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Abstract

Background Gastroesophageal reflux disease (GERD) affects an estimated 20% of the population in the USA, and its

prevalence is increasing worldwide. About 10–15% of patients with GERD will develop Barrett’s esophagus (BE).

Aims The aims of this study were to review the available evidence of the pathophysiology of BE and the role of anti-

reflux surgery in the treatment of this disease.

Results The transformation of the squamous epithelium into columnar epithelium with goblet cells is due to the

chronic injury produced by repeated reflux episodes. It involves genetic mutations that in some patients may lead to

high-grade dysplasia and cancer. There is no strong evidence that anti-reflux surgery is associated with resolution or

improvement in BE, and its indications should be the same as for other GERD patients without BE.

Conclusions Patients with BE without dysplasia require endoscopic surveillance, while those with low- or high-

grade dysplasia should have consideration of endoscopic eradication therapy followed by surveillance. New endo-

scopic treatment modalities are being developed, which hold the promise to improve the management of patients with

BE.

Introduction

Gastroesophageal reflux disease (GERD) affects an esti-

mated 20% of the population in the USA, and its preva-

lence is increasing worldwide [1]. Furthermore, it is a

disease with a high annual cost in the USA, estimated

around 9 billion dollars [2]. The largest contributor to the

cost is drug therapy to suppress gastric acid production

(around $5.8 billion). While these medications have shown

excellent results in controlling GERD symptoms, they have

not averted the malignant complications of this disease. In

fact, esophageal adenocarcinoma, a cancer associated with

the presence of chronic GERD symptoms, is one of the

fastest rising cancers in the last 30 years [3]. Although

treatment modalities have improved during the past dec-

ade, survival rates for esophageal adenocarcinoma remain

poor, with an overall 5-year survival of less than 20% [4].

In about 10–15% of patients, GERD causes a metaplasia

of the squamous epithelium into intestinalized epithelium

with a characteristic endoscopic appearance, termed Bar-

rett’s esophagus (BE). This condition in a small proportion

of patients can eventually progress to dysplasia and cancer.

This review will focus on the pathophysiology of BE

and the potential role of anti-reflux surgery in the treatment

of this disease.
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Barrett’s esophagus: definition and epidemiology

BE has been traditionally defined as the presence of at least

1 cm of metaplastic columnar epithelium that replaces the

stratified squamous epithelium normally lining the distal

esophagus. Currently, the presence of intestinal meta-

plasia—columnar epithelium with goblet cells—is also

needed for the diagnosis of BE in the USA [5]. The reason

that intestinal metaplasia is mandated in the definition of

BE is related to the higher risk of developing cancer in

columnar epithelium containing goblet cells as compared

to columnar epithelium without intestinal metaplasia [6, 7].

The real prevalence of BE in the general population is

uncertain because upper endoscopy is required for diag-

nosis. Previous reports have suggested a prevalence of

1–2% [8, 9]. However, there is evidence that the preva-

lence of BE is increasing dramatically in recent years,

independent of the number of upper gastrointestinal

endoscopies that are being performed [10]. Interesting

findings were reported by Cameron et al. [11] who found

that the prevalence of BE in autopsies was five times higher

than the clinical prevalence reported in the same area.

Many patients with BE are asymptomatic or present minor

reflux symptoms, such that they may go undiagnosed.

Pathophysiology: from GERD to Barrett’s
esophagus

About 10–15% of patients with GERD will develop BE

[12]. The transformation of normal esophageal squamous

mucosa into a simple columnar epithelium is thought to

be due to the chronic injury produced by repeated reflux

episodes. In fact, in patients with GERD, symptom

duration has been shown to be a risk factor for the

presence of BE. Lieberman [13] showed that compared

with patients with GERD symptoms for less than 1 year,

the odds ratio for BE in patients with GERD symptoms

for 5 years was 3.0 and increased to 6.4 in patients with

symptoms for more than 10 years. Interestingly, columnar

mucosal metaplasia is also seen in the esophageal rem-

nant in patients with a gastric pull-up following an

esophagectomy, where the reflux of gastric contents into

the residual esophagus is common because there is no

lower esophageal sphincter. Oberg et al. [14] reported that

46.9% of the patients had metaplastic columnar mucosa

within their cervical esophagus following an esophagec-

tomy, and the length of that metaplastic mucosa was

significantly correlated with the degree of the esophageal

acid exposure. Similar findings were reported by

O’Riordan et al. [15] with 50% of patients developing

columnar metaplasia in the remnant esophagus, with the

duration of reflux being the most important factor influ-

encing that transformation.

The molecular pathway by which the normal squamous

mucosa of the distal esophagus is transformed into a

columnar mucosa remains uncertain. Tobey et al. [16]

showed that acid damage of the esophageal epithelium

produces dilated intercellular spaces, which in turn reduces

the transepithelial resistance and increases transepithelial

permeability. This change in permeability permits mole-

cules as large as 20 kD to diffuse across the epithelium,

exposing stem cells in the basal layer to refluxate. The

intercellular acidification exposes the squamous basolateral

membrane to acid, initiating a cascade of events leading to

loss of cell osmoregulation, cell edema and ultimately cell

death [17]. Cell death is counterbalanced by tissue repar-

ative processes, including restitution and replication. It is

worth mentioning that during the normal growth process of

the embryo, the esophageal cells undergo a columnar to

squamous transition under the influence of a combination

of active prosquamous and inactivated procolumnar

homeobox genes. The cellular phenotype may reverse if the

opposite set of cell patterning genes is reactivated. An

acidic milieu, combined with other components of reflux-

ate, may induce phenotypic transformation of squamous

cells into columnar mucosal cells. The reason why

pluripotent esophageal stem cells turn into columnar cells

in this ‘‘acid environment’’ may be related to the better

adaptability of this epithelium due to its acid resistance.

Nevertheless, the origin of BE remains obscure. There are

several hypotheses concerning the origin of these stem

cells that will give rise to BE: (1) migration and differen-

tiation of stem cells from the gastric cardia, (2) differen-

tiation of stem cells residing in the crypts of the esophageal

mucosal glands and (3) migration of stem cells from the

bone marrow (circulating stem cells that can hone in to

areas of injury to repair damaged tissue) [18–20].

While the transition between squamous and columnar

epithelium likely occurs within a few years, the develop-

ment of intestinal metaplasia may take over 5–10 years

[21]. Once the columnar epithelium is established, two

possible pathways are observed. The first one, ‘‘gastric

differentiation,’’ implies the formation of parietal cells

within glands and may represent a favorable change, as this

mucosa is not thought to be premalignant. The second one,

‘‘intestinal differentiation,’’ induces the expression of

intestinalizing genes, causing the formation of goblet cells

within the columnar epithelium. The development of

intestinal metaplasia is considered a detrimental change

because this mucosa is capable of further progression to

epithelial dysplasia and adenocarcinoma. The specific

cellular event(s) that induce the ‘‘intestinalization’’ of the

columnar epithelium is unknown. However, it is likely to

occur in response to multiple noxious luminal contents
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rather than to acid reflux only. In fact, previous studies

have demonstrated the association between BE and the

exposure of a mixture of acid and bile salts on the esoph-

agus [22–24]. The role of refluxed bile in the development

of intestinal metaplasia was suggested by Oberg et al. [25]

as patients with intestinal metaplasia had similar esopha-

geal acid exposure to those with GERD and no BE, but

significantly higher frequency of abnormal bilirubin

exposure. It has been hypothesized that in a weakly acidic

environment (pH 3–5), certain bile acids become non-

ionized and able to cross the cell membrane. Once inside

the cell (pH 7) they become ionized and remain trapped

causing mitochondrial injury, cellular toxicity and muta-

genesis [26]. The molecular mechanism by which bile

acids promote the development of goblet cells may be

related to the activation of the caudal-related homeobox 2

(Cdx2) promoter via nuclear factor kappa B (NF-jB) with

the consequent production of Cdx2 protein in esophageal

immature keratinocytes, resulting in the production of

MUC2 (intestinal-type protein found in Barrett’s meta-

plasia) [27]. Recently, bile acids have shown to enhance

cytoplasmic expression of the signaling ligand Delta-like 1

(Dll1) which facilitates the intestinal metaplasia in con-

junction with Cdx2 expression [28].

Barrett’s esophagus malignant transformation

BE is a premalignant mucosa with increased proliferation

rates and decreased apoptosis rates compared to normal

epithelium [29]. In fact, it is the only known precursor of

esophageal adenocarcinoma. However, only a small per-

centage of patients with BE will develop cancer, and more

than 90% of the patients with the diagnosis of esophageal

adenocarcinoma have no prior history of BE [30, 31]. The

question as to why some cases of BE progress to esopha-

geal adenocarcinoma and some do not remains unan-

swered. Currently, the presence and grading of dysplasia is

the most important predictive factor for the development of

adenocarcinoma. The known risk factors for the develop-

ment of dysplasia in BE include: increasing length of BE,

advancing age, central obesity, tobacco usage, lack of

nonsteroidal anti-inflammatory agent use, lack of proton-

pump inhibitors (PPI) use and lack of statin use [5].

Gopal et al. [32] showed that the prevalence of dysplasia

was strongly associated with age and length of BE. Patients

with BE without dysplasia were younger than those with

dysplasia (62 ± 0.8 vs. 67 ± 1.7 years, p = 0.02), and the

risk of dysplasia increased by 3.3%/year of age. Patients

with BE length C3 cm also had a significantly greater

prevalence of dysplasia compared to length\3 cm (23 vs.

9%, p = 0.0001), and the risk of dysplasia increased by

14%/cm of increased length. Hampel et al. [33] reported

that obesity was associated with a statistically significant

increase in the risk for GERD complications and esopha-

geal adenocarcinoma. Interestingly, Singh et al. [34] found

that, compared with patients with normal body habitus,

patients with central adiposity had a higher risk of BE,

even after adjusting for body mass index and the presence

of GERD, suggesting a reflux-independent association

between truncal obesity and BE. Added to this, central

adiposity was associated with higher risk of adenocarci-

noma (OR 2.5, 95% CI 1.54–4.06) compared with normal

body habitus. The relationship between BE and cigarette

smoking was reported by Andrici et al. [35] who found that

having ever smoked was associated with an increased risk

of BE compared with non-GERD controls but not when

compared with patients with chronic GERD, suggesting

that the increased risk of BE associated with tobacco usage

may be due to the increased incidence of GERD in cigar-

ette smokers.

Some medications have been shown to reduce the risk of

progression to dysplasia or esophageal cancer in patients

with BE. A recent meta-analysis [36] showed that PPI use

was associated with a substantial reduction in risk of high-

grade dysplasia and/or esophageal adenocarcinoma in

patients with BE (OR 0.29 95% CI 0.12–0.79). There was

also a trend toward a dose–response relationship with PPI

use for [2–3 years. Another meta-analysis [37] reported

that aspirin use also reduced the risk of high-grade dys-

plasia/adenocarcinoma, as well as non-aspirin cyclooxy-

genase inhibitors in patients with BE. The

chemopreventive effect seemed to be independent of

duration of therapy. Finally, statin usage was also associ-

ated with a significant (41%) decrease in the risk of eso-

phageal adenocarcinoma within patients with BE [38].

There are four categories to stratify the dysplastic pro-

cess: (1) no dysplasia; (2) indefinite for dysplasia; (3) low-

grade dysplasia; and (4) high-grade dysplasia. Patients with

non-dysplastic BE have very low risk for malignant pro-

gression, and a recent meta-analysis reported that the

pooled annual incidence of adenocarcinoma in this cohort

was 0.33% (95% CI 0.28–0.38) [39]. For patients with low-

grade dysplasia, Singh et al. [40] reported a pooled annual

incidence of 0.5% for adenocarcinoma (95% CI 0.3–0.8).

Patients with high-grade dysplasia present an annual inci-

dence of adenocarcinoma of 7% (95% CI 5–8) [41]

(Fig. 1). Unfortunately, the grading of dysplasia remains

subjective and is often inaccurate, especially in centers

without expert gastrointestinal pathologists [42]. Issues

with the diagnosis of low-grade dysplasia are especially

vexing, with frequent disagreement between pathologists

[43, 44]. This may explain the substantial heterogeneity in

outcomes reported in LGD, with studies reporting pro-

gression rates as low as 0.9%/patient-year [45] and as high

as 26.5% [46]. Due to interobserver variability in the
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interpretation of dysplasia, current guidelines of the

American College of Gastroenterology [5] recommend that

patients with BE and any dysplasia undergo a review by

two pathologists, at least one of whom has specialized

expertise in gastrointestinal pathology.

Role of anti-reflux surgery for Barrett’s esophagus

Several studies have shown the efficacy of acid suppression

therapy with PPIs in neutralizing gastric acid, and there-

fore, they remain the main treatment for GERD. These

medications make the reflux less aggressive, with symptom

relief and healing of esophagitis [47]. However, while PPIs

modify the pH of the refluxate, they do not change the

occurrence and number of reflux episodes [48, 49]. In

contrast, anti-reflux surgery restores the competence of the

gastroesophageal junction and blocks reflux of all gastric

contents into the esophagus. A recent meta-analysis [50]

showed that surgical management of GERD was more

effective than medical treatment with respect to symptoms

relief and GERD-specific quality of life. Moreover, it

seems that laparoscopic fundoplication is a cost-effective

alternative to continued medical management over 5 years

[51]. Nevertheless, several studies have tried to determine

the value of anti-reflux surgery in the prevention of eso-

phageal adenocarcinoma in the setting of BE with con-

flicting results.

Oelschlager et al. [52] analyzed a cohort of patients with

BE who underwent laparoscopic anti-reflux surgery and

reported that endoscopy and pathology revealed complete

regression of intestinal metaplasia (absence of any signs of

BE) in 55% of the patients with short-segment BE (\3 cm)

but in none of those with long-segment BE (C3 cm),

suggesting that fundoplication may have a salutary effect in

patients with short-segment BE. Katz et al. [53] performed

endoscopic surveillance on 102 patients with BE and

reported that by 3 years, almost 8% of the medically

treated patients had developed dysplasia, while none of the

patients who had received anti-reflux surgery presented

dysplasia. Similarly, Oberg et al. [54] studied the devel-

opment of dysplasia and esophageal adenocarcinoma dur-

ing long-term endoscopic and histologic surveillance in

140 patients with BE free from dysplasia and found that

successful anti-reflux surgery was associated with a

decreased risk of high-grade dysplasia and esophageal

adenocarcinoma, possibly by better control of reflux of

gastric contents. In a systematic review performed by

Chang et al. [55] to determine the effect of anti-reflux

surgery on esophageal carcinogenesis in patients with BE,

the probability of progression was 2.9% (1.2–5.5) in sur-

gical patients and 6.8% (2.6–12.1) in medical patients

(p = 0.054). The probability of regression was 15.4%

(6.1–31.4) in surgical patients and 1.9% (0.4–7.3) in

medical patients (p = 0.004), suggesting that, while fun-

doplication was not significantly associated with a

decreased risk of BE progression, it was strongly associ-

ated with regression of BE.

On the other hand, a prospective randomized trial that

compared the results of medical treatment and anti-reflux

surgery in patients with BE with a long-term follow-up

showed that high-grade dysplasia appeared in two of the 43

patients (5%) in the medical treatment group and in two of

the 58 patients (3%) in the surgical treatment group, con-

cluding that there were no differences between the two

types of treatment with respect to preventing BE from

progressing to dysplasia and adenocarcinoma [56]. While

this study represents the only level one evidence on this

question, the small number of patients in the trial makes a

type II error more likely and makes it difficult to draw firm

Fig. 1 Pathological progression

from normal esophageal

squamous epithelium to

adenocarcinoma
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conclusions. Similarly, a Swedish population-based study

showed that the risk of esophageal adenocarcinoma was

not decreased after anti-reflux surgery [57].

Overall, the available evidence about the resolution or

improvement in BE after anti-reflux surgery is inconclu-

sive. Given the paucity of data in the literature with the

lack of a well-conducted randomized trial, anti-reflux sur-

gery should not be suggested as a modality to prevent the

malignant transformation of BE, but its indications should

be the same as for other GERD patients.

Management of Barrett’s esophagus

Based on the recent guidelines from the American College

of Gastroenterology for the diagnosis and management of

BE [5], we recommend:

BE without dysplasia: endoscopic surveillance at inter-

vals of 3–5 years.

BE indefinite for dysplasia: repeat endoscopy after opti-

mization of acid suppressive medications for 3–6 months.

BE with low-grade dysplasia: without life-limiting comor-

bidity, endoscopic therapy (radiofrequency ablation) is the

preferred treatment modality. Endoscopic surveillance

every 12 months is an acceptable alternative.

BE with high-grade dysplasia: endoscopic therapy (radiofre-

quency ablation) * unless life-limiting comorbidity is present.

*Given the costs and side-effect profile of photodynamic

therapy and the strong evidence about the safety and effi-

cacy of radiofrequency ablation, this modality is the pre-

ferred therapy for most patients. The role of cryotherapy is

promising but still under investigation.

Future directions

Significant advances have been made in endoscopic

imaging techniques. Electronic chromoendoscopy enhan-

ces imaging of the mucosal and vascular patterns in BE

without the need for dye sprays and may increase the

detection of dysplasia [58]. More recently, confocal and

volumetric laser endomicroscopy has shown promising

results for endoscopic diagnosis of BE [59, 60]. Added to

enhanced imaging devices, better sampling tests are stud-

ied. Wide-area transepithelial sampling (WATS) consists

of a brush biopsy technique for acquiring wide-area sam-

pling of BE tissue, followed by a computer-assisted anal-

ysis of dysplasia. The diagnosis of BE-associated dysplasia

using the WATS technique has higher interobserver

agreement among pathologists compared with the use of

standard histopathology [61].

A non-endoscopic screening test for BE (Cytosponge),

consisting of gelatin-coated sponge attached to a string that

is swallowed and then pulled out, obtaining esophageal

cytology samples as it is withdrawn, is currently under-

going investigation. The device is safe, well-tolerated and,

when combined with immunocytochemistry for trefoil

factor 3, has a sensitivity of 73% and specificity of 94% for

the diagnosis of BE in screening populations [62]. This

procedure may be a cost-effective and useful screening test

for BE if validated by future studies.

Molecular markers to predict the risk of progression

are also under investigation. Interestingly, accumulation

of multiple genetic mutations may be necessary for

cancer development. Thus, genetic mutations may be

detectable in early stage of disease prior to the pro-

gression to malignancy [63]. Kastelein et al. [64] repor-

ted that aberrant p53 protein expression (loss or

overexpression by immunohistochemistry) was associated

with an increased risk of neoplastic progression in

patients with BE and appeared to be a more powerful

predictor of neoplastic progression than histological

diagnosis of LGD. Recently, microRNA expression has

shown to be altered in neoplastic progression, and its

analysis may be useful for prediction of progression risk

[65]. Although most biomarkers currently under investi-

gation are not yet ready for clinical practice, they may be

used to define patients at increased risk for progression

to cancer in the near future.

Conclusion

GERD is a very prevalent disease, and its incidence is

increasingly worldwide. Around 15% of the patients

affected by this disease will develop Barrett’s esophagus.

This metaplastic lesion due to the chronic injury produced

by repeated reflux episodes involves genetic mutations that

can lead to a malignant transformation. There is no strong

evidence that anti-reflux surgery is associated with reso-

lution or improvement in BE and its indications should be

the same as for other GERD patients. Patients with BE

without dysplasia require endoscopic surveillance, while

those with low- or high-grade dysplasia should have con-

sideration of endoscopic eradication therapy. Several new

diagnostic and therapeutic technologies are being devel-

oped, which hold the promise to improve the management

of patients with BE.
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