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INTRODUCTION: Toassess the effects of sleeve gastrectomy (SG) andRoux-en-Y gastric bypass (RYGB) on acid reflux and

esophageal motor function and to evaluate the observation of esophageal adenocarcinoma (EAC) after

bariatric surgery.

METHODS: We searched 5 databases for adults who underwent SG or RYGB and had esophageal pH test and/or

esophageal manometry before and after surgery. A separate systemic search of observational studies

and a retrospective review at 3 institutions of adults who developed EAC after these surgeries were

conducted. Outcomes were changes in manometric and pH parameters and EAC cases after SG and

RYGB.

RESULTS: A total of 27 nonrandomized studies (SG: 612 patients; RYGB: 470 patients) were included. After SG,

lower esophageal sphincter pressure and esophageal body amplitude were decreased and the risk of

ineffective esophageal motility was increased. Total and recumbent acid exposure times were

increased.After RYGB, an increased risk of ineffective esophagealmotilitywas observed. Total, upright,

and recumbent acid exposure timeswere decreased. The total reflux episodes remained unchanged but

with increased nonacid reflux and decreased acid reflux events. Including our largest series, 31 EAC

cases have been reported to date after SG and RYGB.

DISCUSSION: This systematic review demonstrates increased acid reflux after SG and decreased acid reflux after

RYGB. An observed increased nonacid reflux after RYGB might contribute to failure of

gastroesophageal reflux disease improvement. This refluxate might be noxious to the esophagus,

warranting further studies. RYGB might not entirely preserve esophageal function as previously

believed.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A343, http://links.lww.com/CTG/A344, http://links.lww.com/CTG/A345,

http://links.lww.com/CTG/A346, http://links.lww.com/CTG/A347, http://links.lww.com/CTG/A348
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INTRODUCTION
A global pandemic of obesity has become a serious threat to
human health in the modern era (1,2). Bariatric surgery is the
most effective and sustainable option in the treatment arma-
mentarium against obesity. Sleeve gastrectomy (SG) and Roux-
en-Y gastric bypass (RYGB) are now the 2 most commonly
performed weight-loss surgeries worldwide according to the

International Federation for the Surgery ofObesity andMetabolic
Disorders (IFSO) Global Registry, representing 45.9% and 38.3%
of all procedures, respectively (3). SG has recently gained in-
creasing popularity given its relatively simple operation and
comparable weight-loss outcomes (4,5). However, its benefits are
limited by potential effects on esophageal function, specifically
gastroesophageal (GE) reflux disease (GERD) and motility
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disorders (6,7). The issue of GERD after SG is of utmost impor-
tance because it impacts patients’ quality of life, potentially
heightens the risk of esophageal cancer, and could ultimately lead
to surgical revision. Ameta-analysis of more than 10,000 patients
found an incidence of new-onset GERD and Barrett’s esophagus
of 23.6% and 6%, respectively, after SG (8). The precise mecha-
nism of GERD after SG has remained unclear, with a leading
hypothesis that it results from anatomical changes leading to
increased intraluminal pressure, reduced gastric compliance, and
impaired antireflux barrier (6).

On the other hand, RYGB has been proposed as the bariatric
surgery of choice for patients with medically complicated obe-
sity because most parietal cells are excluded from the gastric
pouch, decreasing the amount of acid that can be produced in
proximity to the esophagus (9–11). However, a subset of pa-
tients has persistent symptoms and GERD-related complica-
tions, including esophageal adenocarcinoma (EAC), despite
RYGB (12–14).

Most studies assessing postbariatric surgery GERDhave relied
on clinical symptoms. However, the recent Lyon Consensus ob-
jectively defines GERD on the basis of erosive esophagitis on
upper endoscopy or esophageal acid exposure time (AET) on
ambulatory reflux monitoring (15). Furthermore, data regarding
postoperative changes in GE reflux and esophageal motility are
often conflicting and limited to small case series (7,11). Further
investigation of postbariatric surgery patients with ambulatory
reflux monitoring and esophageal manometry might provide
insight regarding esophageal motor function and physiology and
the mechanisms responsible for GERD (16–18). We, therefore,
conducted a systematic review and meta-analysis to summarize
the effects of SG and RYGB on acid reflux and esophageal motor
function. To evaluate the observation of EAC after bariatric
surgery, we also conducted an observational study of all reported
cases of EACafter SG andRYGBacross 3 tertiary-care centers in 3
states and a systematic review.

MATERIALS AND METHODS
This study was conducted and reported in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines (19).

Search strategy

A comprehensive search of several databases from each data-
base’s inception to September 12th, 2019, was conducted with no
language restrictions. The databases included Ovid MED-
LINE(R) and Epub Ahead of Print, In-Process & Other Non-
Indexed Citations, and Daily, Ovid EMBASE, Ovid Cochrane
Central Register of Controlled Trials, Ovid Cochrane Database of
Systematic Reviews, and Scopus. The search strategy was
designed and conducted by a medical reference librarian (L.J.P.)
with input from the study’s principal investigator (B.K.A.D.).
Controlled vocabulary supplemented with keywords was used to
search for esophageal manometry or esophageal pH test in adult
patients who underwent SG or RYGB. References of selected
retrieved articles were also manually reviewed for additional
potentially relevant studies. Two investigators (R.M. and V.J.)
independently reviewed the eligibility of the retrieved articles.
Any disagreement was resolved by discussion and consensus with
a third investigator (P.U.). The detailed search strategies are
available in Supplementary Item 1, Supplemental Digital Content
1, http://links.lww.com/CTG/A343. In addition to the systematic

search of the databases detailed earlier, the methodology used for
our cohort study and a systematic review of EAC after bariatric
surgery is available in Appendix 1, Supplemental Digital Content
2, http://links.lww.com/CTG/A348. These were then summa-
rized along with our systematic search of the literature (see
Supplementary Item 5, Supplementary Digital Content 3, http://
links.lww.com/CTG/A347).

Study selection and quality assessment

Eligible studies were retrospective or prospective cohort studies
or clinical trials that must meet the following inclusion criteria:
(i) adult participants (aged older than 18 years) with obesity;
(ii) underwent either SG or RYGB; (iii) performed esophageal pH
test with or without impedance and/or esophageal manometry
before and at least 1 month after surgery and reported at least 1
parameter of these tests. Case reports, editorial letters, reviews,
andmeta-analysis were excluded. If therewasmore than 1 eligible
study that reported duplicate data from the same group of pa-
tients, only 1 studywith themost comprehensive informationwas
selected for inclusion. Two investigators (K.V. and N.W.) in-
dependently evaluated themethodological quality (risk of bias) of
individual studies using the Newcastle-Ottawa Scale (20), which
assessed each study in 3 areas; (i) the selection of the study groups;
(ii) the comparability of the groups; and (iii) the ascertainment of
the outcome of interest.

Data extraction

The following data were independently extracted by 2 authors
(K.V. and N.W.) using a standardized data extraction form
containing the following items: (i) general information: first au-
thor name, study location, year of publication, study design, and
duration of follow-up; (ii) patient characteristics: age, sex, body
mass index, GERD, and number of patients undergoing each test;
(iii) outcomes: parameters of esophageal pH test and esophageal
manometry. The corresponding authors of the included articles
were contacted if additional data were required for the meta-
analysis.

Outcomes

The outcomes were changes in esophageal manometric pa-
rameters including lower esophageal sphincter (LES) resting
pressure, LES length, esophageal body amplitude, intragastric
pressure, and the rate of ineffective esophageal motility (IEM)
and changes in esophageal pHmonitoring parameters including
DeMeester score, total esophageal AET (the percentage of time
where pH is below 4), AET in the upright position and re-
cumbent position, total number of reflux episodes, number of
reflux episodes in the upright position and recumbent position,
and number for acid and nonacid reflux episodes after surgery
compared with before surgery. The definition of IEM was de-
fined based on themanometric technique and classification used
by each individual study.

Statistical analysis

The proportions for categorical variables and themean ormedian
for continuous variables were extracted from each study. The
pooled mean difference (MD) or risk ratio (RR) and 95% confi-
dence intervals (CIs) were estimated using a random-effects
model with the approach described by DerSimonian and Laird.
Where the mean and SD of the change from baseline to endpoint
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were not reported in the original studies, the following equations
were used to calculate them:

Meanchange ¼ Meanendpoint 2Meanbaseline;

SDchange ¼ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðSDbaselineÞ2 1

�
SDendpoint

�2
2
�
23 r3 SDbaseline 3 SDendpoint

�2

q
;

where r represents the correlation coefficient.We performed
a sensitivity analysis using r of 0.4, 0.6 and 0.8 for our meta-
analyses, and the results did not significantly changed in-
dicating that our analyses were robust to this assumption. We
used r of 0.4 in our meta-analyses (21). The heterogeneity of
effect size estimates across the studies was quantified using the
Q statistic and I2 (P, 0.10 was considered significant). I2 values
of 0,,25%, 25%–49%, and$50% indicated no, low, moderate,
and high heterogeneity, respectively (22). If mean and SD were
not available, median was converted to mean using the for-
mulas from the Cochrane Handbook for Systematic Reviews of
Interventions (21). All analyses were performed using Open-
MetaAnalyst software (CEBM, Brown University, Provi-
dence, RI).

RESULTS

Study selection

The initial search yielded 353 articles. After the exclusion of 108
duplicate articles, 245 articles underwent title and abstract review.
A total of 194 articles were excluded at this stage because they
clearly did not fulfill the eligibility criteria, leaving 51 articles for
full-text review. Finally, 27 studies (15 studies for SG (23–37), 10
studies for RYGB (38–47), and 2 studies for both surgeries
(13,48)) were eligible for inclusion in the systematic review and
meta-analysis. The flow diagram of the study selection process is
shown in Supplementary Item 2, Supplemental Digital Content 4,
http://links.lww.com/CTG/A344.

Characteristics and quality of included studies

The 27 included studies were conducted in Europe (n 5 16),
South America (n5 9), Asia (n5 1), and Oceania (n5 1). All
studies were either retrospective or prospective cohort studies.
The interval between surgery and reassessment of the esopha-
geal function ranged from 3 to 96 months. Sample sizes ranged
from 12 to 92 subjects. A 24-hour pH test was used to assess
esophageal pH in all studies, in which 16 studies used 24-hour
intraluminal impedance-pH catheter. For manometric evalu-
ation, 15 studies used conventional esophageal manometry
using a water perfusion catheter with 4–8 pressure sensors, 6
studies used high-resolution manometry using 36 solid-state
circumferential sensors spaced 1 cm apart, and 1 study used
both methods. The characteristics of included studies are
summarized in Tables 1 and 2. The quality assessment of in-
cluded studies was satisfactory and is available in Supplemen-
tary Item 3, Supplemental Digital Content 5, http://links.lww.
com/CTG/A345. GERD symptoms after bariatric surgery were
variably reported among the included studies using different
definitions. We summarized GERD symptoms and endoscopic
findings after bariatric surgery compared with their baseline
values in Supplementary Item 4, Supplemental Digital Content
6, http://links.lww.com/CTG/A346.

Esophageal manometric changes

A total of 14 studies (13,23–27,29–33,36,37,48) (492 patients) and
11 studies (13,38–40,42–48) (417 patients) provided information
on esophageal manometric changes after SG and RYGB, re-
spectively. LES resting pressure was significantly decreased after
SG (MD523.55mmHg; 95%CI26.35 to20.75; I25 93%) but
did not change after RYGB (MD520.15mmHg; 95%CI20.86
to 0.55; I2 5 51%). LES length was not changed after both sur-
geries. Esophageal body amplitude was significantly decreased
after SG (MD5223.3mmHg; 95%CI233.97 to28.63, 1 study)
but did not change after RYGB (MD520.31 mmHg; 95% CI2
14.36 to 13.74; I2 5 85%). Intragastric pressure was not altered
after SG but was decreased after RYGB (MD 5 27.00 mm Hg;
95% CI 28.60 to 25.40, 1 study). The risk of IEM was signifi-
cantly increased after both SG (RR5 2.82; 95% CI 1.34 to 5.98; I2

5 0%) and RYGB (RR5 2.41; 95%CI 1.38 to 4.20; I25 12%). All
studies (29,37,38,42,43) used conventional method (49) to iden-
tify IEM except for 1 study (26) that used high-resolution ma-
nometry (50). The overall study outcomes of esophageal
manometry are summarized in Table 3, and the forest plots are
outlined in Figures 1 and 2.

Changes in esophageal pH monitoring parameters

A total of 14 studies (13,23–30,32,34–36,48) (498 patients) and 9
studies (13,39,41–46,48) (347 patients) measured changes in
parameters of esophageal pH monitoring after SG and RYGB,
respectively. The DeMeester score did not significantly change
after SG, whereas it was significantly decreased after RYGB
(MD5216.65; 95% CI222.36 to210.93; I2 5 99%). AET was
increased after SG (MD5 1.95%; 95% CI 0.23 to 3.67; I2 5 96%)
but decreased after RYGB (MD 5 23.88%; 95% CI 25.47 to
22.28; I2 5 97%). After SG, AET in the recumbent position
was significantly increased (MD 5 2.64%; 95% CI 0.82 to 4.45;
I25 90%) butwas not altered in the upright position. After RYGB,
AETs in the recumbent (MD521.64%; 95%CI22.65 to20.64,
1 study) and upright position (MD525.44%; 95% CI26.13 to
24.76, 1 study) were significantly decreased.

On intraluminal impedance monitoring, the total number of
reflux episodes and nonacid reflux episodes were increased after
SG, whereas the number of acid reflux episodes was not. After
RYGB, the total number of reflux episodes was not altered, but the
number of acid reflux episodes was decreased (MD 5 234.79
95%CI269.30 to20.28; I25 100%), and the number of nonacid
reflux episodes was increased (MD 5 43.21; 95% CI 39.33 to
47.10; I2 5 94%). After SG, total reflux episodes were not sig-
nificantly altered in the recumbent and upright position. No
studies of RYGB reported these outcomes. The overall study
outcomes of esophageal pH monitoring are summarized in
Table 4, and the forest plots are outlined in Figures 3–5.

Esophageal adenocarcinoma after bariatric surgery

At our institution between January 1, 1995, and September 30,
2019, 12 patients were diagnosed as EAC after bariatric surgery
(RYGB: 11, SG: 1) with a mean age of 58.8 6 7.3 years and 50%
women. The median duration after bariatric surgery to cancer
diagnosis was 7 (interquartile range 3.5–9) years. A single patient
had a preoperative upper endoscopy, which showed Barrett’s
esophagus with no dysplasia. Most patients (66.7%) had GERD
symptoms, and 11 patients (91.7%) were taking proton pump
inhibitor before cancer diagnosis. Dysphagia was present at the
time of EAC diagnosis in most patients (58.3%). Two patients
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were asymptomatic, and cancer was diagnosed with a routine or
surveillance upper endoscopy. All cases of EAC were localized to
the distal esophagus or GE junction. EAC arouse in the back-
ground of Barrett’s esophagus in 5 patients (41.7%), whereas 2
patients had an early-stage cancer amenable for endoscopic cu-
rative treatment. A total of 8 patients (66.7%) died within 2 years
after diagnosis (Table 4).

Esophageal adenocarcinoma after bariatric surgery:

systematic review

Study selection is detailed in Appendix 1, Supplemental Digital
Content 2, http://links.lww.com/CTG/A348. Twelve studies
(RYGB: 14 patients; SG: 5 patients) (51–62) were included in the
systematic review. Fourteen patients (7 studies (51,53–55,57–59))
were diagnosed as EAC from 2 months to 24 years after RYGB.

Table 1. Baseline characteristics of included studies of sleeve gastrectomy

Author/year Country

Subjects

for 24-

hour pH

Subjects

for EM

Impedance

study

Type

of

EM

Baseline BMI

(kg/m2) BMI at follow-up

Women

(%) Age (yr)

Repeat

testing

(mo)

Torres-Barrera

et al. (36),

2012

Mexico 14 14 Yes CM 40.2 32.4 78.6 36.5 6

Kleidi et al.

(31), 2013

Greece NA 23 NA CM 47.9 40.7 47.8 38.5 6

Burgerhart

et al. (24),

2014

Netherlands 15 20 Yes HRM 47.6 37.9 80 43 3

Del Genio et al.

(27), 2014

Italy 25 25 Yes HRM 46.1 34.7 72 42 13

Hayat et al.

(30), 2014

United

Kingdom

16 16 Yes HRM 49 38.5 NR 45.5 3

Gorodner et al.

(29), 2015

Argentina 92 92 Yes CM 40 NR 92.9 42 12

Rebecchi et al.

(32), 2014

Italy 71 71 No CM 44.3 31.5 (preop

GERD); 30.6 (no

preop GERD)

91.5 42.6 24

Thereaux et al.

(35), 2016

France 76 NA No NA 40.7 (no preop

GERD); 43.3 (with

preop GERD)

NR 78 40.5 (no preop

GERD); 46.3

(preop GERD)

6

Georgia et al.

(28), 2017

Greece 12 NA Yes NA 48.97 30.2 75 39.7 12

Coupaye et al.

(26), 2017

France 47 30 Yes HRM 43.3 31.0 97.9 41.1 12

Sioka et al.

(33), 2017

Greece NA 18 NA CM 46.3 31.1 55.6 40.7 7

Valezi et al.

(37), 2017

Brazil NA 73 NA CM 41.1 NR 70.5 40.2 12

Świdnicka-

Siergiejko et al.

(34), 2018

Poland 20 NA Yes NA NR NR NR NR 12

Braghetto et al.

(23), 2019

Chile 23 23 No Both 38.4 29.9 NR NR 6and96

Chern et al.

(25), 2019

Australia 31 31 Yes HRM 43.0 32.7 NR NR 6

Tolone et al.

(48), 2019

Italy 26 26 Yes HRM NR NR NR NR 12

Raj et al. (13),

2019

India 30 30 Yes CM 45.2 27.4 73.3 37.8 6

CM, conventional manometry; EM, esophageal manometry; GERD, gastroesophageal reflux disease; HRM, high-resolution manometry; NA, not applicable; NR, not
reported; PC, prospective cohort; RC, retrospective cohort.
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The patients’ age ranged from 36 to 62 years with 16.7% women.
None of the patients underwent an upper endoscopy pre-
operatively. Eight patients hadGERDbefore the cancer diagnosis.
Common presenting symptoms were dysphagia (42.9%) and
heartburn/regurgitation (21.4%). Most cancers were localized at
distal esophagus or GE junction (78.5%). None of the patients
presented at early stage (T1a) that was amenable for endoscopic
curative resection (Table 5).

Five patients (5 studies (52,56,60–62)) were diagnosed as EAC
from 4 months to 5 years after SG. The patients’ age ranged from
44 to 57 years with 60% women. Two patients underwent a
preoperative upper endoscopy. Of those, 1 patient was found to
have Barrett’s esophagus with no dysplasia, whereas the other
patient had no evidence of esophagitis or Barrett’s esophagus.
Twopatients hadGERDbefore cancer diagnosis. All cancers were
localized at distal esophagus or GE junction. Only 1 patient had

early-stage cancer (T1a) amenable for endoscopic mucosal re-
section. The follow-up data were limited up to 1 year (Table 5).

DISCUSSION
GERD is highly prevalent inmorbidly obese patients (63). Bariatric
surgery has been shown to alter the natural course of GERD and
esophageal motor function in many different ways with a possible
considerable associated risk of EAC (10,11,13). Our study aimed to
provide more insights into this important matter.

SG is largely considered as a refluxogenic procedure although
controversies exist because improvement of GERD after SG has
been observed in some studies (32,64–66). With the use of a gold
standard diagnostic test for GERD, our meta-analysis demon-
strated conclusively an increased AET after surgery, which con-
firmed the above-mentioned statement (8).Regarding theplausible
mechanisms, proposed theories have been related to the stomach

Table 2. Baseline characteristics of included studies of Roux-en-Y gastric bypass

Author/year Country

Subjects for

24 hour pH

Subjects

for EM

Impedance

study

Type

of EM Baseline BMI (kg/m2) BMI at followup (kg/m2)

Female

(%)

Age

(yr)

Repeat

testing

(mo)

Korenkov

et al. (40),

2002

Germany NA 20 NA CM 54.0 NR 90 34 12

Ortega et al.

(45), 2004

Spain 40 40 Yes CM 54.5 34.0 77.5 36.0 3 and 12

Merrouche

et al. (44),

2007

France 15 15 Yes CM 48.6 32.6 NR NR 29

Mejia-Rivas

et al. (43),

2008

Mexico 20 20 Yes CM 48.5 33.2 80 38.9 6

Madalosso

et al. (42),

2010

Brazil 86 86 No CM 45.3 33.2 70.9 38 6

Valezi et al.

(47), 2012

Brazil NA 37 NA CM 44.9 NR 72.8 44.6 12

Borovicka

et al. (38),

2016

Switzerland NA 66 NA CM NR NR 77.3 41.2 3

Madalosso

et al. (41),

2016

Brazil 53 NA Yes NA 46.0 30.0 81.1 39 6 and 39

Rebecchi

et al. (46),

2016

Italy 86 86 Yes CM 44.2 (no preop GERD)

and 44.4 (preop GERD)

31.5 (no preop GERD)

and 30.6 (preop GERD)

84.4 40.1 60

Gorodner

et al. (39),

2019

Argentina 13 13 No NR 41 NR 76.9 40 12

Tolone et al.

(48), 2019

Italy 18 18 Yes HRM NR NR NR NR 12

Raj et al. (13),

2019

India 16 16 Yes CM 44.1 27.1 68.7 39.2 6

CM, conventional manometry; EM, esophageal manometry; GERD, gastroesophageal reflux disease; HRM, high-resolution manometry; NA, not applicable; NR, not
reported; PC, prospective cohort; RC, retrospective cohort.
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size reduction that potentially increases intragastric pressure and
reduces gastric compliance (6). Previous studies that yielded pos-
itive findings measured gastric physiologic changes either with no
preoperative data for comparison or at perioperative period
(67,68). This meta-analysis found no significant change in intra-
gastric pressure after SG. One explanation could be the counter-
acting effects of weight loss against stomach remodeling that alters
the stomach pressure in the opposite way (69,70).

We found a significant decrease in LES pressure after SG that
couldbeoneof thepotentialmechanisms.The role of LESonGERD
pathogenesis is well described because LES is the main antireflux
barrier of a complex anatomic high-pressure zone. The compro-
mised LES pressure could be caused by surgicalmanipulation of the
supporting structure surrounding the GE junction, mainly the sling
fibers (6). Our study also observed increased AET and reflux epi-
sodes in the recumbent position but not in the upright position.
These findings further support our hypothesis that impaired LES
function or compromised antireflux barrier could be the culprit
increasing the tendency of acid reflux in the supine position. Once
reflux occurs, mechanisms including chemical clearance with sali-
vary buffering and mechanical clearance through esophageal peri-
stalsis aid in clearance of the gastric refluxate from the esophagus.
This study foundahigher riskof ineffective peristalsis anddecreased
amplitude after SG, which potentially suggests impaired esophageal
clearance of gastric refluxate that results in prolonged acid exposure
to the esophagus and esophagitis (71,72). Given these findings,
patientswith coexistentGERDmight not represent ideal candidates
for SG and warrant careful counseling and surveillance if opted for
this surgical option.

RYGB has long been known as a reflux-protective bariatric
surgery. Our study supported this hypothesis, which demon-
strated decreases in DeMeester score and AET after surgery.
Previous literature also suggested that this surgery preserved

esophageal function (10,73). Although this study found an in-
creased rate of IEM after RYGB, it seemed to have a minimal
impact on esophageal motor function overall with no post-
operative changes in LES pressure, LES length, and esophageal
body amplitude. Intraluminal impedance detected no change in
GE reflux events overall; however, the proportion of nonacid
reflux events increased after RYGB. The reduction in acid reflux
episodes likely reflects reduced gastric parietal cells, given antral
resection (74). Given the lack of effect on GE reflux frequency,
persistent GERD symptoms might reflect volume regurgitation
and mechanical stimulation in a subset of patients (75).

Including our largest series, 31 EAC cases in total have been
reported to date after SG and RYGB. In our cohort, most patients
presented with GERD and almost half had cancer arising from
Barrett’s esophagus. SG is shown to increase acid reflux, and this
could theoretically result in an increased risk of Barrett’s esoph-
agus and EAC. On the other hand, RYGB is shown to decrease
acid reflux; however, the effect of RYGB on the development or
progression of Barrett’s esophagus or EAC remains unclear. The
observation of persistent impedance-detected gastric refluxate,
whereas less acidic after RYGB, might still prove noxious to the
esophagus and warrants further studies (72,76,77). Although a
7.6-year population-based cohort found no increased incidence
of EAC after SG or RYGB compared with non-surgery control
groups, this phenomenon might require a long-term follow-up,
and these effects might not be equally distributed across the
population (78).

Our study has several limitations. First, although this meta-
analysis combined all available studies, our dataset was still
relatively small. A preplanned subgroup analysis of different
follow-up intervals could not be performed. Second, there was a
high heterogeneity across studies. This could be from differences
in the duration of follow-up, methods used for manometric

Table 3. Summary of all study outcomes

Parameters

SG RYGB

N Pooled outcome (95% CI) I2 (%) N Pooled outcome (95% CI) I2 (%)

Manometry LES resting pressure (mm Hg) 10 23.55 (26.35 to20.75) 93 10 20.15 (20.86 to 0.55) 51

LES length (cm) 5 0.14 (20.11 to 0.39) 91 6 0.01 (20.09 to 0.11) 68

Esophageal body amplitude (mm Hg) 1 223.30 (233.97 to 28.63) Inestimable 4 20.31 (214.36 to 13.74) 85

Ineffective peristalsis (%)a 3 2.82 (1.34 to 5.98) 0 3 2.41 (1.38 to 4.20) 12

Intragastric pressure (mm Hg) 6 0.78 (23.87 to 5.42) 96 1 27.00 (28.60 to25.40) Inestimable

pH test DeMeester score 9 5.46 (21.26 to 12.18) 96 7 216.65 (222.36 to210.93) 99

AET, total (%) 10 1.95 (0.23 to 3.67) 96 5 23.88 (25.47 to22.28) 97

AET, recumbent (%) 5 2.64 (0.82 to 4.45) 90 1 21.64 (22.65 to20.64) 0

AET, upright (%) 5 1.79 (20.68 to 4.25) 95 1 25.44 (26.13 to24.76) 34

Reflux episodes, total (n) 6 15.98 (0.05 to 31.90) 93 4 218.06 (252.64 to 16.52) 100

Reflux episodes, total acid (n) 6 5.07 (22.26 to 12.41) 87 2 234.79 (269.30 to20.28) 100

Reflux episodes, total nonacid (n) 6 11.65 (5.59 to 17.71) 82 2 43.21 (39.33 to 47.10) 94

Reflux episodes, recumbent (n) 2 5.79 (21.22 to 12.80) 52 — — —

Reflux episodes, upright (n) 2 2.60 (216.97 to 22.16) 91 — — —

Bold text indicates a statistically significant difference with a P-value less than 0.05.
AET, acid exposure time; CI, confidence interval; LES, lower esophageal sphincter; RYGB, Roux-en-Y gastric bypass; SG, sleeve gastrectomy.
aRelative risk.
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evaluation (conventional vs high resolution), patient selection
criteria for surgery (with or without GERD), and surgical tech-
nique that was not well standardized. Third, almost all studies
(25/27 studies) were single-arm studies. The comparison of

esophageal pH and manometric parameter changes between
RYGB and SG to determine their relative difference could not be
performed. Finally, there is a possibility of reporting bias because
there were 6 studies that had inadequate data for meta-analysis.

Figure 1. Forest plots of changes in esophageal manometric parameters after SG. SG, sleeve gastrectomy.
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Figure 2. Forest plots of changes in esophageal manometric parameters after RYGB. RYGB, Roux-en-Y gastric bypass.
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Weattempted to contact authors, but no datawere available to us.
For the analysis of EAC, given the nature of the included studies
and our study with no preoperative endoscopy in most studies
and no control group for comparison, our study could at best
report the observation of EAC after bariatric surgery and no
definite association between them could be determined. We tried
to minimize bias by including only patients who were newly di-
agnosed with EAC between 3 and 15 years after bariatric surgery.

In summary, our study found increased acid reflux after SG
and decreased acid reflux after RYGB based on pH study. These
findings suggest that RYGB might be the bariatric surgery of
choice in patients with coexistent GERD.However, the frequency
of intraluminal impedance-detected total GE reflux events is
unaffected by RYGB, andweakly and nonacid reflux eventsmight
still contribute to postoperative GERD in a subset of patients.
Given several reported EAC cases after RYGB, the long-term

Table 4. Characteristics of patients with esophageal adenocarcinoma after bariatric surgery

No Sex Age

Bariatric

surgery

Time to

cancer

(yr)

Preop

endoscopy Smoking Symptoms Location Cancer type

Cancer

staging Treatment Mortality Outcome

1 M 55 SG 3 No Former Dysphagia GE AC T3N1M0 C/R Yes, 2 years

after

diagnosis

Empyema and

respiratory

failure

2 M 69 RYGB 3 No Former Dysphagia GE AC T4N1M1 C/R Yes, 1 year

after

diagnosis

Advanced

cancer

3 F 70 RYGB 3 No Former Acid

regurgitation

GE AC with BE

with HGD

T1a, N0,

M0

EMR No No recurrence

2 years after

EMR

4 M 66 RYGB 5 No Never Epigastric

pain

GE AC T3, N0,

M0

C/R Yes, 6

months

after

diagnosis

Advanced

cancer

5 F 52 RYGB 7 No Never Dysphagia GE AC T3N2M0 C/R/S No No recurrence

3 years after

surgery

6 F 50 RYGB 7 No Former Dysphagia GE AC T3N2M0 C/R/S Yes, 2 years

after

diagnosis

NA

7 F 52 RYGB 7 No Former Asymptomatic GE AC with BE

with HGD

T1aN1M0 EMR Yes, 2 years

after

diagnosis

NA

8 F 57 RYGB 8 Yes, BE

with no

dysplasia

Current Asymptomatic Distal AC with BE

with HGD

T1b, N0,

M0

EMR, not a

candidate

for R/S

Yes, 2

months

after

diagnosis

Acute

respiratory

failure

9 M 62 RYGB 9 No Former Coughing and

dysphagia

GE AC T3N1M0 C/R/S Yes, 1 year

after

diagnosis

Advanced

cancer

10 F 56 RYGB 9 No Former Dysphagia GE AC with BE

with no

dysplasia

T3N1M0 C/R Yes, 4 years

after

diagnosis

Metastasis

11 M 65 RYGB 11 No Former Abdominal

pain, gas,

bloating

Distal AC with BE

with HGD

T1bN0M0 EMR then

C/R

No Ongoing

treatment

12 M 53 RYGB 13 No Former Dysphagia GE AC T3N2M0 C/R/S Yes, 1 year

after

diagnosis

Metastasis

AC, adenocarcinoma; BE, Barrett’s esophagus; C, chemotherapy; E, endoscopic mucosal resection; F, female; GE, gastroesophageal junction; GERD, gastroesophageal
reflux disease; HGD, high-grade dysplasia; M, male; NA, not available; PPI, proton pump inhibitor; R, radiation; RYGB, Roux-en-Y gastric bypass; S, surgery; SG, sleeve
gastrectomy.
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Figure 3. Forest plots of changes in esophageal pH monitoring parameters after SG. SG, sleeve gastrectomy.
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Figure 4. Forest plots of changes in esophageal pH monitoring parameters after SG (continued). SG, sleeve gastrectomy.
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Figure 5. Forest plots of changes in esophageal pH monitoring parameters after RYGB. RYGB, Roux-en-Y gastric bypass.
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Table 5. Reported cases from literature review for esophageal adenocarcinoma after bariatric surgery

Author Country

Patient

no. Sex

Age

(yr)

Preoperative

endoscopy GERD

Surgery to

cancer diagnosis

Symptoms at

presentation

Location of

tumor

Cancer

type Cancer staging Treatment Outcome

RYGB

Ruyssers

et al. (59)

Belgium 1 M 52 No NA 10 yr Dysphagia and anemia Distal AC T2N0M0 S No recurrence 4 months

after surgery

Magdy and

Low (55)

Australia 2 M 48 No NA 6 yr Dysphagia Distal AC T1bNxMx S No follow-up data

Rossidis

et al. (58)

United

States

3–7 4 M 57.2 No 2

patients

NA NA 1

midesophagus

AC T1N0M0 (3) S (3) No recurrence 9 months

after surgery

1 F 3 GE T2N0M0 (1)

T3N1M0 (1)

C/R/S (2)

Kulaylat

et al. (53)

United

States

8 M 62 No Yes 6 yr Epigastric pain and

bleeding

Distal AC T3N1M0 C/R/S Recurrence at 15 months

after surgery, died 4 months

after recurrence

9 F 54 No Yes 7 yr Dysphagia and weight

loss

Distal AC T4N1M0 C/R/S No recurrence 20 months

after surgery

Melstrom

et al. (57)

United

States

10 M 55 No Yes 2 mo Vomiting and

regurgitation

GE AC T1bN0M0 S No recurrence of disease at

last follow-up

11 M 58 No Yes 3 yr Heartburn GE AC TisN0M0 S No recurrence 2 years after

surgery

Allen et al.

(51)

United

States

12 M 54 No Yes 21 yr Regurgitation and

dysphagia

Proximal AC NA S Recurrence 8 months after

surgery, died 4 months after

recurrence

13 M 36 No NA 14 yr Dysphagia GE AC T1bN0M0 S No recurrence 6 years after

surgery

Kuruba et al.

(54)

United

States

14 M 45 No Yes 20 mo Dysphagia, epigastric

pain, and bleeding

GE AC T2N0M0 C/R/S Metastasis 1 year after

surgery

SG

Mayo-

Ossorio et al.

(56)

Spain 1 M 55 Yes, normal NA 1 year Vomiting Distal AC T2N0M0 C/R/S No follow-up

El Khoury

et al. (52)

France 2 F 55 Yes, BE with no

dysplasia

Yes 3 yr Vomiting Distal AC and

BE

T1aN0M0 EMR No recurrence 1 year after

EMR

Wright et al.

(62)

Argentina 3 M 48 Yes, normal Yes 5 yr Dysphagia and weight

loss

GE AC NA C/R Ongoing treatment
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effects of this operation on the rates of Barrett’s esophagus and
EAC warrant further investigation and careful patient monitor-
ing. RYGB remains a gold standard bariatric surgery for GERD
butmight not entirely preserve esophageal function as previously
believed. Increasing understanding in underlying pathophysiol-
ogy of GERD after bariatric surgery would lead to a better
patient allocation and more insights into postbariatric GERD
management.
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