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Abstract  

Background:  In patients with BE, anti-reflux surgery aims  
to sustainable control reflux symptoms and heal reflux induced  

esophageal mucosal inflammation and prevent progression  

of BE to adenocarcinoma. Endoscopic resection of visible  

lesions if any, followed by ablation of the rest of the BE  

epithelium is the current standard of care for management of  

BE with confirmed dysplasia. Although the current literature  

describes multiple endoscopic and anti-reflux techniques for  

the management of BE, there is no published evidence on the  
efficacy of anti-reflux surgery followed by endoscopic man-
agement on the outcomes of BE.  

Aim of Study:  The objective of this study was to compare  
between anti-reflux surgery with or without endoscopic man-
agement of BE.  

Patients and Methods:  In the present study, we searched  

Medline via PubMed, SCOPUS, Web of Science, Cochrane  
Central Register of Controlled Trials (CENTRAL), and Google  

Scholar. The search retrieved 2089 unique records. We then  
retained 57 potentially eligible records for full-texts screening.  

Finally, 6 studies were included.  

Results:  In the present systematic review and meta-
analysis, five studies reported the rates of recurrence. The  
overall effect estimates showed the rate of recurrence was  

5.7% (95% CI 1.2-10.2%). In the present systematic review  

and meta-analysis, five studies reported the overall complica-
tions rate. The overall effect estimates showed the overall  

complications rate was 7.3% (95% CI 4.1-10.6%), mainly  
stricture and perforation.  

Conclusion:  Endoscopic procedures after anti-reflux  
surgery is a safe modality, with high rate of success in complete  

eradication of BE in symptomatic GERD patients, especially  
those with severe anatomical impairment in distal esophageal  

segment. As a concurrent procedure, endoscopic procedures  

may be beneficial in the terms of reducing the early recurrence  

rates, which seems to be important issue during the manage-
ment of BE. By doing synchronous endoscopic procedures  

and fundoplication, one might observe a true anatomy of  

esophagogastric junction in its entirety and might be able to  

truly observe the distal extent of columnar esophagus.  

Correspondence to:  Dr. Khaled A. El-Fiky, The Department  
of General Surgery, Faculty of Medicine, Ain Shams University  

Key Words:  Antireflux surgery – Endoscopic management – 
Barrett's esophagus.  

Introduction  

BARRETT'S  esophagus is a condition resulting  
from chronic gastro-esophageal reflux disease with  
a documented risk of esophageal adenocarcinoma.  

The classic definition of Barrett's Esophagus (BE)  
comprises the presence of columnar epithelium  

with prominent goblet cells indicative of Intestinal  

Metaplasia (IM) populating the tubular esophagus  
proximal to the anatomic squamo-columnar junc-
tion. American association of gastroenterology,  

recommended the presence of IM for the diagnosis  

of BE while the British society of gastroenterology  

guidelines do not require the presence of IM for  
the diagnosis of BE. Presently, the diagnosis of  
BE is based on a combination of endoscopic and  

histologic criteria. The diagnosis of BE is estab-
lished when Intestinal Metaplasia (IM) is found in  
biopsy specimens obtained from salmon colored  
mucosa in the distal esophagus proximal to the  

Gastro-Esophageal Junction (GEJ) [1] .  

Acid suppressive therapy, specifically Proton  
Pump Inhibitors (PPIs), has been shown to improve  
symptoms and to heal and prevent relapse of erosive  

esophagitis in patients with BE. Evidence to support  
use of PPIs, in patients with BE solely to reduce  

risk of progression to dysplasia or cancer is indirect  

and has not been proven in a long-term controlled  

trial. Epidemiologic data suggest a lower risk of  
progression in PPI users. There is also some evi-
dence to suggest that long-term therapy may induce  

regression of IM and promote the development of  

squamous islands [2] .  

As development of BE is based on gastro-
esophageal reflux, a potential concept would be to  
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stop reflux by anti-reflux surgery and thereby  
interrupt the mechanisms of malignant transforma-
tion. Fundoplication effectively controls reflux  

symptoms in most patients [3] . Some authors found  
that surgical control of reflux disease has not been  

found to be associated with a decrease in the inci-
dence of esophageal cancer [4] .  

Before the advent of endoscopic therapies,  

esophagectomy was the primary treatment option  

for patients with High Grade Dysplasia (HGD).  

Esophagectomy offers the most definite treatment  

in patients with BE with HGD (in particular in  
patients with multifocal HGD since it eliminates  

all of the Barrett's epithelium preventing the risk  

of progression. In patients with HGD, a benefit of  
esophagectomy includes the treatment of an occult  

carcinoma (the incidence of occult adenocarcinoma,  

ranging from 0% to 73%) [5] .  

The standard surgical resection in most patients  
includes a total esophagectomy with a transhiatal  
or transthoracic approach, and reconstruction with  

gastric pull up or tubularized gastric conduit and  

the anastomosis performed in the neck or the high  

chest. In some cases esophageal resection could  
be performed minimally invasively. Limited vagal-
sparing surgery like esophageal stripping or Mer-
endino's operation is currently indicated in multi-
focal high-grade neoplasia or mucosal Barrett's  

carcinoma which cannot be managed by endoscopic  
approach [6] .  

It has always been the aim of therapeutists-
both gastroenterologists and surgeons-not to wait  
until a patient developed dysplasia or cancer, but  

to initiate complete regression of Barrett's esopha-
gus by means of either drugs or surgery in order  

to prevent malignant degeneration. Endoscopic  

treatment is focused on destruction of the existing  

metaplastic-dysplastic tissue using different mo-
dalities that eliminate the mucosa. The theory  
behind endoscopic treatment is that the injury of  

the meta-plastic dysplastic BE combined with  

vigorous acid suppression or with anti-reflux sur-
gery would lead to reversion of the BE to squamous  

epithelium and reduce the risk of progression to  
cancer [7] .  

Endoscopic treatment modalities include endo-
scopic resection techniques such as endoscopic  
mucosal resection and endoscopic submucosal  
dissection and endoscopic ablation therapy, such  
as Argon Plasma Coagulation (APC), laser ablation,  

Photodynamic Therapy (PDT), Radiofrequency  

Ablation (RFA), and cryo-therapy [8,9] .  

Aim of the work:  

Is to estimate the efficacy of endoscopic therapy  

for barrett's esophagus by assessing the safety and  
effectiveness of endoscopic resection or ablation  
following anti-reflux and compare it with anti-
reflux surgery without endoscopic management of  

Barrett's esophagus.  

Material and Methods  

We performed this systematic review and meta-
analysis in accordance to the recommendations of  
the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) statement  

and Meta-analysis of Observational Studies in  
Epidemiology (MOOSE) statement. PRISMA and  
MOOSE are reporting checklists for Authors, Ed-
itors, and Reviewers of meta-analyses of interven-
tional and observational studies. According to  

International Committee of Medical Journal Asso-
ciation (ICJME), reviewers must report their find-
ings according to each of the items listed in those  

checklists [10] .  

Study selection and eligibility criteria:  
The present review included studies that ful-

filled the following criteria:  
1- Studies that included adults' patients with diag-

nosed with low-or high-grade Barret's esopha-
gus.  

2- Studies that assessed the safety and effectiveness  

of endoscopic resection or ablation following  

anti-reflux surgery for Barret's esophagus.  

3- Studies that reported any of the following out-
comes: Complete eradication of intestinal meta-
plasia, progression, recurrence, malignancy and  

complication.  

4- Studies that were randomized controlled trials  

(RCTs), comparative studies, or prospective  

cohort studies.  

We excluded review articles, non-English stud-
ies, theses, dissertations and conference abstracts,  

and trials with unreliable date for extraction.  

Search strategy and screening:  

An electronic search was conducted from the  

inception till June 2020 in the following biblio-
graphic databases: Medline via PubMed, SCOPUS,  

Cochrane Central Register of Controlled Trials  

(CENTRAL), and Web of Science to identify rel-
evant articles. We used different combinations of  

the following queries: Radiofrequency ablation,  
transoral incisionless fundoplication, medigus  

ultrasonic surgical endostapler, dysplasia, Barrett's  

esophagus, esophagitis.  



1089 of records after duplicates removed  

13 of studies included in the  
present review  

1089 of records  
screened  

1032 of records  
excluded  

51 of full-text  
articles excluded:  
Review = 26  
Irrelevent = 21  
Conferences = 4  

57 of full-text  
articles assessed  

for eligiblity  
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Screening:  
Retrieved citations were imported into EndNote  

X7 for duplicates removal. Subsequently, unique  

citations were imported into an Excel sheet and  
screened by two independent reviewers; the screen-
ing was conducted in two steps: Title and abstract  

screening, followed by a full-texts screening of  
potentially eligible records.  

Data extraction:  
Data entry and processing were carried out  

using a standardized Excel sheet and reviewers  

extracted the data from the included studies. The  

extracted data included the following domains: (1)  
Summary characteristics of the included studies;  
(2) Baseline characteristics of studied populations;  

and (3) Study outcomes. All reviewers' independ-
ently extracted data from the included articles and  
any discrepancies were solved by discussion.  

Dealing with missing data:  
Missing Standard Deviation (SD) of mean  

change from baseline was calculated from standard  

error or 95% Confidence Interval (CI) according  

to Altman [11] .  

Direct meta-analysis:  
Continuous outcomes were pooled as Mean  

Difference (MD) or Standardized Mean Difference  

(SMD) using inverse variance method, and dichot-
omous outcomes will be pooled as Relative Risk  
(RR) using Mantel-Haenszel method. The random- 

effects method was used under the assumption of  

existing significant clinical and methodological  
heterogeneity. We performed all statistical analyses  
using Review Manager (RevMan) 5.3 or open  

meta-analyst for windows.  

Assessment of heterogeneity:  

We assessed heterogeneity by visual inspection  

of the forest plots, chi-square, and I-square tests.  

According to the recommendations of Cochrane  

Handbook of Systematic Reviews and meta-
analysis, chi-square p-value less than 0.1 denote  
significant heterogeneity while I-square values  
show no important heterogeneity between 0% and  
40%, moderate heterogeneity from 30% to 60%,  

substantial heterogeneity from 50% to 100%. If  
any trials were judged to affect the homogeneity  

of the pooled estimates, we planned to perform a  
sensitivity analysis to assess outcomes with and  
without the trials that were affecting the homoge-
neity of the effect estimates.  

Results  

In the present study, we searched Medline via  
PubMed, SCOPUS, Web of Science, Cochrane  
Central Register of Controlled Trials (CENTRAL),  

and Google Scholar from their inception till April  
2020. The search retrieved 2089 unique records.  

We then retained 57 potentially eligible records  

for full-texts screening. Finally, 13 studies were  

included Fig. (1).  

PubMed = 101  CENTRAL = 0  SCOPUS = 965  Web of Science = 287  

Fig. (1): PRISMA flow-chart.  



M
ai

n 
fi

nd
in

gs
 

•

F
un

do
pl

ic
at

io
n 

is
 a

n 
im

po
rt

an
t 

st
ra

te
gy

 to
 a

ch
ie

ve
 a

nd
 m

ai
nt

ai
n 

G
R

-
IM

. 

•

P
at

ie
nt

s 
w

ho
 h

ad
 f

un
do

pl
ic

at
io

n 
in

 
co

nj
un

ct
io

n 
w

it
h 

en
do

lu
m

in
al

 
ra

di
of

re
qu

en
cy

 a
bl

at
io

n 
w

er
e 

m
or

e 
li

ke
ly

 to
 a

ch
ie

ve
 d

ur
ab

le
 a

bl
at

io
n 

co
m

pa
re

d 
w

it
h 

pa
ti

en
ts

 w
ho

 w
er

e 
tr

ea
te

d 
w

it
h 

pr
ot

on
 p

um
p 

in
hi

bi
to

r 
th

er
ap

y.
 

•

P
ri

or
 f

un
do

pl
ic

at
io

n 
w

as
 a

ss
oc

ia
te

d 
w

it
h 

si
m

il
ar

 a
dv

er
se

 e
ve

nt
 a

nd
 

ef
fi

ca
cy

 r
at

es
 w

he
n 

co
m

pa
re

d 
w

it
h 

m
ed

ic
al

 m
an

ag
em

en
t. 

•

E
E

T
 h

as
 lo

ng
-t

er
m

 d
ur

ab
il

it
y 

w
it

h 
lo

w
 r

ec
ur

re
nc

e 
ra

te
s 

pr
ov

id
in

g 
ea

rl
y 

ev
id

en
ce

 f
or

 e
xt

en
di

ng
 e

nd
os

co
pi

c 
su

rv
ei

ll
an

ce
 in

te
rv

al
s 

af
te

r 
E

E
T

. 

•

E
nd

os
co

pi
c 

ra
di

of
re

qu
en

cy
 a

bl
at

io
n 

of
 B

E
 a

t t
he

 ti
m

e 
of

 la
pa

ro
sc

op
ic

 
fu

nd
op

li
ca

ti
on

 is
 f

ea
si

bl
e 

an
d 

ca
n 

ef
fe

ct
iv

el
y 

tr
ea

t B
E

 le
si

on
s.

 

•

R
F

A
 is

 a
 s

af
e 

pr
oc

ed
ur

e,
 w

it
h 

hi
gh

 
ra

te
 o

f 
su

cc
es

s 
in

 c
om

pl
et

e 
er

ad
ic

at
io

n.
 

•

N
/A

 

M
ed

ia
n 

fo
ll

ow
- 

up
 in

 
m

on
th

s 

R
FA

 
se

ss
io

n 

•

N
/A

 

•

15
 

(1
2-

24
) 

•

24
 

•

24
 

3.
7 

2.
1±

0.
7 

N
/A

 
2.

8 
(1

.6
) 

2.
2 

(1
.1

) 
4.

39
 1

.9
9 

•

11
.6

 
±

10
.2

 

10
 

30
1 

56
 

N
/A

 
4.

2±
2.

9 
N

/A
 

N
/A

 
N

/A
 

N
/A

 N
o.

 o
f 

pa
ti

en
ts

 

L
E

S
P

 
(m

m
H

g)
 

47
 

22
1 

49
 

PP
Is

 

PP
Is

 

N
on

e 

N
on

e 

N
on

e 

N
on

e 

43
.8

0%
 

67
.9

0%
 

N
/A

 
22

%
 

10
1 

70
%

 

B
E

 h
is

to
lo

gy
 

IM
 C

on
tr

ol
 

R
FA

 

E
nd

os
co

pi
c 

A
pp

ro
ac

h 

R
FA

 

R
FA

 

R
F

A
 ±

 E
M

R
 

R
FA

 

R
F

A
 ±

 E
M

R
 

98
%

 
87

.5
0%

 
N

/A
 

N
/A

 
96

%
 

60
%

 

P
re

se
nc

e 
of

 
hi

at
al

 h
er

ni
a 

T
yp

e 
of

 A
R

S 

•

N
is

se
n 

fu
nd

op
li

ca
ti

on
 

•

L
ap

ar
os

co
pi

c 
N

is
se

n 
fu

nd
op

li
ca

ti
on

 

•

N
is

se
n 

fu
nd

op
li

ca
ti

on
 

•

L
ap

ar
os

co
pi

c 
N

is
se

n 
fu

nd
op

li
ca

ti
on

 

•

N
is

se
n 

fu
nd

op
li

ca
ti

on
 

•

N
is

se
n 

fu
nd

op
li

ca
ti

on
 

P
at

ie
nt

s 

6.
5 

4.
3±

2.
1 

3 
(2

-1
2)

 
4.

3 
(3

.4
) 

5.
3 

(3
.3

) 
5 

6.
4 

4.
78

 

B
E

 le
ng

th
 (

m
ea

n 
or

 m
ed

ia
n)

, c
m

 
%

 M
al

e 

•

P
at

ie
nt

s 
w

it
h 

lo
w

 o
r 

hi
gh

 
gr

ad
e 

B
E

 
•

P
at

ie
nt

s 
w

it
h 

lo
w

 o
r 

hi
gh

 
gr

ad
e 

B
E

 

•

P
at

ie
nt

s 
w

it
h 

lo
w

 o
r 

hi
gh

 
gr

ad
e 

B
E

 

•

P
at

ie
nt

s 
w

it
h 

lo
w

 o
r 

hi
gh

 
gr

ad
e 

B
E

 

•

P
at

ie
nt

s 
w

it
h 

lo
w

 o
r 

hi
gh

 
gr

ad
e 

B
E

 

•

P
at

ie
nt

s 
w

it
h 

lo
w

 o
r 

hi
gh

 
gr

ad
e 

B
E

 

82
%

 
66

%
 

N
/A

 
75

%
 

75
%

 
70

%
 

R
et

ro
sp

ec
ti

ve
 

R
et

ro
sp

ec
ti

ve
 

R
et

ro
sp

ec
ti

ve
 

D
es

ig
n 

P
ro

sp
ec

ti
ve

 

A
ge

 (
y)

 

P
ro

sp
ec

ti
ve

 

R
et

ro
sp

ec
ti

ve
 

61
 

47
.3

±
10

.8
 

N
/A

 
61

.4
 (

11
.2

) 
65

.4
 (

11
.6

) 
58

 1
6.

6 

Y
ea

r 

20
14

 
20

15
 

20
13

 
20

13
 

20
17

 
20

13
 

S
er

bi
a 

U
S

A
 

U
S

A
 

U
S

A
 

U
S

A
 

U
S

A
 

C
ou

nt
ry

 

20
14

 

Y
ea

r 

20
13

 

20
11

 

20
11

 

20
15

 

20
17

 

A
ut

ho
r 

Jo
hn

so
n 

et
 a

l.,
 

Sk
ro

bi
o 

O
'C

on
ne

ll
 

S
ha

he
en

 e
t a

l.,
 

K
om

an
du

ri
 

G
oe

rs
 

T
ab

le
 (

2)
: B

as
el

in
e 

an
d 

ou
tc

om
es

 o
f 

th
e 

in
cl

ud
ed

 s
tu

di
es

. 

A
u

th
o

r 
T

it
le

 
•

P
ri

or
 f

un
do

pl
ic

at
io

n 
do

es
 n

ot
 

im
pr

ov
e 

sa
fe

ty
 o

r 
ef

fi
ca

cy
 

ou
tc

om
es

 o
f 

ra
di

of
re

qu
en

cy
 

ab
la

ti
on

: R
es

ul
ts

 f
ro

m
 th

e 
U

.S
. 

R
FA

 r
eg

is
tr

y.
 

•

R
ec

ur
re

nc
e 

of
 B

ar
re

tte
s 

es
op

ha
gu

s 
is

 r
ar

e 
fo

ll
ow

in
g 

en
do

sc
op

ic
 

er
ad

ic
at

io
n 

th
er

ap
y 

co
up

le
d 

w
it

h 
ef

fe
ct

iv
e 

re
fl

ux
 c

on
tr

ol
. 

•

C
on

co
m

it
an

t e
nd

os
co

pi
c 

ra
di

of
re

qu
en

cy
 a

bl
at

io
n 

an
d 

la
pa

ro
sc

op
ic

 r
ef

lu
x 

op
er

at
iv

e 
re

su
lt

s 
in

 m
or

e 
ef

fe
ct

iv
e 

an
d 

ef
fi

ci
en

t t
re

at
m

en
t o

f 
B

ar
re

tt
 

E
so

ph
ag

us
. 

•

T
he

 d
ur

ab
il

it
y 

of
 e

nd
os

co
pi

c 
th

er
ap

y 
fo

r 
tr

ea
tm

en
t o

f 
ba

rr
et

te
s 

m
et

ap
la

si
a,

 d
ys

pl
as

ia
, a

nd
 

m
uc

os
al

 c
an

ce
r 

af
te

r 
N

is
se

n 
fu

nd
op

li
ca

ti
on

. 

•

S
ig

ni
fi

ca
nc

e 
of

 N
is

se
n 

fu
nd

op
li

ca
ti

on
 a

ft
er

 e
nd

os
co

pi
c 

ra
di

of
re

qu
en

cy
 a

bl
at

io
n 

of
 

B
ar

re
tt

's
 e

so
ph

ag
us

. 

•

E
ff

ec
ts

 o
f 

N
is

se
n 

fu
nd

op
li

ca
ti

on
 

on
 e

nd
os

co
pi

c 
en

do
lu

m
in

al
 

ra
di

of
re

qu
en

cy
 a

bl
at

io
n 

of
 

B
ar

re
tt

's
 e

so
ph

ag
us

. 

A
R

S 
pl

us
 E

nd
os

co
pi

c 
A

pp
ro

ac
h 

(N
o.

=
 6

 s
tu

di
es

):
 

T
ab

le
 (

1)
: S

um
m

ar
y 

ch
ar

ac
te

ri
st

ic
s 

of
 th

e 
in

cl
ud

ed
 s

tu
di

es
. 

1430 Meta-Analysis for Comparison between Antireflux Surgery With or Without Endoscopic Management of BE  



Khaled A. El-Fiky, et al. 1431  

•

Pa
tie

nt
s 

w
ith

 B
ar

re
tt'

s 
es

op
ha

gu
s 

w
ho

 
un

de
rg

o 
an

tir
ef

lu
x 

su
rg

er
y 

ne
ed

 c
lo

se
 

an
d 

lo
ng

-t
er

m
 e

nd
os

co
pi

c 
an

d 
hi

st
ol

og
ic

 s
ur

ve
il

la
nc

e 
be

ca
us

e 
dy

sp
la

si
a 

or
 e

ve
n 

ad
en

oc
ar

ci
no

m
a 

ca
n 

ap
pe

ar
 a

t l
at

e 
fo

ll
ow

-u
p.

 

•

L
ap

ar
os

co
pi

c 
fu

nd
op

li
ca

ti
on

 w
as

 
hi

gh
ly

 s
uc

ce
ss

fu
l i

n 
co

nt
ro

ll
in

g 
sy

m
pt

om
s 

of
 G

E
R

D
 in

 p
at

ie
nt

s 
w

it
h 

B
ar

re
tt

's
 m

et
ap

la
si

a 

•

6 

•

F
un

do
pl

ic
at

io
n 

ef
fe

ct
iv

el
y 

to
 a

ch
ie

ve
 

an
d 

m
ai

nt
ai

n 
C

R
-I

M
. 

•

7.
5 

(1
1.

5)
; 

6.
4 

•

H
2R

A
, 

PP
I 

•

46
 A

R
S;

 
94

 M
T

 

•

F
un

do
pl

ic
at

io
n 

ef
fe

ct
iv

el
y 

to
 a

ch
ie

ve
 

an
d 

m
ai

nt
ai

n 
C

R
-I

M
. 

•

11
.8

 
(u

nk
no

w
n)

 

•

N
/A

 

•

94
6 

A
R

S,
 

18
92

 M
T

 

N
/A

 

N
/A

 

M
T

 

M
T

 

•

N
F

, p
ar

ti
al

 
fu

nd
o-

pl
ic

at
io

n.
 

•

N
F

/p
ar

ti
al

 
fu

nd
o-

pl
ic

at
io

n,
 

R
ou

xe
n-

Y
 

re
co

ns
tr

uc
ti

on
 

•

N
F

, h
il

l 
ga

st
ro

pe
xy

, 
pa

rt
ia

l 
fu

nd
op

li
ca

ti
on

 

•

F
un

do
pl

ic
at

io
n 

•
N

/A
 

•

16
1 

N
o 

• N
/A

 

•

P
at

ie
nt

s 
w

it
h 

lo
w

 o
r 

hi
gh

 
gr

ad
e 

B
E

. 

•

P
at

ie
nt

s 
w

it
h 

lo
w

 o
r 

hi
gh

 
gr

ad
e 

B
E

. 

•
P

at
ie

nt
s 

w
it

h 
lo

w
 o

r 
hi

gh
 

gr
ad

e 
B

E
. 

•

P
at

ie
nt

s 
w

it
h 

lo
w

 o
r 

hi
gh

 
gr

ad
e 

B
E

. 

•

P
at

ie
nt

s 
w

it
h 

lo
w

 o
r 

hi
gh

 
gr

ad
e 

B
E

. 

•

P
at

ie
nt

s 
w

it
h 

lo
w

 o
r 

hi
gh

 
gr

ad
e 

B
E

. 

P
ro

sp
ec

ti
ve

 
S

w
ed

en
 

P
ro

sp
ec

ti
ve

 
F

in
la

nd
 

P
ro

sp
ec

ti
ve

 
S

w
ed

en
 

P
ro

sp
ec

ti
ve

 
U

S 

P
ro

sp
ec

ti
ve

 
U

K
 

P
ro

sp
ec

ti
ve

 
C

hi
le

 

20
10

 

20
11

 

20
05

 

•

T
he

 r
is

k 
of

 e
so

ph
ag

ea
l 

ad
en

oc
ar

ci
no

m
a 

af
te

r 
an

ti
re

fl
ux

 
su

rg
er

y.
 

•

E
so

ph
ag

ea
l a

de
no

ca
rc

in
om

a 
ar

is
in

g 
af

te
r 

an
ti

re
fl

ux
 s

ur
ge

ry
: 

A
 p

op
ul

at
io

n-
ba

se
d 

an
al

ys
is

. 

•

B
ar

re
tt

 e
so

ph
ag

us
: R

is
k 

fa
ct

or
s 

fo
r 

pr
og

re
ss

io
n 

to
 d

ys
pl

as
ia

 a
nd

 
ad

en
oc

ar
ci

no
m

a.
 

20
05

 

20
09

 

20
02

 

•

F
un

do
pl

ic
at

io
n 

an
d 

th
e 

ri
sk

 o
f 

es
op

ha
ge

al
 c

an
ce

r 
in

 
ga

st
ro

es
op

ha
ge

al
 r

ef
lu

x 
di

se
as

e:
 

A
 v

et
er

an
s 

af
fa

ir
s 

co
ho

rt
 s

tu
dy

. 

•

T
re

at
m

en
t m

od
al

it
y 

an
d 

ri
sk

 o
f 

de
ve

lo
pm

en
t o

f 
dy

sp
la

si
a 

an
d 

ad
en

oc
ar

ci
no

m
a 

in
 c

ol
um

na
r-

li
ne

d 
es

op
ha

gu
s.

 

•

D
ys

pl
as

ia
 a

nd
 A

de
no

ca
rc

in
om

a 
af

te
r 

cl
as

si
c 

an
ti

re
fl

ux
 s

ur
ge

ry
 in

 
pa

tie
nt

s 
w

ith
 B

ar
re

tt'
s 

E
so

ph
ag

us
. 

7 7 1 0 10
 

N
/A

 

26
 

33
 

N
/A

 
97

 
20

5 
4 

16
 

47
 

N
/A

 
11

8 
17

0 
6 

49
 

56
 

19
 

13
6 

22
1 

10
 

20
14

 
20

15
 

20
13

 
20

13
 

20
17

 
20

13
 

Jo
hn

so
n 

et
 a

l.,
 

S
kr

ob
ie

 
O

'C
on

ne
ll

 
S

ha
he

en
 e

t a
l.,

 
K

om
an

du
ri

 
G

oe
rs

 

C
E

-D
 : 

C
om

pl
et

e 
E

ra
di

ca
ti

on
 o

f 
D

ys
pl

as
ia

. 
C

E
-I

M
: C

om
pl

et
e 

E
ra

di
ca

ti
on

 o
f 

In
te

st
in

al
 M

et
ap

le
si

a.
 

A
R

S 
al

on
e 

(N
o.

 =
 7

 s
tu

di
es

):
 

T
ab

le
 (

5)
: S

um
m

ar
y 

ch
ar

ac
te

ri
st

ic
s 

of
 th

e 
in

cl
ud

ed
 s

tu
di

es
. 

N
/A

 
1 N

/A
 

0 0 N
/A

 
3 0 1 

5 7 N
/A

 
3 10

 
1 

5 8 N
/A

 
6 15

 
2 

49
 

56
 

19
 

13
6 

22
1 

10
 

20
14

 
20

15
 

20
13

 
20

13
 

20
17

 
20

13
 

Jo
hn

so
n 

et
 a

l.,
 

Sk
ro

bi
e 

O
'C

on
ne

ll
 

S
ha

he
en

 e
t a

l.,
 

K
om

an
du

ri
 

G
oe

rs
 

M
ai

n 
fi

nd
in

gs
 

M
ed

ia
n 

fo
ll

ow
-u

p 
M

ed
ic

at
io

n 
N

o.
 o

f 
pa

ti
en

ts
 

C
on

tr
ol

 
T

yp
e 

of
 A

R
S 

P
at

ie
nt

s 
D

es
ig

n 
C

ou
nt

ry
 

Y
ea

r 
A

u
th

o
r 

T
it

le
 

T
ab

le
 (

4)
: C

om
pl

ic
at

io
ns

 r
at

e 
of

 th
e 

in
cl

ud
ed

 s
tu

di
es

. 
T

ab
le

 (
3)

: O
ut

co
m

es
 o

f 
th

e 
in

cl
ud

ed
 s

tu
di

es
. 

Pa
in

 
B

le
ed

in
g 

P
er

fo
ra

ti
on

 
S

tr
ic

tu
re

s 
N

o.
 o

f 
ov

er
al

l 
ad

ve
rs

e 
ev

en
ts

 
T

ot
al

 
Y

ea
r 

A
ut

ho
r 

R
ec

ur
re

nc
e 

C
E

-I
M

 (
%

) 
C

E
-D

 (
%

) 
T

ot
al

 
Y

ea
r 

A
ut

ho
r 

•

F
un

do
pl

ic
at

io
n 

ef
fe

ct
iv

el
y 

to
 a

ch
ie

ve
 

an
d 

m
ai

nt
ai

n 
C

R
-I

M
. 

•8.
5 

(4
2)

 

•

N
/A

 

•

14
10

2 

•

F
un

do
pl

ic
at

io
n 

ef
fe

ct
iv

el
y 

to
 a

ch
ie

ve
 

an
d 

m
ai

nt
ai

n 
C

R
-I

M
. 

•

7.
6 

(u
nk

no
w

n)
 

•

N
/A

 •

17
64

3 

•

F
un

do
pl

ic
at

io
n 

ef
fe

ct
iv

el
y 

to
 a

ch
ie

ve
 

an
d 

m
ai

nt
ai

n 
C

R
-I

M
. 

•

6.
19

 
(u

nk
no

w
n)

 

•

H
2R

A
, 

PP
I 

•

41
 A

R
S,

 
69

7 
M

T
 

M
T

 

•
11

3 
N

o 

•

N
/A

 

•

P
at

ie
nt

s 
w

it
h 

lo
w

 o
r 

hi
gh

 
gr

ad
e 

B
E

. 

P
ro

sp
ec

ti
ve

 
U

S
A

 
20

02
 

•

B
ar

re
tt

's
 e

so
ph

ag
us

: A
 s

ur
gi

ca
l 

di
se

as
e.

 



1432 Meta-Analysis for Comparison between Antireflux Surgery With or Without Endoscopic Management of BE  

Table (6): Baseline and outcomes of the included studies.  

Author  Year  Age (y)  
% 

Male  

BE length  
(mean or  
median),  

cm  

Presence  
of hiatal  
hernia  

HGD/  
EAC  

• Lagergren  2010  61.4 (11.2)  72%  N/A  65%  0/39  
et al.  

• Kauttu et  2011  60.3 (22)  79%  N/A  72%  0/29  
al.  

• Oberg et al.  2005  64.5 (51-89)  67%  N/A  N/A  0/0; 6/1  
• Tran et al.  2005  70.1  90%  N/A  N/A  0/8  
• Gatenby  2009  62.1 (50-86)  N/A  N/A  N/A  0/0  
• Csendes  2002  58.3  60%  N/A  N/A  N/A  
• Patti  1999  N/A  N/A  N/A  N/A  N/A  

Table (7): Outcomes of the included studies.  

Author  Year  Total  
CE-D CE-IM 

Recurrence  (%) (%) 

Lagergren et al.  2010  14102  N/A  N/A  N/A  
Kauttu et al.  2011  17643  N/A  N/A  N/A  
Oberg et al.  2005  46  N/A  N/A  N/A  
Tran et al.  2005  946  N/A  N/A  N/A  
Gatenby  2009  41  N/A  N/A  N/A  
Csendes  2002  161  126  N/A  17  
Patti  1999  113 N/A  N/A  3  

Discussion  

Around 12% percent of patients with chronic  

GERD develop mucosal metaplasia so called Bar-
rett's Esophagus (BE) which is, via low-and high-
grade dysplasia, associated with an up to 125-fold  

increased risk for esophageal adenocarcinoma. BE,  

the only known precursor for esophageal adeno-
carcinoma, is a potentially reversible conditions  

if the reflux-induced chronic inflammatory process  
is treated effectively [12] .  

In patients with BE, anti-reflux surgery aims  

to sustainable control reflux symptoms and heal  
reflux induced esophageal mucosal inflammation  
and prevent progression of BE to adenocarcinoma.  

After anti-reflux surgery significant levels of re-
gression from metaplastic Barrett's to non-
metaplastic epithelium as well as from dysplastic  
to non-dysplastic BE have been observed and a  

randomized trial showed that sufficient surgical  

reflux control reduces the risk of Barrett's progres-
sion significantly when compared to medical treat-
ment [13] .  

On the other hand, BE was traditionally treated  

by esophagectomy. However, the pendulum has  
swung from surgical to endoscopic management  

over the last 2 decades owing to the lower morbid-
ity, lower cost and similar long-term survival rates  
with endoscopic treatment compared to esophagec-
tomy. Endoscopic resection of visible lesions if  

any, followed by ablation of the rest of the BE  

epithelium is the current standard of care for man-
agement of BE with confirmed dysplasia.  

Although the current literature describes mul-
tiple endoscopic and anti-reflux techniques for the  

management of BE, there is no published evidence  
on the efficacy of anti-reflux surgery followed by  

endoscopic management on the outcomes of BE.  

The objective of this study was to compare between  

anti-reflux surgery with or without endoscopic  

management of BE [14] .  

In the present study, we searched Medline via  
PubMed, SCOPUS, Web of Science, Cochrane  
Central Register of Controlled Trials (CENTRAL),  

and Google Scholar. The search retrieved 2089  

unique records. We then retained 57 potentially  

eligible records for full-texts screening. Finally, 6  
studies were included.  

Males, especially Caucasian males, have a  

strong predilection for the development of BE,  

with a male:female ratio of 2-3:1 in most studies.  

Age at diagnosis can vary widely, as many individ-
uals are asymptomatic and undergo diagnostic  

endoscopy for other reasons. BE on average is  
diagnosed in the 6th-7th 

 decade of life, but may  
develop far earlier [15] .  

In the present systematic review and meta-
analysis, we observed that the majority of the  

patients were males and aged more than 60 years  

old.  

In agreement with our findings, Ford and col-
leagues [16]  conducted a retrospective case-control  

analysis within a cross-sectional study to determine  

risk of BE in relation to sociodemographic variables  
in a large United Kingdom population. Barrett's  
esophagus was more common in males aged more  
than 60 years old.  

Likewise, Kubo and colleagues [17]  conducted  
a case-control study on a total of 1102 cases with  
BE. Barrett's esophagus was more common in  
males aged more than 60 years old.  

Multiple environmental factors are strongly  

associated with BE. These factors, such as obesity,  

GERD, and hiatal hernias are more common in  
developed countries [18] .  

In the present study, we found that the preva-
lence of hiatal hernia among BE cases ranged from  
60-98%.  

In line with our findings, Wu and colleagues  
[19]  conducted a population-based, case-control  

study that included BE (n=443), and 1356 controls.  
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Hiatal hernia emerged as significant independent  

risk factor for BE.  

Likewise, Cameron [20] assessed the prevalence  
and size of hernias in patients with BE. A 2-cm or  

longer hernia was found in 96% of 46 patients with  

BE.  

Radiofrequency Ablation (RFA) is currently  

the most widely used technique to treat BE with  

dysplasia due to its ability to deliver uniform  
ablation to a consistent depth of the esophageal  
wall. RFA causes tissue necrosis by using direct  

contact current to generate thermal injury. Circum-
ferential BE longer than 3cm is ablated by circum-
ferential technique and non-circumferential seg-
ments or segments <3cm are ablated by focal  
technique [21] .  

On the other hand, in patients who have nodular  
BE with dysplasia/EAC limited to the mucosa or  
visible lesions with high-grade dysplasia, resection  

of the lesions is done by Endoscopic Mucosal  
Resection (EMR) followed by ablation of the rest  

of the Barrett's mucosa by RFA because there can  

be 30% risk of metachronous lesions in the rest of  
the mucosa [14] .  

In the present systematic review and meta-
analysis, four studied used RFA alone and two  

studies used RFA plus EMR.  

Barrett's esophagus is a precancerous state  

defined by the replacement of normal esophageal  

squamous mucosa by Intestinal Metaplasia (IM).  

The goal of management of patients with dysplastic  
BE is to achieve Complete Eradication of Intestinal  

Metaplasia (CE-IM) [22] .  

In the present meta-analysis, five studies re-
ported the rates of complete eradication of intestinal  

metaplasia. The overall effect estimates showed  

the rate of complete eradication of intestinal meta-
plasia was 65.5% (95% CI 47-84%).  

To the best of our knowledge, no previous  

systematic review and meta-analysis has assessed  
the impact of anti-reflux surgery plus endoscopic  
resection on the CE-IM of patients with BE.  

However, the results of primary studies support  

our findings. For example, Goers and colleagues  
[23]  conducted a study on 8 patients, of which 6  

was presented with major hiatal hernia requiring  

reduction. The procedure was concomitant RFA  

during the laparoscopic fundoplication. CE-IM  
was achieved in 62.5% of the patients.  

Skrobi´c and colleagues [24]  performed RFA  
after laparoscopic fundoplication in 56 patients  

with BE, complete endoscopic resolution of BE  

was observed in 83.92% patients (86.84% IM and  

77.77% LGD).  

Likewise, Komanduri and colleagues [25]  aimed  
to determine the effectiveness and durability of  
EET under a structured reflux management proto-
col. Out of 221 patients enrolled. An overall CE-
IM of 93% was achieved within 11.6 ± 10.2 months.  

Regarding the rate of complete eradication of  

dysplasia in the present study, we found that five  

studies reported the rates of complete eradication  

of dysplasia. The overall effect estimates showed  
the rate of complete eradication of dysplasia was  

69.7% (95% CI 54.4-85%).  

Again, to the best of our knowledge, no previous  

systematic review and meta-analysis has assessed  
the impact of anti-reflux surgery plus endoscopic  
resection on the complete eradication of dysplasia  

of patients with BE.  

In 2015, Johnson and colleagues [27]  performed  
a multi-institutional retrospective review of patients  

undergoing endotherapy followed by Nissen fun-
doplication. A total of 49 patients underwent RFA  
±  EMR followed by Nissen fundoplication. The  
rate of complete remission of dysplasia was 62.5%.  

Recurrence of IM or dysplasia can occur after  
CE-IM. Conflicting data exist with regard to recur-
rence rates of IM and dysplasia after achieving  

CE-IM in BE patients [28] .  

In the present systematic review and meta-
analysis, five studies reported the rates of recur-
rence. The overall effect estimates showed the rate  

of recurrence was 5.7% (95% CI 1.2-10.2%).  

In concordance with our findings, O'Connell  
and Velanovich [29]  recruited patients who under-
went endoscopic endoluminal RFA with the BARRx  
device (BARRx Medical, Sunnyvale, CA). Of 77  
patients ablated, 47 had documented endoscopic  
follow-up at 12 months or longer following the  

ablation. Of these, 19 patients had Nissen fundop-
lication before, at the same time, or after ablation.  

The rate of recurrence was 5.2%.  

Similarly, Komanduri and colleagues [25]  repro-
ted that recurrence occurred in 13 patients [IM in  
10 (4.8%), dysplasia in 3 (1.5%)] during a mean  

follow-up of 44± 18.5 months.  

Notably, we found that the rate of recurrence  
after ARs alone was 6.4% (95% CI 1.4-14.1%).  
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We could not find any clinically-relevant difference  

between ARS alone and ARS plus endoscopic  
procedures.  

Anti-reflux surgery and RFA are safe procedures  
due to the limited depth of ablation. The most  
common complication after both modalities is  
stricture formation which occurs in 5%-6% patients.  

The other complications include post-procedure  

chest pain (3.8%), bleeding (1%) and perforation  

(0.6%) [14] .  

In the present systematic review and meta-
analysis, five studies reported the overall compli-
cations rate. The overall effect estimates showed  
the overall complications rate was 7.3% (95% CI  
4.1-10.6%), mainly stricture and perforation.  

In the present systematic review and meta-
analysis, we assessed the impact of ARS alone on  
the risk of adenocarcinoma. The overall effect  

estimates showed no reduction in the risk of ade-
nocarcinoma after ARS (RR 0.85 95% CI 0.14- 
5.06). These results indicate the superior role of  

adding endoscopic procedures to the ARS in the  
setting of BE.  

In agreement with our findings, Maret-Ouda  
and colleagues [26]  conducted a systematic review  
on 10 studies comparing adenocarcinoma risk after  
antireflux surgery with nonoperated GERD patients.  

The adenocarcinoma risk after antireflux surgery  

does not seem to revert to that of the background  

population.  

Likewise, Spechler et al., [30]  conducted a  
follow-up study of a prospective randomized trial  
comparing medical therapy (n=165) and antireflux  
surgery (n=82) in patients with severe GER [16] .  
Only half these patients were available for the  
follow-up study. Esophageal adenocarcinoma de-
veloped in one patient in each group, yielding a  
risk of 1/437 patientyears in the nonsurgical group  

and 1/746 patient-years in the surgical group.  

However, only 108 patients had Barrett's esophagus,  

yielding a cancer risk of 1/259 patient-years, and  

outcome differences across treatments were not  

studied in the subgroup with Barrett's esophagus.  

Furthermore, the antireflux surgery failure rate  

was probably high, as 62% of patients continued  

to use antireflux medications after surgery, and  

only 10 of the 82 surgical patients underwent pH  

recordings post-operatively.  

Conclusion:  
In conclusion, endoscopic procedures after anti-

reflux surgery is a safe modality, with high rate of  

success in complete eradication of BE in sympto- 

matic GERD patients, especially those with severe  
anatomical impairment in distal esophageal seg-
ment. As a concurrent procedure, endoscopic pro-
cedures may be beneficial in the terms of reducing  

the early recurrence rates, which seems to be  
important issue during the management of BE. By  
doing synchronous endoscopic procedures and  

fundoplication, one might observe a true anatomy  
of esophagogastric junction in its entirety and  
might be able to truly observe the distal extent of  

columnar esophagus.  

This combination provides good protection for  
neosquamous epithelium and in selected group of  
patients could be offered as a first-line of treatment  

for BE. In the present systematic review and meta-
analysis, we assessed the impact of ARS alone on  
the risk of adenocarcinoma. The overall effect  

estimates showed no reduction in the risk of ade-
nocarcinoma after ARS. These results indicate the  
superior role of adding endoscopic procedures to  

the ARS in the setting of BE. Studies providing  
strong evidence to support or disprove a risk-
reduction effect of antireflux therapy are impatiently  

awaited, particularly as the incidence of esophageal  
adenocarcinoma is rising sharply in industrialized  
countries.  
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