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Abstract: Barrett’s esophagus is a common condition resulting from gastroesophageal reflux with the

potential for dysplastic and even neoplastic transformation. The mainstays of treatment of Barrett’s

esophagus are control of reflux via medical therapy, namely PPIs, or anti-reflux surgery. Fundoplication

provides excellent long-term reflux control and may provide the added benefit of preventing progression

of dysplasia in those with Barrett’s esophagus. Furthermore, effective anti-reflux surgery may promote

regression of already present dysplasia. The purpose of this article is to review the potential advantages of

utilizing anti-reflux surgery over medical management by summarizing the available literature detailing the

ability of anti-reflux to control reflux, possibly prevent cancer progression, and induce regression of dysplasia.

Furthermore, we review some of the alterations that occur on a molecular level that may be promoting these

beneficial changes post-fundoplication.
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Introduction

Barrett’s esophagus, squamous to columnar esophageal
metaplasia, is a known complication of gastroesophageal
reflux disease (GERD). An acquired abnormality as a result
of overexposure of esophageal mucosa to caustic refluxate,
Barrett’s esophagus develops in ~10-20% of patients with
GERD (1). Barrett’s esophagus represents a pre-malignant
condition in some patients, with previous studies identifying
between a 30- to 125-fold increase in risk of progression
to esophageal adenocarcinoma (1,2). Barrett’s esophagus
may progress to low-grade dysplasia, then to high-grade
dysplasia, with eventual transformation into invasive
adenocarcinoma in 30% of those with high-grade dysplasia.
Hence, Barrett’s esophagus is an identifiable, pre-malignant
precursor lesion to one of the fastest increasing cancers in
the United States, esophageal adenocarcinoma.

The current treatment options for GERD, and therefore
Barrett’s esophagus, are either medical therapy (the
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mainstay of which is proton pump inhibitors, “PPIs”) or
anti-reflux surgery (Nissen fundoplication). Medical therapy
with PPIs is often inadequate for both symptom control and
preventing dysplastic progression, while ablative therapies
for Barrett’s esophagus can be complicated and incomplete,
often requiring multiple procedures. Anti-reflux surgery
has both the ability to halt esophageal mucosal exposure
to gastric-duodenal refluxate and induce quiescence in
Barrett’s mucosa, possibly reducing progression to cancer.
Furthermore, the vast majority of fundoplication procedures
may be performed in a minimally invasive manner, either
laparoscopic or robotic-assisted.

Potential advantages of anti-reflux surgery over
medical therapy

PPIs, while excellent at reducing gastric acid production,
do nothing to reduce bilious reflux. Previous studies have
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demonstrated that combined gastro-duodenal refluxate is
more harmful to esophageal mucosa than that of gastric
juice alone (3). Fundoplication reduces not only esophageal
acid exposure but also provides a barrier to bilious reflux.
Continued use of PPIs has also been associated with several
untoward complications including C. difficile infection,
osteoporosis with subsequent pathological fractures
(secondary to deranged calcium absorption), and increased
cardiovascular disease risk.

Anti-reflux surgery is a safe, effective alternative to
long-term medical therapy for patients with Barrett’s
esophagus which in the majority of cases may be performed
minimally invasively. An effective fundoplication forms a
competent neo-lower esophageal sphincter while repairing
concomitant hiatal hernias, thereby protecting esophageal
mucosa from gastro-duodenal refluxate. Control of reflux
may lead to healing and regression of Barrett’s mucosa,
which in turn may reduce the risk of progression to
esophageal cancer. From a practical standpoint, anti-reflux
surgery also eliminates reliance on patient compliance
with medical therapy, which may reduce the overall cost
of treatment compared to lifelong PPIs. Complete, rather
than partial, fundoplication is chosen—if the patient has
adequate esophageal function—as it is crucial to completely
eliminate pathologic gastro-duodenal reflux and prevent the
subsequent disease progression of Barrett’s patients through
the metaplasia-dysplasia-carcinoma sequence.

Clinical trials utilizing fundoplication for
Barrett’s esophagus

Multiple clinical trials (randomized and nonrandomized)
comparing medical versus surgical management of Barrett’s
esophagus patient have been published. Most have
demonstrated a reduced incidence of esophageal cancer or
dysplasia in patients who’ve undergone anti-reflux surgery
compared to those treated medically.

One of the first studies to address the effectiveness of
treated Barrett’s esophagus with anti-reflux surgery, is from
McCallum ez 4l. in 1991 (4). In a prospectively followed
study cohort of 181 Barrett’s esophagus patients, 152
were treated medically, while 29 patients received anti-
reflux surgery. With adequate mean follow-up time in
both treatment groups dysplasia was approximately six-
times more common in the medical group compared to
the group treated with anti-reflux surgery (19.7% vs. 3.4%,
respectively). Two patients medically treated developed
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esophageal adenocarcinoma during follow-up, while zero
patients treated with anti-reflux surgery progressed to
esophageal cancer.

Several years later, the first randomized control trial
comparing conservative treatment versus anti-reflux surgery
for Barrett’s esophagus patients was undertaken by Ortiz
et al. (5). In this study, 59 patients were randomized to
either medical treatment (n=27) or anti-reflux surgery
(n=32). Following median follow up time of 4 years of the
medically treated group and 5 years for the anti-reflux
surgery group, no dysplastic changes nor progression to
esophageal adenocarcinoma occurred within the surgical
cohort. Meanwhile, rates of dysplasia and incidence of
esophageal cancer were 18.5% and 3.7% respectively
within the cohort treated with acid-reducing medications.
Interestingly, this study also followed the length of Barrett’s
esophagus segments during follow-up. Decreased Barrett’s
esophagus segment length was observed in 25% (n=8)
surgical patients compared with only 7% (n=2) treated
medically. Furthermore, increasing Barrett’s esophagus
length was identified in 11 patients within the medically
treated group versus only 3 patients among those who
underwent anti-reflux surgery. Despite these differences in
outcomes, no differences in symptom control were observed
between study groups.

A larger, randomized clinical trial was conducted by
the aforementioned group subsequently (6). Forty three
patients were randomized to be treated medically, while
58 were randomized to the surgical arm to be treated with
anti-reflux surgery with median follow-up of 5 and 6 years
respectively. Similar to this group’s previous findings, no
differences in symptom control were noted between the two
cohorts, however a statistically (and clinically) significant
reduction in the rate of dysplasia in the surgical group was
observed during follow up.

Similarly, Oberg et 4l. examined the rates of dysplasia
and esophageal adenocarcinoma prospectively during long-
term endoscopic and histologic surveillance in 140 patients
with Barrett’s esophagus without dysplasia (7). Risk
factors for progression to dysplasia and adenocarcinoma
were evaluated during a median follow up of 5.8 years.
During follow up 31% developed low-grade dysplasia
and 5% developed high-grade dysplasia or esophageal
adenocarcinoma. Previous anti-reflux surgery was the only
prognostic factor associated with a reduced risk of low-
grade dysplasia development, with a relative risk of 0.44,
corresponding to a risk that is 2.3 times less than that
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found in patients receiving medical treatment. Additionally,
patients treated medically developed high-grade dysplasia or
adenocarcinoma significantly more often than those treated
with anti-reflux surgery (7.4% vs. 0%).

Chang et al. published a meta-analysis reviewing 25
publications comparing anti-reflux surgery with medical
therapy, all of which had at least 1 year endoscopic follow-
up post-treatment initiation (8). The meta-analysis pooled
results of 996 patients treated with anti-reflux surgery and
700 patients treated with medical therapy. Their surgical
analysis included patients that underwent either partial or
complete fundoplications. The authors observed that the
esophageal cancer rate was significantly lower in surgically
treated patients. However, this difference may have resulted
from inclusion of a large number of uncontrolled case-
series, leading to a publication bias, as the authors suggested
in their publication. This statistically significant difference
in the esophageal cancer incidence disappeared when only
controlled studies were considered, leading the authors to
conclude that anti-reflux surgery was no better than medical
therapy in attenuating the risk of esophageal cancer.

More recently, a systematic review was published
including 10 studies comparing esophageal adenocarcinoma
risk after anti-reflux surgery versus medically treated
GERD patients, 7 of which examined patients with Barrett’s
esophagus, while 2 studies compared the esophageal
cancer risk following surgery to that of the non-Barrett’s
population (9). A meta-analysis of 7 studies of patients
with Barrett’s esophagus demonstrated a decreased pooled
esophageal adenocarcinoma incidence following anti-reflux
surgery compared to the medically treated group. Subgroup
analysis limited to the four, post-2000 publications of
Barrett’s implied a further decreased cancer risk following
anti-reflux surgery compared to medical treatment. It’s
somewhat discouraging however that the esophageal cancer
risk post-surgery does not appear to return to that of the
background population.

The data and observations from these clinical studies
evaluating the progression of Barrett’s esophagus to
dysplasia or cancer seem to imply that successful anti-reflux
surgery may protect the non-dysplastic Barrett’s mucosa
from progression to dysplasia and adenocarcinoma, possibly
by better control of gastro-duodenal reflux. Although
controversial, these results are promising because they
indicate that the natural history of Barrett’s esophagus can
be affected by successful elimination of reflux via effective
fundoplication.
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Can anti-reflux surgery reverse dysplastic
Barrett’s?

There is a paucity of data regarding the ability of anti-
reflux surgery to induce regression of dysplastic Barrett’s
esophagus. Gurski er 4l. investigated the factors leading
to histologic regression of metaplastic and dysplastic
Barrett’s esophagus (10). The pre- and post-treatment
endoscopic biopsies from 91 patients with symptomatic
Barrett’s esophagus were retrospectively reviewed. Seventy
seven patients were treated with anti-reflux surgery
while 14 were treated medically with PPIs. Statistically
significant histopathologic regression was observed in 36%
post-surgery, but only in 7% of those treated medically.
Regression from low-grade dysplasia to non-dysplastic
Barrett’s occurred in 68% of patients post-operatively.
Furthermore, after surgery regression from intestinal
metaplasia to non-metaplastic epithelium was observed
in 21%. The aforementioned types of regression more
commonly occurred in short segment (<3 cm; 19/33 patients,
58%) than long segment (>3 cm; 9/44 patients, 20%)
Barrett’s esophagus. All 8 patients who progressed (5
from intestinal metaplasia to low grade dysplasia, 3 from
low- to high-grade dysplasia) has long-segment Barrett’s
esophagus. The presence of short segment’s Barrett’s
and treatment type (namely anti-reflux surgery) were
significantly associated with regression on multivariate
analysis. The median time of biopsy-proven regression
was 18.5 months after surgery, with 95% occurring within
5 years. In addition to hypothesizing that anti-reflux
surgery may produce regression of Barrett’s esophagus, this
study suggested that regression mainly occurs in patients
with short segment Barrett’s which poses the question of
appropriate patient selection to undergo anti-reflux surgery.
Importantly in this study, even after anti-reflux surgery in
patients with long-segment Barrett’s there is progression
to low-grade dysplasia and even to high-grade dysplasia in
18% of the cases after 5 years of follow-up.

Subsequently a group from Italy examined the efficacy of
anti-reflux surgery versus medical therapy in promoting the
regression of low-grade dysplasia in patients with Barrett’s
esophagus (11). Thirty five patients were identified with
low-grade dysplasia of which 19 were treated with high-
dose PPIs, while 16 underwent anti-reflux surgery. At 1 year
follow-up, regression from low-grade dysplasia to intestinal
metaplasia was observed in 63% and 94% of the medically
and surgically treated patients respectively. At final 18 month
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follow-up, no low-grade dysplasia was identified in the
surgical cohort, as all had regression to non-metaplastic
epithelium. Controlling for the aforementioned
confounders, no factors other than anti-reflux surgery were
significantly associated with the probability of remission of
low-grade dysplasia.

Zehetner er al. more recently retrospectively reviewed
the long-term follow-up of patients with Barrett’s esophagus
after anti-reflux surgery with promising data that anti-reflux
surgery likely reduces rates of progression (12). Regression
occurred in 23/75 patients (31%). Twenty five percent
(17/67) of patients with non-dysplastic Barrett’s pre-
operatively had complete loss of intestinal metaplasia. In the
8 patients with preoperative low-grade dysplasia, regression
was seen in 6 (75%); in five patients there was loss of
dysplasia and in one there was loss of intestinal metaplasia.
A failed fundoplication was identified as a risk factor for
progression. This study also associated Barrett’s progression
more commonly with long segment Barrett’s esophagus.

The meta-analysis by Chang er a/. also examined the
risk of regression and progression of Barrett’s esophagus
in those treated with either anti-reflux surgery or medical
therapy (8). Surgically treated patients were associated with
a higher probability of regression than medically treated
patients (15.4% wvs. 1.9%; P<0.005). Limiting their analysis
to only controlled studies, this observation also held true.
In their analysis while anti-reflux surgery was not associated
with preventing development of esophageal cancer, anti-
reflux surgery was associated with better regression of
Barrett’s esophagus as compared to medical therapy.

Allaix and Patti recently summarized the aforementioned
data in a thorough review, summarizing that anti-reflux
surgery may reduce dysplastic and neoplastic progression
of Barrett’s esophagus and highlighted its ability to
induce regression especially in those with short-segment
disease (13).

How does successful anti-reflux surgery affect
esophageal metaplasia and carcinogenesis?

In 2005, a group from Italy investigated the histologic
changes induced in Barrett’s esophagus following anti-
reflux surgery (14). More specifically, they examined the
histological phenotype, extent or Barrett’s, and Cdx2
IHC expression in 35 patients before and after anti-
reflux surgery. Briefly, Cdx2 expression in normal tissue is
restricted to intestinal-type epithelium and is considered an
adequate marker of intestinal immunophenotype in both
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the esophagus and stomach (15). In patients who underwent
laparoscopic anti-reflux surgery, Barrett’s metaplasia
significantly decreased in length. A statistically significant
decrease in Cdx2 IHC expression was observed to occur
only in patients with short segment Barrett’s however;
those with long segment Barrett’s did not demonstrate
reduction in Cdx2 expression. Several years later, the same
Italian group revisited this molecular change question
with an observational, long-term follow-up study of
Barrett’s patients treated with either medical or anti-reflux
surgery. Again, in the short segment Barrett’s group only
they demonstrated a shift from intestinal metaplasia to
normal epithelium in ~30% as well as a reduction in Cdx2
expression. Similar to their previous findings, no changes
in Cdx2 IHC expression were identified in long-segment
Barrett’s esophagus patients’ post-antireflux surgery.

Due to the similarity and overlap (at a molecular level)
between some pathways involved in injury/inflammation and
carcinogenesis, Oh ez 4/. examined the NF-kf pathway (16).
The NF-kB transcription factor is hypothesized to play
a role in downstream activation of genes which may
promote cancer development and progression. IL-8 is a
major downstream mediator of NF-xf which is known
to be upregulated by NF-kf activation, and interestingly
possesses a dual role as both a pro-inflammatory chemokine
as well as promoting carcinogenesis. This study measured
IL-8 mRNA expression in esophageal mucosal cells
taken from patients with varying stages of reflux-induced
esophageal injury (esophagitis, Barrett’s esophagus, Barrett’s
with dysplasia, and esophageal adenocarcinoma). They
also examined the impact of Nissen fundoplication on IL-8
gene expression. In summary, this study found that IL-8
expression was increased in patients with reflux compared
to those without. There was a dose-dependent correlation
of IL-8 expression, with the highest IL-8 expression
occurring in those with Barrett’s esophagus with dysplasia
and esophageal adenocarcinoma. Among patients with
reflux who underwent anti-reflux surgery, fundoplication
significantly decreased IL-8 mRNA expression compared
with pre-operative levels. While its clinical implication is
currently unclear, the results demonstrate that anti-reflux
surgery can affect changes on a molecular level within
esophageal mucosa which may mitigate pro-neoplastic
changes caused by exposure to gastro-duodenal refluxate.

Management of patients with low- and high-
grade dysplasia

Although the optimal treatment of low-grade dysplasia
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remains controversial, once Barrett’s esophagus with high-
grade dysplasia is confirmed, radiofrequency ablation paired
with either high-dose PPI or anti-reflux surgery should be
administered. Regardless of the methods chosen, close 3-
6 months’ endoscopic surveillance with 4-quadrant biopsies
at every 1 cm of Barrett’s segment should be performed.
Endoscopic mucosal resection should be used liberally if
mucosa’s irregularity or nodularity is seen within the area
of metaplasia, since early stage cancer can be otherwise
missed. Should dysplasia regress post-treatment, endoscopic
surveillance may be relaxed to yearly for subsequent 3 years
and then to every 2-3 years thereafter should regression
continue. Post-antireflux surgery it is imperative that
surveillance endoscopy be performed by endoscopist
familiar with fundoplications as obtaining biopsy specimens
from within the wrap is often not straightforward. Barrett’s
esophagus with low-grade dysplasia should be treated with
high-dose medical therapy first, since it often regresses by
eliminating gastro-duodenal reflux in the esophagus and
ablation should be reserved for patients with persistent
disease.

Typically our group waits until eradication of dysplasia
is complete before attempting any anti-reflux procedure to
preserve the stomach in case needed for esophagectomy.
However, if endoluminal therapy is failing due to anatomic
limitations, such as a large paraesophageal hernia, a
laparoscopic anti-reflux procedure may be considered
earlier. It is important to remember that the most
commonly utilized organ for conduit creation during
esophageal reconstruction is the stomach. If one thinks
with a reasonable likelihood that a patient may require an
esophagectomy, it may be prudent to hold off on performing
an anti-reflux procedure as a prior fundoplication may
significantly complicate an esophagectomy, and in some
cases may not allow for use of the stomach as a conduit.
More specifically, if repeated endoluminal treatments
are unable to rid the esophagus of dysplastic Barrett’s,
esophagectomy is more likely to be appropriate, rather than
fundoplication.

However on occasion, fundoplication is performed
to optimize reflux control in order to facilitate complete
eradication of dysplastic Barrett’s tissue by endoluminal
therapy. Therefore, in certain situations, performing a
fundoplication may be justified in the presence of high
grade dysplasia despite the aforementioned conduit
considerations. While there is a lack of data to support that
fundoplication for reflux control may make endoluminal
therapies more effective, having these patients referred
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to surgeons for consideration of fundoplication allows us
to take part in the decision making process of the proper
surgery. While fundoplication may be the correct choice
in some, others, such as those with high-grade dysplasia in
the presence of a dilated, aperistaltic esophagus due to long
standing reflux, may be better served with esophagectomy.
In our experience, performing fundoplication in the
presence of low-grade dysplasia is often overlooked as well
by many. Rather than multiple ablations over a longer time
frame, fundoplication for Barrett’s patients with low-grade
dysplasia affords good symptomatic and reflux control,
while promoting regression of dysplasia, especially in
situations of short-segment Barrett’s esophagus.

Conclusions

Laparoscopic fundoplication is a reasonable approach to
treating symptomatic reflux disease, which affords great
symptom control while possibly having the added benefit
of preventing neoplastic transformation. While there is no
data yet firmly establishing that fundoplication prevents
cancer, there is data to support that fundoplication mitigates
factors that cause cancer progression more effectively than
PPIs. While the data reviewed here within are encouraging,
at present time, anti-reflux surgery should be used to cure
reflux and its associated symptoms, but not yet as a means
of preventing esophageal cancer. Furthermore, its use in
the correct clinical scenario, where the esophagus is not
damaged, may allow patients to avoid esophagectomy.
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