lined esopha-
gus. Therefore, the presence of an endoscopically visible columnar-lined 
esophagus is diagnostic of refl ux disease, and its length is an accurate assess-
ment of the severity of refl ux disease. The only requirements of biopsy are 
the following:

1. To identify the small number of patients with only oxyntocardiac mucosa 
in their columnar-lined esophagus (this is rare when there is a visible 
columnar-lined esophagus).

2. To diagnose Barrett esophagus, which is the presence of intestinal meta-
plasia in the columnar-lined segment.

Many gastroenterologists make the mistake of equating columnar-lined 
esophagus with Barrett esophagus at endoscopy. Endoscopy is not capable 
of differentiating the three epithelia—intestinal, cardiac, and oxyntocardiac—
that comprise the histologic spectrum of columnar-lined esophagus. Only 
when biopsies show intestinal metaplasia in any part of the columnar-lined 
esophagus can the diagnosis of Barrett esophagus be made.

To make a diagnosis of refl ux carditis, biopsies must be taken (Figure 
7–8); cardiac mucosa cannot be distinguished from other columnar epithelia 

Figure 7–7 Refl ux carditis with marked hyperplasia of the foveolar region, presenting an 
appearance similar to hyperplastic polyps of the stomach. This biopsy was taken from a 
polypoid lesion at the “gastroesophageal junction.” Refl ux carditis is the most common 
pathology in non-neoplastic polyps in the distal esophagus, including the dilated end-stage 
esophagus.
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by anything other than histology. When there is any visible deviation from 
normal at endoscopy, the probability of fi nding refl ux carditis in a biopsy is 
close to 100%.

Clinical Features of Refl ux Carditis

Patients with refl ux carditis may or may not have symptoms of refl ux. When 
biopsies are taken in patients with symptomatic refl ux, the prevalence of 
cardiac mucosa is very high. When endoscopy shows a visible columnar-lined 
esophagus, refl ux carditis is almost invariably found in the symptomatic 
patient. Even when the symptomatic patient has a normal endoscopy, refl ux 
carditis is present in approximately 70% of patients. In such patients, the 
presence of refl ux carditis confi rms the clinical suspicion of refl ux. The diag-
nosis of “non-erosive refl ux disease” disappears because the sensitivity of 
refl ux carditis in the diagnosis of refl ux disease is extremely high; this is the 
pathologic change of “non-erosive refl ux disease.”

A signifi cant number of patients who are endoscopically normal and 
asymptomatic (or do not have classical symptoms of refl ux) will have cardiac 
mucosa in their biopsies. In our autopsy study, the prevalence of cardiac 
mucosa was 44%.16 Despite their absence of symptoms, these patients can 
progress in the refl ux-to-adenocarcinoma sequence, presenting for the fi rst 
time with dysphagia caused by advanced adenocarcinoma or signifi cant extra-

Endoscopically
visible cardiac
mucosa

Endoscopically
invisible cardiac
mucosa

Figure 7–8 Refl ux carditis requires biopsy of the region immediately distal to the 
squamocolumnar junction. It may be endoscopically visible (top) or may occur in endoscopically 
normal patients (bottom). It is defi ned by histology, not by the location of the biopsy. When 
there is an endoscopically visible columnar-lined epithelium, the probability of fi nding cardiac 
mucosa is nearly 100%; when the endoscopy is normal, the probability depends on whether the 
patient has refl ux symptoms. When refl ux symptoms are present, approximately 70% of patients 
will have cardiac mucosa; when the patient is asymptomatic, approximately 35% to 50% will 
have cardiac mucosa.
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esophageal manifestations such as laryngitis, asthma, chronic cough, and 
idiopathic pulmonary fi brosis.31

Refl ux carditis is valuable in the diagnosis of atypically symptomatic refl ux 
disease because of its high sensitivity as a criterion for refl ux disease. If an 
atypically symptomatic patient does not have refl ux carditis in an appropriate 
biopsy sample, it is highly unlikely that the atypical symptoms are caused by 
refl ux. However, the presence of refl ux carditis does not prove whether the 
atypical symptoms are caused by or simply coincident with refl ux disease.

The presence of refl ux carditis is not associated with any known risk of 
carcinoma; however, it is the earliest specifi c step in the refl ux-to-adenocar-
cinoma sequence. Patients with cardiac mucosa have an epithelium that is at 
risk for developing intestinal metaplasia and progressing in the refl ux-to-ade-
nocarcinoma sequence. The greater value of this diagnostic criterion is that 
the absence of both cardiac mucosa and intestinal metaplasia can be used to 
reassure the patient that there is minimal risk of adenocarcinoma. This is a 
signifi cant population (approximately 50% of people in the United States). If 
a 50-year-old patient has no refl ux carditis in an adequately sampled junction 
at endoscopy, it is highly unlikely that cardiac mucosa will develop and prog-
ress through intestinal metaplasia to cancer during his or her lifetime.

Refl ux Carditis and the 24-Hour pH Test

Most patients with refl ux carditis have an abnormal 24-hour pH study. In 
Oberg et al,23 the presence of cardiac and/or oxyntocardiac mucosa in endo-
scopically normal patients was predictive of a greater likelihood of an abnor-
mal 24-hour pH test compared with patients who did not have these mucosal 
types.

However, the presence of refl ux carditis is a more sensitive criterion for 
refl ux disease than an abnormal 24-hour pH study. The reason for this is that 
the level of acid exposure in the 24-hour pH test that was used to defi ne 
abnormal refl ux was calibrated to the presence of symptoms.32 Therefore, it 
should not be surprising that patients with asymptomatic refl ux disease can 
have refl ux carditis but have a normal 24-hour pH test.

In the study by Der et al,30 41 of 105 (39%) of patients with refl ux carditis 
had a pH study within the normal range. Among these patients, the lowest 
percentage time the pH was less than 4 was 2.1%. This means that the 31 
patients who had normal 24-hour pH studies had a daily acid exposure of 
between 30 and 60 minutes in the lower esophagus. Although this may not 
cause symptoms, it should not be surprising that it causes cellular damage to 
the squamous epithelium leading to cardiac metaplasia.

The pH electrode is located in the esophageal body 5  cm above the upper 
limit of the lower esophageal sphincter. This is approximately 8 to 9  cm above 
the gastroesophageal junction, given a sphincter length of 3 to 4  cm. Not 
surprisingly, there can be refl ux-induced changes in the most distal few mil-
limeters of the esophagus when the pH study is normal. We have suggested 
that the most distal few millimeters of the esophageal squamous can be 
damaged in the absence of free refl ux when it becomes exposed to gastric 
luminal contents during periods of gastric overdistension and in patients who 
have short segments of dilated end-stage esophagus resulting from sphincter 
damage. These are the bases for patients who have refl ux carditis with a 
normal 24-hour pH test.

Signifi cance of Refl ux Carditis

Refl ux carditis is a 100% specifi c histologic marker for gastroesophageal refl ux. 
No other etiologic agent is known to produce this change. Refl ux carditis is 
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infi nitely more specifi c than present squamous epithelial criteria for the diag-
nosis of gastroesophageal refl ux.

The sensitivity of refl ux carditis for the diagnosis of refl ux disease is less 
than 100%. Refl ux carditis is much more sensitive than Barrett esophagus for 
the diagnosis of gastroesophageal refl ux. It is less sensitive than the presence 
of oxyntocardiac mucosa.

Refl ux carditis may be absent in a patient with evidence of refl ux for the 
following reasons:

1. True false-negative, type 1: Metaplastic columnar epithelia may be absent 
in the very early stage of refl ux disease when refl ux has caused changes 
in squamous epithelium without causing columnar metaplasia. This is rare 
and is most likely restricted to young children at the very onset of lifelong 
refl ux disease. Most adult patients with evidence of refl ux disease will have 
refl ux carditis.

2. True false-negative, type 2: These patients with refl ux disease have only 
oxyntocardiac mucosa as a columnar metaplastic type. This occurs when 
all the cardiac mucosa resulting from columnar metaplasia converts to 
oxyntocardiac mucosa. This is a very common occurrence in the asymp-
tomatic population. In our autopsy study,16 small amounts of oxyntocardiac 
mucosa were present in some part of the circumference of the squamoco-
lumnar junction in the 56% of patients who did not have cardiac mucosa. 
Patients who have only oxyntocardiac mucosa are likely to be asymptom-
atic and endoscopically normal. When the columnar epithelial length 
reaches 1  cm, there is almost always some cardiac mucosa in the columnar-
lined esophagus.21

3. Sampling error (false negative): Biopsy sampling of the junction is limited, 
with the possibility that cardiac mucosa that is present may be missed, 
causing a false negative result. Increasing the sampling boosts the level of 
confi dence that absence of cardiac mucosa is a true negative result. If each 
biopsy is 4  mm, and the circumference of the esophagus is 5  cm, a four-
quadrant biopsy will sample 32% of the epithelium at the junction; this 
standard is likely to be an adequate sample.

Differential Diagnosis of Refl ux Carditis

There is very little confusion or diffi culty with the diagnosis of refl ux carditis. 
The diagnosis is accurate, precise, and reproducible. It is the presence of a 
columnar epithelium in the esophagus, including the dilated end-stage esoph-
agus, which is composed only of mucous cells; there are no parietal cells or 
goblet cells. The only condition that may theoretically cause confusion with 
refl ux carditis is atrophic gastritis with pseudo-pyloric metaplasia that compli-
cates Helicobacter pylori gastritis and autoimmune gastritis (see Chapter 3).

A New Defi nition of Barrett Esophagus

The present defi nition of Barrett esophagus is the presence of intestinal meta-
plasia in a biopsy taken from an endoscopically visible columnar-lined esoph-
agus.33 This defi nition is patently incorrect. One cannot defi ne a disease by a 
visible change; a visible change must be preceded by a microscopic change, 
because the magnifi cation power of the endoscope does not allow it to be 
seen at a microscopic level. By defi ning Barrett esophagus in this manner, 
we ignore the microscopic phase of Barrett esophagus. Physicians must rec-
ognize that they cannot make diseases disappear by the edict of defi nition.
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The correct defi nition of Barrett esophagus is the presence of intestinal 
metaplasia in cardiac mucosa (Figure 7–9), regardless of endoscopic fi ndings. 
Cardiac mucosa is always a metaplastic refl ux-induced esophageal columnar 
epithelium and is the only precursor epithelium in which esophageal intestinal 
metaplasia occurs. Esophageal intestinal metaplasia (Barrett esophagus) does 
not occur in squamous or oxyntocardiac epithelia of the esophagus. When 
intestinal metaplasia occurs in gastric oxyntic mucosa, it represents chronic 
atrophic gastritis, a disease that has nothing to do with refl ux disease. There 
may, on occasion, be diffi culty in differentiating chronic atrophic gastritis from 
microscopic Barrett esophagus in a single biopsy from the squamocolumnar 
junction. I have addressed this differential diagnosis in Chapter 3 (see Figures 
3–112 to 3–122).

Barrett esophagus is clinically and endoscopically indistinguishable from 
refl ux carditis. The two are separable only by the presence of intestinal meta-
plasia (Figure 7–10). When intestinal metaplasia occurs in an endoscopically 
visible columnar-lined segment of the esophagus, this is visible Barrett esopha-
gus. When intestinal metaplasia is found in cardiac mucosa in an endoscopi-
cally normal patient, this is microscopic Barrett esophagus occurring in the 
dilated end-stage esophagus.7,11 The prevalence of microscopic Barrett esopha-
gus is not known with certainty. In our population of patients with a strong 
bias of having refl ux disease, we reported that 15.8% of patients with less 
than 1  cm of histologically defi ned columnar-lined esophagus had intestinal 
metaplasia.21 Rex et al34 reported that 12.9% of patients who presented for 
screening colonoscopy who were offered an upper endoscopy had intestinal 
metaplasia in a biopsy taken at “the proximal edge of the gastric folds, just 
distal to the end of the tubular esophagus.” It is unknown how many of these 
patients had intestinal metaplasia in cardiac or gastric oxyntic mucosa, because 
the histologic features were not reported apart from the presence of intestinal 
metaplasia. Considering the evidence available, it is reasonable to suggest that 
7% to 15% of the U.S. population over the age of 40 years have microscopic 
Barrett esophagus.

Barrett esophagus is the only pathogenetic pathway to refl ux-induced 
adenocarcinoma. Although Barrett esophagus is undoubtedly the pathway 

Figure 7–9 The newly proposed defi nition of Barrett esophagus is that it is defi ned 
histologically as the presence of intestinal metaplasia in cardiac mucosa, regardless of 
endoscopic appearance or perceived location. This is equivalent to intestinal metaplasia of the 
esophagus, because cardiac mucosa is always a metaplastic esophageal epithelium resulting 
from refl ux-induced damage.
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resulting in adenocarcinoma of the distal tubular esophagus, the etiology of 
what is presently called adenocarcinoma of the gastric cardia is considered 
to be less certainly associated with refl ux. I have produced evidence that most 
adenocarcinomas presently classifi ed as gastric cardiac are adenocarcinomas 
arising in the dilated end-stage esophagus. This would mean these tumors are 
refl ux-induced and must have a pathway through microscopic Barrett esopha-
gus in the dilated end-stage esophagus (Figures 7–11 and 7–12); there is no 
other mechanism whereby refl ux results in adenocarcinoma.

Proving the association between refl ux disease and adenocarcinoma 
arising in microscopic Barrett esophagus limited to the dilated end-stage 
esophagus is diffi cult. These patients, by virtue of the very short segment of 
columnar-lined esophagus, are those with the least severity of refl ux. However, 
when it occurs in short segments, microscopic Barrett esophagus is exposed 
to the highest concentration of carcinogen in the gastric refl uxate. The low 
risk resulting from the very small number of target cells (i.e., intestinal meta-
plasia) is counterbalanced by the exposure to the highest carcinogen dose. 
From a practical standpoint, the combination of the two factors leads to 
approximately 12,000 patients per year in the United States developing adeno-
carcinoma in microscopic Barrett esophagus in the end-dilated stage esopha-
gus. This is only slightly less than the total number who develop adenocarcinoma 
of the tubular esophagus. These patients are completely ignored by the 
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Figure 7–10 Barrett esophagus and refl ux carditis are endoscopically indistinguishable. 
Biopsies from the patients shown in Figure 7–8, who were diagnosed with refl ux carditis if they 
had cardiac mucosa without intestinal metaplasia, would be diagnosed as Barrett esophagus 
if they had intestinal metaplasia in the cardiac mucosa. Barrett esophagus can therefore be 
endoscopically visible or can occur in the endoscopically normal patient as a purely microscopic 
fi nding.
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present criteria of defi nition and practice guideliness until they develop 
advanced cancer.

■  ■  ■  C A S E  S T U D Y The patient is an 83-year-old male with a long history of occasional heartburn 
associated with intermittent episodes of diffi culty in swallowing for the past 20 
years. He has treated this himself with over-the-counter medications. Approxi-
mately 1 month ago, he noted that he was having increasing diffi culty in 
swallowing both solid and liquid food. When this progressed, he was referred 
to a gastroenterologist by his primary care physician.

Carcinogen in gastric juice

No effect

Normal DESE
CM+

DESE
IM+

Adenocarcinoma in
dilated end-stage

esophagus

Intestinal
metaplasia
in cardiac
mucosa

Cancer

Figure 7–11 High-grade dysplasia in a microscopic segment of Barrett 
esophagus in an endoscopically normal patient. Intestinal metaplasia in the 
lowest regions of the esophagus is exposed to the highest carcinogen dose 
and is theoretically highly susceptible to malignant transformation.

Figure 7–12 The pathogenesis of adenocarcinoma in columnar-lined esophagus limited to 
the dilated end-stage esophagus (DESE, pink area) distal to the end of the tubular esophagus is 
identical to the pathogenesis of refl ux-induced adenocarcinoma of the distal esophagus. It 
traverses the refl ux-to-adenocarcinoma sequence, passing through cardiac mucosa (CM), 
intestinal metaplasia (IM), and then from increasing dysplasia to adenocarcinoma. Until a tumor 
or ulcer results from cancer, the premalignant stages are endoscopically invisible and can be 
detected only if biopsies are taken distal to the Z-line in the endoscopically normal patient. Note 
that the epithelium at the epicenter of the tumor is shown to contain cardiac mucosa with 
intestinal metaplasia, indicating the precursor lesion of Barrett esophagus in the dilated end-
stage esophagus.
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At endoscopy, there was an obstructing, ulcerated, circumferential mass 
lesion at the gastroesophageal junction. The upper edge of the tumor was 
composed of squamous epithelium; there was no visible columnar-lined 
esophagus above the tumor (Figures 7–13 and 7–14). This involved the lesser 
curvature of the proximal stomach to a distance of 2 to 3  cm and extended 
toward the fundus for 3 to 4  cm. Biopsies were taken from the tumor and the 
interface of the tumor with the adjacent epithelium and submitted in one 
container.

Biopsies showed the presence of an invasive, moderately differentiated 
adenocarcinoma arising in high-grade dysplasia (Figures 7–15 and 7–16). The 
tumor invaded the muscle fi bers of the muscularis mucosae (Figure 7–17). 
There was residual intestinal metaplasia at the edge of the tumor, character-
ized by goblet cells (Figure 7–18). One of the biopsies showed gastric oxyntic 
mucosa with adenocarcinoma in the deep mucosa, including the muscularis 
mucosae (Figure 7–19). The gastric oxyntic mucosa showed no signifi cant 
infl ammation in the superfi cial region away from the tumor and no intestinal 
metaplasia (i.e., there was no evidence of chronic atrophic gastritis).

This is an adenocarcinoma of the end-stage dilated esophagus presenting 
at an advanced stage. The major part of the tumor is in the saccular region 
distal to the end of the tubular esophagus. The tumor extended to involve 
the end of the tubular esophagus, causing dysphagia only when it obstructed 
the tube. The tumor extended distally to involve the stomach (as shown by 
a tumor undermining gastric oxyntic mucosa).

Despite the fact that this biopsy series was not complete, there is suffi cient 
evidence to indicate that this is a refl ux-induced adenocarcinoma arising in 
dilated end-stage esophagus: (a) The patient has a long history of symptomatic 

Figure 7–13 Diagrammatic representation of this patient’s 
presentation. The tumor is largely in the proximal region of the pouch 
involving the dilated end-stage esophagus (mistaken for gastric cardia) 
and forms a large mass. It has extended to involve and obstruct the 
end of the tubular esophagus, causing dysphagia, which is the 
presenting symptom.

Figure 7–14 Esophagectomy. The tumor is ulcerated and involves 
the dilated end-stage esophagus, extending into the distal tubular 
esophagus. The squamous epithelium extends to the proximal edge 
of the tumor.
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Figure 7–15 Low magnifi cation of the interphase between tumor 
and adjacent epithelium showing high-grade dysplasia and early 
lamina propria invasion. The non-neoplastic epithelium is cardiac with 
residual intestinal metaplasia.

Figure 7–16 Higher magnifi cation of Figure 7–15, showing high-
grade dysplasia with early lamina propria invasion.

Figure 7–17 Invasive adenocarcinoma, showing irregular nests of 
malignant cells invading the muscle fi bers of the muscularis mucosae. 
This appearance usually signifi es a deeply invasive tumor, although the 
biopsy is still limited to the mucosa. The epithelium above the 
muscularis mucosae is oxyntocardiac, with rare parietal cells present 
in the predominantly mucous glands.

Figure 7–18 Higher magnifi cation of Figure 7–15, showing residual 
intestinal metaplasia in the high-grade dysplasia, characterized by the 
presence of goblet cells.

refl ux; (b) the gastric oxyntic mucosa is normal without atrophic gastritis; and 
(c) there is residual intestinal metaplasia around the tumor. The presence of 
intestinal metaplasia in this region with a normal gastric oxyntic mucosa is 
essentially diagnostic of microscopic Barrett esophagus (see Chapter 3).

This is the classical clinical presentation of a patient with refl ux-induced 
adenocarcinoma involving the dilated end-stage esophagus. The tumor grows 
silently until it impinges on the distal tubular esophagus and causes obstruc-
tion and dysphagia. The 20-year history of heartburn and what appears to be 
refl ux-induced motility disturbance causing intermittent dysphagia is the 
opportunity that was missed. The use of over-the-counter, acid-suppressive 
drugs also may have had a role in promoting this patient’s Barrett esophagus 
and adenocarcinoma.

It is interesting to try to reconstruct this patient’s life in terms of how 
his refl ux-induced disease progressed (Figure 7–20). At birth, there is no 
columnar-lined esophagus. At some point in his life, he developed mild 
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Carcinogenesis

Carcinogen
dose

Reflux

Asymptomatic reflux Symptomatic reflux “cured”
with OTC acid suppressives

Endoscopy: normal Cancer
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Figure 7–19 Biopsy showing 
undermining of gastric oxyntic mucosa 
by the invasive adenocarcinoma, a 
typical feature of advanced carcinoma. 
The oxyntic mucosa shows only minimal 
infl ammation in the superfi cial region 
away from the tumor.

Figure 7–20 The hypothetical life history of this patient’s disease. It is likely that he had mild, 
asymptomatic refl ux for the fi rst 60 years of his life, beginning at an unknown point in time, 
although it probably fi rst occurred early in life. Refl ux produced small amounts of cardiac and 
oxyntocardiac mucosa in dilated end-stage esophagus; he would have been endoscopically 
normal. Around the age of 60, he became symptomatic and started taking over-the-counter, 
acid-suppressive drugs, which relieved his symptoms. The change in the pH milieu caused the 
cardiac mucosa to develop into microscopic intestinal metaplasia. The carcinogens in gastric 
juice now had a target cell to act upon, resulting in genetic mutations leading to carcinoma. 
When the carcinoma developed, it progressed to form a large tumor that caused obstruction, 
shown here to have occurred within 1 year. This is the fi rst point at which the disease was 
endoscopically visible. Note that this patient had mild refl ux (orange triangle) and the effective 
carcinogen dose (red part of triangle) was limited to the most distal esophagus.
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refl ux, which produced a very short segment of columnar-lined esophagus 
consisting of cardiac and oxyntocardiac mucosa. This was limited to the 
dilated end-stage esophagus and increased minimally in length until he was 
60 years old. At this point, refl ux was suffi ciently severe to cause symptoms, 
leading him to use over-the-counter, acid suppressive drugs, which “cured” 
him. For the next 20 years, his cardiac mucosa underwent intestinal metaplasia 
and increasing dysplasia until cancer developed in his dilated end-stage 
esophagus when he was 83 years old. This rapidly progressed to produce a 
large, obstructive mass lesion. By present criteria, the patient would have been 
endoscopically normal until he showed evidence of a mass lesion caused by 
the cancer. No biopsies would have been indicated by present practice guide-
lines. By the biopsy protocol suggested here, the patient would have been 
diagnosed with refl ux carditis 50 years before his cancer, and microscopic 
Barrett esophagus would have been diagnosed 20 years before his cancer. 
Withdrawal of acid-suppressive drugs and anti-refl ux surgery would have 
theoretically prevented his cancer. If this was done before he was 60 years 
old, it would have likely prevented intestinal metaplasia developing in refl ux 
carditis. If it was done after he was 60 years old, it would have prevented 
adenocarcinoma arising in Barrett esophagus and possibly reversed intestinal 
metaplasia to cardiac mucosa. Opportunities like these for cancer prevention 
in refl ux disease are being ignored at this time.

A New Diagnostic Method for Refl ux Disease

The availability and recognition of a reliable and accurate histologic diagnostic 
criterion for refl ux disease permit the development of a new method of 
assessing patients for gastroesophageal refl ux.8–12 This can provide scientifi -
cally validated information regarding the presence of refl ux disease at a cel-
lular level, the severity of refl ux disease at a cellular level, and the risk of 
adenocarcinoma.

Protocols for Histologic Assessment

At endoscopy, the following are true (Table 7–4):

TABLE 7–4 Endoscopic Landmarks and Their Meaning

Landmark Precision Normal Abnormal Signifi cance

Squamocolumnar junction High Horizontal; at end of Serrated; migrated proximally Defi nes the proximal limit of
 (= Z-line)   tubular esophagus  into tubular esophagus columnar-lined esophagus
End of tubular esophagus Moderate Sharp; 2–3  cm below Ill-defi ned; fl ared; closer to Best endoscopic estimate of GEJ
   diaphragm  diaphragm  when rugal folds are not clear; 
     0–3  cm proximal to true GEJ
Diaphragm Low Pinch-cock appearance Not detectable Of value only in detecting hiatal
     hernia
Distal limit of lower Very low At end of tubular At end of tubular esophagus Shortened in refl ux disease; 
 esophageal sphincter   esophagus   does not mark end of esophagus
Proximal limit of rugal Moderate Coincident with SCJ at end Separated from SCJ by fl at Best endoscopic estimate of GEJ; 
 folds   of tubular esophagus  columnar epithelium  0–3  cm proximal to true GEJ
Rugated mucosa Moderate Lines entire stomach Lines entire stomach and Composed of oxyntic mucosa
    end-stage dilated esophagus  (stomach) or metaplastic
     esophageal columnar mucosa
     (proximal 0–3  cm)
Flat columnar mucosa Moderate Normally absent Seen between SCJ and Composed of metaplastic
    proximal limit of rugal folds  esophageal columnar mucosa
     or atrophic gastric mucosa

GEJ, Gastroesophageal junction; SCJ, squamocolumnar junction.
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1. The determination of the Z-line is a reliable marker of the proximal limit 
of any columnar-lined esophageal segment.

2. The end of the tubular esophagus and the proximal limit of the rugal folds 
are endoscopic markers that are assessed with moderate precision, but they 
do not defi ne the true gastroesophageal junction.

3  There is no method other than histology to reliably differentiate columnar-
lined esophagus from gastric mucosa.

4. The true gastroesophageal junction can only be defi ned histologically by 
the proximal limit of gastric oxyntic mucosa. This is a reliable marker of 
the distal limit of the columnar-lined esophageal segment.

5. The true gastroesophageal junction is 0 to 3  cm distal to the point of the 
end of the tubular esophagus or the proximal limit of the rugal folds, 
depending on the severity of refl ux damage to the distal esophagus (0 = 
normal; increasing lengths are correlated with increasing refl ux damage 
and end-stage dilated esophagus).

Once these facts are recognized, the diagnostic aim is to histologically defi ne 
the extent of the columnar-lined esophagus that may be present between the 
true gastroesophageal junction (the proximal limit of gastric oxyntic mucosa) 
and the squamocolumnar junction. This is achieved by a systematic biopsy 
protocol (Table 7–5). An adequate biopsy series will have squamous epithe-
lium in the most proximal biopsy and gastric oxyntic mucosa in the retrograde 
biopsy, thereby sampling the entire region between these two normal epithelia 
(Figure 7–21).

Biopsy Protocol for Patients Who 
Are Endoscopically Normal

In the endoscopically normal patient, all pathologic changes of refl ux disease 
are microscopic. These can affect the distal squamous epithelium, which can 
show features of refl ux esophagitis even when endoscopically normal. 
However, changes in the columnar epithelium distal to the squamous epithe-
lium are far more sensitive, specifi c, and meaningful. Attention is therefore 
focused on this region at biopsy, and the intention is to characterize the pres-
ence and histologic features of the dilated end-stage esophagus (see Figure 
7–11).

The following biopsies are recommended in the endoscopically normal 
patient (Figure 7–22):

TABLE 7–5 An Ideal Biopsy Protocol that Permits Accurate Assessment of the Histologic 
Features of Columnar-Lined Esophagus

Biopsy location Circumstance Purpose

A: At SCJ, attempting to Always Defi ne the proximal limit of CLE;
 straddle the junction   defi ne epithelium at proximal limit of
   CLE; diagnose Barrett esophagus
B: 1–3  cm distal to end of Always Find CLE in dilated end-stage
 tubular esophagus (in   esophagus; fi nd oxyntic mucosa to
 retrofl exed position)   defi ne distal limit of CLE and true GEJ
C: 1  cm distal to end of Always Defi ne refl ux disease in the dilated
 tubular esophagus   end-stage esophagus; diagnose
   microscopic Barrett esophagus
D, E, F: Measured biopsies When CLE is seen Defi ne length of CLE; map epithelial
 at 1–2  cm intervals between  endoscopically  composition of CLE
 A and C
X: Gastric antrum and body Always Defi ne coexisting gastric pathology

CLE, Columnar-linded esophagus; SCJ, squamocolumnar junction.
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1. A measured (from the incisor teeth) antegrade four-quadrant biopsy from 
the squamocolumnar junction, attempting to straddle the junction and 
procure mucosa that shows the transition of squamous to columnar epi-
thelium (specimen A).

2. Biopsies taken with the endoscope in the retrofl exed position from the 
area immediately distal to the location of the antegrade biopsies, sampling 
the area 0 to 3  cm distal to the end of the tubular esophagus. Ideally, a 
set of biopsies is taken 1  cm distal to the squamocolumnar junction (speci-
men B), and another set is taken from the mucosa between this and 3  cm 
of the squamocolumnar junction (specimen C ).

3. The distal stomach; three biopsies are taken from the antrum and two 
biopsies from the gastric body or fundus at a point greater than 3  cm from 
the end of the tubular esophagus (specimen X ).

Biopsy Protocol for Patients with a 
Visible Columnar-Lined Esophagus

In patients with a visible columnar-lined esophagus, the following protocol 
is recommended (Figure 7–23):

1. Biopsy the distal stomach (three antral and two body samples–specimen 
X ).

Esophagus

D,E,F: CLE if
present

Stomach

X: antrum
     and body

A: SCJ

B,C: retrograde

Straddles the
SCJ

1 cm distal to
SCJ

1–3 cm distal
to SCJ

Figure 7–21 The ideal biopsy protocol samples the entire region 
between the squamocolumnar junction and the true gastroesophageal 
junction. The squamocolumnar junction (SCJ) biopsy (A) attempts to 
straddle the junction. Biopsies are taken retrograde from 1  cm distal 
(B) and 2 to 3  cm distal (C) to the proximal limit of the rugal folds. 
These biopsies attempt to delineate the true gastroesophageal 
junction (proximal limit of gastric oxyntic mucosa) and defi ne the 
presence, extent, and composition of the dilated end-stage 
esophagus. When the Z-line is displaced proximally, four-quadrant 
biopsies (D,E,F) are taken at 1- to 2-cm intervals within the columnar-
lined segment. Biopsies of the distal body and antrum of the stomach 
(X) are always taken. CLE, Columnar-lined esophagus.

Figure 7–22 Biopsy protocol for the endoscopically normal patient. 
The squamocolumnar junction (SCJ) biopsy (red circle) attempts to 
straddle the junction. Biopsies are taken retrograde from 1  cm distal 
(yellow circle) and 2 to 3  cm distal (green circle) to the proximal limit of 
the rugal folds. The distal stomach is also biopsied.
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2. With the endoscope in the retrofl exed position, biopsy the line of the 
proximal limit of the rugal folds and/or the end of the tubular esophagus, 
whichever is best defi ned (specimen B).

3. Take another one or two sets of biopsies within 3  cm distal to biopsy “B” 
with the endoscope still in the retrofl exed position (specimen C ).

4. Take four-quadrant biopsies at 1- to 2-cm intervals from the columnar-lined 
esophagus visualized in the tubular esophagus (specimens D, E, F, and so 
on). Whether the interval is 1 or 2  cm depends on the length of the 
segment.

5. Take four-quadrant biopsies at the squamocolumnar junction, attempting 
to straddle the junction (specimen A).

Quick Biopsy Protocol for the 
Busy Gastroenterologist

The most signifi cant fi ndings in all biopsy protocols will be present at the 
squamocolumnar junction. If intestinal metaplasia is present, it will be found 
there; in the patient without intestinal metaplasia, refl ux carditis is most likely 
to be found there. Because these epithelial types take priority in diagnosis, 
the information provided in the other biopsies is less relevant. For the busy 
gastroenterologist, a reasonable biopsy protocol at the index endoscopy in all 
patients will be as follows:

1. Take a four-quadrant biopsy straddling the squamocolumnar junction, 
regardless of its level (specimen A).

2. Take biopsies of the distal stomach, at least one of the antrum and one of 
the body. This is the quickest and most effi cient biopsy protocol that will 
provide the maximum information with the least number of biopsies.

A: straddle
the SCJ

1–2 cm intervals
between A and B

B: end of tubular
esophagus

1 cm distal to
end of tubular
esophagus

3 cm distal to
end of tubular
esophagus

Figure 7–23 Biopsy protocol for a patient with a visible columnar-lined segment in the tubular 
esophagus. The biopsy from the squamocolumnar junction (SCJ) (red circles) is now separated 
from the retrograde biopsies (yellow and green circles) by the distance of the columnar-lined 
esophagus. Four-quadrant biopsies from this segment (purple circles) are taken at 1- to 2-cm 
intervals. Distal gastric biopsies in Table 7–5 are also taken. When the proximal limit of the rugal 
folds is at a point distal to the end of the tubular esophagus, the tubular esophagus (blue 
circles) replaces the proximal limit of the rugal folds as the point that defi nes landmarks.
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Biopsy Protocol for Barrett Surveillance

The objective in a patient under surveillance for Barrett esophagus is to detect 
the presence of dysplasia and/or adenocarcinoma. The need for surveillance 
is dictated by the generally accepted 0.5% per year risk of adenocarcinoma for 
patients with Barrett esophagus. The surveillance interval is determined by the 
rate of progression from non-dysplastic Barrett esophagus to adenocarcinoma. 
Although this is usually slow, it is unpredictable. Surveillance is successful if 
the patient is recognized as showing progression to adenocarcinoma at a treat-
able stage (high-grade dysplasia or stage I adenocarcinoma). If the adenocar-
cinoma is detected at a more advanced stage, surveillance has failed, either 
because biopsy sampling during surveillance endoscopy was inadequate or 
because the surveillance interval was too long for that patient. Because the rate 
of progression is not predictable, failure to fi nd cancer at an early stage may 
be impossible to avoid in patients who progress to cancer rapidly.

The biopsy protocol at endoscopy depends on whether a mass lesion is 
identifi ed (discussed in the following section). If there is no visible lesion, 
one is attempting to fi nd high-grade dysplasia (or worse) with a random 
sample. Even the most compulsive biopsy sampling (four-quadrant biopsies 
at 1-cm intervals in the columnar-lined segment) will sample approximately 
20% of the surface area (see Figure 6–38).

If the segment of columnar-lined esophagus is fl at without visible lesions, 
four-quadrant biopsies must be taken at intervals of at least at 2-cm intervals 
throughout the columnar-lined segment from the squamocolumnar junction 
down to the proximal limit of gastric oxyntic mucosa (see Figure 7–23). In 
patients with a prior biopsy diagnosis, the extent of the dilated end-stage 
esophagus should have been determined by the previous biopsy series; if not, 
this needs to be defi ned.

When a prior biopsy has shown low-grade dysplasia, it represents evidence 
of progression and an increased risk of prevalent cancer and risk of future 
cancer. When it shows high-grade dysplasia, these risks are extremely high. If 
surveillance is selected as the method of treatment, the surveillance interval 
must decrease, and intensity of biopsy sampling must increase. Some authorities 
use 3-month intervals for surveillance endoscopy when high-grade dysplasia is 
present. Biopsy sampling is increased to four-quadrant biopsies every 1  cm of 
the columnar-lined segment. If there is no commitment to intense surveillance 
on the part of either the patient or the physician, it is not appropriate to manage 
patients with dysplastic Barrett esophagus with follow-up. The risk of prevalent 
cancer as well as progression to advanced cancer is too high.

Failure to recognize the dilated end-stage esophagus is common when 
present defi nitions and practice guidelines are used; biopsies stop at the end 
of the tubular esophagus or proximal limit of the rugal folds. Any intestinal 
metaplasia present in the dilated end-stage esophagus is exposed to the 
highest carcinogen dose and is at greatest risk. These patients will fail during 
surveillance by developing adenocarcinoma in the end-stage dilated esopha-
gus below the lower limit of surveillance biopsies. This can only be prevented 
by carrying the biopsies all the way to the end of the columnar-lined segment 
(i.e., until gastric oxyntic mucosa is reached by histology, 0 to 3  cm distal to 
the presently defi ned endoscopic gastroesophageal junction).

Biopsy Protocol for the Patient 
with a Mass Lesion

When a mass lesion is encountered, the primary objective is a histologic diagnosis. 
For this purpose, generously sampling different areas of the mass is essential.
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Once this primary objective has been met, the following secondary objec-
tives are valuable (Figure 7–24):

1. Determine whether the tumor is esophageal (refl ux-induced) or gastric. 
This is only a question in distally located tumors; tumors located entirely 
in the tubular esophagus are esophageal. Many of these distally located 
tumors are currently designated as “gastroesophageal” or “gastric cardiac” 
in origin, based on the relationship to the endoscopic gastroesophageal 
junction (end of the tubular esophagus or proximal limit of rugal folds). 
In a recent study of tumors in this region, we established that many of 
these tumors are actually located in the dilated end-stage esophagus, proxi-
mal to the true gastroesophageal junction (proximal to gastric oxyntic 
mucosa). These distal esophageal tumors can be recognized as such by 
the type of epithelium surrounding the tumor. Two sets of biopsies should 
be taken: (a) Biopsy from the distal edge of the tumor. If metaplastic 
columnar epithelia (cardiac mucosa with and without intestinal metaplasia 
or oxyntocardiac mucosa) are found in this specimen, the tumor is located 
entirely in the esophagus and is unquestionably esophageal. If, however, 
the distal edge of the tumor is lined by gastric oxyntic mucosa, the tumor 
involves both esophagus and stomach and can be derived from either 
organ; (b) Biopsy from the lateral edge of the tumor at its epicenter. This 
is possible only in tumors that do not involve the entire circumference. 
The type of mucosa encountered in this biopsy indicates where the majority 
of the tumor is located. If this is metaplastic columnar epithelium, it indi-
cates that the majority of the tumor is esophageal and suggests an esopha-
geal origin. This assumes equivalent growth of the tumor.

2. Determine the location of the tumor within the segment of columnar-lined 
esophagus. This involves taking additional biopsies at the proximal edge 
of the tumor and from the esophagus above and below the tumor at 1- to 
2-cm intervals. These biopsies will map the epithelium around the tumor 
and localize the tumor within the segment of columnar-lined esophagus. 
They also will show residual intestinal metaplasia, if it is present. The data 
provided by these biopsies are of academic value. It has been shown that 

Proximal

Tumor
mass

Epicenter
(lateral)

Distal edge

Distal

Figure 7–24 Biopsy protocol for a patient with a mass lesion. This biopsy attempts to 
delineate the tumor within the epithelial types. Biopsies are taken from the tumor (light blue 
circle), proximal edge (green circle), lateral edge (the epicenter, dark blue circles), and the distal 
edge (purple circle). Biopsies are also taken proximal and distal (yellow circles) to the tumor to 
defi ne the extent of the columnar-lined segment within which the tumor arises.
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residual intestinal metaplasia is present in approximately 65% to 70% of 
esophageal adenocarcinomas and that cancers tend to arise at the distal 
limit of intestinal metaplasia within the columnar-lined segment. The biop-
sies are also of practical value because they identify foci of high-grade 
dysplasia and intramucosal adenocarcinoma (Figure 7–25).

Protocol for Dissecting an 
Esophagectomy Specimen

The dissection of an esophagectomy specimen has the same objectives as the 
biopsy protocols, except that the examination can largely remove the problem 
of sampling error, and measurements can be made directly without using the 
less precise endoscopic measurements. Three potential artifacts are created in 
the esophagectomy specimen:

1. When the specimen is removed, there is an inevitable contraction of the 
muscular wall, which distorts the length of the total specimen.

2. The mucosa moves freely in a longitudinal direction in relation to the 
muscle wall, making it diffi cult to precisely correlate points on the external 
surface of the specimen (e.g., the peritoneal refl ection) with the mucosa.

3. Formalin fi xation and tissue processing cause a slight shrinkage, which 
may distort measurements made on the slides.

When there is no distortion of the most distal esophagus by a tumor or ulcer, 
the following information should be accurately recorded:

1. The position and appearance of the squamocolumnar junction (Z-line).

2. The relationships of the end of the tubular esophagus, Z-line, and the 
proximal limit of the rugal folds. If these are not clearly defi ned, this should 
be recorded.

Visible ulcerated
carcinoma

Invisible early
carcinoma

Figure 7–25 Esophagectomy specimen in a patient with a large adenocarcinoma of the distal 
esophagus (area outlined in red). A second early intramucosal adenocarcinoma was found in 
the dilated end-stage esophagus by sectioning of the area distal to the end of the tubular 
esophagus and in an area that showed rugal folds (circled purple area). This second cancer 
was surrounded by cardiac mucosa with intestinal metaplasia and had submucosal glands, 
proving an esophageal location.
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3. The distance between the highest point of the Z-line and the proximal limit 
of the rugal folds and the appearance of the columnar epithelium that 
separates them. After this is recorded, the specimen should be divided 
along a horizontal line at the end of the tubular esophagus into the tubular 
esophagus and the saccular region distal to the end of the tubular esopha-
gus (Figure 7–26). The proximal 3  cm of the saccular structure should be 
entirely submitted using vertical sections. The tubular esophagus can be 
examined either by vertical sections or by horizontal sections taken at 
5-mm intervals. Vertical sections are appropriate when there is no visible 
columnar-lined esophagus or the segment is short (less than 3  cm); sam-
pling by horizontal sections is preferable when there is a long columnar-
lined segment (see Figure 7–26). Sections should be taken from the gastric 
mucosa in the specimen near its distal margin.

Histologic examination of the resulting sections permits exact mapping of the 
areas of carcinoma, dysplasia, and the different epithelial types (Figure 7–27). 
The proximal limit of gastric oxyntic mucosa defi nes the distal end of the 
esophagus. It is possible to determine the extent of intestinal metaplasia, the 
relationship of the intestinal metaplasia to carcinoma and high-grade dysplasia, 
and the extent of non-intestinalized columnar metaplastic epithelia (cardiac 
and oxyntocardiac mucosa).

When a mass lesion is present in the junctional region, sections should 
be taken to examine the lesion completely and determine the location 
of the tumor in relation to the gastroesophageal junction (proximal limit of 
gastric oxyntic mucosa) (see Figure 7–24). When the tumor or ulcer is 
non-circumferential, a section should be taken at the lateral edge of the 
tumor at its mid-point to determine the type of epithelium present at the epi-
center of the tumor. Additional sections from the proximal margin to the Z-line 
(when there is a columnar-lined esophagus) will accurately localize the tumor 
within the segment of columnar-lined esophagus as well as defi ne the rela-
tionship of the tumor to the different epithelial types in the columnar-lined 
segment.

Horizontal sections
of the CLE to the SCJ
at 0.5-cm intervals

Line of separation =
end of tubular
esophagus

Vertical sections of
the 3-cm area distal to
end of tubular esophagus

Figure 7–26 Method of sectioning the esophagectomy specimen, designed to map the 
epithelium. The specimen is divided horizontally at the end of the tubular esophagus. The area 
3  cm distal to this is entirely submitted as vertical sections. The entire columnar-lined segment 
in the tubular esophagus is submitted as horizontal sections taken at 5-mm intervals. Random 
sections are taken from the distal stomach and proximal squamous-lined esophagus.
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Data Generated by Histologic Assessment

The biopsies (or sections taken from the esophagectomy specimen) are evalu-
ated by routine histology using hematoxylin- and eosin-stained sections. With 
biopsies, each specimen level is processed as a separate specimen. The biop-
sies of the distal stomach are routinely stained for H. pylori (Giemsa stain is 
recommended).

The histologic examination records the following information:

1. The presence of gastric pathology in the distal gastric biopsy.

2. The types of columnar mucosa present in each biopsy piece (Figure 7–
28A). Priority is given to the highest grade of abnormality in terms of cancer 
risk (see Chapter 3). Therefore, when cardiac mucosa with intestinal meta-
plasia is present, coexisting cardiac and oxyntocardiac mucosa need not 
be mentioned. When cardiac and oxyntocardiac mucosa are present, only 
the former need be mentioned. Squamous epithelium and gastric oxyntic 
mucosa are normal epithelia of the esophagus and stomach, and their 
presence equates to “no pathologic abnormality” if they are normal.

The changes in each biopsy can be converted to a diagnosis based on 
the highest grade of epithelium (intestinal > cardiac > oxyntocardiac) for 
each level based on the examination of all biopsies from that level (Figure 
7–28B). This is usually the diagnosis recorded in the pathology report for 
the level.

In esophagectomy specimens, it is possible to map the exact distribu-
tion of the three epithelial types within the columnar-lined segment of the 
esophagus (Figure 7–28C). This type of accurate mapping is not possible 
for biopsies, because all biopsies at one level are placed in one container. 
It is impossible to localize the biopsies into the four quadrants. Theoreti-
cally, marking each biopsy with a different color of ink before placement 

Distal limit of
intestinal
metaplasia

High-grade
dysplasia

CM and OCM

Proximal limit
of oxyntic
mucosa (= GEJ)

Figure 7–27 Mapping of the epithelium by histologic examination and measurement will 
delineate the true gastroesophageal junction (GEJ) (proximal limit of gastric oxyntic mucosa; 
green line), the dilated end-stage esophagus (light blue area), the lowest limit of intestinal 
metaplasia within the columnar-lined segment (dark blue line), and any dysplasia or cancer that 
may be present (yellow areas). The length of columnar-lined esophagus is the maximum 
distance from the proximal limit of gastric oxyntic mucosa to the Z-line (not seen in this 
specimen). CM, Cardiac mucosa; OCM, oxyntocardiac mucosa.



258 CHAPTER 7  New Histology-Based Defi nitions and Method of Diagnosis of Refl ux Disease

into the container can provide better mapping, but there is no practical 
value to this, and such techniques are extremely time-consuming.

3. The length of the columnar-lined esophagus is presently measured by the 
distance between the squamocolumnar junction and the endoscopic gas-
troesophageal junction. This excludes the dilated end-stage esophagus, 
which is misinterpreted as stomach and ignored at endoscopy.

In the new diagnostic method, the measurement is made by histology, 
as follows:

 a. The length of columnar-lined esophagus is zero if only squamous epi-
thelium and gastric oxyntic mucosa are found (Figure 7–29).

 b. In an endoscopically normal patient, in whom metaplastic columnar 
epithelium is present only in one biopsy sample, it is not possible to 

A B C

Figure 7–28 Methods of assessing and reporting biopsy results. A, Each biopsy is diagnosed 
by the most abnormal metaplastic epithelium found (light blue, intestinal > black, cardiac > red, 
oxyntocardiac). B, The level is diagnosed by the most abnormal epithelium found in all the 
biopsies at that level. This is what appears in the diagnosis line of the pathology report; a more 
detailed description can be provided in the microscopic description. The data in the mapping 
biopsies can be used to construct a diagrammatic map of the epithelial types (C). This is more 
accurate in esophagectomy specimens than in biopsy samples.

Figure 7–29 A patient (endoscopically normal) with a direct transition from squamous 
epithelium to gastric oxyntic mucosa in the biopsy straddling the junction (red circle) with gastric 
oxyntic mucosa in the retrograde biopsies (yellow and green circles) has no columnar-lined 
esophagus.
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determine length accurately. The presence of metaplastic columnar 
epithelia in this situation is generally considered as “microscopic” in 
extent and grouped in the less-than-1-cm category.

 c. When more than one measured biopsy shows metaplastic columnar 
epithelia, the length is the distance between the biopsies (Figures 7–30 
and 7–31). With the histologic technique of measurement, the total 
length of columnar-lined esophagus is always greater than the endo-
scopically measured columnar-lined segment because of the invariable 
presence of the dilated end-stage esophagus, which is missed com-
pletely by the present endoscopic defi nition of the gastroesophageal 
junction.

Squamous—CM
junction

Cardiac mucosa

Gastric oxyntic
mucosa

Figure 7–30 A patient (endoscopically normal) who has cardiac mucosa at the 
squamocolumnar junction (red circle) and 1  cm distal to the junction (yellow circle) with gastric 
oxyntic mucosa 2 to 3  cm distal to the junction (green circle) has a 1-cm length of columnar-
lined esophagus composed of cardiac mucosa.

–4 cm

+2 cm

Zero

Visible CLE

Endoscopic GEJ

CLE in dilated
end-stage
esophagus

Figure 7–31 In a patient with a visible columnar-lined esophagus, the columnar-lined 
esophagus (CLE) does not end at the distal limit of measurement at endoscopy. The extent of 
the microscopic columnar-lined esophagus in the dilated end-stage esophagus must be added 
by assessment of the retrograde biopsies to derive its full length. GEJ, Gastroesophageal 
junction.
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4. The length of intestinal metaplasia within the columnar-lined segment can 
also be assessed in an identical manner to measuring the columnar-lined 
esophagus. In Figure 7–32, three patients with the identical length of 
columnar-lined esophagus are shown to have three widely different lengths 
of intestinal metaplasia.

5. Each biopsy is assessed for the presence and grade of dysplasia and the 
presence of adenocarcinoma. Any dysplasia found can be localized to a 
specifi c level but not to any specifi c part of the circumference, unless the 
dysplastic lesion was visible at endoscopy.

Interpretation of the Data

The data recorded in this series of biopsies can now be analyzed (Table 7–6). 
If the patient is endoscopically normal, biopsy of the squamocolumnar junc-
tion may show the squamous epithelium transitioning into gastric oxyntic 
mucosa (normal), oxyntocardiac mucosa (compensated refl ux), cardiac mucosa 
(refl ux disease), or cardiac mucosa with intestinal metaplasia (Barrett esopha-
gus) (Figure 7–33). If the patient has a visible columnar-lined esophagus, this 
indicates cellular damage caused by gastroesophageal refl ux. Biopsy of the 
squamocolumnar junction may rarely show oxyntocardiac mucosa (compen-
sated refl ux) but usually shows either cardiac mucosa (refl ux carditis) or 
cardiac mucosa with intestinal metaplasia (Barrett esophagus) (Figure 7–34).

A = <1 cm B = 3 cm C = 5 cm

Figure 7–32 Three patients with an identical 4-cm length of endoscopically visible columnar-
lined esophagus have a total histologic length of columnar-lined esophagus of 6  cm. These 
patients have varying lengths of intestinal metaplasia within the columnar-lined esophagus; the 
patient in A has <1  cm, the patient in B has 3  cm, and the patient in C has 5  cm of intestinal 
metaplasia. Note that the level of intestinal metaplasia is lowest in the patient in C, who 
therefore has the highest exposure to carcinogen located in the gastric juice.

TABLE 7–6 Interpretation of Histologic Findings of Biopsies at the Squamocolumnar Junction

Finding Interpretation

Gastric oxyntic mucosa and squamous No evidence of gastroesophageal refl ux
 epithelium only
Oxyntocardiac mucosa +/− squamous Evidence of mild gastroesophageal refl ux
 epithelium and gastric oxyntic mucosa  (compensated refl ux)
Cardiac mucosa +/− oxyntocardiac mucosa  Gastroesophageal refl ux disease
 +/− squamous epithelium and gastric oxyntic
 mucosa
Intestinal metaplasia in cardiac mucosa +/− Barrett esophagus, non-dysplastic
 cardiac mucosa +/− oxyntocardiac mucosa
 +/− squamous epithelium and gastric
 oxyntic mucosa
Dysplasia and adenocarcinoma Barrett esophagus, neoplastic phase
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Based on the results of the biopsies, the following questions can be 
answered:

Does the Patient Have Evidence of 
Refl ux-Induced Cellular Change?

In the normal person without any refl ux damage, there will be no columnar-
lined esophagus (i.e., cardiac mucosa with and without intestinal metaplasia 
or oxyntocardiac mucosa). The squamous epithelium of the esophagus 

Endoscopy = normal

Biopsy

GOM

= Normal

Compensated
reflux

=

Reflux
disease
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Figure 7–33 Biopsy of the squamocolumnar junction (in an endoscopically normal patient) 
permits identifi cation of the columnar epithelial type immediately adjacent to the distal limit of 
squamous epithelium. This can vary in different points in the circumference of the Z-line. If 
gastric oxyntic mucosa (GOM) is found, the patient is normal. If oxyntocardiac mucosa (OCM) is 
found, the patient has compensated refl ux. If cardiac mucosa (CM) is found, the patient falls 
within the defi nition of refl ux disease (refl ux carditis). If cardiac mucosa with intestinal metaplasia 
(IM) is found, the patient has Barrett esophagus.

 Endoscopy = CLE
= reflux disease

Biopsy

Compensated
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Figure 7–34 When there is a visible columnar-lined esophagus (CLE), the patient always 
has metaplastic columnar epithelium. If this is solely oxyntocardiac (OCM), the patient has 
compensated refl ux; when cardiac mucosa (CM) is found, it is refl ux disease (refl ux carditis); 
when cardiac mucosa with intestinal metaplasia (IM) is found, the patient has Barrett 
esophagus.
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transitions directly to gastric oxyntic mucosa (see Figure 7–29). This is desig-
nated as a person without any evidence of cellular change caused by refl ux. 
Such patients are very rarely encountered in clinical practice. They are asymp-
tomatic; have no visible endoscopic abnormality; do not present to physicians; 
and can be seen only in autopsy studies that include young children16,35 (Figure 
7–35), esophagectomies performed for other reasons such as squamous car-
cinoma and other neoplasms not caused by refl ux (Figures 7–36 and 7–37), 
and in clinical studies that include biopsy of large numbers of volunteers or 
asymptomatic patients with no endoscopic abnormality.23

In most “normal” adults, chronic subclinical gastroesophageal refl ux at a 
level below the threshold for abnormality in a 24-hour pH test will have pro-
duced very small amounts of columnar-lined esophagus. When the high fre-
quency of heartburn is considered, it should not be surprising that minimal 
cellular changes produced by gastroesophageal refl ux are present in almost 
all people. The situation is analogous to the incidence of atherosclerosis in 
American adults.

The distinction between refl ux and refl ux-induced cellular change and 
refl ux disease is emphasized. Refl ux is defi ned by a 24-hour pH test or imped-
ance test and classifi ed as normal or abnormal by quantitative criteria. Refl ux-

Figure 7–35 Autopsy of a young child who died in a traffi c 
accident. The squamous epithelium transitions directly to gastric 
oxyntic mucosa. There is no columnar-lined esophagus. This patient 
has no evidence of refl ux-induced cellular change.

Figure 7–36 Squamocolumnar junction in an esophagectomy 
specimen of a 67-year-old patient with squamous carcinoma of the 
mid-esophagus. The squamous epithelium transitions directly to 
gastric oxyntic mucosa. There is no evidence of refl ux-induced 
change (no columnar-lined esophagus at microscopic level).

Figure 7–37 Squamocolumnar junction in an esophagectomy specimen 
of an adult male patient with a large squamous papilloma of the distal 
esophagus. The squamous epithelium transitions directly to gastric oxyntic 
mucosa. There is no evidence of refl ux-induced change (no-columnar lined 
esophagus at microscopic level).



 New Histology-Based Defi nitions and Method of Diagnosis of Refl ux Disease 263

induced cellular change represents alterations in the squamous epithelium 
and the presence of any metaplastic columnar epithelium. Refl ux disease 
requires the presence of cardiac mucosa, with or without intestinal metaplasia. 
Although an excellent correlation exists between the amount of abnormal 
refl ux in the 24-hour pH and impedance tests and the presence of cellular 
changes, these are independent characteristics.

Does the Patient Have Refl ux Disease?

By our defi nition, patients with cardiac mucosa (refl ux carditis) have refl ux 
disease (see Figures 7–3 and 7–30). Patients without cardiac mucosa do not 
have refl ux disease. Cardiac mucosa may become intestinalized in a small 
number of patients; this defi nes Barrett esophagus and indicates progression 
in the refl ux-to-adenocarcinoma sequence.

Because we have defi ned refl ux disease as the presence of refl ux carditis, 
patients who only have oxyntocardiac mucosa without cardiac or intestinal epi-
thelium will be designated as not having refl ux disease (Figures 7–38 and 7–39). 
We use the term “compensated refl ux” for patients who have only oxyntocardiac 
mucosa in addition to squamous and oxyntic mucosa because, although they 
have evidence of refl ux-induced cellular damage, they have no epithelia that are 
at risk to progress to intestinal metaplasia or adenocarcinoma. Patients with only 
oxyntocardiac mucosa are rarely symptomatic, have a normal endoscopy, and 
have a histologically defi ned columnar metaplastic segment less than 1  cm in 
length. When the columnar metaplastic segment reaches 1  cm in length or when 
it is endoscopically visible, cardiac mucosa is almost always present.21

Biopsies only give information at the point in time the biopsy is per-
formed. Patients with no evidence of refl ux disease (i.e., refl ux carditis) can 
develop cardiac mucosa in the future; patients with no intestinal metaplasia 
can develop intestinal metaplasia in the future. The signifi cance of absence 
of refl ux carditis and intestinal metaplasia depends on the patient’s age. If the 
patient is 60 years old and has no cardiac or intestinal mucosa, it is likely that 
the existing gastroesophageal refl ux is so minimal that the patient will not 
develop cardiac and intestinal mucosa. The situation is much different for a 

Squamous-OCM
junction (No CM)

Gastric oxyntic
mucosa

Figure 7–38 Biopsy series from an endoscopically normal patient showing features of 
compensated refl ux. The squamous epithelium transitions to oxyntocardiac mucosa (OCM) 
without any cardiac mucosa (CM) intervening (red circle). The more distal retrograde biopsies 
(yellow and green circles) show gastric oxyntic mucosa, indicating that this patient has a very 
short segment of columnar-lined esophagus composed entirely of oxyntocardiac mucosa.
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10-year-old child; the risk of future cardiac and intestinal mucosa is much 
higher because the cellular changes may be evolving.

Refl ux carditis establishes a cellular basis for the diagnosis of refl ux 
disease. Patients who have refl ux disease histologically can now be classifi ed 
into various subgroups: patients who are classically symptomatic, atypically 
symptomatic, mildly symptomatic, and asymptomatic; patients with or with-
out an abnormal 24-hour pH test; and patients with or without erosive 
esophagitis.

As with any other common pathologic fi nding, careful clinical correlation 
is necessary before refl ux carditis is ascribed as a cause of the patient’s disease. 
For example, patients who present with squamous carcinoma of the esopha-
gus, asthma, laryngitis, or interstitial lung disease frequently have small 
amounts of cardiac mucosa at the junction. This may represent an incidental 
fi nding; it does not mean that refl ux disease is the cause of these conditions 
in this particular patients, although this possibility cannot be excluded.

■  ■  ■  C A S E  S T U D Y A 78-year-old male presented with a history of progressive dysphagia for solid 
foods over the past 3 weeks. There was no history suggestive of refl ux disease. 
Endoscopy showed a large, exophytic mass lesion with surface ulceration in 
the mid-esophagus (28 to 35  cm). This was surrounded by unremarkable 
squamous epithelium that extended all the way down to the end of the tubular 
esophagus (40  cm) where it transitioned with columnar epithelium character-
ized by rugal folds. The rugal folds reached the squamocolumnar junction at 
the end of the tubular esophagus (Figure 7–40).

Figure 7–39 Compensated refl ux, showing transition of squamous 
epithelium to oxyntocardiac mucosa without intervening cardiac 
mucosa. This is the most common histologic fi nding at the junction if 
one examines the entire population (as at autopsy). In clinical 
populations, the incidence of carditis increases because of the 
prevalence of refl ux in patients who undergo endoscopy. 
Compensated refl ux is almost never seen in patients who have an 
endoscopically visible columnar-lined esophagus.

Figure 7–40 Esophagectomy specimen showing a large squamous 
carcinoma in the mid-esophagus. The squamous epithelium extends 
to the end of the tubular esophagus where it transitions to rugated 
columnar epithelium. The Z-line appears convex but is regular.
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Biopsies were taken as follows:

A:  Antrum and body of stomach.

B:   Retrograde biopsy from the proximal limit of the rugal folds within 1  cm 
distal to the squamocolumnar junction (unmeasured).

C:  Antegrade biopsy from the squamocolumnar junction at 40  cm.

D:   Biopsy of squamous epithelium at 38  cm between the distal edge of the 
tumor and the squamocolumnar junction.

E:  Biopsy of the tumor.

The distal gastric biopsies showed antral and oxyntic mucosa without 
signifi cant infl ammation (Figure 7–41). Giemsa stain for H. pylori was nega-
tive. Sections from the retrograde biopsy showed one piece of tissue consisting 
of oxyntic and oxyntocardiac mucosa (the latter with chronic infl ammation, 
Figure 7–42) and one piece of tissue with cardiac mucosa that showed 
marked chronic infl ammation and reactive foveolar hyperplasia (Figure 7–43). 
The biopsy of the squamocolumnar junction showed squamous epithelium 
transitioning to cardiac mucosa with chronic infl ammation and foveolar hyper-

Figure 7–41 Distal gastric biopsy showing normal gastric oxyntic 
mucosa. There is no signifi cant infl ammation. H. pylori was absent.

Figure 7–42 Section from the retrograde biopsy showing the true 
gastroesophageal junction, which is the junction between gastric 
oxyntic mucosa (left) and oxyntocardiac mucosa (right). There is mild 
chronic infl ammation. This junction is not well defi ned. There is no 
cardiac mucosa.

Figure 7–43 Section from another piece of the retrograde biopsy showing 
cardiac mucosa with marked chronic infl ammation and foveolar hyperplasia, 
which is typical of refl ux carditis. Note that this is slightly separated in location 
from the biopsy shown in Figure 7–42, but it is likely to be more proximal. 
There are pseudo-goblet cells but no true intestinal metaplasia.
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plasia (Figure 7–44). There was no intestinal (Barrett) metaplasia. Sections 
from the squamous epithelium of the distal esophagus showed papillary 
elongation and scattered intraepithelial lymphocytes, but there was no signifi -
cant basal cell hyperplasia and no eosinophils or neutrophils in the epithelium. 
Sections from the tumor showed an invasive, moderately differentiated squa-
mous carcinoma (Figure 7–45). The diagnosis section of the pathology report 
read as follows:

Microscopic diagnosis:

A: Antrum and body, biopsy: no signifi cant pathologic abnormality.

B: Retrograde biopsy: refl ux carditis.

C: Antegrade biopsy at 40  cm: refl ux carditis.

D: Esophagus, 38  cm, biopsy: no specifi c pathologic abnormality.

E: Esophageal mass, 34  cm, biopsy: invasive, moderately differentiated squa-
mous carcinoma.

This patient showed the typical features of microscopic refl ux disease 
characterized by the presence of cardiac and oxyntocardiac mucosa in the area 
distal to the endoscopic gastroesophageal junction (end of tubular esophagus 
and proximal limit of rugal folds, Figure 7–46). The junction between gastric 

Figure 7–44 Sections across the squamocolumnar junction 
showing the transition from squamous epithelium to cardiac mucosa.

Figure 7–45 Biopsy from the tumor, showing an invasive, 
moderately differentiated squamous carcinoma.

Figure 7–46 Diagrammatic representation of the specimen shown in Figure 
7–40. The patient shows the typical features of the earliest stage of refl ux 
disease, manifested as a microscopic segment of cardiac and oxyntocardiac 
mucosa involving the dilated end-stage esophagus. The patient has a normal 
endoscopic and gross gastroesophageal junction and is likely to not have had 
symptoms of refl ux. The points of biopsy and the histologic appearances are 
referred to Figures 7–41 through 7–45.

E: Fig. 7–45

C: Fig. 7–44

B: Fig. 7–43 B: Fig. 7–42

A: Fig. 7–41

D
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oxyntic mucosa and oxyntocardiac mucosa in the retrograde biopsy sample 
represents the true histologic gastroesophageal junction (see Figure 7–42). The 
presence of cardiac mucosa at the squamocolumnar junction in the antegrade 
biopsy (see Figure 7–44) and in some of the pieces of the retrograde biopsy 
(see Figure 7–43) indicates that the patient has refl ux disease. The total colum-
nar epithelial length cannot be measured, because only one measured biopsy 
level (40  cm) has metaplastic columnar epithelium. However, the fact that there 
is gastric oxyntic mucosa in the retrograde biopsy makes it likely that the 
approximate overall length of columnar-lined esophagus is 1  cm.

This patient has two diseases: squamous cell carcinoma of the mid-
esophagus and refl ux carditis. They are most likely independent diseases; the 
presence of minimal refl ux disease limited to the dilated end-stage esophagus 
represents an incidental fi nding caused by asymptomatic and mild refl ux 
disease (see Figure 7–46).

What Is the Severity of Refl ux 
Disease in the Patient?

The severity of refl ux disease is related to the amount (length) of squamous 
epithelium that has undergone columnar metaplasia.22,25 At present, the length 
of the columnar-lined segment of esophagus is measured at endoscopy as the 
distance between the highest point in the squamocolumnar junction and the 
endoscopic gastroesophageal junction. This underestimates the true length by 
the extent of the dilated end-stage esophagus distal to the proximal limit of 
rugal folds (see Figure 7–31).

In the recommended biopsy series, the length of columnar-lined esopha-
gus is determined by the maximum separation of measured biopsies that show 
cardiac mucosa with or without intestinal metaplasia and oxyntocardiac 
mucosa (see Figure 7–31). In patients with intestinal metaplasia, this is the IM 
+ CM + OCM length. In patients without intestinal metaplasia, this will be the 
CM + OCM length. In resection specimens and at autopsy, this length is 
determined by direct measurement in a vertical section taken from the squa-
mocolumnar junction to gastric oxyntic mucosa (Figure 7–47).

Visible CLE

CLE in
dilated

end-stage
esophagus

Figure 7–47 An accurate determination of the total length of columnar-lined esophagus (CLE) 
requires adding the microscopically defi ned extent of the dilated end-stage esophagus to the 
endoscopically visible columnar-lined segment. Present criteria for endoscopic measurement 
underestimate the total length by the extent of the dilated end-stage esophagus.
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Visible CLE Zero Zero <2 cm >2 cm

Reflux
severity

Zero Mild Moderate Severe

CLE in dilated
end-stage esophagus

Zero Present Present Present

Endoscopy Normal Normal Abnormal Abnormal

A B C D

The true length of columnar-lined esophagus determined by histology 
provides the best correlation with the severity of refl ux disease (Table 7–7, 
Figure 7–48).

What Is the Risk of Cancer in These Patients?

Cancer arises only in intestinal metaplastic epithelium; the risk of cancer 
begins if and when intestinal metaplasia occurs.36 A patient with refl ux disease 
who does not have intestinal metaplasia does not have any risk. However, if 
the patient has cardiac mucosa, this represents an epithelium that has the 
potential to undergo intestinal metaplasia in the future. Although cardiac 
mucosa has no cancer risk, there is the possibility that the patient will develop 
a risk if intestinal metaplasia develops. This risk of transformation decreases 
with age, because the more time that elapses without the development of 
intestinal metaplasia, the more likely it is that the milieu of the refl uxate will 
have a low risk of intestinal metaplasia.

The assessment of cancer risk is currently based on the following 
factors:

1. The presence of Barrett esophagus, defi ned by the presence of intestinal 
metaplasia in an endoscopically visible columnar-lined esophagus. If the 

TABLE 7–7 Assessment of Refl ux Disease Severity by Measurement of the Length of 
Columnar-Lined Esophagus Determined by Histologic Mapping According to a Strict 
Biopsy Protocol

Criterion Histologic length† Interpretation

CLE* absent 0 No evidence of refl ux
CLE* not visible endoscopically <1  cm Mild refl ux disease
CLE* visible, short 1–2  cm Moderate refl ux disease
CLE* visible, long >2  cm Severe refl ux disease

*Columnar-lined esophagus; this is defi ned histologically by the presence of oxyntocardiac and cardiac 
mucosa, the latter with and without intestinal metaplasia.

†Histologic length is defi ned by mapping biopsies taken at measured levels as the separation between 
squamous epithelium and gastric oxyntic mucosa; endoscopic correlations are secondary.

Figure 7–48 The linear relationship between the length of columnar-lined esophagus (CLE) 
(black areas), regardless of histologic type, and the severity of refl ux.
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patient has no visible columnar-lined esophagus, biopsy is not performed. 
If biopsy is performed and intestinal metaplasia is found distal to the normal 
endoscopic gastroesophageal junction, “intestinal metaplasia of the gastric 
cardia” is diagnosed. Although this is not within the defi nition of Barrett 
esophagus, many gastroenterologists will place these patients under a sur-
veillance protocol similar to that for Barrett esophagus.

2. The length of columnar-lined esophagus associated with the presence of 
intestinal metaplasia in the biopsy. Patients are divided into short-segment 
and long-segment Barrett esophagus based on whether the endoscopically 
defi ned columnar-lined segment is less than or greater than 2  cm. Although 
most physicians believe long-segment Barrett esophagus has a greater risk 
than short-segment disease, there is controversy about this. Practically, 
patients with short-segment and long-segment Barrett esophagus are placed 
on similar surveillance protocols.

3. The presence of dysplasia in Barrett esophagus, classifi ed as no dysplasia, 
indefi nite for dysplasia, low-grade dysplasia, and high-grade dysplasia. As 
the grade of dysplasia increases, another concern that emerges is the 
potential presence of prevalent cancer, which may be missed because of 
inadequate sampling. This risk exists for all patients, but it is signifi cant 
only in patients diagnosed with high-grade dysplasia (see Chapter 6).

These current cancer risk assessment methods can be refi ned in the following 
ways, based on the recommended biopsy protocols:

1. The intestinal metaplasia within the columnar-lined segment can be quan-
titated by evaluating the measured biopsy levels that show intestinal meta-
plasia (Figure 7–49). Defi ning short-segment and long-segment Barrett 
esophagus by the measured length of intestinal metaplasia rather than the 
length of columnar-lined esophagus is likely to provide a more meaningful 
cancer risk assessment.

2. The number of goblet cells within each level varies considerably and can 
be assessed by a grading system that quantitates the number of goblet cells. 
I have used such a grading system in research projects but do not consider 
it necessary in clinical practice. The mere presence of intestinal metaplasia 
is more signifi cant than the number of goblet cells.

Length of CLE

Length of IM

Cancer risk

6 cm

1 cm

Low

6 cm

3 cm

Moderate

6 cm

5 cm

High

Figure 7–49 The cancer risk in three patients with identical endoscopic appearance is likely 
to be different based on the amount of intestinal metaplasia (IM) present. Intestinal epithelium 
represents the only target epithelium for carcinogenesis. Carcinogen dose is maximal at the 
gastroesophageal junction. CLE, Columnar-lined esophagus.
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3. The lowest level at which intestinal metaplasia is found is measured by its 
distance from the proximal limit of gastric oxyntic mucosa (Figure 7–50). 
The likelihood of cancer increases as the intestinal metaplasia extends 
distally in the esophagus, because the target cell is exposed to the higher 
carcinogen environment of the distal region. This is the site of maximum 
carcinogenesis; most esophageal adenocarcinomas occur at the distal limit 
of the intestinal metaplasia within the columnar-lined segment.

4. Dysplasia within a segment of intestinal metaplasia will be assessed in a 
manner not unlike the present method of surveillance biopsies for patients 
with Barrett esophagus.

The use of non-histologic tests has limited value in the assessment of 
cancer risk for patients with Barrett esophagus. There is no practical molecular 
diagnostic test at the present time. Although it is hoped that accurate molecular 
defi nition of progression within the refl ux-to-adenocarcinoma sequence will 
emerge in the future, there is no strong reason for optimism. In the meantime, 
the use of dysplasia and its grades (with all their inaccuracy) is the only 
current method for assessing progression toward adenocarcinoma.

Reid et al37 showed that in Barrett esophagus patients with low-grade 
dysplasia, fl ow cytometric study to evaluate aneuploidy and increased 4N 
fraction is valuable. In particular, the absence of aneuploidy or increased 4N 
fraction predicted a low risk of progression. Flow cytometry presents technical 
diffi culties in specimen collection and adds signifi cant cost. Its limited use in 
a surveillance biopsy of patients whose prior biopsy has shown low-grade 
dysplasia is valuable and should be advocated. Flow cytometry has not shown 
to be of value in patients with high-grade dysplasia.

In patients with dysplasia, the use of immunoperoxidase stain for Ki67 
has shown promise in separating reactive atypia and low-grade dysplasia from 
high-grade dysplasia. Olvera et al38 showed that benign epithelia, including 
those with reactive cytologic changes and low-grade dysplasia, demonstrated 
expanded proliferative activity with a normal pattern that spared the superfi cial 

Carcinogen dose

Proximity
of IM to GEJ
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Figure 7–50 In any given patient, the carcinogen dose (red area in triangles, representing two 
different levels of carcinogen activity, which cannot be assessed clinically) is always maximal in 
the stomach. Refl ux delivers an effective carcinogen dose to a different level in the esophagus, 
but the carcinogen level always decreases in the more proximal esophagus. The cancer 
risk is therefore greatest in patients who have intestinal metaplasia (IM) closest to the 
gastroesophageal junction (GEJ), regardless of the total length of columnar-lined esophagus. 
This also explains why cancer tends to occur in the most distal part of intestinal metaplasia 
within a columnar-lined esophagus. Blue, Intestinal metaplasia; black, cardiac mucosa; gray, 
squamous epithelium; yellow, gastric oxyntic mucosa.
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foveolar region and surface epithelium (Figures 7–51 and 7–52). In contrast, 
most cases of high-grade dysplasia demonstrated an aberrant pattern of pro-
liferation defi ned by the expression of Ki67 positivity in the surface and 
superfi cial foveolar region (Figure 7–53). Although this is useful, the fact that 
some cases of low-grade dysplasia express an aberrant Ki67 pattern makes it 
unreliable as a means of distinguishing low-grade and high-grade dysplasia.

Staining for p53 and p504 (racemase) have also been suggested in bor-
derline cases. Strong expression of p53 and p504 are a worrisome feature but 
not suffi cient to upgrade morphologic low-grade dysplasia to high-grade dys-
plasia (Figure 7–54). Weak p53 expression can often be expressed in reactive 
processes and low-grade dysplasia; many cases of high-grade dysplasia are 
p53-negative.

Figure 7–51 Immunoperoxidase-stained section for Ki67 in a 
patient with Barrett esophagus, showing reactive change without 
dysplasia. Ki67 expression is increased, but the distribution is normal 
with the surface epithelium and superfi cial part of the foveolar region 
being negative, indicating normal maturation into terminally diff-
erentiated non-proliferative cells.

Figure 7–52 Immunoperoxidase-stained section for Ki67 in a 
patient with Barrett esophagus with low-grade dysplasia, showing an 
expanded Ki67 expression with a normal pattern of staining similar to 
the reactive epithelium in Figure 7–51.

Figure 7–53 Immunoperoxidase-stained section for Ki67 in a 
patient with Barrett esophagus with high-grade dysplasia, showing 
intense Ki67 positivity in the surface epithelium and superfi cial foveolar 
region. This represents an aberrant pattern of Ki67 expression that 
indicates abnormal maturation. This pattern is seen more frequently in 
high-grade dysplasia but is not yet suffi ciently defi ned to override 
morphologic criteria of dysplasia grading.

Figure 7–54 Immunoperoxidase-stained section for p53 in a patient 
with Barrett esophagus with a focus of high-grade dysplasia (on right) 
that shows strong and specifi c staining for p53. This type of staining 
is seen more frequently in high-grade dysplasia but is not yet 
suffi ciently defi ned to override morphologic criteria of dysplasia 
grading.
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A Classifi cation Based on the Cellular Status 
as it Relates to Gastroesophageal Refl ux

The combination of the previously mentioned items permits the classifi cation 
of the entire population into histologically defi ned groups or grades based on 
the presence of cellular changes of refl ux, the severity of the cellular changes 
of refl ux, and the cancer risk.11 The primary division is based on the risk of 
cancer, which must be the focus of any system. Placement of an individual 
within groups 0, 1, 2, and 3 provides a cumulative, lifelong assessment of that 
person’s cellular response to gastroesophageal refl ux within the broad groups 
defi ned by the risk of adenocarcinoma at the time of the biopsy (Table 7–8; 
Figures 7–55 to 7–58).

This diagnostic method is recommended as the primary method for evalu-
ating patients for refl ux disease. It is the basis for all correlations with symp-
toms, endoscopic abnormalities, 24-hour pH testing, and impedance testing. 
For example, asymptomatic patients can belong to grade 0, 1a, 2a, and all 
subgroups of grade 3, but they are unlikely to belong to grades 1b and 2b, 
and only very rarely belong to grades 1c and 2c. This type of classifi cation is 
critical because it provides the only method of stratifying asymptomatic patients 
with regard to cancer risk. As many as 95% of patients with adenocarcinoma 
present for the fi rst time with symptoms related to the cancer. For this reason, 
the ability to recognize risk before cancer develops is extremely valuable.

This method identifi es patients who are not at risk for cancer. By present 
criteria, there is no way that the medical community can guarantee that any 
patient is not at risk for refl ux-induced cancer. Patients with no symptoms and 
no endoscopic abnormality are at lower risk than patients with severe refl ux 
of long duration and those with long-segment Barrett esophagus, but they 

TABLE 7–8 Classifi cation Based on Risk of Adenocarcinoma of the Esophagus*

Grade zero: No risk of adenocarcinoma (55%–65%)
Defi nition: No cardiac mucosa or intestinal metaplasia in any biopsy
Subgroups:
Group 0a: Normal: Only squamous epithelium and gastric oxyntic mucosa
Group 0b: Compensated refl ux: Oxyntocardiac mucosa as the only epithelium in the 
 metaplastic columnar esophagus
Grade 1: Refl ux disease (30%–45%): no risk of adenocarcinoma but risk of Barrett 
esophagus present
Defi nition: Cardiac mucosa (refl ux carditis) present; oxyntocardiac mucosa also present in 
 most cases
Subgroups:
Group 1a: Mild refl ux disease: CM + OCM length <1  cm
Group 1b: Moderate refl ux disease: CM + OCM length = 1–2  cm
Group 1c: Severe refl ux disease: CM + OCM length >2  cm
Grade 2: Barrett esophagus (5%–15%): imminent risk of neoplastic transformation
Defi nition: Intestinal metaplasia (goblet cells) present in cardiac mucosa; non-
 intestinalized cardiac mucosa and oxyntocardiac mucosa also present in most cases
Subgroups:
Group 2a: Barrett esophagus in refl ux disease limited to dilated end-stage esophagus 
 (microscopic Barrett esophagus): Endoscopy normal
Group 2b: Short-segment Barrett esophagus: Measured length of intestinal metaplasia 
 <2  cm long (regardless of endoscopic length of columnar-lined esophagus)
Group 2c: Long-segment Barrett esophagus: Measured length of intestinal metaplasia >2  cm 
 long (regardless of endoscopic length of columnar-lined esophagus)
Grade 3: Neoplastic Barrett esophagus (1%–2%)
Defi nition: Dysplasia or adenocarcinoma present
Subgroups:
Group 3a: Low-grade dysplasia
Group 3b: High-grade dysplasia
Group 3c: Adenocarcinoma

*The approximate percentage of the population within each group is in parentheses.
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cannot be declared risk free. In the study by Lagergren et al,39 40% of patients 
with esophageal adenocarcinoma and 71% of patients with adenocarcinoma 
of the gastric cardia did not have symptomatic refl ux by their defi nition.

In this diagnostic method, the 55% to 65% of the population without 
cardiac mucosa and intestinal metaplasia can be declared free of risk at the 
point of the biopsy (see Figure 7–55). If a patient is over 40 years old, the 
likelihood of developing cardiac mucosa, which progresses to intestinal meta-
plasia and cancer during his or her natural lifetime, is probably close to zero. 
This is because the failure of the refl ux condition to produce at-risk columnar 

Endoscopy = normal

Biopsy

= Grade 0a

= Grade 0b

= Grade 1a

= Grade 2a
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Figure 7–55 Proposed histologic grading system applied to patients who are endoscopically 
normal. This is defi ned by the epithelium found adjacent to the squamous epithelium. Grade 0a, 
Gastric oxyntic mucosa; Grade 0b, oxyntocardiac mucosa; Grade 1a, cardiac mucosa 
(microscopic refl ux carditis); Grade 2a, cardiac mucosa with intestinal metaplasia (microscopic 
Barrett esophagus). CM, Cardiac mucosa; GOM, gastric oxyntic mucosa; IM, intestinal 
metaplasia; OCM, oxyntocardiac mucosa.
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Figure 7–56 Proposed histologic grading system applied to patients who have an 
endoscopically visible columnar-lined segment measuring less than 2  cm at endoscopy. This is 
defi ned by the epithelium found adjacent to the squamous epithelium. There will be no grade 0a 
patients. Grade 0b, Oxyntocardiac mucosa (OCM) (rare); Grade 1b, cardiac mucosa (refl ux 
carditis); Grade 2b, cardiac mucosa with intestinal metaplasia (microscopic Barrett esophagus). 
CM, Cardiac mucosa; IM, intestinal metaplasia; OCM, oxyntocardiac mucosa.
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epithelia indicates a low risk; unless the milieu changes for some reason, it 
is unlikely to cause new changes. Patients like this do not need to ever have 
another endoscopy for refl ux; they can be managed symptomatically without 
worry about cancer.

Assessment of Treatment of 
Gastroesophageal Refl ux Disease

Currently, the treatment of a patient with refl ux disease is assessed clinically 
by the reversal of symptoms. When “cure” of refl ux disease is defi ned in this 
manner, acid-suppressive drug therapy has a success rate in excess of 95%, 
particularly if higher-dose protocols are used. If these patients are studied by 
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= Grade 3a
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Figure 7–57 Proposed histologic grading system applied to patients who have an 
endoscopically visible columnar-lined segment (CLE) measuring greater than 2  cm at 
endoscopy. This is defi ned by the epithelium found adjacent to the squamous epithelium. There 
will be no grade 0a or 0b patients. Grade 1c, Cardiac mucosa (refl ux carditis); Grade 2c, 
cardiac mucosa with intestinal metaplasia (microscopic Barrett esophagus). CM, Cardiac 
mucosa; IM, intestinal metaplasia.

Figure 7–58 Grading of neoplastic (grade 3) Barrett esophagus is based on the degree 
of dysplasia. Grade 3a, Low-grade dysplasia (LGD); Grade 3b, high-grade dysplasia (HGD); 
Grade 3c, adenocarcinoma (CA). All grades of dysplasia and adenocarcinoma can occur in all 
patients who have intestinal metaplasia. The precursor Barrett lesion in these patients may be 
microscopic (grade 2a), associated with a short segment of columnar-lined esophagus (grade 
2b), or with a long segment (grade 2c).
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impedance technology, this symptomatic “cure” is not a cure of refl ux; refl ux 
continues, because the patient’s basic problem (a defective lower esophageal 
sphincter) has not been addressed. The decrease in the acidity of the refl uxate 
relieves symptoms relatively easily; even slight acid suppression is effective. 
Patients who are “cured” at a symptomatic level have their target cells exposed 
to non-acid carcinogens in the refl uxate and progress in their refl ux-to-
adenocarcinoma sequence. Evidence suggests that acid-suppressive drugs 
actually promote the rate of progression to adenocarcinoma.39

Some patients do not respond to acid-suppressive therapy for a variety 
of reasons. These include nocturnal breakthrough of acid secretion, symptoms 
produced by weak acid refl ux, and non-refl ux causes for the symptoms. 
Patients who do not respond to medical therapy, even high-dosage proton 
pump inhibitors supplemented by an evening dose of an H2-receptor antago-
nist, undergo endoscopy and are sometimes treated with anti-refl ux surgery. 
These patients are the lucky ones. Their refl ux is stopped by an anti-refl ux 
procedure.

The only assessments of treatment are the endoscopic reversal of erosive 
esophagitis and a decrease in the endoscopic length of Barrett esophagus. 
There is no current attempt to defi ne either progression or regression of refl ux 
disease at a histologic level.

Both acid-suppressive drug therapy and anti-refl ux surgery are effective 
in reversing erosive refl ux disease in approximately 95% of patients. When 
there is an endoscopically visible columnar-lined esophagus with intestinal 
metaplasia, the present criteria for treatment success are as follows:

1. Reversal of intestinal metaplasia: because of the potential sampling error, 
assessing the reversal of intestinal metaplasia must be done carefully. In 
general, true reversal is increasingly likely when the volume of intestinal 
metaplasia was high in the pretreatment biopsies and intestinal metaplasia 
is absent in multiple post-treatment biopsies, either at one endoscopy or 
in serial endoscopies.

2. Decrease in the length of the columnar-lined segment in a patient with 
Barrett esophagus: this can occur as a result of a change in the surface 
epithelium from columnar to squamous, causing either a decreased total 
length of the columnar segment as measured endoscopically, or a decrease 
in the surface area of the columnar lining. The latter determination will 
include an assessment of squamous islands within the columnar-lined 
segment. Surface squamous transformation is not recognized as a true 
reversal, because columnar epithelium can be present in the lamina propria 
under the squamous surface40 (Figure 7–59). However, many studies expend 
much effort to document surface area or length reduction in columnar-lined 
esophagus in patients treated with acid-suppressive drugs. The data suggest 
that such reduction is uncommon.41,42

 The signifi cance of fi nding intestinal metaplastic epithelium under a 
squamous surface is uncertain. Hornick et al40 reported that the epithe-
lium under the squamous surface had a lower Ki67 proliferative rate than 
adjacent surface intestinal metaplasia. They suggested that this may be 
due to decreased exposure of the intestinal epithelium under the squa-
mous surface to luminal molecules. Despite this, there is concern about 
the presence of intestinal epithelium under a squamous surface for three 
reasons:

a. The glandular epithelium is hidden from the endoscope during 
surveillance.
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b. If genetic changes exist in the intestinal epithelium, they can progress 
to dysplasia and cancer (Figures 7–60 and 7–61) without being visible 
at endoscopy.

3. Reversal of dysplasia in Barrett esophagus (grade 3b to 3a to 2): true dys-
plasia is a manifestation of neoplastic transformation within a cell and is 
inexorably progressive. One important and fundamental element of a neo-
plastic transformation is that it does not reverse when the etiology that 
produced the change is removed. Cessation of smoking does not reverse 
dysplasia and cancer in the lung. Any study that claims to show that dys-
plasia has reversed with treatment should be viewed skeptically, because 
the only way that dysplasia can reverse is if the entire area of dysplasia is 
removed. When the diagnosis of dysplasia has been made by biopsy, it is 
highly unlikely that the biopsy has removed all dysplasia in the patient. 
Reversal of dysplasia in sequential biopsy studies is most commonly an 
expression of an inaccurate diagnosis. If a reactive change is mischaracter-
ized as true dysplasia, this change will reverse with healing of erosions and 
infl ammation, giving a spurious result of “reversal of dysplasia.” This criti-
cism includes studies in which the author has been the pathologist who 
diagnosed the dysplasia.43 Although this is usually a problem with low-grade 

Figure 7–59 Patient with squamous re-epithelialization of the 
surface who has intestinal metaplasia in the lamina propria under the 
squamous epithelium. This represents endoscopic regression but not 
true regression of Barrett esophagus.

Figure 7–60 High-grade dysplasia in intestinal (Barrett) epithelium 
under surface squamous epithelium, showing progression of intestinal 
metaplasia in the refl ux-to-adenocarcinoma sequence. This will appear 
normal endoscopically.

Figure 7–61 Invasive adenocarcinoma in the lamina propria under a 
squamous surface. This will be invisible at endoscopy until a nodular mass 
lesion or ulcer appears in squamous-lined esophagus.
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dysplasia only, some studies have suggested that high-grade dysplasia is 
an ephemeral and reversible phenomenon.44 True high-grade dysplasia is 
highly unlikely to reverse. Reversal of high-grade dysplasia is more likely 
to be a problem with diagnosis of high-grade dysplasia than true reversal.

When gastroesophageal refl ux disease is defi ned by histologic examina-
tion of the biopsies produced by the recommended protocol, new histologic 
criteria of progression and regression of refl ux disease can be developed. 
These criteria are based on the recognition that a columnar-lined segment of 
esophagus is an infi nitely variable mixture of cardiac mucosa with intestinal 
metaplasia (grade 2) and without intestinal metaplasia (grade 1) and oxynto-
cardiac mucosa (grade 0), and that changes in the amounts of these epithelial 
types signify widely varying cancer risks. Such histologic assessment is likely 
to be a much more meaningful assessment of progression and regression in 
the early non-dysplastic phase of refl ux disease than present methods (Figures 
7–62 and 7–63).

Progression can be defi ned in the following ways:

1. An increase in the amount of squamous epithelium that transforms into 
cardiac mucosa (grade 0 to grade 1). This will be seen as the presence of 
cardiac mucosa at a level that is higher than the previous biopsy series as 
well as an increase in the overall length of metaplastic columnar epithelium 
by histology (see Figure 7–62).

2. Development of and increase in the amount of intestinal metaplasia (grade 
1 to 2), which represent progression in the refl ux-to-adenocarcinoma 
sequence. Any increase in the amount of intestinal metaplasia will also 
increase the proximity of the intestinal metaplasia to the high carcinogen 
region near the gastroesophageal junction (see Figure 7–63).

3. Quantitation of intestinal metaplasia, expressed as the number of biopsy 
levels that show goblet cells, is possible in the standard biopsy protocol. 
Of lesser signifi cance is an assessment of the number of goblet cells within 

LGD HGD CA

LGD HGD CA

Figure 7–62 Histologic criteria for progression of refl ux disease include any increase in the 
amount of columnar-lined esophagus, any increase in the amount of intestinal metaplasia within 
a columnar-lined segment, and any increase in the amount or grade of dysplasia in intestinal 
metaplasia. CA, Adenocarcinoma; HGD, high-grade dysplasia; LGD, low-grade dysplasia.
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each biopsy level; an increase in this number represents a potential increase 
in the number of target cells available for carcinogenesis. This determina-
tion is usually limited to research studies, because it is time-consuming and 
not very useful.

4. Increasing grades of dysplasia in intestinal metaplasia (grade 2 to 3a to 3b 
to 3c) indicates progressively increasing genetic transformation toward 
adenocarcinoma. Any true dysplasia must be considered a serious mani-
festation of neoplasia because there is a signifi cant potential lag phase 
(usually 1 to 2 years, but up to 5 years) before a carcinogenic genetic 
mutation produces a phenotypic abnormality in a cell that we recognize 
as dysplasia. The expression of true dysplasia, even low-grade dysplasia, 
should be regarded as an ominous signal that carcinogenetic events are 
taking place and that there is the possibility that all the irreversible genetic 
changes of prevalent cancer may be present in an unexpressed form in 
the affected cell.

Regression can be defi ned in the following ways:

1. An increase in the amount of squamous epithelium, by reversal of cardiac 
or intestinal mucosa to squamous epithelium (i.e., grades 1 and 2 to grade 
0). This is seen in the biopsies as an absence of glandular epithelium at a 
level where it previously existed. Only full-thickness biopsies can differenti-
ate squamous metaplasia occurring on the surface with metaplastic glan-
dular epithelium in the lamina propria (squamous overgrowth or false 
regression) (Figure 7–64) from the situation where the full thickness of the 
mucosa is squamous without underlying glands (true regression) (Figure 
7–65). This is superior to endoscopic assessment of surface area decrease, 
because endoscopy cannot detect glands under the squamous surface.

2. Reversal of intestinal metaplasia, by conversion to cardiac mucosa (i.e., 
grade 2 to grade 1). This is endoscopically undetectable, because these 
two epithelial types cannot be distinguished. Histology can show both a 
complete absence as well as a decrease in the amount of intestinal meta-

LGD HGD CA

Maximum carcinogen activity

Figure 7–63 An example of histologic progression in a patient who stays constant in terms of 
endoscopy. On the left, the columnar-lined esophagus does not have intestinal metaplasia. In 
succeeding frames, the amount of intestinal metaplasia progressively increases, starting at the 
top and extending down the columnar-lined segment. Protocol biopsies are necessary to 
separate the three patients with intestinal metaplasia, who all fall within the diagnosis of long-
segment Barrett esophagus (according to the current defi nition). The risk of cancer increases 
progressively to the right as the proximity of the target cell in intestinal metaplasia approaches 
the gastroesophageal junction. An increase in dysplasia in the intestinal epithelium also 
represents disease progression. CA, Adenocarcinoma; HGD, high-grade dysplasia; LGD, low-
grade dysplasia.



 New Histology-Based Defi nitions and Method of Diagnosis of Refl ux Disease 279

plasia by demonstrating a reduction in the number of levels with intestinal 
metaplasia, the number of biopsies with intestinal metaplasia, and the 
number of goblet cells within the overall biopsy series. Assessment of the 
reduction of intestinal metaplasia in a standard biopsy protocol is likely to 
be far more sensitive than the all-or-none reversal of intestinal metaplasia, 
which is all that is assessed by present criteria.

3. An increase in the amount of oxyntocardiac mucosa, by conversion of 
cardiac mucosa to oxyntocardiac mucosa (grade 1 to 0). This is a critically 
important step because it converts an epithelium, which is in the refl ux-
to-adenocarcinoma sequence, to a stable benign epithelium that is not at 
risk. If the columnar epithelium in a patient with Barrett esophagus can 
be converted entirely into a columnar epithelium of identical length com-
posed only of oxyntocardiac mucosa, the patient is no longer at any risk 
for adenocarcinoma. Within the context of our defi nition of refl ux disease, 
such a patient does not have refl ux disease (despite the presence of a 
visible segment of columnar-lined esophagus) because there is no adeno-
carcinoma risk.

In a patient with microscopic refl ux disease limited to the end-stage esopha-
gus, these criteria of regression cannot be demonstrated by any means other 
than the standard biopsy protocol (Figure 7–66). In a patient with visible 
columnar-lined esophagus, the only features of regression that can be detected 
without the standard biopsy protocol are a decrease in the length of the 
columnar-lined segment and the presence of squamous islands. Neither of 
these criteria are guaranteed to be evidence of regression, because it is 
unknown whether glands are present under the squamous epithelial surface 
(see Figures 7–64 and 7–65). The fi ndings in the standard biopsy protocol 
permit microscopic determination of the three columnar epithelial types and 
provide a sensitive means of assessing regression. Using the fi ndings in the 
standard biopsy protocol, the three different epithelial types that constitute 
columnar-lined esophagus can be accurately mapped. This will provide highly 
sensitive information regarding regression (Figure 7–67). Not all columnar-
lined esophagus is dangerous; one composed only of oxyntocardiac mucosa 
is actually the best result for a patient with refl ux disease, because not only 

Figure 7–64 Squamous epithelial growth on the surface, partially 
covering intestinal metaplasia remaining in the lamina propria. 
Although this will appear as endoscopic regression by decreasing the 
surface area of the columnar-lined esophagus, the regression is not 
real.

Figure 7–65 True regression, resulting from replacement of the 
entire thickness of columnar-lined epithelium by squamous epithelium. 
There is no residual metaplastic epithelium under the squamous 
epithelium.
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does it not have any risk of cancer, but it is also the esophageal epithelial 
type that is least damaged by acid and least likely to be symptomatic.

Effect of Acid-Suppressive Drug Therapy

Most patients who undergo endoscopy and biopsy have been on long-term 
acid-suppressive drug therapy. Endoscopy is presently indicated when treat-
ment has been ineffective has not been effective in relieving symptoms, 
or when non-cancerous complications of refl ux disease arise, such as 
motility disturbances and strictures. Patients in this group show a high preva-
lence of refl ux carditis and intestinal metaplasia.21 This suggests that acid-
suppressive drug therapy is ineffective in reversing these two types of 
columnar-lined esophagus. I have suggested that they may actually promote 
the occurrence of intestinal metaplasia in cardiac mucosa (see Figures 5–17 

Grade 2a Grade 1a

Grade 0b

Maximum carcinogen activity

Figure 7–66 Histologic defi nition of regression of refl ux disease in dilated end-stage 
esophagus is any decrease in the amount of intestinal metaplasia within the columnar-lined 
segment and conversion of cardiac mucosa to oxyntocardiac mucosa.

Figure 7–67 Histologic regression in a patient with a long segment of columnar-lined 
esophagus can occur without any change in endoscopic appearance (i.e., length of columnar-
lined esophagus does not change). Progressing toward the right, the amount of intestinal 
metaplasia progressively decreases, and the amount of oxyntocardiac mucosa progressively 
increases. In the extreme right, the entire columnar-lined segment is composed of 
oxyntocardiac mucosa (stage 0b), and the patient is out of the refl ux-to-adenocarcinoma 
sequence. This almost never happens with presently available treatments, except after anti-
refl ux surgery in patients with very short segments of columnar-lined esophagus.
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and 5–18). There is weak evidence in the literature that when the dosages of 
acid-suppressive drug therapy are controlled to produce a normalization of 
the 24-hour pH test rather than relief of symptoms, there may be some reduc-
tion in the surface area of columnar-lined esophagus due to squamous 
overgrowth.42

Similarly, the exponential increase in the incidence of refl ux-induced 
adenocarcinoma suggests that acid-suppressive drug therapy is incapable of 
preventing progression in the refl ux-to-adenocarcinoma sequence through 
increasing dysplasia to adenocarcinoma. I have suggested that it may actually 
promote cancer in the patient with Barrett esophagus (see Figure 6–20).

Effect of Mucosal Ablation

Ablation is used to remove the entire area of endoscopically visible columnar-
lined esophagus, using either endoscopic mucosal resection or a variety of 
physical modalities. The purpose of both techniques is to remove the entire 
thickness of the mucosa up to the muscularis mucosae. When endoscopic 
mucosal resection is undertaken for a visible dysplastic lesion in Barrett 
esophagus, the objective may be to simply remove the lesion rather than 
ablate the entire visible columnar-lined segment. After mucosal ablation, the 
epithelium is induced to regenerate as squamous rather than columnar epi-
thelium by post-ablation acid suppression. Acid suppression is achieved either 
medically, with effective doses of proton pump inhibitors, or with anti-refl ux 
surgery.

In the absence of acid, the denuded epithelium regenerates as stratifi ed 
squamous epithelium by movement of stem cells from the edges of the 
denuded area and squamous-lined ducts within the ablated area. Failure of 
acid suppression, either inadequate dosage of proton pump inhibitors or failed 
anti-refl ux surgery, is associated with a recurrence of columnar metaplasia, 
including intestinal metaplasia. Recurrence rates of intestinal metaplasia after 
ablation are variable.

The lack of understanding of the variable nature and true extent of the 
columnar-lined esophagus results in two signifi cant errors when ablation is 
performed (Figure 7–68).

1. Ablation is often excessive because of the lack of recognition that the 
columnar-lined esophagus is not entirely composed of intestinal metaplastic 
epithelium (patient A in Figure 7–68). It is only necessary to ablate intestinal 
metaplasia and possibly cardiac mucosa. It is certainly not necessary to 
ablate the stable and benign oxyntocardiac epithelium within the columnar-
lined segment. Intestinal metaplasia has a constant distribution within the 
columnar-lined segment; it almost always begins at the squamocolumnar 
junction and extends distally in a contiguous manner. Mapping biopsies 
by protocol will delineate the distal limit of the intestinal metaplasia within 
the columnar-lined segment. Ablation can be limited to this area with a 
potential decrease in the amount of ablation needed.

2. At present, ablation generally stops at the endoscopic gastroesophageal 
junction; the columnar-lined esophagus in the dilated end-stage esophagus 
(“gastric cardia”) is ignored. In patients with intestinal metaplasia extending 
into this dilated end-stage esophageal segment, at-risk epithelium remains 
after successful ablation (patient B in Figure 7–68). This is the area of 
highest carcinogen concentration because it is the area closest to the true 
gastroesophageal junction. High-grade dysplasia and adenocarcinoma 
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Figure 7–68 Errors can occur during ablation therapy if it is not recognized that the 
endoscopically defi ned columnar-lined segment can have a variable histology and if the ablation 
is limited to the visible columnar-lined segment. On the left, the ablation area is too great 
because it extends into the region with oxyntocardiac mucosa, which is a benign epithelium 
that does not need to be ablated. A more limited ablation to remove only intestinal metaplasia 
or intestinal metaplasia (IM) and cardiac mucosa (CM) is adequate and is likely to produce fewer 
complications. On the right, the ablation of the entire visible area of columnar-lined esophagus 
(CLE) leaves intestinal metaplasia in the dilated end-stage esophagus. This remains an at-risk 
epithelium that can progress to cancer. CA, Adenocarcinoma.

occur in these patients because of this error. This has been reported to 
be true.45

Effect of Anti-Refl ux Surgery

Anti-refl ux surgery is most commonly achieved by a Nissen fundoplication, 
usually performed laparoscopically. In more complicated cases involving short-
ening of the esophagus or motility disorders, other types of anti-refl ux surgeries 
are performed. In general, anti-refl ux surgery wraps the fundus of the stomach 
around the distal esophagus, creating a valve that decreases the amount of 
refl ux. The aim of the surgery is to adjust the tightness and length of the wrap 
to achieve the maximum reduction of refl ux, without causing dysphagia. The 
surgery is highly effective in eliminating refl ux symptoms and healing erosive 
esophagitis. To be considered successful in terms of its effectiveness in pre-
venting cancer, the surgery must normalize the 24-hour pH test. Anti-refl ux 
surgery that does not achieve this result has been shown to be ineffective in 
preventing cancer, even when it effectively decreases symptoms.

The following results have been reported in patients who have successful 
anti-refl ux surgery, defi ned as a normalization of the 24-hour pH study after 
the surgery:

Decrease in the Incidence of High-Grade 
Dysplasia and Adenocarcinoma

In the only randomized clinical trial with signifi cant follow-up, Parrilla et al46 
reported on 101 patients with Barrett esophagus with and without low-grade 
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dysplasia treated with acid-suppressive drugs (43 patients) or anti-refl ux 
surgery (58 patients) since 1982. In the medical group, three patients had 
low-grade dysplasia at the index biopsy. During treatment, low-grade dyspla-
sia persisted in one of these patients; 8 of 40 patients without dysplasia pre-
treatment developed low-grade dysplasia. Two patients developed high-grade 
dysplasia and went on to have esophagectomy in which an adenocarcinoma 
was present. The surgery group had nine failures (there was no normalization 
of the 24-hour pH study after surgery); two of these patients developed adeno-
carcinoma and required esophagectomy. Among the 49 patients who had a 
successful anti-refl ux operation, fi ve had low-grade dysplasia preoperatively. 
All these reversed after surgery. De novo low-grade dysplasia developed in 
1 patient, and none of the patients developed high-grade dysplasia or adeno-
carcinoma. The malignancy rate was 1 in 129 patient-years (0.8% per year) 
for the medical treatment group, and 1 in 203 patient-years (0.5% per year) 
for the surgical treatment group. When surgery was successful, the rate was 
zero and signifi cantly less than the medical group.

This study shows the diffi culties in demonstrating a signifi cant reduction 
in cancer rates following anti-refl ux surgery compared with medical treatment. 
The risk of cancer is so low that the study required large numbers of patients 
followed over many years. The statistical data in this study are still not suffi -
cient to show a signifi cant difference. However, with a median follow-up of 
6 years, the expectation is that over half the patients in the anti-refl ux surgery 
group have eliminated their cancer risk, because cancer very rarely develops 
more than 5 years after successful anti-refl ux surgery.47 In contrast, the medical 
group will continue to show the approximately 0.5%-per-year cancer risk, 
which is a lifetime phenomenon. If these assumptions are true, over time this 
study will likely show a statistically signifi cant divergence of cancer incidence 
in the medical and total (including unsuccessful) surgery groups.

Reversal of Intestinal Metaplasia

The only studies available are those that have looked for a complete disap-
pearance of intestinal metaplasia after anti-refl ux surgery. Hofstetter et al43 
reported on 85 patients with Barrett esophagus treated with anti-refl ux surgery 
in whom follow-up was complete at a median of 5 years. Barrett esophagus 
was defi ned as the presence of intestinal metaplasia in a biopsy taken from 
an endoscopically visualized columnar-lined segment. Patients with intestinal 
metaplasia of the cardia were excluded. At a median follow-up of 5 years, 9 
of 63 (14%) patients with non-dysplastic Barrett esophagus regressed to 
cardiac mucosa; 7 of 16 patients who had Barrett esophagus with low-grade 
dysplasia regressed to non-dysplastic intestinal epithelium. No patient devel-
oped high-grade dysplasia or cancer in 410 patient-years of follow-up.

This study shows that in conventional Barrett esophagus, both long- and 
short-segment, anti-refl ux surgery is relatively ineffective in reversing intestinal 
metaplasia. However, a 14% complete disappearance of Barrett esophagus 
indicates that reduction of the amount of intestinal metaplasia, short of com-
plete disappearance, is likely in this group if tested for by complete mapping 
biopsy protocols after surgery. Such studies are not available.

DeMeester et al48 reported on 60 patients with intestinal metaplasia of the 
esophagus or cardia treated with anti-refl ux surgery. Patients in the group 
with intestinal metaplasia of the cardia (CIM) (n = 15) had no endoscopically 
visible segment of columnar epithelium. Patients in the Barrett’s group (n = 
45) had columnar epithelium visible within the esophagus with intestinal 
metaplasia present in a biopsy. Median follow-up was 25 months in each 
group. Postoperative biopsies showed complete loss of intestinal metaplasia 
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in 73% of the patients with CIM compared with 4.4% of the patients in the 
Barrett’s group. Low-grade dysplasia, present in 10 patients preoperatively, 
regressed in seven patients (70%). No patient progressed to high-grade dys-
plasia or cancer. The authors concluded that small microscopic areas of 
intestinal metaplasia are able to regress much more frequently than longer, 
visible segments of intestinal metaplasia.

■  ■  ■  C A S E  S T U D Y A 56-year-old male with long-segment Barrett esophagus underwent a Nissen 
fundoplication. He gave a history of heartburn and regurgitation of 8 years’ 
duration that had been controlled with proton pump inhibitors (omeprazole, 
20  mg twice a day) until 3 months ago. He had his fi rst endoscopy 1 month 
before being referred to the University of Southern California’s Foregut Surgery 
Department; the endoscopy showed long-segment Barrett esophagus. The pre-
operative endoscopy showed the irregular squamocolumnar junction’s upper 
limit at 34  cm; the proximal limit of the rugal folds was 39  cm. Biopsies showed 
intestinal metaplasia at all levels, including the retrograde biopsy taken from 
the region of the proximal limit of the rugal folds. Every biopsy at 34, 36, and 
38  cm contained intestinal metaplasia with a high density of goblet cells 
(Figure 7–69). The biopsies taken at and distal to the proximal limit of the 
rugal folds showed intestinal metaplasia, cardiac mucosa, and oxyntocardiac 
mucosa. The distal gastric biopsies were normal (Figure 7–70). No dysplasia 
was present. Surgery was successful as determined by cessation of symptoms, 
elimination of acid-suppressive drug use, and a normal 24-hour pH test.

Biopsies were repeated 1 year later and showed the squamocolumnar 
junction at 36  cm. Biopsies at that level showed intestinal metaplasia with 
squamous overgrowth (Figure 7–71). Two of four biopsies at 38  cm showed 
intestinal metaplasia, although the density of goblet cells at this level appeared 
to be somewhat less than in the preoperative biopsies (Figure 7–72). The 
other two biopsies showed a mixture of cardiac and oxyntocardiac mucosa. 
There was also evidence of squamous islands (Figure 7–73). The retrograde 

Figure 7–69 Preoperative biopsy at 36  cm, showing cardiac 
mucosa with intestinal metaplasia. The density of goblet cells is high.

Figure 7–70 Preoperative biopsy of the distal stomach, showing 
unremarkable gastric oxyntic mucosa. There is no signifi cant 
infl ammation. H. pylori is absent.
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biopsies taken from the region of the proximal limit of the rugal folds showed 
only oxyntocardiac mucosa (Figure 7–74); there was no intestinal metaplasia 
or cardiac mucosa in this region.

The changes before and after fundoplication are shown in Figure 7–75. 
The fundoplication is usually performed around the end of the tubular esopha-
gus. It is very likely that the point of effective prevention of refl ux lies above 
the dilated end-stage esophagus. Because the patient is no longer on acid-
suppressive drugs, the baseline gastric pH has returned to normal. The amount 
of refl ux after surgery is greatly reduced. This means that the more proximal 
part of the esophagus is no longer exposed to refl uxate and that the exposure 
of the most distal esophagus to refl uxate is of lower volume and is generally 
more acidic with a shorter pH gradient. Neutral pH is reached much more 
distally in the esophagus than before surgery.

The detected histologic changes post-fundoplication can be explained as 
follows:

Figure 7–71 Post-fundoplication biopsy at 36  cm, showing partial 
squamous overgrowth over intestinal metaplastic epithelium.

Figure 7–72 Post-fundoplication biopsy at 38  cm, showing cardiac 
mucosa with intestinal metaplasia. The density of goblet cells is lower 
than in the preoperative biopsy shown in Figure 7–69. Note the 
squamous-lined duct near the left lower edge.

Figure 7–73 Post-fundoplication biopsy at 38  cm, showing a 
squamous island with features of refl ux esophagitis surrounded by 
intestinal metaplasia with a high density of goblet cells.

Figure 7–74 Post-fundoplication retrograde biopsy showing 
oxyntocardiac mucosa with mild chronic infl ammation.
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1. There is an apparent reduction in the total length of columnar-lined esopha-
gus because the upper limit of the Z-line is at 36  cm, compared to the 
34  cm before surgery. This is questionable because of the presence of 
squamous overgrowth over intestinal metaplastic epithelium in the lamina 
propria (see Figure 7–71).

2. The upper limit of intestinal metaplasia seems to be lower, but this is 
uncertain because of squamous overgrowth. This area has now been ren-
dered irrelevant because it is no longer exposed to refl uxate. This intestinal 
metaplasia will only progress to cancer if the genetic change to prevalent 
cancer has already taken place. There is no risk of progression in the 
refl ux-to-adenocarcinoma sequence.

3. In the distal esophagus above the wrap, the intestinal metaplasia is relatively 
stable, with no reduction in length (see Figure 7–75). There is a detectable 
decrease in the density of goblet cells in the postsurgical biopsies (see 
Figures 7–69 and 7–72), and there is a slight tendency of conversion of 
intestinal metaplasia to cardiac mucosa in the most distal level (38  cm).

4. There are dramatic histologic changes below the wrap in the dilated end-
stage esophagus. This area continues to be exposed to gastric juice. 
However, the gastric juice has become much more acidic because of the 
withdrawal of acid-suppressive drugs. The highly acidic milieu created has 
resulted in a conversion of all the metaplastic epithelia, including the intes-
tinal metaplasia, into oxyntocardiac mucosa (see Figure 7–74). Although 
it continues to be exposed to carcinogens in the gastric juice, this area 
no longer has any target cells. Theoretically, these changes in the post-
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Figure 7–75 Difference between pre-fundoplication and post-fundoplication fi ndings in this 
patient. The site of the valve-like effect produced by the fundoplication is identifi ed with a dark 
blue ring at the end of the tubular esophagus. The amount of refl ux (orange triangles) has 
decreased after surgery, and the pH gradient has changed dramatically as refl ux has lessened 
and gastric pH has become more acidic upon withdrawal of acid-suppressive drugs. The 
epithelium above the wrap in the tubular esophagus is no longer exposed to refl uxate and 
remains stable. The epithelium below the wrap, which is exposed to the acidic gastric juice, has 
changed to oxyntocardiac mucosa (OCM), representing reversal of intestinal metaplasia and 
conversion of cardiac mucosa (CM) to oxyntocardiac mucosa. The cancer risk has dramatically 
decreased in this patient because the exposure of target cells (intestinal metaplasia [IM]) to 
carcinogen has been greatly reduced. CLE, Columnar-lined esophagus.
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fundoplication state reduce progression in the refl ux-to-adenocarcinoma 
sequence and therefore prevent cancer.

Prevention of Conversion of Cardiac 
Mucosa to Intestinal Metaplasia

Oberg et al49 reported on 177 patients enrolled in a surveillance program for 
columnar-lined esophagus. This study is unique because the indication for 
surveillance was simply the presence of an endoscopic columnar-lined esoph-
agus without the requirement of intestinal metaplasia. To be included in the 
study, the patients needed to have had three or more surveillance endoscopies 
over a minimum of 2 years. Intestinal metaplasia was present in 108 of 177 
patients in the fi rst two endoscopies; 69 patients did not have intestinal meta-
plasia. Intestinal metaplasia was more prevalent in those patients with a longer 
columnar-lined segment; 88.9% of patients with long (greater than 3  cm) seg-
ments had intestinal metaplasia, compared with 30.5% with segments shorter 
than 3  cm.

Patients who did not have intestinal metaplasia on the fi rst two biopsies 
who continued medical treatment were compared to those who had anti-refl ux 
surgery for development of intestinal metaplasia in a later biopsy. The authors 
point out that a sampling error may account for the absence of intestinal 
metaplasia and attempted to decrease this possibility by requiring two suc-
cessive biopsies that were negative for intestinal metaplasia.

Patients with surgically treated refl ux disease were 10.3 times less likely 
to develop intestinal metaplasia compared with a group receiving standard 
medical therapy in surveillance biopsies (after the fi rst two biopsies were 
negative for intestinal metaplasia). In the medically treated group of 49 
patients, there was a progressive increase in intestinal metaplasia, with 80% 
of the patients progressing to intestinal metaplasia at 8 years. In the anti-refl ux 
surgery group of 20 patients, 12 (60%) remained without intestinal metaplasia 
at 16 years.

The fact that anti-refl ux surgery was able to prevent intestinal metaplasia 
in 60% of patients again supports the hypothesis that anti-refl ux surgery 
creates a milieu around the target cell (the progenitor cell in cardiac mucosa) 
that decreases the likelihood of conversion to intestinal metaplasia. Intestinal 
metaplasia is not completely prevented, which is explained easily by the fact 
that surgery does not completely abolish refl ux; normalization of the 24-hour 
pH test is not equivalent to abolition of refl ux. At the upper limit of what is 
considered normal in the 24-hour pH test, there is exposure of the target cell 
to refl uxate for 4% of the 24-hour period (more than 1 hour per day).

Conversion of Cardiac Mucosa 
to Oxyntocardiac Mucosa

In a recent study in our department, Tharavej et al (unpublished data) reported 
on 61 consecutive patients who underwent anti-refl ux surgery with preopera-
tive and postoperative biopsies from the gastroesophageal junction. Patients 
with intestinal metaplasia were excluded; all patients had cardiac mucosa in 
these biopsies. Matched preoperative and postoperative biopsies were evalu-
ated for the type of columnar epithelium present at the gastroesophageal 
junction. Regression of cardiac mucosa was defi ned when conversion from 
cardiac mucosa to oxyntocardiac or oxyntic mucosa occurred (i.e., when 
parietal cells were present). Non-regression was defi ned as the persistence of 
cardiac mucosa. Progression was defi ned as the occurrence of intestinal meta-
plasia (i.e., when goblet cells were present).
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At a median follow-up of 2 years after surgery, complete regression of 
cardiac mucosa was demonstrated in 18 (29%) patients; 17 had regression to 
oxyntocardiac mucosa, and 1 had regression to oxyntic mucosa. Cardiac 
mucosa was unchanged in 39 (64%) and progressed to intestinal metaplasia 
in 4 (6%). The decrease in prevalence of cardiac mucosa before and after 
anti-refl ux surgery was signifi cant (p = 0.001).

A total of 36 of these patients had postoperative pH studies. Of these, 28 
had a normal 24-hour pH test; 12 of the 28 (43%) had regression to oxynto-
cardiac mucosa, 16 (57%) had unchanged cardiac mucosa, and none pro-
gressed to intestinal metaplasia. Of the eight patients who had an abnormal 
24-hour pH test, cardiac mucosa was unchanged in six and progressed to 
intestinal metaplasia in two. The frequency of regression of cardiac mucosa 
was signifi cantly higher when the 24-hour pH test was normalized (12/28 
versus 0/8, p = 0.02).

Regression of cardiac mucosa to oxyntocardiac mucosa allows the removal 
of the patient from the refl ux-to-adenocarcinoma sequence. Oxyntocardiac 
mucosa is a stable epithelium that does not undergo intestinal metaplasia. It 
represents a cure of refl ux disease if the end-point is defi ned as removing the 
patient’s risk of refl ux-induced adenocarcinoma (Figure 7–76). In the future, 
I expect that the optimal treatment method for refl ux disease will be a drug 
that converts all cardiac and intestinal epithelia in columnar-lined esophagus 
to oxyntocardiac mucosa. This occurred in the case study involving the distal 
region of the columnar-lined segment that was below the wrap, probably as 
a result of acid. Is acid, which is the cause of columnar-lined esophagus, also 
its cure?

Cure of reflux disease

Figure 7–76 Histologic cure in gastroesophageal 
refl ux is the conversion of all columnar metaplasia 
to oxyntocardiac mucosa, which is a stable and 
benign columnar epithelium that is out of the refl ux-
to-adenocarcinoma sequence.
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case study, 191–194
in development of esophageal 

adenocarcinoma, 190
non-ubiquitousness in gastric juice, 190
progenitor cell as target cell for, 189
salivary nitrogenous compounds, 190

Carcinoma in situ, 31, 213, 228
equivalence with high-grade dysplasia, 214

Cardia, of normal stomach, 116
Cardiac intestinal metaplasia (CIM), 81, 145
Cardiac metaplasia, 11, 56, 201

conversion and fi rst genetic switch, 
158–163

in refl ux-to-adenocarcinoma sequence, 
184

Cardiac mucosa, 54, 79, 141, 147, at 
endoscopically normal squamocolumnar 
junction151

as abnormal epithelium, 154, 234, 235
absence at squamocolumnar junction, 151
absence in people without refl ux damage, 

138

Cardiac mucosa (Continued)
accepted maximal length, 149
with active infl ammation, 86
adenocarcinoma prevention with damage 

to, 24–25
with Alcian blue stain, 97
amount with and without intestinal 

metaplasia, 146
in autopsy specimens, 149
with basophilic cells, 96
in biopsy specimen from columnar 

epithelium, 74
with chronic infl ammation and foveolar 

hyperplasia, 265
chronic infl ammation in, 237
with chronic infl ammation in lamina 

propria, 86
confusion over normalcy of, 148
controversy over, 47
conversion to intestinal metaplasia

after anti-refl ux surgery, 287–288
via genetic switch, 163

conversion to oxyntocardiac mucosa, 165
with genetic switch reversibility, 179–180

defi ned, 78
diagnosis of, 85–88
discrepancy with anatomic gastric cardia, 

120–121
distal to end of tubular esophagus, 234
distal to squamocolumnar junction, 86
distribution in patients with long CLE 

segments, 169
evolution of surface plus foveolar type, 63
in fetal esophagus, 63
and foveolar hyperplasia, 100
gland duct in, 69
as histologic proof of cellular pathology, 

58, 236
with hyperplasia of muscularis mucosae, 

100
infl ammation and eosinophils in, 162–163
with intestinal metaplasia, 106, 122, 130

defi ned, 78
intestinal metaplasia in, 13–17

diagnosis, 90–92
intestinal metaplasia specimen, 90
with lobulated glands, 85
long lag phase before conversion to 

intestinal metaplasia, 180
measurement of extent, 152
mucous cells in glandular element, 74
multilayered surface epithelium in, 75
non-gastric nature of, 154
with PAS-AB stain, 97
as precursor of Barrett esophagus, 86
prevalence and extent

data from clinical populations, 151–152
new data in autopsy populations, 

149–151
present viewpoint, 145–149

prevention of conversion with anti-refl ux 
surgery, 287

with pseudo-goblet cells, 96
vs. intestinal metaplasia, 95–97

with reactive changes, 87
with reactive mucin-distended cells, 95
regression after anti-refl ux surgery, 288
as requirement in refl ux disease, 263
role of genetic switches

in conversion to intestinal metaplasia, 
163–164

in conversion to oxyntocardiac mucosa, 
164–165

Cardiac mucosa (Continued)
sample with intestinal metaplasia, 74
signifi cance with and without intestinal 

metaplasia and oxyntocardiac mucosa, 
152–154

with single foveolar unit, 96
as specifi c diagnostic criterion for refl ux 

disease, 58
at squamocolumnar junction, 236
studies evaluating signifi cance of, 237
surface-only type, 71
surface plus foveolar type, 72
surface type, 160
true anatomic location and signifi cance of, 

144–145
with villiform appearance in foveolar 

region, 87
vs. atrophic gastric mucosa with pseudo-

pyloric metaplasia, 99–102
vs. oxyntocardiac mucosa, 97–98
without intestinal metaplasia, 122, 178
with and without intestinal metaplasia

nonexistence in normal epithelia, 121
true anatomic location and signifi cance 

of, 144–145
Cardiac transformation

as cumulative change, 162
nondependence on acid molecules, 171
shift from oxyntocardiac mucosa to 

intestinal metaplasia, 170
Carditis, 117

two defi nitions of, 122
Case studies

anti-refl ux surgery, 284–287
carcinogen identifi cation, 191–194
carcinogen-target cell interactions, 198–200
cardiac mucosa vs. atrophic gastric mucosa 

with pseudo-pyloric metaplasia, 
103–104

diagrammatic representation, 248
endoscopic appearance of long segment 

CLE, 186
intestinal metaplasia in cardiac mucosa vs. 

in chronic atrophic gastritis, 109–111
patient’s lifetime course, 186, 200
refl ux-induced esophageal 

adenocarcinoma, 184–189
Caucasian males, risk of adenocarcinoma in, 

201
Cdx-1, 164
Cdx-2, 163, 164, 180. See also Genetic 

switches
Cell receptors, 157–158
Cellular changes

acid and, 191
cell death, 158
destructive injury, 158
in followed esophagogastrectomy patients, 

161
interactive changes, 158
with mild refl ux, 172
in non-neoplastic refl ux disease, 157–158
rate of change and acid exposure, 

175
and refl ux severity, 162
with severe refl ux, 173
squamous epithelial injury phase, 158
two basic types of cellular injury in refl ux 

disease, 158
Cellular criteria, 61

for disease defi nition, 36
Cellular interactions, destructive vs. 

interactive, 157
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Cellular proliferation, and bile acid 
metabolites, 19

Cellular status, disease classifi cation based 
on, 272–274

Chief cells, 79
in glands, 76

Cholic, 195
Chronic atrophic gastritis, 104, 105, 107

biopsy sample, 193
in case study patient, 191, 192–193
fl at mucosa in, 104–105
H. pylori in, 83
histologic diagnosis, 102, 107
histologic sample, 84
hypochlorhydria in, 194
with multifocal H. pylori pangastritis, 85
with Paneth cells, 105
patterns of gastric involvement in, 99
retrograde biopsy showing, 109
risk of adenocarcinoma in, 194
staining by immunoperoxidase, 106

Ciliated epithelium, in fetal esophagus, 61, 
62

Clinical data, on prevalence and extent of 
cardiac mucosa, 151–152

Clinical defi nitions
profusion of, 37
in selected papers, 39

Colonoscopic screening, and esophageal 
screening, 31

Columnar blue cells, 96, 97
Columnar epithelia, 70. See also Epithelial 

types
basic structure, 70–73
cell types, 73–77
classifi cation, 77–81
defi nitional value of different types, 236
determining types in histologic assessment, 

257
diagnosis of, 81–92
distribution

in fetal esophagus, 63
of types in non-neoplastic refl ux 

disease, 165–166
fetal, 63
fl at surface type, 71
with foveolar hyperplasia, 97
problems in differential diagnosis, 93–111
surface plus foveolar plus glandular type, 

73
surface plus foveolar type, 71
varying composition in different patients, 

118
zone of transition from squamous to, 160

Columnar-lined esophagus, 128
absence of relationship between length 

and risk of adenocarcinoma, 168
as absolute indication for biopsy, 36
accepted endoscopic conclusions, 53–54
accepted histologic conclusions, 54–57
accurate determination of total length, 267
adenocarcinoma in, 187, 188
in advanced stage refl ux disease, 140
association with cardiac mucosa with/

without intestinal metaplasia, 120
Barrett’s original interpretation, 123
biopsy protocol

for histologic assessment of, 250
for patients with visible, 251–252

biopsy specimen, 192, 199
case study endoscopy, 198
circumferential view, 44
clinical stages, 54

Columnar-lined esophagus (Continued)
confusion surrounding defi nitions of, 125
correlation with severity of refl ux disease, 

153
decrease in length after anti-refl ux surgery, 

275
determining total length of, 258–260
as diagnostic criterion of refl ux disease, 

53, 57
diagrammatic representation of three 

patients, 55
dominance of intestinal metaplasia in 

contemporary patients, 170
early illustration, 124
early-stage endoscopic view, 44
endoscopic appearance in later-stage 

disease, 140
endoscopic appearance in long segment 

of, 186
endoscopic appearance of short segment, 

192
endoscopy of short, 177
equivalence with cardiac mucosa and 

oxyntocardiac mucosa, 145
errors in diagnosis and treatment of, 181
extent of microscopic, 259
failure to use as diagnostic criterion for 

refl ux disease, 152
genetic switch mechanisms in, 170–176
gross appearance of short segment, 45
and hiatal hernia, 139–141
histologic regression in long segment, 280
historic data on, 17
historical differences in epithelial 

composition, 168–170
historical misclassifi cations, 123
with hyperplasia of muscularis mucosae, 

211
as ignored diagnostic criterion, 52–53
infl uence of acid suppression and anti-

refl ux surgery on cellular changes in, 
174

intrathoracic tubular stomach as, 124
in later-stage refl ux disease with LES 

shortening, 139
length, 146

and cancer risk, 269
and prevalence of intestinal metaplasia, 

14
and refl ux severity, 55, 58, 162, 268
and relationship to Barrett esophagus, 56
and relationship to prevalence of 

intestinal metaplasia, 166–168
lengthening in case study patient, 178
location of, 14
long segment, 47

endoscopic appearance, 46, 203
gross appearance, 46

and mechanism of cancer risk with acid 
suppression, 197

and metaplastic columnar epithelium, 261
nodular lesion in, 228
and oxyntocardiac mucosa, 120
pathology report sample, 94
present classifi cation, 41
prevalence of intestinal metaplasia by 

length of, 167
proposed histologic grading system for, 

273, 274
proximal limit with intestinal metaplasia, 

146
and recommended changes to current 

diagnostic criteria, 57–59

Columnar-lined esophagus (Continued)
reduction in length after anti-refl ux 

surgery, 286
refl ux severity and length of, 162
short and long segment classifi cations, 

44–45
short segment endoscopic view, 191, 203
signifi cance of length, 41
with thin epithelium, 210
three epithelial types in, 70
total histologic length of, 260
true GE junction location with, 144
with variation in epithelial thickness, 210
visibility in later stage of refl ux disease, 

139–141
Z-line in, 44, 45, 250

Columnar metaplasia, 6, 160, increase in 
length in case study patient179

cardiac metaplasia of squamous epithelium, 
and fi rst genetic switch, 158–163

cardiac mucosa conversion to 
oxyntocardiac mucosa, as benign 
genetic switch, 164–165

cardiac mucosa to intestinal metaplasia, as 
second genetic switch, 163–164

distribution of epithelial types in 
esophagus, 166

endoscopic appearance, 13
length and severity of refl ux, 53
and length of CLE, 168
as manifestation of refl ux disease, 52
refl ux as sole cause of, 53
in refl ux-to-adenocarcinoma sequence, 

11–13
sensitivity for presence of refl ux, 234
sequence in non-neoplastic refl ux disease, 

158
and severity of refl ux disease, 12
short segment, 13
specifi city in diagnosis, 234

Compensated refl ux, 235, 263, 264
biopsy specimens showing, 263

Congenital esophageal hypoplasia, 176–177, 
178

Conjugated bile salts, activation of P13 
kinase/Akt signaling pathway by, 195

Cost
of anti-refl ux surgery, 26
of fl ow cytometry, 213
lifelong decrease with surgery vs. drug 

therapy, 26
Cribriform architecture, 217, 219

in high-grade dysplasia, 218
in low-grade dysplasia, 219, 220

Cystically dilated dysplastic glands, and 
invasive carcinoma, 220

Cytokeratin 7, immunoperoxidase stain, 111
Cytokeratin 20, immunoperoxidase stain, 111
Cytologic abnormality

in high-grade dysplasia, 217, 219
severe in high-grade dysplasia, 218, 221

D

Data interpretation
case study, 264–267
classifi cation based on cellular status, 

272–277
degree of refl ux severity, 267–274
evidence of refl ux disease, 263–264
evidence of refl ux-induced cellular change, 

261–263
in histologic assessment, 260–261
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Demographic factors, for cancer risk in 
refl ux disease, 201–202

Desmoplasia, around invasive glands, 221
Destructive cellular interactions, 157
Diagnostic guidelines, 1

columnar-lined esophagus, 52–53
current, 36
data generated by histologic assessment, 

257–260
in dysplasia, 216
endoscopic, 41–48
gold standards for, 39
for high-grade dysplasia, 217–222
histologic, 48–52
for low-grade dysplasia, 222–225
physiologic testing, 39–41
present accepted criteria, 48
protocols for histologic assessment, 

249–251
recommended changes to current, 57–59
for refl ux disease, 233, 249
symptom-based, 36–39

Diamine stain, 92
Differential diagnosis

cardiac mucosa vs. atrophic gastric mucosa 
with pseudo-pyloric metaplasia, 
99–102

cardiac mucosa vs. normal gastric oxyntic 
mucosa, 99

cardiac mucosa vs. oxyntocardiac mucosa, 
97–98

cardiac mucosa with pseudo-goblet cells 
vs. intestinal metaplasia in cardiac 
mucosa, 95–97

between columnar epithelial types, 93–95
immunoperoxidase stain in, 108
intestinal metaplastic in cardiac mucosa vs. 

intestinal metaplasia in chronic 
atrophic gastritis, 104–111

oxyntocardiac vs. gastric oxyntic mucosa, 
98

of refl ux carditis, 242
Diffuse pangastritis, 102
Dilated end-stage esophagus, 131, 138, 142, 

145
adenocarcinoma in, 194, 244
as earliest stage of refl ux disease, 136–139
failure to recognize in Barrett surveillance, 

253
need for ablation in, 281
pathogenesis of adenocarcinoma in, 245

Distal end-stage esophagus
adenocarcinoma development in, 193, 

198
biopsy specimen, 255

adenocarcinoma limited to, 187, 188
carcinogen concentration in, 196
as location of cancer in Barrett esophagus 

segment, 205
Distal esophageal adenocarcinoma, 2
Distal esophagus

baseline intraluminal pressure of, 116
beginnings of squamous epithelial damage 

in, 11
diagrammatic representation of pressures, 

116
Distal stomach, racial differences in 

incidence of adenocarcinoma, 5
Duodenogastroesophageal refl ux, as cancer 

risk factor, 202
Dysphagia

case study, 184–189, 248
in case study of GE refl ux, 176, 264–267

Dysplasia. See also High-grade dysplasia; 
Low-grade dysplasia

assessing cancer risk by, 213–216
criteria for diagnosis, 216
criteria for grading in Barrett esophagus, 

216
diagnosis of high-grade, 216–217
grading spectrum, 214
high-grade, 217–222

E

Electron microscopy, dilated intercellular 
spaces with, 48–49

Embryologic development, 61
fetal esophagus, 61–64
fetal stomach, 64–65

End-dilated stage esophagus, with 
submucosal glands, 131

Endogenous secretions, as possible 
carcinogens, 190

Endoscopic landmarks, 249
Endoscopic regression

histologic defi nition, 280
spurious, 279
true, 279

Endoscopically normal patients
biopsy protocol for, 260–261
biopsy series showing compensated refl ux, 

263
with direct transition from squamous 

epithelium to oxyntic mucosa, 258
high-grade dysplasia with Barrett 

esophagus in, 245
histologic grading system for, 273

Endoscopy, 89
accepted conclusions for columnar-lined 

esophagus, 53–54
diagnosis by, 41–48
in diagnosis of refl ux disease, 36
of erosive esophagitis, 42
failure to perform, 9
and features of refl ux carditis, 238–240
follow-up with, 32
inability to differentiate three pathological 

epithelia through, 238
normal patient sample, 102
risk identifi cation via, 30

Eosinophilic esophagitis, 51
in squamous epithelial injury, 158

Eosinophils, intraepithelial, 51
Epidemiology

of refl ux-induced cancer, 2–6
relative changes in incidence, 3

Epithelial mapping, by histologic assessment, 
247

Epithelial permeability, 161
increases with conversion of squamous 

epithelium to cardiac mucosa, 159
and loss of tight cell junctions, 158

Epithelial types. See also Columnar epithelia
anatomic location and signifi cance, 

141–142
cardiac mucosa with/without intestinal 

metaplasia, true anatomic location and 
signifi cance of, 144–154

columnar epithelia, 70–81
consistent zonation of, 145
defi ning new grading system using, 93
derivation from refl ux-induced columnar 

metaplasia, 154
distribution in non-neoplastic refl ux 

disease, 165–166, 166, 170

Epithelial types (Continued)
gastric oxyntic mucosa, true anatomic 

location and signifi cance, 144
histologic defi nitions, 61, 65
historical differences in CLE, 168–170
location and signifi cance per current vs. 

correct defi nitions, 119
priority of, 93
profusion of terms used for, 122
resolution of controversy, 141–142
squamous epithelium, true anatomic 

location and signifi cance of, 142–143
stratifi ed squamous epithelium, 65–70

Erosions, 158
insignifi cance as diagnostic criterion, 52

Erosive esophagitis
endoscopic diagnosis of, 41
endoscopic views, 42
limitations as diagnostic criterion, 57
Los Angeles classifi cation system, 42
patient classifi cation, 41
squamous epithelial sample, 51

Esophageal adenocarcinoma, 112. See also 
Adenocarcinoma

assessment of risk in Barrett esophagus, 
210–212

dysplasia, 213–225
molecular abnormalities, 212–213

association with obesity, 202
change in incidence relative to squamous 

carcinoma, 3
comparisons with breast and colorectal 

cancer incidences, 7
epidemiology, 2
increased risk with acid-suppressive 

medication use, 10, 11
interaction between carcinogens and target 

cells in, 196–200
possible carcinogens in, 190–196

acid, 191
bile, 194–196
case study, 191–194
salivary nitrogenous compounds, 190

and prevalent cancer in Barrett esophagus, 
225–226

with extensive low-grade dysplasia, 
228–229

in high-grade dysplasia, 227
high-grade dysplasia in endoscopic 

lesion, 227–228
with multifocal/unifocal high-grade 

dysplasia, 228
non-dysplastic, 229

protective factors, 207
ablation of Barrett epithelium, 209
decrease in GE refl ux, 208–209
exclusion of bile from refl uxate, 209–210

refl ux-induced, 184
case study, 184–189

relative change in incidence, 3
and risk factors in refl ux disease, 201

acid-suppressive drug therapy, 205–207
Barrett esophagus, 202–205
clinical evidence of refl ux severity, 202
demographic factors, 201–202
duodenogastroesophageal refl ux 

evidence, 202
symptomatic refl ux disease, 201

target cell in, 189–190
trends in incidence vs. adenocarcinoma of 

gastric cardia, 4
Esophageal epithelium, normal specimen, 

49
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Esophageal manometry
in case study patient, 178
defi ning loss of sphincter length by, 116
defi nition of GE junction by, 169
depiction of normal swallows by, 115

Esophageal shortening, in advanced-stage 
disease, 140

Esophageal squamous carcinoma
lack of relationship to refl ux, 4–5
relative changes in incidence, 3

Esophagectomy, 246
Esophagectomy dissection protocol, 255–257
Esophagectomy specimen

in adenocarcinoma of distal esophagus, 
255

method of dissection, 256
with mucous gland, 67
potential artifacts in, 255
squamocolumnar junction in, 262
with squamous carcinoma in mid-

esophagus, 264
Esophagogastrectomy patients, sequential 

cellular developments in, 161
Esophagogastrectomy specimen

with end of esophagus and proximal 
stomach, 43

with normal endoscopic appearance, 43
specimen sectioning method, 129
summary of histologic fi ndings, 130
tubular esophagus with proximal limit of 

rugal folds in, 129
Esophagogastric junction length, 

measurements over 30-minute periods, 
134

Esophagus
anatomy of normal, 112–114
diagram of normal anatomy, 113
fetal, 61–64
normal histology, 119–122

Evidence-based medicine, failure to practice 
in GERD, 10

F

Failure rates, of anti-refl ux surgery, 27
Feasibility, of anti-refl ux surgery, 27
Fetal autopsy studies, 151
Fetal cardiac mucosa, 63
Fetal columnar epithelium, 64
Fetal esophagus, 61–64

angle of His in, 127
distribution of columnar epithelium in, 63
epithelial differentiation in, 62
gross specimen of normal, 114
junction between stratifi ed squamous 

epithelium and undifferentiated fetal 
columnar epithelium in, 62

purported cardiac mucosa in, 151
undifferentiated fetal columnar epithelium 

in, 63
Fetal stomach, 64–65

gross specimen of normal, 114
Flat surface type columnar epithelia, 71
Flawed diagnostic tests, 229
Flow cytometry, role in determining 

molecular abnormalities, 212–213
Four-quadrant biopsy, 30, 212

for Barrett surveillance, 253
for endoscopically normal patients, 251
for patients with endoscopically visible 

CLE, 252
protocol for busy gastroenterologists, 

252–253

Foveolar hyperplasia, 89, 97, 160–161, 238, 265
biopsy specimen with, 89
in cardiac mucosa, 98, 199
in case study patient, 265–266
in oxyntocardiac mucosa, 88

Foveolar pit, 72, 73
dysplastic change beginning in, 223
H. pylori in, 82
Paneth cells at base of, 77
stem cells in, 75, 163

Foveolar region, 70, 81
target cells in, 189

Fundus, of normal stomach, 116

G

Gastric adenocarcinoma, 112
Gastric body, biopsy samples, 193
Gastric cardia, 120, 128

adenocarcinoma misclassifi cation, 188, 244
association between adenocarcinoma and 

refl ux disease, 118
confusion over anatomic location, 116, 117
differences from body and fundus, 117
discrepancy from cardiac mucosa, 120–121
evolving defi nition of, 117
intestinal metaplasia of, 120
misdiagnosis of adenocarcinoma in, 5
need for ablation in, 281
normal anatomy defi ned, 116–119
reproducible defi nition of distal limit, 121
trends in adenocarcinoma incidence, 4

Gastric distention, comparison with balloon 
mechanisms, 136

Gastric fundic-type epithelium, 78, 80
Gastric intestinal metaplasia, 83–84
Gastric juice

exposure of gastric oxyntic mucosa to, 144
exposure of squamous epithelium to, 132
ubiquity of carcinogenic agent in, 14–15, 18

Gastric mucosa, parietal cells in fetal life, 164
Gastric oxyntic mucosa, 57, 75, 80, 122, 141, 

147, 162
absence in normal esophagus, 144
cell kinetics, 70
deep glandular region with parietal cells, 

76
defi ned, 79
diagnosis of, 81–85
differentiating intestinal metaplasia in, 

104–111
diffi culty of differentiating from 

oxyntocardiac mucosa, 235
immunoperoxidase stain for, 71
with mild chronic gastritis, 82
three tubular glands of, 80
true anatomic location and signifi cance of, 

144
vs. cardiac mucosa, 99
vs. oxyntocardiac mucosa, 98

Gastric pH. See also pH gradient
effect on bile acids, 195
effects of acid suppression on, 194
effects of refl uxate by tissue type, 21
infl uence on bile acids, 20
normalization after anti-refl ux surgery, 285
and use of acid-suppressive drugs, 16

Gastric pull-up, 184
Gastroesophageal junction, 113

adenocarcinoma of, 112
carcinogen concentration at, 204
clinical impact of validated and invalidated 

defi nitions, 127–129

Gastroesophageal junction (Continued)
consequences of using incorrect 

defi nitions, 128
defi ned, 123
and defi nition of refl ux carditis, 238
determining location of mass lesion in 

relation to, 256
diagrammatic representation of 

controversy, 113
endoscopic appearance, 103
failure of rugal folds and tubular 

esophagus to defi ne, 250
Hayward’s defi nition, 125
histologic defi nition, 129–132, 234, 250
historical background, 123–127
historical defi nitions, 123, 126
implications of incorrect defi nition for 

diagnostic biopsies, 128
infl uence of refl ux severity on pH at, 171
mistaken defi nition as tops of rugal folds, 

181
normal endoscopic appearance, 42
poor defi nition in hiatal hernia, 126
in premature infant, 62
as proximal limit of gastric oxyntic 

mucosa, 234
proximity of carcinogen to, 207
proximity of intestinal metaplasia to, 

204–205
sampling in ideal biopsy protocol, 251
true location in columnar-lined esophagus 

patient, 144, 237, 265
Gastroesophageal refl ux

association of cardiac mucosa with, 154
benefi ts of decreasing, 208–209
dilated end-stage esophagus, as earliest 

stage of refl ux disease, 136–139
histologic criteria for chronic subclinical, 

262
mechanism of, 133–136
protective benefi ts of decreasing, 208–209

Gastroesophageal refl ux disease. See also 
Refl ux disease

induction of esophageal adenocarcinoma 
by, 4

limitations of opinion-based management 
of, 2

need for histologic understanding of, 28
without Barrett esophagus, 33–34

Gastroesophageal Refl ux Disease Activity 
Index (GRACI) score, 39

Gender differences, 189
in adenocarcinoma risk, 201
in esophageal adenocarcinoma, 5–6
in gastric cardia adenocarcinoma, 6
in short-segment Barrett esophagus, 

189
Genetic mutations, 157

probability and proliferative rate, 205
unlikelihood of acid as cause of, 191

Genetic switches, 157, 161
in cardiac conversion, 158
Cdx-2, 163
increased epithelial permeability due to, 

159
mechanisms in CLE, 170–176
mutual exclusivity of, 166
mutual exclusivity of gastric type vs. 

intestinal type, 165
in non-neoplastic refl ux disease, 158–163
responsibilities for epithelial differentiation, 

179
reversibility of, 179–180
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Genetic switches (Continued)
and reversion of cardiac mucosa to 

squamous epithelium, 179–180
role in conversion of cardiac mucosa to 

intestinal metaplasia, 163–164
role in conversion of cardiac mucosa to 

oxyntocardiac mucosa, 164–165
SHH, 165

Gland complexity, 217
in high-grade dysplasia, 218
inability to diagnose endoscopically, 275

Gland crowding, 219, 220, 221
absence in low-grade dysplasia, 225
in high-grade dysplasia, 218

Glands, 70
chief cells in, 76
cystically dilated, 220
formation under foveolar region, 161
and intestinal metaplasia, 105
neuroendocrine cells in, 76
Paneth cells in, 77

Glandular epithelium, basic structure, 70
Glandular-type mucosa, immunoperoxidase 

stain on, 73
Glycochenodeoxycholic acid, 195
Glycocholic, 195
Goblet cells, 73, 74, 90, 95, 177, 287

absence in fetal life, 164
Alcian blue stain of, 91
in cardiac mucosa, 75, 76, 163
development in cardiac mucosa, 163
diagnostic signifi cance, 91
distribution in esophagus, 166
higher density sample, 204
in intestinal metaplasia, 79, 90, 91
in low-grade dysplasia, 220
number and cancer risk, 269
as percentage of total columnar cells, 92
as precursor to development of cancer, 

163
quantitation for progression purposes, 277
residual in low-grade dysplasia, 223, 224

Grading system, 28–29, 31
defi ning via epithelial types, 93

H

H2-receptor blockers, 10, 38, 205
OTC, 8

Haggitt, Rodger, 227
Heartburn, 136

clinical characterization of, 38
Helicobacter pylori, 81, 82, 86, 118

in cardiac mucosa, 87
in chronic gastritis, 83, 84
role in chronic gastritis, 99

Hiatal hernia. See also Sliding hiatal hernia
in advanced stage of refl ux disease, 140
in case study patient, 178, 202
diagnostic confusion over, 46
in later stage of refl ux disease, 139–141
poor defi nition of GE junction in, 126
symptomatic refl ux without, 134

High-grade dysplasia, 6, 213
borderline sample, 219, 229
as carcinoma in situ, 228
case study, 198
in case study patient, 246
comparison with low-grade, 218
with cribriform change, 218
criteria for diagnosis, 216, 217–222
decreased incidence after anti-refl ux 

surgery, 282–283

High-grade dysplasia (Continued)
diagnosis of, 216–217
with early lamina propria invasion, 247
in endoscopically visible lesions, 227–228
as ephemeral and reversible phenomenon, 

277
equivalence with carcinoma in situ, 214
with gland complexity, 218
with gland crowding, 218, 221
immunoperoxidase staining, 271

for Ki67, 213
for p53, 213

incidence of adenocarcinoma in, 214
interobserver variation in diagnosis of, 219
in intestinal epithelium under surface 

squamous epithelium, 276
intestinal metaplasia in, 247
and Ki67 positivity, 271
with loss of nuclear polarity, 218
at maximum point of carcinogen 

effectiveness, 199
microcystic type, 218
in microscopic segment of Barrett 

esophagus, 245
multifocal vs. unifocal, 228
prevalent cancer in, 227
with severe cytologic abnormality, 218, 

221
Histologic assessment

biopsy protocol
for Barrett surveillance, 253
for busy gastroenterologists, 252–253
for endoscopically normal patients, 

250–251
for patients with mass lesions, 253–255
for patients with visible columnar-lined 

esophagus, 251–252
data generated by, 257–260
data interpretation, 260–264
disease progression example with constant 

endoscopy, 278
esophagectomy dissection protocol, 

255–257
evidence of refl ux disease, 263–264
for progression of refl ux disease, 277
protocols for, 249–250

Histologic cure, 288
Histologic defi nitions, 1

absence of accepted, 232
application of, 92–93
clinical impact of validated and 

invalidated, 127–129
columnar epithelia, 70–81
confusion in previous 50 years, 129
of epithelial types, 61
of gastroesophageal junction, 129–132
importance of precise, 122
new defi nitions, 154
of refl ux carditis, 238
of refl ux disease, 232–236
stratifi ed squamous epithelium, 65–70

Histologic diagnosis, 48–52
accepted conclusions for columnar-lined 

esophagus, 54–57
Histologic grading system

for endoscopically normal patients, 273
for neoplastic Barrett esophagus, 274
for patients with CLE longer than 2 cm, 

275
for patients with endoscopically visible 

CLE, 273
Histologic mapping biopsies, 147
Histologic regression, 280

Histology
Hayward’s interpretation of normal, 127
importance in understanding disease, 61
in normal esophagus and proximal 

stomach, 112–122
role in understanding GERD, 28

Hypochlorhydria, 194

I

Immunoperoxidase stain, 108
in biopsy of gastric body, 193
in chronic atrophic gastritis, 106
cytokeratin 7, 111
cytokeratin 20, 110
of intestinal metaplasia in cardiac mucosa, 

108
for Ki67, 270

in Barrett esophagus, 271
in high-grade dysplasia, 213, 225
in low-grade dysplasia, 225, 271

for p53, in high-grade dysplasia, 213, 225
Incidence

esophageal adenocarcinoma vs. esophageal 
squamous carcinoma, 3

by grade of dysplasia, 214
relative changes for esophageal 

adenocarcinoma and other 
malignancies, 3

trends for esophageal adenocarcinoma and 
gastric cardia adenocarcinoma, 4

Indefi nite for dysplasia, 214, 224, 269
criteria for diagnosis and grading, 216

Infl ammatory cells
absence in fetal columnar epithelium, 64
in cardiac mucosa, 162–163

Interactive cellular changes, 157
Interobserver concordance, 215

in intestinal metaplasia diagnosis, 96
Interobserver variation, 214, 215, 222

and high-grade dysplasia diagnosis, 219
Intestinal metaplasia, 6, 46, 56, 57, 145, 147

adenocarcinoma arising at distal limit of, 
255

adenocarcinoma prevention at stage of, 
24–25, 25–26

Alcian blue stain of, 91
amount in Barrett esophagus, 204
carcinogenesis in, 17–19
in cardiac mucosa

as defi nition of Barrett esophagus, 243
vs. in chronic atrophic gastritis, 104–111

in case study patient, 192, 200
coexisting with chronic atrophic gastritis, 

107
in columnar epithelium, 91
conversion to cardiac mucosa, 278
as defi ning criterion of Barrett esophagus, 

55
diagnosis in cardiac mucosa, 90–91
diagnostic diagram, 106
diagnostic location, 107
as differentiating criterion between BE and 

refl ux carditis, 243
distribution in patients with long CLE 

segments, 169
focal in goblet cells, 95
of gastric cardia, 117
genetic switch resulting in conversion to, 

166
gland duct with, 69
with goblet cells, 79, 90, 91
goblet cells showing, 75
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Intestinal metaplasia (Continued)
in high-grade dysplasia, 247
histologic defi nition, 107
historic data on, 17
in lamina propria after reversion to 

squamous epithelium, 210
and length of columnar-lined esophagus, 

14
long lag phase before cardiac conversion 

to, 180
low-grade dysplasia arising in, 223
lowering of upper limit, 286
malignant transformation favored in, 198
measuring lowest level of, 270
in mucous cell-only epithelium, 107
multidecade development of, 234
as only columnar epithelium susceptible to 

cancer, 164
overdiagnosis with Alcian blue stain, 91
as pH-dependent phenomenon, 176
presence in varying lengths of CLE, 167
present classifi cation, 41
progression in case study patient, 178
promotion by alkaline environment, 15, 

175
proximity to gastroesophageal junction, 

204–205
quantitation for progression purposes, 

277
rarity in children, 161
reduction in development with anti-refl ux 

surgery, 287
in refl ux-to-adenocarcinoma sequence, 

13–17, 184
relationship of CLE length to prevalence 

of, 166–168
reversal after anti-refl ux surgery, 25, 208, 

275, 283–284
reversal of, 278–279
reversion to cardiac mucosa, 179
role of genetic switches in conversion to, 

163–164
sample in cardiac mucosa, 90
signifi cance of cardiac mucosa with and 

without, 152–154
under squamous surface, 275–276
variations in amount, 204
vs. cardiac mucosa with pseudo-goblet 

cells, 95–97
Intraepithelial neoplasia, 213
Intramucosal adenocarcinoma, 211

beyond high-grade dysplasia, 215
criteria for diagnosis and grading, 216
with high-grade dysplastic glands and 

lamina propria invasion, 221
with irregular dysplastic glands, 222
with lamina propria invasion, 222
requirement of formal treatment for, 

214
underlying normal squamous epithelial 

surface, 222
Intrathoracic tubular stomach, 124
Invasive carcinoma, 31, 32, 185

in case study patient, 246
with cystically dilated dysplastic glands, 

220
failure to sample in random biopsies, 

217
high-grade dysplasia before, 216–217
in lamina propria under squamous surface, 

276
microcystic type, 220, 221
with nests in muscularis mucosae, 247

J

Junctional-type epithelium, 78, 80, 85, 160
esophageal location of, 165

K

Ki67
expression patterns as risk indicators, 213
and high-grade dysplasia, 271
immunoperoxidase staining, 225

in high-grade dysplasia, 213
in low-grade dysplasia, 225

L

Lag phase, 187
of recognizable abnormality before frank 

cancer, 200
in refl ux-to-adenocarcinoma sequence, 184

Lamina propria, 66
chronic infl ammation in, 67, 86
gland duct in metaplastic oxyntocardiac 

mucosa, 68
invasion in high-grade dysplasia, 247
invasion in intramucosal adenocarcinoma, 

221, 222
invasive adenocarcinoma under squamous 

surface, 276
mucous gland in, 66
residual IM in glands, 210
squamous-lined duct in, 69

Lifetime course
diagrammatic representation in case study, 

186
hypothetical case study construct, 200
of patient refl ux disease, 248
in refl ux-to-adenocarcinoma sequence, 

185
Los Angeles classifi cation system, 42
Low-grade dysplasia, 213

biopsy specimen showing, 192
borderline sample, 219, 225
comparison with high-grade, 218
with cribriform architecture, 219, 220
criteria for diagnosis, 216, 222–225
with foci of high-grade dysplasia, 225
incidence of adenocarcinoma in, 214
and irreversible genetic change, 223
Ki67 immunoperoxidase staining in, 225
multifocal and multilevel, 228–229
in non-dysplastic intestinal metaplasia, 223
prevalent cancer in, 228–229
rate of transformation to adenocarcinoma, 

224
with residual goblet cells, 223, 224
with retained nuclear polarity, 218
reversal after anti-refl ux surgery, 26

Lower esophageal sphincter, 132
abnormality as cause of refl ux, 208
area of loss in advanced refl ux disease, 

140
correlation of length with dilated end-stage 

esophagus, 138
diagrammatic representation of loss in 

distal section, 137
factors in normal function of, 114
as landmark of GE junction, 169
and length of columnar epithelia, 153
normal anatomy of, 114–116
in normal swallowing action, 113
number of relaxations and degree of 

shortening, 133

Lower esophageal sphincter (Continued)
permanent shortening in later stage 

disease, 139
proximal movement in early refl ux disease, 

127
removal in case study patient, 186
role in peristaltic wave, 112
shortening of abdominal segment in early 

refl ux disease, 126–127, 136
Luminal bridges, 217
Luminal molecules

epithelial permeability to larger, 159
exposure of stem cells to, 160

M

Manometry. See Esophageal manometry
Mass lesion, biopsy protocol for, 253–255
Microcystic type high-grade dysplasia, 218, 220

as indicator of invasive carcinoma, 220
with invasive carcinoma, 220, 221

Microneuroendocine hyperplasia, 193
Microscopic changes

in case study patient, 266
in early refl ux disease, 137
in endoscopically normal patients, 260–261
in refl ux disease and Barrett esophagus, 59

Mild chronic gastritis
gastric oxyntic mucosa with, 82
infl ammatory cells, 82

Mixed mucous and parietal cell epithelium, 
122

Molecular abnormalities, assessing cancer 
risk via, 212–213

Morbidity, with anti-refl ux surgery, 27
Mortality rates

colorectal carcinoma, 21
and need for change of physician attitude, 

187
refl ux-induced adenocarcinoma, 21
for refl ux-induced adenocarcinoma, 6

Mucin-distended cells, 95
Mucosal ablation, effect on refl ux disease, 

281–282
Mucosal biopsies, 221
Mucosal thickness, in intramucosal 

adenocarcinoma, 211
Mucous and parietal cell epithelium, 81
Mucous cell-only epithelium, 85, 122
Mucous cells, 74

appearance in glands, 76
in oxyntocardiac mucosa, 89

Mucous glands, 66, 74
in esophagectomy specimen, 67
in lamina propria, 66
residual in oxyntocardiac mucosa, 68
superfi cial in oxyntocardiac mucosa, 68

Mucous neck cells, 75
Multichannel impedance testing, 39
Multifocal high-grade dysplasia, 228
Multilayered epithelium, 100
Muscularis mucosae

hyperplasia of, 100, 211, 222
in invasive adenocarcinoma, 247

Mylanta, 38

N

N-nitroso compounds, 190
Necrotic debris, in high-grade dysplasia, 218
Neuroendocrine cells, in glands, 76
Neutrophils, in squamous epithelial injury, 

158
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Nissen fundoplication, 22, 180, 208, 282
in case study patient, 284
post-fundoplication biopsy, 285
pre- vs. post-fundoplication fi ndings, 286

Nitrogenous compounds, carcinogenicity of 
salivary, 190

Nocturnal regurgitation, in case study patient, 
178

Nodular lesions, and invasive carcinoma, 
228

Non-dysplastic Barrett esophagus
incidence of adenocarcinoma in, 214
prevalent cancer in, 229

Non-erosive refl ux disease (NERD), 37, 41, 
48, 232

spurious identity of, 238
Non-neoplastic refl ux disease

case study, 176–179
cellular changes in, 157–158
conversion from cardiac mucosa to 

intestinal metaplasia in, 163–164
and distribution of columnar epithelial 

types, 165–166
genetic switch mechanisms in CLE, 

170–176
and historical differences in CLE-epithelial 

composition, 168–170
relationship of CLE length and intestinal 

metaplasia in, 166–168
reversibility of genetic switches in, 

179–180
sequence of columnar metaplasia in, 

158–165
squamous epithelial injury phase, 158

Normal anatomy
defi nitions of, 112
diagram, 113
fetal, 114
Hayward’s interpretation, 127
histology of esophagus and proximal 

stomach, 119–122
lower esophageal sphincter, 114–116
new defi nitions, 154
normal esophagus, 112–114
normal stomach, 116–119

Normal esophagus, 112–114
Normal histology, 119–120

discrepancy between anatomic gastric 
cardia and cardiac mucosa, 120–121

and importance of precise histologic 
defi nition, 122

Normal stomach, 116–119
Normal values, diffi culties in establishing, 

40
Nuclear polarity, 217

loss in high-grade dysplasia, 218
partially retained, 219
retained in low-grade dysplasia, 223

O

Obesity, association with esophageal 
adenocarcinoma, 202

Oh, Daniel, 184
Outcomes, for anti-refl ux surgery, 23
Over-the-counter agents, 7, 8

drug industry lobbying for, 20
intense marketing of, 38

Oxyntic mucosa. See also Gastric oxyntic 
mucosa

gastric location of, 119
undermining by invasive adenocarcinoma, 

248

Oxyntocardiac mucosa, 56, 57, 80, 81, 89, 
98, 119, 122, 130, 145, 147, 170

as abnormal epithelial type, 234
absence in people without refl ux damage, 

138
in autopsy data, 149
as benign epithelium, 98, 165, 235
cardiac conversion to, 164–165

and prevention of adenocarcinoma, 180
and columnar-lined esophagus, 120
conversion after anti-refl ux surgery, 

287–288
conversion of cardiac mucosa to, 165
deep gland visualization, 77
defi ned, 79
development of, 163
diagnosis of, 88–90
distal location of, 165
distribution in patients with long CLE 

segments, 167, 169
with foveolar hyperplasia, 88
genetic switch resulting in, 166
gland duct in lamina propria of, 68
gland duct in metaplastic, 69
with glands, 76
increase as regression of disease, 279
metaplastic, 77
non-existence of refl ux disease with, 263
nonexistence in normal epithelia, 121
with parietal and mucous cells, 80, 89
with parietal cells in glands, 88
as positive outcome in refl ux disease, 

279–280
prevalence and extent

current viewpoint, 145–149
data from clinical populations, 151–152
new data from autopsy populations, 

149–151
reversion to, 288
serous cells with basophilic cytoplasm in, 

78
signifi cance of cardiac mucosa with and 

without, 152–154
squamous-lined duct in lamina propria of, 

69
as stable epithelium, 288
superfi cial mucosal gland in, 68
true anatomic location and signifi cance of, 

144–145
universal presence of, 235
vs. cardiac mucosa, 97–98
vs. gastric oxyntic mucosa, 98

P

p53
expression patterns as risk indicators, 213
immunoperoxidase staining in high-grade 

dysplasia, 213, 225, 271
use of staining in borderline cases, 271

P13 kinase/Akt signaling pathway, activation 
by bile salts, 195

Pancreatic cells, in glands, 77
Pancreatic metaplasia, 77, 78
Paneth cells, 77, 78, 105

at base of foveolar pit, 77
Parietal cells, 64, 74, 76, 80, 88, 98

coexistence with chief cells, 79
differentiation via SHH gene, 165
in oxyntocardiac mucosa, 88, 89, 98, 163, 

164
Partial esophagectomy, with gastric pull-up, 

184

Pathology report
diagrammatic representation, 94
sample from columnar-lined esophagus, 94

Pepcid, 38
Periodic acid Schiff-Alcian blue stain (PAS-

AB), 91, 92, 96
cardiac mucosa stained with, 97
confusing defi nition of cardiac mucosa by, 

149, 150
Peristaltic wave, 112

interruption in case study patient, 176
Peritoneal refl ection, 113, 128, 141

as border of GE junction, 127
diffi culty of identifying, 125

pH gradient. See also Gastric pH
alteration by refl ux, 171
cause of historical differences, 17
differences with increasing refl ux, 15
expansion in refl ux patients, 15
infl uence of refl ex severity on, 171
progressive widening with acid 

suppression, 171
pH neutrality, of normal esophagus, 14
Pharmaceutical industry

direct marketing of acid-suppressive drugs 
by, 7

elimination of physician in diagnosis by, 
38

promotion of acid suppression by, 19
Physiologic testing, diagnosis by, 39–41
Polypoid lesions, in cardiac mucosa, 87
Possible refl ux disease, diagnosis of, 37, 38
Postprandial gastric distention, dilated end-

stage esophagus during, 136
Prevalent cancer, 226

after surgery, 229
in Barrett esophagus, 225–226
in extensive low-grade dysplasia, 228–229
in high-grade dysplasia, 215, 227

in endoscopically visible lesion, 227–228
in multifocal vs. unifocal high-grade 

dysplasia, 228
risk with random biopsies, 212

Prevention
at carcinogenesis stage, 25–26
by conversion of intestinal metaplasia to 

oxyntocardiac mucosa, 180
ignoring opportunities for, 249
and mistaken sense of futility, 182
of refl ux-induced adenocarcinoma, 22–24
at squamous epithelial damage stage, 24

Prilosec, 38
Progressive dysphagia, case study, 184–189
Proliferative rate

with reactive atypias, 224
role of acid in, 206
of target cells, 205

Protective factors, 207
Barrett epithelium ablation, 209
bile exclusion from refl uxate, 209–210
decreased GE refl ux, 208–209

Proton pump inhibitors, 7, 10, 38, 205
OTC, 8

Proximal stomach
atypical appearance, 47
cardiac mucosa in, 148
diagram of normal anatomy, 113
diagrammatic representation of pressures, 

116
normal histology, 119–122
purported cardiac mucosa in, 152

Pseudo-goblet cells, 95, 96
Pseudo-pyloric metaplasia, 82–83
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Racial differences, adenocarcinoma of gastric 
cardia, 5

Reactive atypias, 224
separating from high-grade dysplasia, 

270–271
Refl ux carditis, 163

and 24-hour pH test, 241
and atypically symptomatic refl ux disease, 

241
biopsy requirements for diagnosis, 238
chronic infl ammation in, 238
clinical features, 240–241
defi ned, 237
as defi nition of refl ux disease, 236–242
differential diagnosis, 242
as earliest specifi c step in refl ux-to-

adenocarcinoma sequence, 241
endoscopic equivalence with Barrett 

esophagus, 244
with foveolar hyperplasia, 238
gross pathologic and endoscopic features, 

238–240
histologic features, 238
as presence of cardiac mucosa, between 

squamocolumnar junction and true GE 
junction, 238

sampling errors, 242
sensitivity as diagnostic criterion, 58
signifi cance, 241–242
specifi city as histologic marker, 241
true false-negatives, 242

Refl ux disease. See also Gastroesophageal 
refl ux disease

absence of defi nition in clinical studies, 39
absence of standard defi nition, 36
accepted criteria for, 48
and acid suppression, 9–10
acid-suppressive drug therapy and cancer 

risk in, 205–207
assessment of severity, 31
assessment of treatment, 274–280
in asymptomatic individuals, 39
Barrett esophagus as cancer risk factor in, 

202–205
cancer risk factors in, 201–207
in children, 161
clinically based current defi nitions, 232, 

274
columnar-lined esophagus as diagnostic 

criterion for, 52–59, 152
comparison of severity among patient 

groups, 153
confusion among clinical defi nitions, 37
confusion stemming from lack of 

histological defi nition, 112
cost of successful treatment, 7
current diagnostic criteria, 36, 37
defi ning progression of, 277–278
defi ning regression of, 278–279
demographic factors for cancer risk in, 

201–202
and differences in pH gradient, 15
differentiating from refl ux-induced cellular 

change, 262–263
dilated end-stage esophagus as earliest 

stage of, 136–139
duodenogastroesophageal refl ux in, 202
early disease at microscopic phase, 137
effect of acid suppressive drug therapy on, 

280–281
effect of anti-refl ux surgery on, 282–288
effect of mucosa ablation, 281–282

Refl ux disease (Continued)
endoscopic appearance in later-stage 

disease, 140
failure of treatment paradox, 7
fi nal advanced stage, 140
hiatal hernia in later stage of, 139–141
histologic criteria for progression, 277
histologic cure, 288
histologic defi nition of regression, 280
histologic diagnosis of, 31
histologic evidence for, 263–264
lack of histologic basis for diagnosis, 28
lack of relationship to squamous cell 

carcinoma, 4–5
later stage with permanent LES shortening, 

139
lifetime course, 248
new defi nitions, 154
new diagnostic method for, 249–288
new histology-based defi nitions of, 

232–236
new method of diagnosis, 232
nonequivalence with symptomatic refl ux, 

38
pathogenesis of early change in, 132
present classifi cation system, 41
refl ux carditis as defi nition of, 236–242
severity and length of transformed 

epithelium, 12, 55
spurious cure as reversal of symptoms, 274
symptomatic, 201
time exposure and intestinal metaplasia 

development, 15
underdiagnosis of, 59
visible columnar-lined esophagus in, 

139–141
Refl ux esophagitis

with dilated intercellular spaces, 51
epithelial changes, 49
with intraepithelial eosinophils, 51
low sensitivity/specifi city of histologic 

diagnosis, 43
typical features in thickened epithelium, 

50
Refl ux-induced adenocarcinoma, 184. See 

also Adenocarcinoma; Esophageal 
adenocarcinoma; Gastric 
adenocarcinoma

Barrett esophagus in pathogenetic pathway 
to, 243

explosion in incidence with acid 
suppression, 232

failure to prevent aggressively, 187
mechanism of promotion by acid 

suppression, 197
promotion by acid suppression, 207

Refl ux-induced anatomy/histology
defi nitions of, 112
fi nal advanced stage, 140

Refl ux-induced cancer, 1–2
aggressive cancer risk assessment, 28–29
epidemiology, 2–6
increase in Western world, 2
management failures and future trends, 

19–22
mortality rates, 6
nature of problem, 6–10
plea for aggressive approach, 27–28
prevention of, 22–24

with anti-refl ux surgery, 26
at intestinal metaplasia stage, 24–25
at squamous epithelial damage stage, 24

promotion by acid suppression, 9
sequence of change, 6

Refl ux-induced cellular change, histologic 
evidence for, 261–263

Refl ux mechanisms, 133
Refl ux severity, 267–268

in case study patient, 177
and cellular changes, 162
cellular changes with mild refl ux, 174
by CLE measurement, 268
epithelial changes with severe refl ux, 173
factors infl uencing epithelial changes with 

mild refl ux, 172
four-patient comparison, 196
infl uence on esophageal pH, 171
and risk of cancer, 268–271

Refl ux-to-adenocarcinoma sequence, 10–11, 
159, 184, 201, 233, 281

carcinogenesis in intestinal metaplasia, 
17–19

comparison of acid suppression therapy 
with anti-refl ux surgery in, 25

intestinal metaplasia of cardiac mucosa, 
13–17

refl ux carditis as earliest step in, 241
squamous epithelial damage with 

columnar metaplasia, 11–13
three steps in, 12
typical lifetime course, 185

Refl uxate
alkalinization of, 207
effects of alkalinization on cardiac mucosa, 

21
effects of elements by esophageal tissue 

type, 21
removal of acid only from, 206

Regression of disease, new defi nitions of, 
278–279

Resting high pressure, and LES function, 114
Retrograde biopsy, 104

showing cardiac mucosa with chronic 
infl ammation, 265

showing chronic atrophic gastritis, 109
showing true GE junction, 265

Reversal of dysplasia, fallacies in diagnosis, 
276

Riegler, Dr. Franz Martin, 198
Roux-en-Y loop, 209
Rugal folds, 103

absence of well-formed, 192
in all organs acting as reservoirs, 137
diffi culty of determining proximal limit, 

121
in distal end-stage esophagus, 139
distance from proximal limit and Z-line, 256
endoscopic view in CLE, 198
esophageal nature of, 138
histology in refl ux carditis, 238
mistaken demarcation of GE junction at, 

181
proximal limit of, 45

in esophagogastrectomy specimen, 129
failure to validate GE junction by, 127
incorrectness as defi nition of GE 

junction, 129, 142
as validation of GE junction, 128

reason for development in refl ux-damaged 
esophagus, 137

S

Salivary nitrogenous compounds, 
carcinogenicity of, 190

Sampling error, 90
during ablation therapy, 282
and refl ux carditis, 242
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Screening programs, 30
Self-medication, 8

as result of direct marketing, 20
Serous cells, in glands, 77
Serous metaplasia, 77

within oxyntocardiac mucosa, 78
Severe chronic gastritis, gastric oxyntic 

mucosa in, 83
Severe cytologic abnormality, 217. See also 

Cytologic abnormality
SHH genetic switch, 165
Short-interval surveillance, for low-grade 

dysplasia with high-grade foci, 225
Sliding hiatal hernia, 140, 141. See also Hiatal 

hernia
Sonic hedgehog (SHH) gene, 165
Specialized columnar-type epithelium, 78, 81
Sphincter competence, in middle stages of 

refl ux disease, 139
Sphincter shortening, 133, 134

distal origins of, 116
in early refl ux disease, 136

Squamocolumnar junction
absence of cardiac mucosa at, 151
antegrade biopsy, 110
in autopsy specimen, 121
with basal cell hyperplasia and papillary 

elongation, 120
biopsy at, 58, 238, 261
cardiac mucosa at, 151, 236, 259
in child autopsy, 121
endoscopic appearance, 238
in esophagectomy specimen, 262
interpretation of histologic fi ndings of 

biopsies at, 260
proximal displacement in columnar 

metaplasia, 53
sampling in ideal biopsy protocol, 251
transitions in, 266

squamous epithelium to oxyntocardiac 
mucosa, 120

Squamous carcinoma
in case study patient, 267
of distal esophagus, 262

Squamous epithelial injury, 6
cardiac metaplasia via genetic switch, 

158–163
as earliest stage of non-neoplastic refl ux 

disease, 158
pathologic changes, 68
prevention of adenocarcinoma and, 24
and refl ux disease severity, 267–268
in refl ux-to-adenocarcinoma sequence, 

11–13
Squamous epithelium, 122, 141, 147

acute erosion, 51
basal cell hyperplasia in, 177
determining state of normalcy in, 65–66
early nonspecifi c changes to, 233
esophageal nature of, 119
higher-power magnifi cation, 51
histological criteria for, 48
implications of extension into proximal 

stomach, 143
with marked acanthosis, 49, 50
normal specimen, 49, 50
in pathogenesis of early refl ux change, 132
possible histologic transitions in biopsy 

specimens, 260–261
reversal of cardiac mucosa to, 163
sample in symptomatic refl ux, 50
tight cell junctions of normal, 66
transformation to cardiac mucosa, 170

Squamous epithelium (Continued)
true anatomic location and signifi cance of, 

142–143
zone of transition to columnar, 160

Squamous re-epithelialization, 276
Stem cells

exposure to permeating luminal molecules, 
160

in foveolar pit, 75
genetic switches in, 158
immaturity of dysplastic, 223
location in foveolar pit, 163
and mechanism of genetic switches, 170
as target cell for carcinogens in refl uxate, 

189
Stomach

anatomy of normal, 116–119
fetal, 64–65
mucosal surface, 192
normal histology of proximal, 119–122
preoperative biopsy of distal, 284

Stomach adenocarcinoma, trends in 
incidence among U.S. males, 5

Stratifi ed columnar epithelial cells, 75
in fetal esophagus, 61, 62

Stratifi ed squamous epithelium, 65–70
esophageal biopsy with mucous gland of 

lamina propria, 66
fetal, 62
proliferative cells in suprabasal region, 66
sample of normal, 65

Submucosal glands, 68, 130, 131
as criterion of end-dilated stage 

esophagus, 131
esophageal, 67
in esophagus only, 130, 131
with metaplastic columnar epithelial lining, 

67
under oxyntocardiac mucosa, 130
under rugal folds, 137–138

Successful outcomes, paradox of, 9
Surface epithelium, 70, 77

acid damage to, 158
Surface-only cardiac mucosa, 71

immunoperoxidase stain for, 72
Surface plus foveolar cardiac mucosa, 71, 72

evolution of, 73
immunoperoxidase stain, 72

Surgical fundoplication, 208. See also Nissen 
fundoplication

Surgical mortality, in anti-refl ux surgery, 27
Surveillance intervals, and rate of 

progression, 253
Swallows

depiction by esophageal manometry 
tracing, 115

esophageal manometry tracing, 135
in high-resolution color format, 115, 135
manometric depiction of motor function 

from UES to LES, 113
Sydney grading system, for cardiac 

infl ammation, 88
Symptom-based diagnosis, 36–39
Symptom relief, cancer promotion through, 

205
Symptomatic refl ux, 38

as cancer risk factor, 201

T

Target cells
cancer risk proportional to number of, 204
for carcinogens in refl uxate, 189

Target cells (Continued)
in development of esophageal 

adenocarcinoma, 189–190
interactions with carcinogens, 196–198
location, and carcinogen dose, 19
proliferative rate and cancer risk, 205
and risk of cancer, 190

Taurocholic, 195
Technical capability, overextension and 

errors in medical research, 132
Transitional epithelium, 63
Transitional mucosa, 150
Treatment strategies

assessment of, 274–280
for Barrett esophagus with high-grade 

dysplasia, 31–32
for Barrett esophagus with low-grade 

dysplasia, 32–33
cost of “successful,” 7
and expectation of change, 34
for high-risk patients, 31
for refl ux disease without Barrett 

esophagus, 33–34
True gastric cardia, 130
Tubular esophagus

adenocarcinoma in, 187
biopsy protocol for CLE in, 252
cardiac mucosa in, 152
endoscopic appearance distal to, 

143
epithelial composition distal to, 142
esophagogastrectomy specimen, 129
incorrect defi nition of GE junction as end 

of, 129
as line for GE junction, 142
progressive shortening in middle stages of 

refl ux disease, 140
Tums, 38

U

Ulcerated adenocarcinoma, distal to tubular 
esophagus, 118

Ulceration, 158
histologic detection of, 49–50

Unifocal high-grade dysplasia, 228
Upper esophageal sphincter (UES), in normal 

swallowing action, 113

W

WHO International Classifi cation of Tumors, 
188

Z

Z-line, 103
in columnar-lined esophagus, 44
distance to proximal limit of rugal folds, 

256
in endoscopic appearance of 

squamocolumnar junction, 238
endoscopic demarcation of, 45
in esophagectomy specimen, 255
at gastroesophageal junction, 103
mild separation of, 89
in refl ux carditis, 238
as reliable marker of proximal CLE limit, 

250
Zantac, 38
Zone of transition, from squamous to 

single-layered columnar epithelium, 
160
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