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Abstract

Background Obesity is associated with a twofold risk of gastroesophageal reflux disease (GERD) and thrice the risk of Barrett’s
esophagus (BE). Roux-en-Y gastric bypass (RYGB) leads to weight loss and improvement of GERD in population with obesity,
but its effect on BE is less clear.

Methods Bibliographic databases were searched systematically for relevant articles till January 31, 2019. Studies evaluating the
effect of RYGB on BE with preoperative and postoperative endoscopy and biopsy were included. Study quality was assessed
using the Methodological Index for Non-Randomized Studies (MINORS) tool. Meta-analysis was conducted using Mantel-
Haenszel, random effects model and presented as risk difference (RD) or odds ratio (OR) with 95% confidence intervals.
Results Eight studies with 10,779 patients undergoing RYGB reported on 117 patients with BE with follow-up of > 1 year. Significant
regression of BE after RYGB was observed (RD —0.56.95% c.i. —0.69 to —0.43; P < 0.001). Subgroup analysis showed regression of
both short-segment BE [ssBE] (RD — 0.51.95% c.i. — 0.68 to — 0.33; P < 0.001) and long-segment BE [IsBE] (RD —0.46.95% c.i. —0.71
to —0.21; P<0.001). RYGB also caused improvement in GERD in patients of BE (RD —0.93, 95% c.i. —1.04 to —0.81; P<0.001).
RYGB was strongly associated with regression of BE compared with progression (OR 31.2.95% c.i. 11.37 to 85.63; P<0.001).
Conclusions RYGB leads to significant improvement of BE at > 1 year after surgery in terms of regression and resolution of the
associated GERD. Both ssBE and IsBE improve after RYGB significantly.
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Introduction lining is replaced by the metaplastic columnar epitheli-

um, which is visible endoscopically (>1 cm) above the
Barrett’s esophagus (BE) is an acquired condition of the  gastroesophageal junction and confirmed histopathologi-
esophagus in which the normal distal squamous epithelial  cally from esophageal biopsies [1]. Long-standing
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gastroesophageal reflux disease (GERD) leads to chronic
inflammatory changes in the lower esophagus due to ex-
posure to gastric contents, which may eventually lead to
metaplastic transformation [2, 3]. GERD in patients with
BE appears to be more severe and more frequently asso-
ciated with complications like stricture, ulcer, or dyspla-
sia than in patients without columnar mucosa [3]. In
spite of the more severe reflux, symptoms of GERD
are often less pronounced or even completely absent in
patients with BE due to decreased sensitivity of the co-
lumnar epithelium to gastric contents. One of the major
concerns about BE is its risk of malignant transformation
to dysplasia and esophageal adenocarcinoma (EAC). This
risk is dependent on the length of BE and long-segment
Barrett’s esophagus (IsBE), defined as maximal length of
BE >3 cm, and carries a higher risk of malignant trans-
formation than short-segment Barrett’s esophagus (ssBE),
defined as BE length of <3 cm [1, 4]. The estimated
annual rate of progression of BE to EAC in the western
world is 0.07%/year for ssBE and 0.25%/year for 1sBE
[4].

Another risk factor common to both BE and EAC is
obesity. The prevalence of BE is between 0.5 and 2% in
an unselected population; however, in those with GERD,
the prevalence is higher ranging between 5 and 15% [5,
6]. Studies have confirmed that GERD is approximately
twofold more common and BE three times more frequent
in the obese population compared with individuals with
normal weight [7, 8]. Furthermore, obesity (BMI > 30 kg/
m [2]) increases the risk EAC by a relative risk of 2.4 to
2.8 [9, 10]. Current guidelines on BE advocates regular
endoscopic screening with esophageal biopsies to detect
field changes or a possible transformation to EAC at an
early stage [1, 11].

Roux-en-Y gastric bypass (RYGB) is the second
commonest bariatric procedure worldwide [12]. Though its
role in the management of obesity and GERD is well
established, its effect on BE is not yet fully understood. It also
appears to be more effective than sleeve gastrectomy, now the
most commonly performed bariatric procedure, in the resolu-
tion of GERD [13]. In spite of its well-defined role in inducing
weight loss and improving GERD in patients with obesity,
there is a paucity of literature on its effect on BE. It can be
hypothesized that by reducing reflux, it can potentially lead to
regression of BE. Existing literature shows a positive effect of
RYGB on BE by inducing its regression, but most studies
evaluating this effect are of low quality with few numbers of
patients [14, 15]. Lack of routine endoscopic evaluation of the
esophagus and stomach prior to bariatric surgery in many
bariatric units further makes it extremely difficult to identify
patients with BE preoperatively.

The aim of this systematic review and meta-analysis was to
evaluate the effect of RYGB on BE.

Methods
Eligibility Criteria

The research question was formulated based on Population,
Intervention, Comparison, Outcome, and Study design
(PICOS) strategy [16, 17]. The population comprised adult
patients undergoing RYGB with known BE diagnosed preop-
eratively on endoscopy and confirmed histologically.
Intervention was RYGB done for the treatment of obesity or
obesity-related comorbidities. Comparators were preoperative
confirmation of BE on endoscopy and biopsy and postopera-
tive response to RYGB with endoscopy and biopsy at least
1 year after surgery. Outcome of interest was regression of BE.

Data Search and Extraction

Published literature was searched for using MEDLINE,
PubMed, Scopus (including Embase), Cochrane Central
Register of Controlled Trials (CENTRAL), OpenGray,
ScienceDirect, and SpringerLink databases without language
restrictions till January 31, 2019. Manual searches were car-
ried out for articles in relevant journals and reference lists in
key articles. The retrieved studies were managed using the
software, Zotero Standalone (version 4.0.29.10) for
Windows (Centre for History and New Media, George
Mason University, Fairfax, Virginia, USA). The Preferred
Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) guidelines was followed at the time of writing this
manuscript [18]. MeSH terms used were “gastric bypass” OR
“bariatric surgery” AND “Barrett’s esophagus” OR
“Gastresophageal reflux.”

Studies evaluating the effect of RYGB on BE objec-
tively with a preoperative confirmation of BE endoscopi-
cally and histologically and assessing the postoperative
response to surgery with a repeat endoscopy at > 1 year
after surgery were considered for the meta-analysis.
Regression of BE was defined as histological regression
of intestinal metaplasia to normal squamous mucosa, or
from dysplasia to intestinal metaplasia or normal squa-
mous mucosa on postoperative endoscopic biopsy, or dis-
appearance of BE or reduction in the length of BE by at
least 3 cm on postoperative endoscopy. Subanalysis based
on the length of BE (ssBE [<3 c¢m) and IsBE [>3 cm])
was done to evaluate the effect of RYGB on ssBE and
IsBE respectively using the same eligibility criteria.
Subanalysis was also done to evaluate the effect of
RYGB on associated GERD in the selected cohort of pa-
tients with BE. Improvement in GERD after RYGB was
defined as improvement in symptoms of reflux after sur-
gery, or improvement in endoscopic stigmata of GERD
such as esophagitis, esophageal ulcer, and peptic stricture,
or improvement in GERD demonstrated by pH study.
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Fig. 1 Flow of information in
different phases of the systematic
review and meta-analysis. RYGB,
roux-en-Y gastric bypass; BE,
Barrett’s esophagus

Progression of BE was defined as dysplastic or cancerous
transformation of intestinal metaplasia on postoperative
endoscopic biopsy or an increase in the length of BE by

1 cm.

IDENTIFICATION

Potentially relevant articles

identified and assessed for eligibility

N = 22805

Additional articles looked for

N=2

Articles excluded as content

irrelevant

N =22772

SCREENING

Articles selected and assessed

N =35

ELIGIBILITY ‘

INCLUDED

Articles excluded due to variant data not
evaluating the effect of RYGB on BE as per

study protocol
N=24

Articles considered for systematic
review and meta-analysis

N=11

Articles excluded due to duplicate data from

the same study population

N=1

Articles selected for systematic
review

N=10

Articles with data not suitable for the
intended meta-analysis

N=2

Articles selected for meta-analysis

N=8

Case reports and reviews, studies reporting BE at only one
time point (either preoperative or postoperative) such that a com-
parison of the outcome before and after RYGB could not be

made, studies evaluating the effect of other bariatric procedures

Table 1 Characteristics of studies included for meta-analysis of Barrett’s esophagus before and after Roux-en-Y gastric bypass

Year of the  Study Study type  Total RYGB Number of patients ~ Age Gender Follow-up (in Pre-RYGB  Post-RYGB

study reference performed with BE (M/F) months) BMI BMI

2006 Csendes Prospective 557 12 474 5:7 24 43.9 294
et al.

2008 Houghton  Retrospective 1500 5 58.6 3:2 34 43 33
et al.

2010 Ben-Meir  Retrospective 5916 14 NA NA >12 NA NA
et al.

2012 Braghetto  Prospective =~ NA 21 532 129 12 41.5 25.7
etal

2012 Pereira Retrospective 896 14 47.8 59 24 41.8 28.9
etal.

2016 Dovaetal. Retrospective NA 26 529 179 28.5 435 29.1

2017 Gorodner  Retrospective 1681 11 49 65 41 44 NA
etal

2018 Andrew Retrospective 229 14 514 3:11 12 46.6 30.3
etal.

RYGB, Roux-en-Y gastric bypass; BE, Barrett’s esophagus; BMI, body mass index
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Table2  Response to treatment with Roux-en-Y gastric bypass on Barrett’s esophagus in the studies included for meta-analysis
Study Pre- Post- BE Pre- Post- ssBE Pre- Post- IsBE Pre- Post- Resolution
reference  RYGB RYGB regression RYGB RYGB  regression RYGB RYGB  regression RYGB RYGB of GERD
BE BE (%) ssBE ssBE (%) IsBE IsBE (%) GERD  GERD (%)
Csendes 12 7 5@47%) 1 3 4(57%) 5 4 120%) 12 0 12 (100%)
Hoﬁ;tgiion 5 1 4(80%) NA NA NA 5 1 480%) 5 0 5 (100%)
Bef:—lé\l/ll'eir 14 2 12 (86%) NA NA NA NA NA NA NA NA NA
BrZ;}itto 21 8 13(62%) NA NA NA 21 8 13(62%) 21 0 21 (100%)
Pefct:iérl;. 14 7 7(50%) 8 2 6(75%) 6 5 1(17%) 14 4 10 (71%)
Doifaall 26 13 13 (50%) NA NA NA NA NA NA 26 4 21 (81%)
Goit)?llr;er 11 7 4(36%) 9 6 3(33%) 2 1 1(50%) NA NA NA
Anec:ré::iv 14 8 6(43%) 14 8 6(43%) NA NA NA NA NA NA
etal.

RYGB, Roux-en-Y gastric bypass; BE, Barrett’s esophagus; ssBE, short-segment Barrett’s esophagus; /sBE, long-segment Barrett’s esophagus; NA, not
available

on BE, studies evaluating the effect of RYGB on GERD only
without evaluation of BE, or data on intestinal metaplasia of the
cardia and not BE, or studies with data not suitable for meta-
analysis of the effect of RYGB on BE were excluded.
Selection of studies was done by two independent re-
viewers utilizing a blinded model. Studies with post-RYGB
data at one or more than one time point were also included for
comparison with pre-RYGB data. Disagreement in the selec-
tion of studies between the two reviewers was resolved with

Machines Corporation). All attempts were made to retrieve
missing information as per the study protocol by contacting
the primary authors of the included studies.

Assessment of Risk of Bias

Assessment of risk of bias in the included studies was done by
three reviewers utilizing the methodological index for non-

consensus and additional opinion utilizing Cohen’s kappa sta-
tistical model [19].

Data was extracted by four reviewers into tables using
SPSS (version 24) for Windows (International Business

randomized studies (MINORS) criteria [20]. Assessment of
risk of bias was blinded, and all disagreements were resolved
with consensus and opinion from additional reviewers utiliz-
ing Cohen’s kappa statistical model [19].

Table 3  Assessment of risk of bias in studies included for meta-analysis of Barrett’s esophagus before and after Roux-en-Y gastric bypass

Year of the study Study reference Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 Quality (score)
2006 Csendes et al. 2 2 2 2 0 2 1 0 Intermediate [11]
2008 Houghton et al. 2 0 0 2 0 2 0 0 Low [6]

2010 Ben-Meir et al. 2 0 0 2 0 2 1 0 Low [7]

2012 Braghetto et al. 2 1 2 2 0 2 2 0 Intermediate [11]
2012 Pereira et al. 2 0 0 2 0 2 0 0 Low [6]

2016 Dova et al. 2 0 0 2 0 2 1 0 Low [7]

2017 Gorodner et al 2 0 0 2 0 2 1 0 Low [7]

2018 Andrew et al. 2 0 0 2 0 2 1 0 Low [7]

Q1. Did the study have a clearly stated aim? Q2. Were consecutive patients included? Q3. Was the data collected prospectively? Q4. Were endpoints
appropriate to the study? Q5. Was there an unbiased assessment of endpoints? Q6. Was the follow-up period adequate? Q7. Was loss to follow-up less
than 5%. Q8. Was there a prospective calculation of study size? 0, not reported; 1, reported but inadequate; 2, reported and adequate. Overall score, > 12;
high quality, 8—12; intermediate quality, < 8, low
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BE after RYGB  BE hefore RYGB Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Csendes 2006 7 12 12 12 11.2% -0.42[-0.70,-0.13] 2006
Houghton 2008 1 <] 5 5 7.0% -0.80 [-1.21,-0.39] 2008 &————
Ben-Meir 2010 2 14 14 14 154% -0.86 [-1.07,-0.65] 2010 —=——
Braghetto 2012 g 21 21 21 151% -0.62[-0.83,-0.41] 2012 ——
Pereira 2012 7 14 14 14 121% -0.50[-0.77,-0.23] 2012 _——
Dova 2016 13 26 26 26 16.2% -0.50 [-0.70,-0.30] 2016 =——
Gorodner 2017 7 11 11 11 10.8% -0.36 [-0.66,-0.07] 2017 S
Andrew 2018 8 14 14 14 12.2% -0.43[-0.70,-0.16] 2018 _——
Total (95% Cl) 117 117 100.0% -0.56 [-0.69, -0.43] <
Total events 53 17
Heterogeneity: Tau®= 0.02; Chi*= 13.68, df= 7 (P = 0.06); IF= 49% I } t i

Test for overall effect: Z= 8.67 (P < 0.00001)

-1 1

-0. 0 0.5
Favours after RYGB Favours before RYGB

Fig. 2 Forest plot for Barrett’s esophagus before and after Roux-en-Y gastric bypass. A Mantel-Haenszel, random-effects model is used for meta-
analysis. Risk difference is shown with 95% confidence intervals. RYGB, Roux-en-Y gastric bypass; BE, Barrett’s esophagus

Statistical Analysis

Outcome of the meta-analysis was measured using forest
plots [21]. Funnel plots were used to draw conclusions
about publication bias and heterogeneity at different time
frames [22]. These were formulated with respect to indi-
vidual outcome measures rather than to assess the overall
quality of the studies included in the meta-analysis.
Funnel plots and forest plots were generated using the
software, Review Manager (RevMan version 5.3.5)
(Cochrane Collaboration, Oxford, UK) [21, 22]. The ex-
perimental group of the meta-analysis was BE after
RYGB, and the control group was BE before RYGB.
The magnitude of the experimental effect was calculated
in terms of risk difference (RD) and confidence intervals
set at 95% to reflect a significance level of 0.05. The
same statistical principles were applied for subgroup anal-
ysis done to evaluate the effect of RYGB based on the
length of BE (ssBE [<3 cm] and IsBE [>3 cm]), and on
GERD.

Regression of BE was also compared with progression of
BE in the selected group of sample and data presented as odds
ratio (OR) with confidence intervals set at 95% to establish
significance at < 0.05.

Tests for heterogeneity using tau [2], Cochran’s Q (chi [2]),
and / [2] are incorporated in the forest plots [23]. Studies were
assumed to be heterogeneous at the outset; hence, a Mantel-
Haenszel, random-effects model was used for meta-analysis

instead of the fixed-effect model to allow the outcome mea-
sures to vary in a normal distribution between studies.

Data Availability

All data generated or analyzed during this study are included
in this published article.

Results
Description of the Studies

Figure 1 summarizes the flow of information in different
phases of the review. A Cohen’s kappa score of 1 was
achieved between the two primary reviewers.

Eight studies [24-31] with more than 10,779 patients
undergoing RYGB identified a total of 117 patients suit-
able for meta-analysis of the effect of RYGB on BE. Six
out of the eight studies [24, 25, 27, 28, 30, 31] catego-
rized the effect of RYGB based on the length of BE (ssBE
or IsBE). While all eight studies evaluated the effect of
RYGB on BE, four studies evaluated the effect on ssBE
[24, 28, 30, 31], five studies on ISBE [24, 25, 27, 28, 30],
and five studies on GORD [24, 25, 27-29]. Regression of
BE was analyzed in terms of histological regression from
intestinal metaplasia to cardiac mucosa in all the included
studies [24-31]. In addition, five studies [24, 25, 29-31]

ssSBE after RYGB  ssBE hefore RYGB Risk Difference Risk Difference

Study or Subgroup Events Total  Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Csendes 2006 3 7 7 7 18.5% -0.57 [-0.95,-019) 2006 — &
Pereira 2012 2 8 8 8 239% -0.75[1.08,-0.42] 2012 +—*+——
Gorodner 2017 B 9 9 9 243% -0.33[-0.66,-0.01] 2017 — &
Andrew 2018 8 14 14 14 33.3% -0.43[-0.70,-0.16) 2018 —
Total (95% Cl) 38 38 100.0% -0.51[-0.68, -0.33] B ol
Total events 19 38

e 2 CChif= - = R= + t t +
Heterogeneity: Tau®= 0.01; Chi*= 3.64, df=3 (P=0.30), F=18% 05 075 b 025 05

Test for overall effect: Z=5.65 (P < 0.00001)

Favours after RYGB Favours hefore RYGB

Fig. 3 Forest plot for short-segment Barrett’s esophagus before and after Roux-en-Y gastric bypass. A Mantel-Haenszel, random-effects model is used
for meta-analysis. Risk difference is shown with 95% confidence intervals. RYGB, Roux-en-Y gastric bypass; ssBE, short-segment Barrett’s esophagus
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ISBE after RYGB  IsBE hefore RYGB Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Csendes 2006 4 5 8 5 191% -0.20 [-0.61,0.21] 2006 =_——
Houghton 2008 1 5 5 5 191% -0.80[-1.21,-0.39] 2008 ¢—=——
Pereira 2012 5 6 6 6 21.7% -0.17 [-0.53,0.19] 2012 _—1—1
Braghetto 2012 8 21 21 21 30.7% -0.62 [-0.83,-0.41] 2012 —
Gorodner 2017 1 2 2 2 95% -0.50[-1.21,0.21] 2017 4
Total (95% CI) 39 39 100.0% -0.46 [-0.71,-0.21] R
Total events 19 39
Heterogeneity: Tau®= 0.04, Chi*=8.63, df= 4 (P=0.07), F= 54% g s o o5 n

Test for overall effect: Z= 3.65 (P = 0.0003)

Favours after RYGB Favours hefore RYGB

Fig. 4 Forest plot for long-segment Barrett’s esophagus before and after Roux-en-Y gastric bypass. A Mantel-Haenszel, random-effects model is used
for meta-analysis. Risk difference is shown with 95% confidence intervals. RYGB, Roux-en-Y gastric bypass; IsBE, long-segment Barrett’s esophagus

also evaluated histological regression from low-grade dys-
plasia to intestinal metaplasia. Regression in terms of re-
duction in the length of BE was also evaluated in three
out of eight studies [25, 26, 30]. Demographics of the
patients in studies included for the meta-analysis are sum-
marized in Table 1. The response of BE, ssBE, IsBE, and
GERD to RYGB is summarized in Table 2.

Five [24, 25, 29-31] studies included a total of 10
patients with dysplastic BE (low-grade dysplasia or
indeterminate dysplasia) of which six (60%) downgraded
to intestinal metaplasia with no evidence of dysplasia or
non-metaplastic cardiac mucosa. Seven [24, 25, 27-31]
out of the eight studies showed no progression of non-
dysplastic BE to dysplasia or dysplastic BE to a higher
grade in any patient in while one study [26] showed
progression of BE to dysplasia in two out of 14 patients
(14.2%) after RYGB.

Two studies [14, 15] initially included in this review were
excluded from the meta-analysis due to data not being com-
patible to conduct the meta-analysis. Both showed regression
of BE after RYGB.

Assessment of Risk of Bias

A kappa score of 0.9 was achieved in the assessment of risk of
bias between the three reviewers. Risk of bias was found to be
relatively high across studies. Six out of eight studies were
found to be of “low” quality [25, 26, 28-31] while 2 studies

were found to be of “intermediate” quality [24, 27].
Assessment of risk of bias of the included studies as per
MINORS criteria is summarized in Table 3.

Meta-Analysis of the Effect of Roux-en-Y Gastric
Bypass on Barrett’s Esophagus

Meta-analysis of the effect of RYGB on histological re-
gression of BE (117 patients; n=38) is shown in Fig. 2.
Subgroup analysis of the effect of RYGB on ssBE (38
patients; n=4) and IsBE (39 patients; n=135) are shown
in Figs. 3 and 4, respectively. Analysis of the effect of
RYGB on GERD in patients with BE (78 patients; n=15)
is shown in Fig. 5.

BE showed significant regression on postoperative endos-
copy at > | year after RYGB (RD — 0.56, 95% c.i. — 0.69 to —
0.43; P<0.001). On subgroup analysis, significant regression
of ssBE (RD —0.51, 95% c.i. — 0.68 to — 0.33; P <0.001) and
IsBE (RD —0.46, 95% c.i. —0.71 to —0.21; P<0.001) was
observed after RYGB. RYGB also led to a significant im-
provement in GERD (RD —0.93, 95% c.i. —1.04 to —0.81;
P<0.001) at > 1 year after surgery.

Sixty-four out of 117 (54.7%) patients showed histological
regression of BE while 2 patients (1.7%) showed progression.
RYGB was strongly associated with regression of BE in the
postoperative period compared with progression (OR 31.2,
95% c.i. 11.37,t0 85.63; P <0.001) on meta-analysis (Fig. 6).

GERD after RYGB  GERD hefore RYGB Risk Difference Risk Difference

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Csendes 2006 0 12 12 12 231% -1.00[-1.15,-0.85] 2006 ¥—
Houghton 2008 0 5 5 5 101% -1.00 [-1.31,-0.69] 2008 +——
Pereira 2012 4 14 14 14 13.7% -0.71 [-0.96,-0.47] 2012 ——=——
Braghetto 2012 0 21 21 21 30.2% -1.00[-1.08,-0.91] 2012 ¥
Dova 2016 4 26 26 260 229% -0.85[-1.00,-0.70] 2016 —%—
Total (95% Cl) 78 78 100.0% -0.93[-1.04,-0.81] o>
Total events g 78

it 12— . i® = - - R = } | | 1
Heterogeneity: Tau®= 0.01; Chi*=10.00, df= 4 (P = 0.04); F=60% q 05 1 o' 7

Test for overall effect: Z=15.51 (P < 0.00001)

Fig. 5 Forest plot for gastroesophageal reflux disease in patients with
Barrett’s esophagus before and after Roux-en-Y gastric bypass. A
Mantel-Haenszel, random-effects model is used for meta-analysis. Risk

Favours after RYGB Favours befo're RYGB

difference is shown with 95% confidence intervals. RYGB, Roux-en-Y
gastric bypass; GERD, gastroesophageal reflux disease
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Regression of BE  Progression of BE Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Csendes 2006 5 12 0 12 111%  18.33[0.88, 380.70] >
Houghton 2008 4 5 0 5 8.6% 33.00[1.06,1023.56] >
Ben-Meir 2010 12 14 2 14 22.7%  36.00[4.33,299.02] —_—
Braghetto 2012 7 14 0 14 11.4% 29.00[1.45 579.79] *
Pereira 2012 13 21 0 21 11.9% 68.29[3.64,1281.87] >
Dova 2016 13 26 0 260 121%  53.00[2.92,961.07] >
Gorodner 2017 4 11 0 11 109%  13.80[0.65, 295.25] >
Andrew 2018 6 14 0 14 11.3%  2218[1.11,444.74] >
Total (95% Cl) 117 117 100.0% 31.20[11.37,85.63] o
Total events 64 2
Heterogeneity: Tau®= 0.00; Chi*= 0.87, df=7 (P = 1.00); F= 0% 50 0 0;1 1=0 1001

Test for overall effect: Z= 6.68 (P < 0.00001)

Favours Progression of BE Favours Regression of BE

Fig. 6 Forest plot for regression and progression of Barrett’s esophagus after Roux-en-Y gastric bypass. A Mantel-Haenszel, random-effects model is
used for meta-analysis. Odd’s ratio is shown with 95% confidence intervals. BE, Barrett’s esophagus

Assessment of Heterogeneity and Publication Bias

The funnel plots for the assessment of heterogeneity and pub-
lication bias are shown in Fig. 7. Funnel plots indicate variable
asymmetry and are likely due to publication bias or “small
study effects” due to inclusion of a large number of studies
with small sample size.

Discussion

This meta-analysis of 8 studies (117 patients) [24-31] showed
that BE undergoes significant regression at > 1 year after
RYGB on endoscopy and biopsy. This effect is observed in
both ssBE and ISBE, as shown in a subgroup analysis. RYGB
also resulted in significant resolution of GERD in patients with

0. SERD) 0 SERD
oy 0 0 Q
005
°0Q,
02+ o
01
03+
+ O
| 01§
04t
o O
05 : —_— RO 02 (<3 \ RO
1 0 0s 1 04 0 0s 1
0, SERD) . 0 SEFD)
W |
: 005
>
1 % io
°"’ S o 0
f
031 \
! o\
P
v 015+
04t
05+ N FO, i RO

04 0 05

Fig. 7 Funnel plot of studies included in the meta-analysis of Barrett
esophagus before and after Roux-en-Y gastric bypass (a), short-segment
Barrett’s esophagus before and after Roux-en-Y gastric bypass (b), long-
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BE at > 1 year after surgery. The odds of BE regressing after
RYGB was 31 times higher than progression after surgery.

Existing guidelines on BE endorse regular surveillance and
management of BE in an unselected cohort of patients; how-
ever, there is no universal recommendation that caters to the
management of BE in the obese population [1, 10]. Proton
pump inhibitors (PPI), endoscopic therapy with radiofrequen-
cy ablation (RFA), endoscopic mucosal resection (EMR), and
traditional anti-reflux surgery are the common interventions
offered in BE. PPI therapy for symptomatic control, followed
by repeat endoscopy, is usually offered to patients of BE with-
out significant risk factors like dysplasia [1, 32]. More aggres-
sive endoscopic therapy like RFA [33, 34] and EMR [1, 35,
36] are reserved for BE with dysplasia. Anti-reflux surgery
has shown promising results in the regression of BE in about
one-third of patients in retrospective studies [37-39].
However, this view has been disputed by a randomized con-
trolled trial [40] which concludes that anti-reflux surgery is no
more effective than PPI therapy and does not lead to regres-
sion of BE, which can even progress to dysplasia after surgery.
One study found the progression rate of BE after traditional
anti-reflux surgery to be 0.8%/year [41]. Neither of these mo-
dalities address the issue of excess weight which is regarded as
one of the primary reasons behind failure of traditional anti-
reflux surgery in obese individuals [42—44].

RYGB seems to be an attractive option in morbidly obese
individuals with GERD as it can address reflux and its conse-
quences along with inducing weight loss. According to a
study on obese patients with GERD who failed traditional
anti-reflux surgery, RYGB when used as a salvage procedure
produced symptomatic improvement from GERD in 100%
patients with complete resolution in 78% [42]. However, there
is a scarcity of literature on the effect of RYGB on BE. The
results of this meta-analysis show that there is a 56% regres-
sion of BE and 93% improvement in GERD after RYGB at >
1 year after surgery. This further lends support to the view that
RYGB should be utilized as the therapy of first choice in
suitable morbidly obese patients with GERD.

Another area of debate is the utilization of routine en-
doscopic assessment of the esophagus and stomach before
bariatric surgery. Since obesity is a risk factor for GERD,
hiatus hernia, BE, and EAC, routine preoperative screen-
ing before bariatric surgery can potentially diagnose ab-
normalities which may alter the course of management.
The European Association of Endoscopic Surgery
(EAES) guidelines [45] advocate routine preoperative en-
doscopy in all patients undergoing bariatric surgery. In
contrast, the American Society for Gastrointestinal
Endoscopy (ASGE) guidelines [46] recommend preoper-
ative endoscopic evaluation in symptomatic patients only.
In our study, BE was diagnosed in 117 out of more than
10,779 patients who underwent RYGB with a selective
incidence of less than 1.08%. In a multicenter study [47]

on 3219 patients evaluating the role of upper gastrointes-
tinal endoscopy in bariatric surgery, endoscopy was found
to be normal in 66% patients who were asymptomatic
compared with only 9% in those who had upper gastroin-
testinal symptoms and the authors concluded that preop-
erative endoscopy should be considered only in symptom-
atic patients before bariatric surgery. Similar findings
were observed in a study from the USA [48] that found
an abnormality detection rate of 61.6% on preoperative
endoscopy before bariatric surgery; however, this altered
the surgical strategy in only 1.7% patients, and the au-
thors concluded that endoscopic screening before bariatric
surgery picks up abnormalities, but the diagnosis of these
findings rarely changes the surgical strategy. Furthermore,
on cost analysis, the cost of performing routine endoscopy
prior to bariatric surgery per clinically important lesion
detected that altered surgical management was approxi-
mately US$34,800 per lesion [48]. Based on the findings
of these studies, and a detection rate of BE of less than
1.08% of all RYGB patients in this meta-analysis, it can
be argued that endoscopic screening should be limited to
patients with upper gastrointestinal symptoms only.

This review has many strengths. It is the first meta-
analysis on the effect of RYGB on BE providing a high-
level evidence on this topic. This analysis on 117 patients
is the largest among existing literature and suggests that
RYGB should be the preferred bariatric procedure in suit-
able, obese patients with BE as one out of two patients
show regression of BE at >1 year after surgery. The re-
sults of this study also showed comparable results for
ssBE (regression rate of 51%) and ISBE (regression rate
of 46%) at > 1 year after RYGB, a 93% improvement in
GERD symptoms after RYGB in obese patients with BE,
and 31 times odds of regression of BE after RYGB com-
pared with progression.

The aim of this study was to perform a meta-analysis
of the effect of RYGB on BE in obese population based
on the existing scientific literature. A limitation of this
meta-analysis is the relatively low quality of literature
available on this topic. Only 117 patients from 8 studies
with BE were identified to have undergone RYGB, but
this could be due to a relatively low rate of detection of
BE before bariatric surgery and the lack of routine endo-
scopic screening before bariatric surgery in most units.
There is a possibility of an inter-observer variation in
the diagnosis of BE between the studies included for this
meta-analysis leading to observer bias. Variation in the
histopathological diagnosis of BE by the pathologists ex-
amining the specimen in the studies included could also
confound the results. There was some missing information
in the individual studies despite our attempts at contacting
the authors. Postoperative use of PPI, although clearly
mentioned in only one study, could potentially confound
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the results of this meta-analysis. Also, this meta-analysis
pertains to only obese patients with BE undergoing
RYGB and the results of this study cannot be extrapolated
to non-obese individuals. Another limitation of the study
was that patients who failed to show a regression of BE
after RYGB were not followed up in the long term. Well-
controlled prospective studies with long-term follow-up
are felt necessary to fully understand the effect of
RYGB on BE.
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