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Abstract
Background Fundoplication and medical management are current mainstays for management of Barrett’s esophagus (BE), 
however our understanding of differences in outcomes between these two treatments is limited. The aim of this study was 
to perform a systematic review and meta-analysis to evaluate the efficacy of these interventions on BE disease regression 
and progression.
Methods and procedures A comprehensive search in MEDLINE, EMBASE, Scopus, Web of Science, and Cochrane Library 
databases was performed on February 22, 2021. Inclusion criteria were studies with both medical and surgical management 
comparators, BE diagnosis prior to treatment, patients aged ≥ 18 years, and studies with greater than five patients. Primary 
outcomes of interest included evaluating changes in histopathologic BE regression and disease progression between inter-
ventions. Meta-analysis was performed using a Mantel–Haenszel random-effects model (RevMan 5.4.1).
Results A total of 7231 studies were retrieved after initial search with nine studies (1 randomized trial, 7 prospective cohorts, 
1 retrospective cohort) meeting final inclusion criteria. Of included studies, 890 (65%) patients received medical management 
while 470 (35%) received surgical management. Medical management included proton pump inhibitors (n = 807, 91%; 6 
studies), H2-receptor blockers (n = 40, 4% patients; 3 studies), and combination therapy (n = 43, 5%; 1 study). Nissen fun-
doplication was the most commonly performed type of fundoplication (n = 265, 93%). Median length of follow-up ranged 
from 1.5–7 years. Meta-analysis revealed that fundoplication was associated with improved histopathologic regression of 
metaplasia/low-grade dysplasia (OR 4.38; 95% CI 2.28–8.42; p < 0.00001) and disease progression to dysplasia/adenocar-
cinoma (OR 0.34; 95% CI 0.12–0.96; p = 0.04) compared to medical therapy.
Conclusion Fundoplication is superior to medical therapy with regards to improved odds of histopathologic BE disease 
regression and disease progression. Additional randomized trials which directly compare medical management and surgical 
intervention are required to delineate the optimal delivery and timing of these interventions.
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Barrett’s esophagus (BE) is defined as intestinal metaplasia 
of the esophageal mucosa and occurs as a result of patho-
logic exposure of the esophageal mucosa to gastric contents 
[1]. BE is an important clinical entity because it is a precur-
sor lesion to esophageal adenocarcinoma (EAC), occurring 
through the metaplasia-dysplasia-adenocarcinoma pathway 
[2]. The presence of dysplasia in patients with BE substan-
tially increases the risk of developing EAC compared to 
individuals without dysplasia [3]. As the estimated five-year 
survival of EAC in Canada in 2019 was 15% [4], it is critical 
to identify the optimal interventions which incite regression 
of BE metaplasia and prevent the future progression of BE 
to dysplasia and EAC.

Current management of BE is aimed at reducing gas-
troesophageal reflux disease (GERD) which is the greatest 
modifiable risk factor in the metaplasia-EAC sequence [5]. 
There are presently two approaches for GERD management 
in patients with BE-medical therapy and surgical interven-
tion [6, 7]. Medical therapy is the first-line treatment and 
consists of proton pump inhibitors (PPIs) or, less commonly, 
histamine-2 blockers (H2 blockers) which work by reduc-
ing gastric acid secretion [6]. Surgical management involves 
fundoplication, a procedure where the upper stomach is 
wrapped around the lower esophageal sphincter to reinforce 
the gastroesophageal junction and reduce reflux of gastric 
contents [8]. Surgical intervention is typically reserved for 
patients whose GERD is attributed to anatomic defects such 
as hiatal hernias, or who are symptomatic despite maximal 
medical therapy on twice a day anti-reflux medication [7]. 
However, debate exists regarding this current treatment para-
digm as recent work suggests that surgery may be superior 
in preventing histopathologic progression of BE to EAC [9].

The aim of our study was to perform a systematic review 
and meta-analysis to evaluate the efficacy of fundoplication 
compared to medical therapy in inducing histopathologic 
regression of metaplasia or low-grade dysplasia (LGD) 
and preventing progression of BE to high-grade dysplasia 
(HGD) or EAC. Identifying the optimal treatment modality 
for patients with BE will ultimately reduce the morbidity and 
mortality associated with dysplasia and EAC.

Materials and methods

Search strategy

The medical librarian (JK) conducted comprehensive 
searches in MEDLINE (via Ovid), EMBASE (Ovid), Sco-
pus, Web of Science Core Collection, and Cochrane Library 
(Wiley) on December 16, 2019 and was updated on Febru-
ary 22, 2021 to assess for additional studies. Search terms 
included “Barrett’s Esophagus OR esophageal cancer OR 
esophageal neoplasms” AND “fundoplication OR Nissen 

OR Dor OR Toupet OR Belsey Mark IV”. No language or 
date limits were applied. Refer to the appendices for full-
text search strategies (Table S1). A total of 7231 results 
were retrieved and when all duplicates were removed, 3218 
unique results remained for the initial title and abstract 
screening. In addition to subscription databases, the research 
team searched Google Scholar and evaluated the first 200 
results for inclusion. This has been previously demonstrated 
as an appropriate number of results to screen since there is 
high overlap between Web of Science and Google Scholar 
[10]. The research team also reviewed bibliographies from 
included studies.

Study design and definition of outcomes

Inclusion criteria was defined as studies containing both 
surgery and medical therapy as comparators, studies with 
greater than five participants, studies evaluating individuals 
aged ≥ 18 years, diagnosis of BE made prior to treatment, 
and primary surgery was fundoplication. Animal studies, 
duplicate studies, studies published solely as abstracts, 
studies where patients had prior anti-reflux surgery, studies 
where full text could not be translated to English accurately, 
and studies that did not evaluate our primary outcomes were 
excluded. Participants were included in the surgical treat-
ment group regardless of whether or not they previously 
received medical treatment.

The primary outcomes of interest included evaluating 
differences in histopathologic regression and disease pro-
gression in patients with BE undergoing either surgical or 
medical therapy.

Disease regression was defined as histopathologic 
improvement of metaplasia or LGD. Disease progression 
was defined as histopathologic progression of metaplasia to 
LGD, HGD, or EAC or by progression of LGD to HGD, and 
EAC. Secondary outcomes were to evaluate differences in 
morbidity or mortality between the two interventions.

Ethical approval

Due to the nature of this review, ethical approval was not 
required.

Data extraction

Titles and abstracts were screened by one author (HW), and 
two authors (HW and UJ) subsequently screened full-text 
articles. Discrepancies were resolved by consensus.

Pertinent data were collected from selected trials using 
an excel spreadsheet by one reviewer (HW) and verified by 
a second reviewer (WS). Included studies were then assessed 
for methodological quality and bias using the Cochrane Risk 
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of Bias tool for randomized trials [11] and the MINORS tool 
for non-randomized trials [12].

Statistical analysis

Descriptive categorical data were expressed as percentages 
and continuous data were expressed as weighted means 
where appropriate. Meta-analysis was used to evaluate the 
odds of histopathologic BE regression and progression 
between interventions. Estimated effects were calculated 
using RevMan 5.4.1 software with a Mantel–Haenszel 
random-effects model. Heterogeneity was quantified by 
the  I2 statistic: (1) low = 25%; (2) moderate = 50%; and (3) 
high = 75% [10]. Tests for statistical significance were two-
tailed with significant p-values defined as < 0.05 a priori.

Results

Study selection

Preliminary database search of the literature yielded 3218 
articles (Fig. 1). After initial screening of titles and abstracts, 
157 studies underwent full-text assessment for eligibility. 
Nine manuscripts [13–21] met inclusion criteria and were 
included in the final systematic review. The included manu-
scripts comprised one randomized trial, seven prospective 
cohort studies, and one retrospective cohort study. Of those, 
only six studies were included in the meta-analysis [14, 
17–21] as three [15–17] did not provided sufficient raw data 
to conduct analysis on our primary outcomes of interest.

Baseline demographics of study population

A total of 1360 patients were identified within the nine stud-
ies included (Table 1). Of those, 890 patients (65%) received 
medical therapy while 470 patients (35%) received surgical 
therapy. Evaluation of basic characteristics revealed a male 
predominance in both surgical (n = 275, 65%) and medical 
groups (n = 555, 65%). Mean weighted ages were 51.5 years 
for surgical patients and 58.3 years for medical patients. 
Only one study by Markar et al. provided a description of 
smoking and obesity prevalence while no studies provided 
information on other significant comorbidities like diabetes, 
hypertension, or alcohol use disorder [15].

Of the nine included studies, eight described the cri-
teria and methodology used for the diagnosis of BE [13, 
14, 16–21]. The majority of studies (n = 7) diagnosed BE 
based on histologic confirmation of intestinal metaplasia 
above the gastroesophageal junction. The remaining study 
by Attwood et al. [13] did not explicitly define the his-
tologic diagnostic criteria. The Seattle protocol was fol-
lowed in four of the included studies [14, 16, 18, 20, 22]. 

The remaining three studies described their protocol as a 
modification of the Seattle protocol, taking biopsies every 
1–2 cm but did not specify whether they included four 
quadrants at every level [17, 19, 21].

Medical management included PPIs (n = 807, 91%; 6 
studies), H2 blockers (n = 40, 4%; 3 studies), and combina-
tion therapy (n = 43, 5%; 1 study). Nissen fundoplication 
was the most commonly performed type of fundoplica-
tion (n = 265, 56%%; 7 studies) followed by Collis-Belsey 
(n = 14, 3%; 1 study), Toupet (n = 3, 0.6%; 2 studies), Hill 
(n = 2, 0.4%; 1 study), hemi-fundoplication (n = 1, 0.2%; 1 
study), Collis-Nissen (n = 1, 0.2%; 1 study), and unspeci-
fied anti-reflux procedure (n = 185, 39%, 2 studies). The 
follow-up period ranged from 1.5 to 7 years in all included 
studies, and 1.5 to 6 years in the six studies included in 
the meta-analysis.

Histopathologic regression and progression 
associated with surgical and medical management 
of BE

The presence of dysplasia prior to surgery was reported by 
five studies [14, 16–18, 20] with patients receiving surgi-
cal intervention more likely to have low-grade dysplasia 
(n = 66, 28% surgical intervention vs n = 36, 18% medical 
intervention). Patients with medical intervention, on the 
other hand, were more likely to have non-dysplastic BE 
(medical intervention, n = 159, 82% vs. surgical interven-
tion, n = 168, 72%).

Higher rates of regression and lower rates of progres-
sion in the surgical group were observed in the four studies 
[14, 17, 18, 20] that separated outcomes based on baseline 
dysplasia status. Regression of metaplasia in participants 
with nondysplastic BE occurred in 40.0% (n = 10) of medi-
cal participants and 39.1% (n = 27) of surgical participants. 
In patients with baseline LGD, 55.6% (n = 20) of medical 
participants and 83.3% (n = 55) of surgical participants 
had regression of LGD. Progression of metaplasia in 
nondysplastic BE participants occurred in 12.3% (n = 8) 
of those receiving medical treatment and 6.6% (n = 8) of 
those receiving surgery. Participants with baseline LGD 
showed progression in 13.9% (n = 5) of those receiving 
medical treatment and 4.5% (n = 3) of those receiving 
surgery.

Overall, histopathologic regression and progression 
outcomes favored patients receiving surgical interven-
tion. Regression of metaplasia/LGD occurred in only 
24.7% (n = 37) of those receiving medical therapy versus 
43.5% (n = 104) of surgery patients. Similarly, progression 
to dysplasia/EAC was more common in the medical group 
(n = 12, 9.2%) than in those receiving surgery (n = 239, 
4.6%).



2557Surgical Endoscopy (2022) 36:2554–2563 

1 3

Fig. 1  PRISMA flow diagram of study selection
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Meta‑analysis of regression and progression 
for surgical and medical management of BE

Meta-analysis revealed that fundoplication was associated 
with improved odds of histopathologic metaplasia regres-
sion (OR 4.38; 95% CI 2.28–8.42; p < 0.00001; 6 studies 
[14, 17–21];  I2 = 0%) in comparison to standard medical 
therapy alone (Fig. 2). Evaluation of disease progression 
further revealed that fundoplication was also associated with 
decreased odds of dysplasia progression (OR 0.34; 95% CI 
0.12–0.96; p = 0.04; 6 studies [14, 17–21],  I2 = 0%) (Fig. 3).

Morbidity and mortality associated with surgical 
and medical interventions

Of the five studies [17–21] that commented on surgical com-
plications, only Parrilla et al. [17] reported a major compli-
cation, with one patient requiring splenectomy. They also 
described mild complications including inability to belch 
or vomit (n = 13, 22%) and mild and transitory postopera-
tive dysphagia (n = 17, 29%) that disappeared spontaneously. 
Rossi et al. reported mild postoperative complications, pri-
marily dysphagia and gas-bloat syndrome. These compli-
cations, however, were rare and transient. No deaths were 
attributed to either intervention in any study. No adverse 
effects were reported with medical therapy.

Risk of bias for included studies

The single randomized controlled trial was assessed using 
the Cochrane Risk of Bias Tool (Appendix 1; Table S2). 
Parrilla et al. suffered from moderate risk of bias due to the 
ethical need to not blind participants and study personnel. 
This is somewhat mitigated by the evaluation of objective 
endpoints. Additionally, an unclear risk of bias was also 
noted for Parrilla et al. due to the exclusion of 12 partici-
pants who refused endoscopic follow-up.

The eight non-randomized trials were assessed for bias 
and methodology using the Methodological index for 
non-randomized studies (MINORS) criteria (Appendix 1; 
Table S3). No study met ideal criteria as all studies lacked a 
prospective calculation of study size. Further, the majority of 
studies lacked inclusion of consecutive patients and baseline 
equivalence of treatment groups.

Discussion

This study is the first to systematically evaluate differences 
in regression of metaplasia/LGD and progression of dys-
plasia/EAC in patients with BE receiving either surgical or 
medical management. Our findings demonstrate that both 
odds of histopathologic regression and disease progression Lp
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were improved in patients receiving fundoplication com-
pared to those receiving medical therapy (Table S1).

The development of BE and dysplasia has been suggested 
to be a two-step process [23] with the first step character-
ized by the transition of esophageal squamous epithelium 
to cardiac epithelium in response to pathologic GERD. The 
pathophysiology of GERD begins with gastric distension 
leading to relaxation of the lower esophageal sphincter and 
reflux of gastric contents into the distal esophagus, inducing 
cell transformation [6, 23, 24]. Objective markers of GERD, 
including an incompetent lower esophageal sphincter, hiatal 
hernias, increased esophageal acid exposure on 24-h pH 
monitoring, and erosive esophagitis are correlated with the 
transition to cardiac mucosa [25]. Prolonged exposure to 
both refluxed acid and the bile salts creates an inflammatory 
milieu, promoting the second step of development of BE-
intestinal differentiation [23, 26]. Ongoing inflammation in 
this mucosa results in increased proliferation and decreased 
apoptosis, allowing for the accumulation of genetic abnor-
malities and ultimately the development of dysplasia in BE.

One proposed explanation for the improved outcomes 
observed with surgical intervention is that fundoplication 
reinforces the lower esophageal sphincter and creates a 

definitive mechanical barrier against all refluxed contents 
[27]. Both duodenal bile salt and gastric acid reflux are 
strong contributors to the development of metaplasia and 
the cellular atypia observed in BE [26, 28]. Yet, PPIs act 
solely through preventing gastric acid secretion by perma-
nently inhibiting the hydrogen potassium ATPase proton 
pump on the luminal border of gastric parietal cells [6, 
23, 29]. Failure to protect from bile reflux may be one 
explanation for why patients receiving PPI therapy are 
less likely to achieve complete response in their reflux 
symptoms. This suggests that the definitive mechanical 
barrier provided by fundoplication is perhaps more effec-
tive in facilitating BE disease regression and progression 
by addressing both bile salt and acid reflux contents which 
incite intestinal differentiation. Although fundoplication 
carries inherent perioperative risks that are not seen with 
medical treatment, morbidity, and mortality rates associ-
ated with the procedure are relatively low, resulting in an 
acceptable risk profile for many patients [30].

It is also important to acknowledge that anatomic 
defects like hiatal hernias (HH) are increasingly com-
mon and less likely to respond to medical therapy alone. 
Hiatal hernias left untreated also tend to enlarge over 

Fig. 2  Regression of BE metaplasia and LGD after medical or surgical therapy

Fig. 3  Progression of Barrett’s esophagus to dysplasia or EAC after surgical or medical therapy
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time, exacerbating the degree of reflux of gastroduode-
nal contents through the LES. Failure to identify such 
defects prior to initiation of PPI therapy may be one pos-
sible explanation for our findings. It has been reported that 
greater than 90% of patients with BE have concurrent HH 
[31, 32]. Indeed, HH are strongly associated with presence 
of BE despite their relationship to development of high-
grade dysplasia and esophageal adenocarcinoma being less 
clear [32]. PPI trials are often started empirically prior to 
evaluation of HHs due to delays in obtaining confirmatory 
upper endoscopy or contrast swallowing studies. Delays 
in identifying these anatomic defects which are effectively 
addressed by surgical intervention may lead to increased 
BE disease progression due to potentially futile PPI trials.

Another factor which may contribute to the superior 
response of BE to surgical intervention is lack of medication 
adherence. GERD symptoms fluctuate and are often associ-
ated with frequency, type, and size of meals. It is not uncom-
mon for patients to take medications on an as needed basis 
when they encounter inciting GERD factors [33]. Estimates 
of the medication possession adherence of PPIs for patients 
with GERD range from 55–84%, although patients with BE 
have been shown to be more compliant with their PPI regime 
than patients with uncomplicated GERD [33–35]. However, 
this leaves those with undiagnosed asymptomatic disease at 
higher risk of disease progression. In this regard, surgical 
correction may provide increased benefit by avoiding chal-
lenges with medication compliance associated with underly-
ing asymptomatic disease.

Other studies have demonstrated similar superior out-
comes when comparing surgical to medical intervention in 
patients with BE. A meta-analysis by Ouda et al. [9] found 
that surgical treatment decreased the incidence rate ratio of 
EAC in patients with BE compared to medical treatment, 
which became statistically significant only when including 
studies published after the year 2000. There was no differ-
ence in outcomes found in patients diagnosed with GERD. 
This highlights the importance of investigating outcomes 
specific to patients with BE, as the increased disease sever-
ity likely affects response to treatment. Corey et al. [36] 
published a meta-analysis in 2003 that found no signifi-
cant difference in the rates of esophageal adenocarcinoma 
in patients with BE receiving either surgical or medical 
therapy. Overall, these studies are limited in that they only 
evaluated progression to EAC and did not evaluate the effect 
of intervention on BE regression.

While our findings indeed suggest that BE regression and 
lack of progression are superior in patients receiving fun-
doplication, it may well be possible that instances of disease 
recurrence may occur decades after the index surgical pro-
cedure. Unfortunately, the follow-up of our included studies 
ranged from 1.5 to 7 years which limits us from evaluating 
the long-term efficacy of these therapies and from providing 

recommendations on long-term surveillance. Nonetheless, 
given the chronic life-long cancer risk associated with BE, 
we believe that ongoing surveillance regardless of method 
of reflux control remains critical to prevent the morbidity 
and mortality of BE.

Our study is limited by the inherent limitations of system-
atic reviews. We found only six studies with adequate data 
for inclusion in our meta-analysis. Of these, the majority did 
not adequately describe their population, specifically regard-
ing BMI, alcohol, tobacco use, or hiatal hernias which are 
known risk factors for BE and may confound our results and 
limit generalizability [4]. Older studies also included LGD 
patients who underwent fundoplication and did not undergo 
current standard of care therapies like endoscopic mucosal 
resection. Although all studies utilized acid suppression 
therapy, the class of drugs used was not consistent across 
studies, making it difficult to compare if fundoplication is 
superior to PPIs or H2 blockers specifically. Given the het-
erogeneity in endoscopic protocols used to evaluate BE, and 
the potential for sampling and diagnostic errors even with 
standardized methods, our findings should be interpreted 
with caution. Lastly, given the nature of our study design, 
we are not able to identify the specific mechanisms respon-
sible for our findings. Together, these limitations preclude 
a recommendation of which specific patients would most 
benefit from surgical intervention, the optimal timing for 
fundoplication, or for timing of post-surgical endoscopic 
surveillance.

Despite these limitations, our study is novel because it is 
the first to identify the superiority of surgical intervention 
in optimizing both histopathologic regression and disease 
progression in patients with BE. These findings provide evi-
dence supporting the increased adoption for surgical man-
agement of BE and suggest that patients with BE should 
have prompt workup and surgical referral at the time of 
diagnosis. Lastly, additional data are needed to evaluate the 
efficacy of fundoplication on long-term BE outcomes as well 
as to help guide the development of post-surgical screening 
guidelines.

Conclusion

Surgical management of BE was associated with improved 
odds of histopathologic disease regression and less pro-
gression to dysplasia compared to standard medical therapy 
alone. Further large randomized controlled trials which 
directly compare medical management and surgical inter-
vention are required to further delineate the optimal delivery 
and timing of these interventions.
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