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LISTA DE ABREVIATURAS

DRGE: Doencga do Refluxo Gastroesofagico

GV: Gastrectomia Vertical

BGYR: Bypass Gastrico em Y de Roux

TEA: Tempo de Exposicdo Acida (pH <4)

DMS: Escore de DeMeester

EDA: Endoscopia Digestiva Alta

EEI: Esfincter Esofagico Inferior

EE: Esofagite Erosiva

EB: Es6fago de Barrett

HH: Hérnia Hiatal

IMC: indice de Massa Corporal

IFSO: Federacao Internacional para a Cirurgia da Obesidade
ASMBS: Sociedade Americana de Cirurgia Bariatrica e Metabdlica

OR: Odds Ratio



RESUMO

Introdugdao: O potencial surgimento ou agravamento da Doenga do Refluxo
Gastroesofagico (DRGE) apés a realizagao da Cirurgia Bariatrica e Metabdlica €
uma das principais preocupag¢des do cirurgido. Este tema tornou-se um topico
central de debate da comunidade cientifica.

Objetivo: O objetivo dessa Revisao Sistematica e Metanalise é avaliar os efeitos da
Gastrectomia Vertical (GV) e do Bypass Gastrico em Y-de-Roux (GBYR) na
anatomia da juncao esofagogastrica, na exposi¢ao acida do eséfago e na motilidade
esofagica.

Métodos: Uma revisao sistematica da literatura, sem restricao de idioma ou de data
de insercao, foi realizada nos seguintes bancos de dados: PubMed, Embase, Lilacs,
Scopus, Web of Science e Cochrane. Foram selecionados artigos reportando
parametros objetivos em exames de monitorizacdo do pH esofagico e/ou
manometria esofagica e/ou endoscopia digestiva alta antes e depois da realizagao
da cirurgia bariatrica (GV ou GBYR). Os dados foram sumarizados por metanalise,
através do modelo de efeitos randémicos, e os resultados apresentados como
diferengca média ponderada e risco relativo. Os estudos foram divididos em grupos,
de acordo com a presenca ou auséncia de DRGE na avaliagdo pré-operatéria, e
uma analise de subgrupo foi realizada.

Resultados: Trinta e nove artigos, com um total de 2318 participantes, relataram
dados objetivos dos testes antes e depois da GV. Para RYGB, dezessete estudos,
compreendendo 665 pacientes, atenderam os critérios de inclusdo. Comparado ao
pré-operatério, ocorreu um aumento significativo no Tempo de Exposicdo Acida

(TEA) e no Escore de DeMeester (DMS) apos a GV. Na manometria esofagica,



observou-se uma diminuicdo na pressao de repouso e no comprimento total do
Esfincter Esofagico Inferior (EEI) no seguimento apds a GV. A analise conjunta dos
dados demonstrou um aumento significativo da prevaléncia de Esofagite Erosiva
(EE) ap6s a GV. Na avaliagao dos estudos que incluiram apenas pacientes sem
DRGE no pré-operatério, a GV também foi associada a um aumento da exposi¢cao
acida esofagica (TEA e DMS). Neste grupo, a incidéncia de EE foi de 27.6% e a
incidéncia de Esbéfago de Barrett (EB) foi de 5.72%. Apdés o BYGR, ocorreu uma
diminuicdo no TEA e no DMS. Observou-se uma diminuigdo na prevaléncia de EE
apo6s o BGYR. Nao ocorreu mudancga significativa dos parametros da manometria
quando comparado os valores de antes e depois da realizagao do BGYR.

Conclusao: A gastrectomia vertical (GV) é associada com um aumento do refluxo
acido, maior risco de EE e de BE, e piora da fungdo motora do eséfago e da juncao
esofagogastrica. Apos Bypass Gastrico em Y de Roux (BGYR) ocorreu uma
diminuicao o tempo de exposicado acida esofagica e uma diminuicdo da prevaléncia

de Esofagite Erosiva.

Palavras-chave: Doenca do Refluxo Gastroesofagico; Cirurgia Bariatrica e

Metabdlica; Gastrectomia Vertical;, Bypass Gastrico em Y de Roux.



ABSTRACT

Background: The development or worsening in Gastroesophageal Reflux Disease
(GERD) is a major concern after Metabolic and Bariatric Surgery.

Objective: The aim of this systematic review and meta-analysis is to assess the
effects of Sleeve Gastrectomy (SG) and Roux-en-Y Gastric Bypass (RYGB) in
esophagogastric junction anatomy, esophageal acid exposure and esophageal
motility.

Methods: A systematic literature search was carried out in PubMed, Embase, Lilacs,
Scopus, Web of Science and Cochrane databases without date and language
restrictions. Eligible articles were studies reporting objective parameters in
esophageal pH monitoring test and/or esophageal manometry and/or
esophagogastroduodenoscopy before and after bariatric surgery (SG or RYGB). A
preplanned subgroup analysis based on the presence of GERD in the preoperative
assessment was performed.

Results: Thirty-nine studies, with a total of 2318 subjects, reported data of
instrumental evaluation before and after SG. For RYGB, seventeen articles,
comprising 665 patients, met the inclusion criteria. Compared to the preoperative
assessment, there was an increase in Acid Exposure Time (AET) and in DeMeester
Score (DMS) after SG. The pooled results also showed a higher risk of Erosive
Esophagitis (EE) following SG. Meta-analysis of studies reporting manometric
changes, demonstrated a decrease in Lower Esophageal Sphincter (LES) resting
pressure and in LES length after SG. In the subgroup of studies that included only
patients without preoperative pathologic reflux, SG was associated with an increase

in esophageal acid exposure (AET and DMS). In this group, the incidence of



new-onset Erosive Esophagitis (EE) was 27.6% and the incidence of Barrett's
Esophagus (BE) was 5.72%. After RYGB there was a decrease in Acid Exposure
Time (AET) and in DeMeester Score (DMS). The overall prevalence of EE
decreased after RYGB. RYGB did not significantly change the parameters of
esophageal manometry.

Conclusion: Sleeve Gastrectomy is associated with an increase in acid reflux,
higher risk of EE and BE, and worsening in gastroesophageal motor function. RYGB
was associated with improvement in esophageal acid exposure and with an

improvement of EE.

Keywords: Gastroesophageal Reflux Disease; Bariatric and Metabolic Surgery;

Sleeve Gastrectomy; Roux-en-Y Gastric Bypass.
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INTRODUCAO

A obesidade esta associada a um aumento no risco de desenvolvimento de
Doencga do Refluxo Gastroesofagico (DRGE), Esofagite Erosiva (EE), Es6fago de
Barrett (EB) e Adenocarcinoma da Jungdo Esofagogastrica."? Pacientes candidatos
a Cirurgia Bariatrica e Metabdlica (CBM) tem uma maior prevaléncia de DRGE (40 -
65%) quando comparados a populagao geral (10 - 20%).3# Diversos ensaios clinicos
demonstraram que a diminuicdo do excesso de peso tem um efeito positivo na
diminui¢do dos sintomas do refluxo. >’

O tratamento da obesidade severa com a utilizagdo de medicamentos
associados a mudancas dietéticas e comportamentais apresenta elevadas taxas de
falha e de reganho de peso. Para a maioria dos pacientes, a cirurgia bariatrica
permanece sendo a melhor opgao para perda de peso sustentada e remissao das
comorbidades.®® Atualmente, os dois procedimentos cirirgicos mais realizados sdo
a Gastrectomia Vertical Laparoscopica (GV) e o Bypass Gastrico em Y-de-Roux
Laparoscépico (BGYR), representando, respectivamente, 61% e 26% das cirurgias
bariatricas realizadas no mundo.

Apesar da bem estabelecida relagdo entre a obesidade e a DRGE, a
associacao entre a cirurgia bariatrica e a doenga do refluxo € bem mais complexa.
Em teoria, ao produzir reducédo sustentada do excesso de peso, a cirurgia deveria
promover melhora dos sintomas e evitar as complicagées da DRGE. Contudo, tem
se observado que alguns pacientes apresentam piora dos sintomas de refluxo apés
a cirurgia bariatrica.”"'? Além disso, alguns grupos descreveram uma alta taxa de
incidéncia de denovo DRGE e até mesmo surgimento de Es6fago de Barrett (EB)

apos o tratamento cirtrgico da obesidade.™
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Apesar das evidéncias crescentes no assunto, 0s mecanismos
fisiopatoldgicos relacionados ao desenvolvimento ou remissdo da DRGE apods a
cirurgia bariatrica ndo sdo completamente entendidos. A maioria dos estudos sobre
a DRGE apés a cirurgia bariatrica baseiam-se exclusivamente em sintomas, e um
dos principais problemas da DRGE e das suas consequéncias € que nem sempre
conseguimos encontrar uma boa correlacdo entre os sintomas reportados pelo
paciente e a gravidade da doenga.™'® Uma avaliagdo objetiva por meio de exames
de monitorizagao do pH esofagico, manometria esofagica e endoscopia digestiva
alta (EDA) é essencial para esclarecer o verdadeiro impacto da Cirurgia Bariatrica e

Metabdlica na Doencga do Refluxo Gastroesofagico.
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REVISAO DA LITERATURA

GASTRECTOMIA VERTICAL e DRGE

A Gastrectomia Vertical Laparoscépica (ou Sleeve) provou ser uma
modalidade cirurgica efetiva para o tratamento da obesidade e das comorbidades
associadas.'® Ensaios clinicos randomizados comparando os desfechos da GV e do
BGYR demonstraram que as duas técnicas produzem resultados semelhantes na
reducdo do excesso de peso."'® A GV é tecnicamente mais simples e tem um
tempo operatério menor do que o BGYR. Devido a essas vantagens, a GV se tornou
o procedimento bariatrico mais realizado no mundo.' Contudo, @ medida que a
popularidade da GV continua aumentando, mais evidéncias de que esta cirurgia
pode induzir ou agravar a DRGE tém surgido."'? Ainda assim, alguns grupos
relataram melhora dos sintomas de refluxo em pacientes submetidos a GV."*%

Uma revisao sistematica e metanalise publicada recentemente por Yeung et
al " avaliou a prevaléncia de DRGE, Esofagite Erosiva e Es6fago de Barrett apds a
realizacdo da Gastrectomia Vertical, totalizando 10718 pacientes. A analise conjunta
dos dados identificou uma piora na DRGE em 19% dos pacientes e refluxo de novo
em 23%. A prevaléncia de Esofagite Erosiva e de Es6fago de Barrett no longo prazo
(acima de 24 meses de seguimento) foi 28% e 8%, respectivamente. Apesar do
grande tamanho da amostra, ha uma elevada heterogeneidade entre os resultados
dos artigos incluidos e a grande maioria dos autores nao utilizaram critérios
objetivos de avaliagcao do refluxo.

Segundo o consenso de Lyon, publicado em 2018, a aplicagcdo de
questionarios de sintomas e a resposta ao uso de terapia anti-secretora ndo podem

ser considerados evidéncias conclusivas da presenca de DRGE.?" A Endoscopia
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Digestiva Alta e os testes de monitorizacdo do pH esofagico sdo fundamentais na
investigagdo da DRGE. Além da baixa sensibilidade e especificidade para o
diagnostico, a avaliacao clinica isolada nao é suficiente para predizer a gravidade da
doencga. Esta concepgdo moderna, reforgou a necessidade da produgao de novos
dados sobre a relacédo entre a GV e a DRGE, a partir de uma avaliagao
instrumentalizada com testes objetivos.

No estudo publicado por Thereaux e colaboradores,? os pacientes
candidatos a GV foram submetidos a avaliacdo da exposicdo acida esofagica,
através realizacdo de pHmetria de 24h, antes do procedimento e 6 meses depois da
cirurgia. A partir dos dados obtidos na avaliacdo pré-operatoria, a coorte foi dividida
em dois grupos: pacientes com DRGE e pacientes sem DRGE. No grupo de
pacientes sem refluxo patolégico no pré-operatério, ocorreu um aumento
significativo no Tempo de Exposicdo Acida (TEA). Dos 29 pacientes que tinham
pHmetria normal antes da cirurgia, 20 apresentaram refluxo patolégico no exame de
reavaliacdo. No grupo de pacientes que tinham DRGE no pré-operatério, ndo houve
melhora dos indices de exposig¢ao acida apos a GV.

Estudos que realizaram Endoscopia antes e depois da GV sugerem que a
cirurgia esta relacionada a elevadas taxas de incidéncia de Esofagite Erosiva e de
Hérnia Hiatal.??* Uma revisao da literatura reportou uma alarmante taxa de 11,6%
de prevaléncia de Es6fago de Barrett apds a Gastrectomia Vertical.”® Devido ao
aumento do risco de desenvolvimento de EB, a Federagado Internacional para a
Cirurgia da Obesidade (IFSO) recomenda a realizacdo de endoscopias de rastreio
durante o acompanhamento dos pacientes submetidos a Gastrectomia Vertical.®

Multiplos mecanismos parecem contribuir para o aumento do refluxo apds a

GV.%2" A cirurgia modifica a anatomia da jungdo esofagogastrica, o que pode

14



prejudicar o funcionamento da barreira anti-refluxo: a dissec¢do do angulo de His
pode danificar as fibras do cardia resultando em fraqueza do Esfincter Esofagico
Inferior (EEI);?®* a ruptura do ligamento frenoesofagico pode facilitar a ocorréncia
de hérnia de hiato.*® Outros autores tém descrito que o formato estreito e tubular do
estbmago apds a cirurgia produz um aumento da pressio intragastrica.®’ Além
disso, dados obtidos em exames de manometria demonstram uma piora da
peristalse do corpo esofagico, o que pode dificultar a capacidade de depuragao do

conteudo acido.%%3

BYPASS GASTRICO EM Y DE ROUX e DRGE

O Bypass Gastrico em Y de Roux (BGYR) por muito tempo foi considerado a
técnica “padrdo-ouro” no tratamento cirdrgico da obesidade. E um procedimento
bastante estudado e seus desfechos no longo prazo sdo bem conhecidos.®3¢
Entretanto, devido ao seu componente disabsortivo e as modificagdes na anatomia
do intestino delgado, nem todos os portadores de obesidade sdao candidatos ao
BGYR. Além disso, a realizagado desta cirurgia requer mudancgas significativas nos
habitos alimentares e no estilo de vida, e muitos pacientes ndo desejam
submeter-se a esta técnica.

Em relacao aos efeitos do BGYR em pacientes com DRGE, diversos grupos
demonstraram que a técnica esta associada a um adequado controle dos sintomas
do refluxo."'® Em um estudo prospectivo, Madalosso e colaboradores %'
investigaram 53 pacientes com a utilizacdo de pHmetria esofagica de 24h,
endoscopia digestiva alta e manometria esofagica antes e apds trés anos da
realizacdo de BGYR. Observou-se diminui¢do do refluxo acido (a média do Escore

de DeMeester diminuiu de 28.6 para 1.2) e melhora ou resolugéo da EE em 83.4%

15



dos pacientes. Apesar do adequado controle da DRGE, a avaliagdo manométrica
demonstrou uma diminuigdo significativa na pressdo do EEl e uma piora na
amplitude das ondas de contragdes peristalticas no eséfago distal.

Rebecchi e colaboradores * estudaram um grupo de 72 pacientes com a
realizagdo de impedancio-pHmetria, manometria esofagica e EDA antes e apds 5
anos da realizagdo do BGYR. Os participantes foram divididos em dois grupos, de
acordo com a presenca ou auséncia de refluxo acido patolégico na pHmetria
pré-operatoria. Os resultados demonstraram que no grupo de pacientes com refluxo
ocorreu uma normalizacdo da exposicao esofagica ao refluxo acido e diminuicao
dos sinais macroscopicos de Esofagite Erosiva na Endoscopia. Apesar da
diminuicdo significativa do Escore de DeMeester e do Tempo de Acida mesmo nos
pacientes que ja estavam com estas medidas normais antes da operacao,
observou-se um aumento no numero de episédios de refluxo fracamente acido
neste grupo.

A revisao sistematica publicada por Gu L et al.'? reuniu 23 estudos, incluindo
6 ensaios clinicos randomizados, que compararam diretamente os efeitos do
Bypass Gastrico em Y-de-Roux e da Gastrectomia Vertical na DRGE. A metanalise
revelou uma incidéncia de refluxo de novo em 9,3% dos pacientes submetidos a GV
e em apenas 2,3% dos pacientes submetidos a BGYR (OR: 5.1 p < 0.001). Na
comparagao entre os dois procedimentos, o BGYR teve um efeito melhor no
tratamento da DRGE (OR: 0.19 p < 0.001).

Diante das evidéncias atuais, o BGYR tem sido recomendado como a técnica
de escolha em pacientes com obesidade (IMC = 35) e sinais de DRGE severa.?®
Contudo, ainda nao ha consenso sobre como deve ser realizada a investigagao do

refluxo nos pacientes candidatos a cirurgia bariatrica.
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JUSTIFICATIVA

O desenvolvimento ou a agravamento da Doenga do Refluxo
Gastroesofagico ap6és a cirurgia bariatrica tornou-se uma das maiores preocupagoes
dos cirurgides, tendo em vista o numero crescente de estudos demonstrando que a
GERD apo6s os procedimentos bariatricos esta associada nao apenas com a piora
na qualidade de vida dos pacientes, mas também com um risco aumentado de
Eséfago de Barrett (EB) e de Adenocarcinoma da Jungao Esofagogastrica.

A avaliacao objetiva da exposi¢ao acida esofagica e um melhor entendimento
dos efeitos da Gastrectomia Vertical e do Bypass Gastrico em Y de Roux na fungao
da barreira anti-refluxo poderao esclarecer quais exames devem ser realizados na
investigacdo pré-operatéria e o quanto os resultados destes testes podem

influenciar na escolha da técnica cirurgica.
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OBJETIVO

OBJETIVO GERAL

Por meio de uma Revisdo Sistematica da literatura descrever os efeitos
anatdmicos, fisioldgicos e funcionais da Gastrectomia Vertical e do Bypass Gastrico

em Y de Roux no esbdfago e na juncao esofagogastrica.

OBJETIVOS ESPECIFICOS

Conduzir uma Metanalise para sintetizar as mudancas em parametros
objetivos nos seguintes testes: monitorizacdo de 24h do pH esofagico, manometria
esofagica e endoscopia digestiva alta. Os resultados dos estudos encontrados na
Revisao Sistematica foram combinados e os valores medidos antes da cirurgia

foram comparados com os obtidos apds o procedimento.
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ABSTRACT

Background: The development or worsening of Gastroesophageal Reflux Disease
(GERD) is a major concern after Metabolic and Bariatric Surgery.

Objective: The aim of this systematic review and meta-analysis is to assess the
effects of Sleeve Gastrectomy (SG) and Roux-en-Y Gastric Bypass (RYGB) in
esophagogastric junction anatomy, esophageal acid exposure and esophageal
motility.

Methods: A systematic literature search was carried out in PubMed, Embase, Lilacs,
Scopus, Web of Science and Cochrane databases without date and language
restrictions. Eligible articles were studies reporting objective parameters in
esophageal pH monitoring test and/or esophageal manometry and/or
esophagogastroduodenoscopy before and after bariatric surgery (SG or RYGB). A
preplanned subgroup analysis based on the presence of GERD in the preoperative
assessment was performed.

Results: Thirty-nine studies, with a total of 2318 subjects, reported data of
instrumental evaluation before and after SG. For RYGB, seventeen articles,
comprising 665 patients, met the inclusion criteria. Compared to the preoperative
assessment, there was an increase in Acid Exposure Time (AET) and in DeMeester
Score (DMS) after SG. The pooled results also showed a higher risk of Erosive
Esophagitis (EE) following SG. Meta-analysis of studies reporting manometric
changes demonstrated a decrease in Lower Esophageal Sphincter (LES) resting
pressure and in LES length after SG. In the subgroup of studies that included only
patients without preoperative pathologic reflux, SG was associated with an increase
in esophageal acid exposure (AET and DMS). In this group, the incidence of

new-onset Erosive Esophagitis (EE) was 27.6% and the incidence of Barrett's
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Esophagus (BE) was 5.72%. After RYGB there was a decrease in Acid Exposure
Time (AET) and in DeMeester Score (DMS). The overall prevalence of EE
decreased after RYGB. RYGB did not significantly change the parameters of
esophageal manometry.

Conclusion: Sleeve Gastrectomy is associated with an increase in acid reflux,
higher risk of EE and BE, and deterioration of gastroesophageal motor function.
RYGB was associated with improvement in esophageal acid exposure and with an

improvement of EE.
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INTRODUCTION

Obesity is associated with increased risk of Gastroesophageal Reflux Disease
(GERD), Erosive Esophagitis (EE), Barrett's Esophagus (BE) and Esophageal
Adenocarcinoma (EAC)."? Patients eligible for Bariatric and Metabolic Surgery
(BMS) have a higher prevalence of GERD (40 to 65%) in comparison to the general
population (10 to 20%).3* Several clinical trials have demonstrated that weight
reduction has a positive and continuous effect on reflux symptom improvement.>”

Bariatric surgery is the most effective treatment for severe obesity and obtains
the best long-term outcomes in sustained weight loss and control of obesity-related
comorbidities.®® Laparoscopic Sleeve Gastrectomy (SG) and Laparoscopic
Roux-en-Y Gastric Bypass (RYGB) are the two most common bariatric procedures
performed worldwide, representing, respectively, 61% and 26% of all bariatric
procedures.®

Despite the well-known association between obesity and GERD, and the
consistent weight loss associated with bariatric surgery, the relationship between
obesity surgical therapy and GERD seems to be more complex. GERD can worsen
following bariatric surgery, and some groups reported a high incidence of new-onset
GERD after surgery, depending on the type of the procedure.”'? This issue has
become a major concern and a central topic of debate, since GERD following
bariatric surgery is associated not only with impaired quality of life, but also with a
higher risk for Barrett's Esophagus (BE) and Esophageal Adenocarcinoma
(EAC)."31

Most of the published studies on GERD after bariatric surgery relies on clinical
symptoms, and part of the problem with GERD and its consequences is that

sometimes we cannot find a good correlation between self-reported reflux symptoms
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and the severity of the disease.’"” An instrumental assessment through esophageal
24h-pH monitoring tests, esophageal manometry and esophagogastroduodenoscopy
is essential to clarify the impact of Bariatric and Metabolic Surgery in
Gastroesophageal Reflux Disease.®?

The aim of this systematic review and meta-analysis is to evaluate the
anatomical, physiological, and functional effects of Sleeve Gastrectomy and

Roux-en-Y Gastric Bypass in the esophagus and esophagogastric junction.

MATERIALS AND METHODS

A systematic review and meta-analysis was performed. This study was
conducted and reported in accordance with the Preferred Reporting ltems for
Systematic Reviews and Meta-analyses (PRISMA) guidelines.?® The study protocol
was registered into the International Prospective Register of Systematic Reviews

(PROSPERO), under the Identification Number CRD42021235233.

SEARCH STRATEGY

A comprehensive literature search was performed without date and language
restrictions. The search strategy was designed by a reference librarian and it was
carried out in PubMed, Embase, Lilacs, Scopus, Web of Science and Cochrane
databases with inceptions up to March 2022. Controlled vocabulary supplemented
with keywords and MeSH Terms were used to search for Esophageal Manometry,
Esophageal pH monitoring tests, Esophagogastroduodenoscopy and Esophageal
Radiography/imaging in patients who underwent Bariatric Surgery: Sleeve
Gastrectomy and Roux-en-Y Gastric Bypass. The detailed search strategy is

available in Supplementary file 1.
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Two investigators (D.F.V.J. and A.B.S.) independently reviewed the eligibility
of the retrieved articles. Studies identified by the search strategy above were
screened for inclusion using a two-step process. First, the titles and abstracts of
each study were assessed. Secondly, the full text was assessed for studies which
were thought to be potentially relevant. References of the selected articles were also
manually reviewed for identification of additional relevant studies. Any disagreement

was resolved by discussion and consensus with a third investigator (R.R.G).

INCLUSION AND EXCLUSION CRITERIAS

The eligible studies were clinical trials, retrospective or prospective cohort
studies that fulfill the inclusion criteria:

- Adult patients (>18 years-old) that underwent Bariatric and Metabolic Surgery:
Sleeve Gastrectomy or Roux-en-Y Gastric Bypass.

- Esophageal pH monitoring Test and/or Esophageal Manometry and/or
Esophagogastroduodenoscopy were performed before and at least one
month after surgery. The study must have reported at least one objective
parameter in one of these tests, both before and after surgery.

Reviews, meta-analysis, case reports, editorial letters and conference
abstracts were excluded from the analysis. In addition, studies were excluded if: a)
GERD evaluation was solely based on symptoms; b) Test was done only before or
only after the surgery; c) Reassessment was performed only in selected patients; d)
Systematic presence of associated procedures added to the standard surgical
technique (such as fundoplication or omentopexy in SG).

When more than one retrieved study reported duplicated data from the same

group of patients, only the study with the most comprehensive information was
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selected for inclusion. Authors were contacted when the data presented in the

included articles was not adequate for inclusion within a meta-analysis.

QUALITY ASSESSMENT

Two authors (V.S.G and J.B.O.A) independently assessed the methodological
quality of the included studies using the Newcastle-Ottawa Scale (NOS) for cohort
studies.?' According to the NOS, each individual study was evaluated in three parts:
a) the selection of the patients; b) the comparability of the groups; and c) the
completeness of the reported outcomes. The maximum score attributable to each

article is nine points.

DATA EXTRACTION

Data was independently extracted by two authors (D.F.V.J. and A.B.S.) using
a standardized form organized by the first author’'s name and year of publication,
and stored in the Microsoft Excel® (Microsoft Corporation, Redmond, Washington,
USA). The following data was extracted from each study:

a) General information: Authors names, year of publication, study design,
country of origin, language, title, journal, type of surgery, type of test
performed, number of participants.

b) Patient Demographics: age, sex, pre and postoperative Body Mass Index
(BMI).

c) Outcomes: Pre and postoperative parameters of the performed tests.

The included studies were further classified into three groups, according to

the presence or absence of pathologic reflux in the preoperative assessment.
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Gastroesophageal Reflux Disease (GERD) definition was based on endoscopic and
pHmetric findings, regardless of typical GERD symptoms:
Group 1: Studies that included only patients without preoperative GERD;
Group 2: Studies that included only patients with preoperative GERD;
Group 3: Studies that included patients with and without preoperative

GERD;

OUTCOMES
The outcomes were changes in objective parameters, comparing pre and
postoperative measured values, of the following tests:
- Esophageal pH Monitoring: Total Esophageal Acid Exposure Time (AET)
(percentage of total time where pH is < 4); DeMeester Score (DMS).
- Esophageal Manometry: Lower Esophageal Sphincter (LES) Resting
Pressure (mmHg); LES Length (cm); Esophageal Body Amplitude
(mmHg); Intragastric Pressure (mmHg).
- Esophagogastroduodenoscopy (Endoscopy/EGD): Erosive
Esophagitis according to the Los Angeles Classification??; Hiatal Hernia;

Barrett's Esophagus.

STATISTICAL ANALYSIS

Statistical Analysis was conducted in R software® version 4.0.3, using the
meta package version 4.9-2.22* Results were summarized and presented as
weighted mean difference (MD) for continuous variables, and risk ratio (RR) for
categorical variables. All statistics were calculated using a 95% confidence interval

(Cl). Given the expectation of heterogeneity in estimates across the included articles,
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the random effects model (inverse variance) was used. Sensitivity analyses were
performed according to the subgroup division outlined above. Differences between
subgroups were assessed with a test for interaction.?®

Heterogeneity was quantified using the P statistic, with the values of 25%,
50%, and 75% corresponding to the limits of low, moderate, and high statistical
heterogeneity, respectively.?® Publication bias was quantified using Egger's
regression model and visual evaluation was undertaken by assessing symmetry of
the funnel plot for each outcome.?” Data not summarized in the meta-analysis will be

presented descriptively.

RESULTS
LITERATURE SEARCH RESULTS

The search strategy retrieved 5189 potentially relevant articles, and 5
additional records were identified through manual search within the references. After
removing duplicated studies, 2728 unique records had their title and abstract
screened. Of these, 97 articles were selected for possible inclusion and had their full
text reviewed. Finally, 52 studies were included. The PRISMA flow-chart is

presented in Figure 1.
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Figure 1: Preferred reporting items for systematic review and meta- analysis

(PRISMA) flow diagram.?°

STUDY CHARACTERISTICS

Almost all included articles were retrospective or prospective cohort studies.
There were only two prospective trials directly comparing effects of Sleeve
Gastrectomy with Roux-en-Y Gastric Bypass.?2° Thirty-nine studies 225, with a total

of 2318 subjects, reported data of instrumental evaluation before and after Sleeve
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Gastrectomy. For Roux-en-Y Gastric Bypass (RYGB), 17 articles 8295152646778 " \yjth
a total of 665 subjects, were included in the meta-analysis

The interval between surgery and postoperative tests reassessment ranged
from 2 to 78 months. All studies include both male and female participants. The
mean age ranged from 31.9 to 50.5 years. The mean preoperative BMI ranged
between 36.6 — 48.9 kg/m? for SG and between 40.3 — 54.5 kg/m? for RYGB.
Postoperative mean BMI ranged between 25.8 — 40.7 kg/m? and 27 — 37.8 kg/m? for
SG and RYGB, respectively.

The baseline GERD status varied across the included studies. In some
studies, the presence of pathologic reflux before surgery was an exclusion criterion,
while in others, only patients with objectively confirmed preoperative GERD were
selected. Although the definition of GERD was not equal for all authors, the use of
gold-standard diagnostic tests for gastroesophageal reflux diagnosis (24-pHmetry
and Endoscopy)’ allowed us to further classify the selected articles into three
groups, according to the subjects’ preoperative GERD status. For categorization, we
followed the same definition of pathologic reflux provided by each study. Most of the
included studies considered a DeMeester score > 14.72 and/or pH less than 4 for at
least 4.2% of the total time during 24h esophageal pH monitoring, or endoscopic
findings of Erosive Esophagitis as diagnostic of GERD.

Five studies 3729414775 previously divided the subjects into two different
cohorts, based on the presence or absence of preoperative pathological reflux, and
reported separate data for each group. The characteristics of the included studies
are presented in table 1 and table 2. The assessments of quality based on NOS are

shown in supplementary file 2.
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RESULTS FOR SLEEVE GASTRECTOMY
24h-Esophageal pH-monitoring

A total of 20 articles ?282933-3537-3941445355-616486 rgnorted changes in
esophageal pH-monitoring parameters after Sleeve Gastrectomy. In the overall
cohort, the total percentage of Acid Exposure Time (AET) increased, MD 2.10 (95%
Confidence Interval 0.39 — 3.81; I: 92%). DeMeester Score equally increased after
SG, with a weighted mean difference of 8.56 (95% Cl 1.91 — 15.22; 1°: 95%) (Figure
2).

In subgroup analysis of the studies including only subjects without preoperative
pathologic reflux, Acid Exposure Time (AET) and DeMeester increased after SG, MD
3.7 (95% Cl 0.94 — 6.45; 1 90%) and 14.03 (95% CI 4.11 — 23.96; 1. 91%),
respectively. In the analysis of studies that included solely patients with preoperative
pathologic reflux, SG was not associated with improvement in any of the phmetric
parameters evaluated.

The results for the group of studies that included patients with and without
preoperative pathologic reflux were in the same direction of those in the overall
cohort. Acid Exposure Time (AET) and DeMeester Score increased following SG,
MD 2.32 (95% CI 0.22 — 4.41; 1. 85%) and 10.99 (95% Cl 4.66 — 17.31; I°: 85%),

respectively.

36


https://paperpile.com/c/rMY7xB/czre+Lrmp+qcCF+foD2+uyf3+ldXf+FKZU+JTA7+U2yR+UjHh+e73D+tzho+wulH+3CjT+cv9e+7hnT+phQQ+aztc+Mx5o+2t2v

Figure 2: Forest plot of changes in esophageal pH monitoring after Laparoscopic
Sleeve Gastrectomy. 2A: Total Acid Exposure Time (pH <4 percentage) 2B:
DeMeester Score

2A: Total Acid Exposure Time (pH <4 percentage)

Pre Post
Study Total Mean SD Total Mean SD Mean Difference MD 95%~Cl Weight
Without GERD
Rebecchi, 2014 71 32012 37 350 1.1 0.30 [-0.15; 0.75] 5.5%
Thereaux, 2016 89 17016 29 590 52 o 420 [228; 6.12] 5.1%
Coupaye, 2017 31 18011 31 580 46 - 400 [2.34; 566] 5.2%
Raj, 2019 77 35046 30 19.50 20.5 16.00 [8.59;23.41] 27%
Fiorillo, 2020 35 24021 23 510 55 = 270 [0.35; 5.05] 5.0%
Balla, 2021 13 1.70 3. 13 358 44 T 1.88 [-1.01; 4.77] 4.8%
Random effects model 316 163 - 3.70 [0.94; 6.45] 28.3%
Heterogeneity: /° = 90%
Test for effect in subgroup: z = 2.63 (p <0.01)
With GERD
Rebecchi, 2014 71 1020 3.7 28 420 26 - -6.00 [-7.29; -4.71] 5.3%
Thereaux, 2016 89 77038 21 680 50 -t -0.90 [-3.18; 1.38] 5.0%
Coupaye, 2017 16 66026 16 740 66 -1 0.80 [-2.68; 4.28] 4.5%
Random effects model 176 65 — -2.25 [-6.35; 1.84] 14.8%
Heterogeneity: /° = 91%
Test for effect in subgroup: z = -1.08 (p = 0.28)
With and Without GERD
Del Genio , 2014 25 15007 25 340 22 - 190 [1.00; 2.80] 5.4%
Gorodner, 2014 92 3.80 3.1 14 7.70 54 — 3.90 [1.00; 6.80] 4.8%
Burgerhart, 2014 20 41035 20 12.00 104 —_— 7.90 [3.09;12.71] 3.8%
Agnieszka, 2018 53 44025 20 6.10 7.0 —— 1.70 [-1.44; 4.84) 4.6%
de Angulo, 2019 26 61847 26 863 75 e 245 [-0.95; 5.85] 4.5%
Musella, 2020 30 43094 30 710 68 T— 280 [-1.35; 6.95] 4.2%
Tien, 2020 31 90072 25 750 25 - -1.50 [-4.22; 1.22] 4.8%
Gemici, 2020 62 50641 62 984 8.1 —— 478 [252; 7.04] 5.0%
Navarini, 2020 35 27034 351020 99 —t— 7.50 [4.03;10.97] 4.5%
Castagneto, 2020 21 10,7056 19 440 1.1 — -6.30 [-8.75; -3.85] 4.9%
Quero, 2020 35 24021 23 510 55 f—— 270 [0.35; 5.05] 5.0%
Moya, 2022 52 40010 42 600 52 Ll 2,00 [0.40; 360] 53%
Random effects model 482 341 = 232 [0.22; 4.41] 56.9%
Heterogeneity: /° = 85%
Test for effect in subgroup: z = 2.17 (p = 0.03)
Random effects model 974 569 <> 210 [0.39; 3.81] 100.0%
Heterogeneity: I° = 92% ' ' '
Test for overall effect: z = 2.40 (p = 0.02) -20 -10 O 10 20

Test for subgroup differences: x2 = 5.68, df = 2 (p = 0.06)

2B: DeMeester Score

Pre Post
Study Total Mean SD Total Mean SD Mean Difference MD 95%~Cl Weight
Without GERD
Rebecchi, 2014 71 1180 21 37 1200 23 0.10 [-0.79; 0.99] 6.4%
Thereaux, 2016 89 830 36 29 2450218 — 1620 [ 8.23; 24.17] 5.9%
Coupaye, 2017 31 750 43 312230 186 — 1480 [ 8.08; 21.52] 6.0%
Raj, 2019 77 10.90 11.8 30 40.20 38.6 —_— 29.30 [15.24; 43.36] 5.0%
Balla, 2021 13 5.70 24.0 13 22.70 316 -+ 17.00 [-4.57; 3857] 3.8%
Random effects model 281 140 — 14.03 [ 4.11; 23.96] 27.2%
Heterogeneity: I° = 92%
Test for effect in subgroup: z = 2.77 (p < 0.01)
With GERD
Rebecchi, 2014 71 39.50 165 28 1060 58 - -28.90 [-33.30; -24.50] 6.3%
Thereaux, 2016 89 2480 82 21 23.80 140 — -1.00 [-7.23; 523] 6.1%
Coupaye, 2017 16 24.90 10.4 16 26.80 24.1 —_—— 190 [-10.96; 14.76] 5.2%
Random effects model 176 65 —— -9.84 [-29.44; 9.75] 17.5%
Heterogeneity: I° = 97%
Test for effect in subgroup: z = ~0.98 (p = 0.32)
With and Without GERD
Del Genio , 2014 25 850 62 25 18.90 16.7 - 1040 [ 3.42; 17.38] 6.0%
Gorodner, 2014 92 12,60 10.1 14 28.40 19.0 —— 1580 [ 5.64; 2596] 5.6%
Georgia, 2016 12 18.15 184 12 47.00 443 e 2885 [ 1.71; 55.99] 3.1%
de Angulo, 2019 26 24.02 166 26 37.30 298 f——— 1328 [ 0.18; 26.38] 5.1%
Lallemand, 2020 59 20.20 27.1 59 21.00 21.5 -1 080 [-8.03; 9.63] 58%
Tien, 2020 31 3160 21.9 25 2820 85 —t -3.40 [-11.80; 5.00] 5.8%
Gemici, 2020 62 17.26 157 62 33.84 26.6 —— 16.58 [ 8.90; 24.26] 5.9%
Navarini, 2020 35 11.00 11.8 35 38.40 31.9 —_— 27.40 [16.13; 38.67] 5.4%
Castagneto, 2020 21 2310 75 19 2280 58 <+ -0.30 [-4.43; 3.83] 6.3%
Moya, 2022 52 13.57 29 42 29.30 145 - 1573 [11.27; 20.19] 6.2%
Random effects model 415 319 - 1099 [ 4.66; 17.31] 55.3%
Heterogeneity: I° = 85%
Test for effect in subgroup: z = 3.40 (p < 0.01)
Random effects model 872 524 < 8.56 [ 1.91; 15.22] 100.0%

Heterogeneity: I° = 95%

Test for overall effect: z = 2.52 (p = 0.01)
Test for subgroup differences: 33 = 4.65, df = 2 (p = 0.10)
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Esophageal Manometry

Twenty-three articles 28-31:33-35.37:40-4252.53.55.57-6163.64.86 nhroyided information on
esophageal manometric changes after Sleeve Gastrectomy. In the overall cohort,
Lower Esophageal Sphincter (LES) resting pressure and LES length significantly
decreased after SG, MD - 3.05 (95% CIl —4.82 to — 1.29; 1>: 80%) and - 0.09 (95% ClI
-0.15 to — 0.04; I°: 54%), respectively. Esophageal body amplitude and intragastric
pressure did not change, MD = - 4.37 (95% CI — 10.77 to 2.02; 1% 50%) and MD =
2.02; 95% Cl — 4.42 to 8.45; 1> 98%), respectively (Figure 3).

In subgroup analysis, considering studies that included patients with and
without GERD, the pooled results were more consistent with less heterogeneity: LES
resting pressure decreased, MD — 2.49 (95% CI — 3.99 to — 0.98; 1251%) and LES
length reduced after surgery MD - 0.12 (95% CI -0.24 to — 0.00; 1% 0%). In addition,
in the analysis of this group, Esophageal Body Amplitude (mmHg) significantly

decreased after Sleeve Gastrectomy: MD — 8.94 (95% Cl — 16.42 to — 1.47; 1. 35%).
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Figure 3: Forest plot of manometric changes after Laparoscopic Sleeve Gastrectomy. 3A: Lower Esophageal Sphincter Pressure (mmHg) 3B: Lower Esophageal
Sphincter Length (cm) 3C: Esophageal Body Amplitude (mmHg)

3A: Lower Esophageal Sphincter Pressure (mmHg)

Pre Post

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Without GERD

Braghetto, 2009 20 1420 58 20 10.50 6.1 -3.70 [-7.38; -0.02] 5.2%
Rebecchi, 2014 71 16.70 6.5 37 16.40 4.5 — -0.30 6.2%
Coupaye, 2017 31 22.70 15.7 31 17.30 94 T -5.40 3.6%
Valezi, 2017 73 26.50 9.1 73 12.60 8.7 -13.90 5.7%
Raj, 2019 77 2550 6.8 30 24.40 4.8 T -1.10 .0%
Tolone, 2019 112 24.30 10.7 26 24.70 10.4 — 0.40 4.7%
Fiorillo, 2020 35 23.00 17.1 23 13.00 14.7 -10.00 2.7%
Balla, 2021 13 850 105 13 9.80 10.5 r— 1.30 -6.77; 9.37] 2.8%
Random effects model 432 253 -4.04 [-7.91; -0.17] 36.9%

Heterogeneity: /> = 90%
Test for effect in subgroup: z = -2.04 (p = 0.04)

With GERD

Rebecchi, 2014 71 10.40 46 28 10.10 4.2 T~ -0.30 [-2.19; 1.59] 6.3%
Coupaye, 2017 16 21.70 7.8 16 17.50 10.9 — -4.20 [-10. 237] 3.5%
Random effects model 87 44 = -0.93 [-3.74; 1.88] 9.7%

Heterogeneity: /2 = 20%
Test for effect in subgroup: z = —0.65 (p = 0.52)

3C: Esophageal Body Amplitude (mmHg)

10 oMmH}H u}l Mni‘l)

With and Without GERD Post
Del Genio , 2014 25 24.30 10.7 25 24.70 10.4 — 040 [-545; 6.25] 3.9% Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Gorodner, 2014 92 17.10 53 14 1240 45 -4.70 [-7.29; -2.11] 5.9%
Burgerhart, 2014 20 1830 9.2 20 11.00 7.0 4.3% Without GERD
de Angulo, 2019 26 1650 56 26 13.20 6.2 5.5% Kleidi E, 2013 23 161.60 62.1 23 133.30 58.3 — -28.30 [-63.11; 6.51] 2.8%
Q"i:ze';z%"z" 3‘1’ ;;gg gz gg 3]-:3 ‘;-g r gf:;: Rebecchi, 2014 71 89.50 20.7 37 90.60 19.8 - 110 [-6.89; 9.09] 13.8%
Gemici, 2020 62 18.80 51 62 16.60 44 6.4% Valezi, 2017 73 133.10 38.7 73 146.50 37.7 —— 13.40 [ 1.01;25.79] 10.6%
Navarini, 2020 35 11.90 84 35 990 83 | 5.1% Fiorillo, 2020 35 83.00 57.5 23 85.00 61.2 _— 2.00 [-29.44;33.44] 3.3%
Castagneto, 2020 21 1710 3.7 19 1580 29 6.2% Random effects model 202 156 - 2.80 [-8.59;14.18] 30.5%
Quero, 2020 35 23.00 16.9 23 12.97 141 2.8% Heterogeneity: P =50%
Moya, 2022 52 17.60 23.8 42 13.80 11.4 — & 3.1% Test for effect in subgroup: z = 0.48 (p = 0.63)
Random anm:;n model 429 321 ; —0.98] 53.3%
Heterogeneity: /* = 51% With GERD
Testfor effectin subgroup: 2 = ~3.24 (p <0.01) Rebecchi, 2014 71 8260 195 28 8280 18.9 B 020 [-8.14; 8.54] 13.5%
Random effects model 948 618 -3.05 [-4.82; -1.29] 100.0%
Heterogeneity: /2 = 80% LI B B With and Without GERD
Test for overall effect: z = ~3.39 (p < 0.01) -15-10 -5 0 5 10 15 Gorodner, 2014 92 71.00 220 14 75.00 26.0 —— 4.00 [-10.34;18.34] 9.3%
Test for subgroup differences: x = 1.74, df = 2 (p = 0.42) Sioka, 2017 18 9570 37.3 18 69.80 26.3 —_— -25.90 [-46.98; -4.82] 6.0%
de Angulo, 2019 26 114.02 419 26 98.38 34.3 —_— -15.64 [-36.44; 5.16] 6.1%
. Genmici, 2020 62 84.80 23.0 62 80.80 19.3 —t -4.00 [-11.47; 3.47] 14.2%
3B: Lower Esophageal Sphincter Length (cm) Navarini, 2020 35 90.40 188 35 76.50 36.0 e -13.90 [-27.35;-0.45] 9.9%
Pre Post Quero, 2020 35 83.10 57.3 23 85.50 60.8 _— 2.40 [-28.87;33.67] 3.4%
Moya, 2022 52 98.20 429 42 80.70 48.6 —_— -17.50 [-36.26; 1.26] 7.0%
Study Total Mean SD Total Mean SD Mean Difference MD 95%~Cl Weight Random effects model 320 220 | _8.94 [-16.42; —1.47] 55.9%
Without GERD Heterogeneity: 1? =35%
Kleidi E, 2013 23 30008 23 4.101.0 ‘\ _— 110 [058; 1.62] 1.1% Test for effect in subgroup: z = -2.35 (p = 0.02)
Rebecchi, 2014 71 41003 37 4.00 0.4 -0.10 [-0.25; 0.05] 14.4%
Raj, 2019 77 13003 30 1.20 0.1 -0.10 [-0.18;-0.02] 53.7% Random effects model 593 404 < -4.37 [-10.77; 2.02] 100.0%
Fiorillo, 2020 35 47038 23 3.80 1.8 -0.90 [-2.36; 0.56] 0.1% Heterogeneity: 12 = 50% f T T 1 T 1
Balla, 2021 13 1.10 1.8 13 0.65 1.1 -0.45 [-1.60; 0.70] 0.2% Test for overall effect: z = —1.34 (p = 0.18) —60 —40 20 0 20 40 60
Random effects model 219 126 0.04 [-0.57; 0.64] 69.6% Test for subgroup differences: 2 = 3.97, df = 2 (p = 0.14)
Heterogeneity: /° = 81%
Test for effect in subgroup: z = 0.12 (p = 0.90)
With GERD
Rebecchi, 2014 71 32005 28 3.10 0.4 1 -0.10 [-0.29; 0.09] 8.7%
With and Without GERD
Del Genio , 2014 25 4.0009 25 3.80 0.7 —t -0.20 [-0.65; 0.25] 1.6%
Gorodner, 2014 92 27009 14 32013 “+— 050 [-0.21; 1.21] 0.6%
de Angulo, 2019 26 38309 26 4.06 1.2 —_— 023 [-0.35; 0.81] 0.9%
Tien, 2020 31 40004 25 3.80 03 — -0.20 [-0.38;-0.02] 9.2%
Gemici, 2020 62 33907 62 33407 - -0.05 [-0.29; 0.19] 5.2%
Quero, 2020 35 47438 23 387 1.8 —————— -0.87 [-2.33; 0.59] 0.1%
Popescu, 2021 45 32409 45 3.10 0.7 —t -0.14 [-0.47; 0.19] 2.9%
Moya, 2022 52 4101.0 42 3.90 1.6 —t -0.20 [-0.75; 0.35] 1.0%
Random effects model 368 262 < -0.12 [-0.24; -0.00] 21.6%
Heterogeneity: /° = 0%
Test for effect in subgroup: z = -1.99 (p = 0.05)
Random effects model 658 416 -0.09 [-0.15; —0.04] 100.0%

Heterogeneity: /° = 54%
Test for overall effect: z = -3.28 (p <0.01)
Test for subgroup differences: %3 = 0.28, df = 2 (p = 0.87)



Dirceu Valentini Junior
Figure 3: Forest plot of manometric changes after Laparoscopic Sleeve Gastrectomy. 3A: Lower Esophageal Sphincter Pressure (mmHg) 3B: Lower Esophageal Sphincter Length (cm) 3C: Esophageal Body Amplitude (mmHg)


Endoscopic Findings

The pooled number of patients submitted to endoscopic evaluation before and
after Sleeve Gastrectomy was 1755, comprehending 20  studies
28,32,36,37.:43,45-47,50-52,56,6062-65 |n the overall cohort, the Relative Risk (RR) of any grade
Erosive Esophagitis (EE) was 2.6 greater after Sleeve Gastrectomy (95% CI 1.75 —
3.87; 1% 73%). The prevalence of hiatal hernia on endoscopy also increased after the
surgery, RR of 1.5 (95% CI 1.07 — 2.10; 1% 62%) (Figure 4A-B).

Five articles 3746475264 reported data on Erosive Esophagitis in patients without
preoperative GERD. In this group, the incidence of new-onset Erosive Esophagitis
after surgery was 27.6%. In the analysis of studies that included patients regardless
of the preoperative GERD status, the prevalence of Erosive Esophagitis was 17%
before and 37% after Sleeve Gastrectomy, with a pooled RR for any grade EE of
2.59 (95% CIl 1.84 — 3.62; I 71%). All cases of preoperative Erosive Esophagitis
were grade A or B. After surgery, 10.3% of the patients with EE had grade C or D
Erosive Esophagitis. Eleven studies 3455056606285 " comprehending 1014 patients,
reported information on Barrett's Esophagus (BE) (Figure 4C). In the postoperative
endoscopic assessment, the pooled prevalence of BE was 5.72%. Since there were

no patients with BE prior to surgery, all cases are denovo Barrett's Esophagus.
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Figure 4: Forest plot of endoscopic findings after Laparoscopic Sleeve Gastrectomy. 4A: Any Grade Erosive Esophagitis 4B: Hiatal Hernia 4C: Barrett's Esophagus

4A: Any Grade Erosive Esophagitis

Pre Post
Study Total Events Total Events Relative Risk RR 95%~Cl Weight
Without GERD
Rebecchi, 2014 4 3 37 3 -t 111 [0.24; 5.16] 3.7%
Csendes, 2019 56 0 58 19 41.19 [2.55; 665.29] 1.6%
Tolone, 2019 112 0 26 6 —_— 55.19 [3.21; 949.46] 1.6%
Braghetto, 2019 315 0 209 57 ——— 173.19 [10.76; 2786.98] 1.6%
Balla, 2021 13 0 13 1 3.00 [0.13; 67.29] 1.4%
Random effects model 537 338 S— 14.36 [1.93; 106.88] 9.8%
Heterogeneity: 12 = 72%
Test for effect in subgroup: z =2.60 (p <0.01)
With GERD
Rebecchi, 2014 30 6 28 2 —_— 0.36 [0.08; 1.63] 3.7%
Csendes, 2019 47 15 44 17 + 121 [0.69; 2.12] 7.0%
Random effects model 77 72 — 0.81 [0.26; 2.50] 10.7%
Heterogeneity: 2 = 54%
Test for effect in subgroup: z = -0.36 (p = 0.72)
With and Without GERD
Tai, 2013 96 16 66 44 - 400 [248; 6.46) 7.2%
Sharma, 2014 35 7 32 8 - 125 [0.51; 3.06) 5.7%
Viscido, 2017 285 57 109 37 - 1.70 [1.20; 2.41] 7.6%
Soricelli, 2018 219 79 144 86 . 166 [1.33; 2.07] 7.9%
Sebastianelli, 2019 90 9 90 37 o 411 [2.11; 8.01] 6.6%
Lim, 2019 97 14 63 28 - 308 [1.76; 538 7.0%
Signorini, 2019 147 12 147 40 - 333 [1.82; 6.09] 6.8%
Lallemand, 2020 59 7 59 16 - 229 [1.02; 5.15] 6.0%
Castagneto, 2020 21 2 19 8 —— 442 [1.07; 18.29] 4.0%
Navarini, 2020 35 4 35 18 e 450 [1.69; 11.95] 54%
Al Sabah, 2021 92 3 92 14 —_—— 467 [1.39; 15.70] 4.6%
Popescu, 2021 45 10 45 3 — 030 [0.09; 1.02] 4.6%
Ferrer, 2022 105 6 105 33 —— 550 [241; 1257] 6.0%
Random effects model 1326 1006 < 259 [1.84; 3.62] 79.5%
Heterogeneity: I° = 71%
Test for effect in subgroup: z =5.51 (p <0.01)
Random effects model 1940 1416 < 260 [1.75; 3.87] 100.0%
Heterogeneity: 12 = 73% ! ! ! L
Test for overall effect: z = 4.73 (p <0.01) 0.001 01 1 10 1000

Test for subgroup differences: %2 = 6.79, df = 2 (p = 0.03)

4B: Hiatal Hernia

Pre Post
Study Total Events Total Events
Without GERD
Csendes, 2019 56 0 53 10
Braghetto, 2019 315 0 209 1
Balla, 2021 13 7 13 5
Random effects model 384 275

Heterogeneity: I = 82%
Test for effect in subgroup: z = 1.33 (p = 0.18)

With GERD

Csendes, 2019 47 10 44 14
With and Without GERD

Tai, 2013 96 6 66 18
Sharma, 2014 35 9 32 1
Viscido, 2017 285 63 109 38
Signorini, 2019 147 24 147 32
Lallemand, 2020 59 13 59 25
Al Sabah, 2021 92 4 92 10
Popescu, 2021 45 14 45 6
Ferrer, 2022 105 30 105 32
Random effects model 864 655

Heterogeneity: I = 61%
Test for effect in subgroup: z = 2.01 (p = 0.04)

Random effects model 1295
Heterogeneity: I = 62%

Test for overall effect: z =2.34 (p = 0.02)
Test for subgroup differences: x§ =1.08,df =2 (p = 0.58)
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4C: Barrett’s Esophagus

Pre Post
Study Total Events Total Events
Without GERD
Csendes, 2019 56 0 53 2
Braghetto, 2019 315 0 209 10
Random effects model 371 262

Heterogeneity: I° = 0%
Test for effect in subgroup: z = 2.48 (p = 0.01)

With GERD

Csendes, 2019 47 0 44 2
With and Without GERD

Sharma, 2014 35 0 32 0
Soricelli, 2018 219 0 144 19
Sebastianelli, 2019 90 0 9 17
Pilone, 2019 120 0 104 0
Lim, 2019 97 0 63 0
Lallemand, 2020 59 0 59 5
Castagneto, 2020 21 0o 19 0
Al Sabah, 2021 92 0 92 2
Ferrer, 2022 105 0 105 1

Random effects model 838
Heterogeneity: I = 0%
Test for effect in subgroup: z = 3.97 (p <0.01)
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Dirceu Valentini Junior
Figure 4: Forest plot of endoscopic findings after Laparoscopic Sleeve Gastrectomy. 4A: Any Grade Erosive Esophagitis 4B: Hiatal Hernia 4C: Barrett’s Esophagus


RESULTS FOR ROUX-EN-Y GASTRIC BYPASS
24h-Esophageal pH-monitoring

A total of 10 articles 28296468-70727577.78 renorted changes in esophageal
pH-monitoring parameters after Roux-en-Y Gastric Bypass. In the overall pooled
results, Acid Exposure Time (AET) significantly decreased after RYGB, MD - 4.2
(95% Cl -6.10 to -2.15; I1> 97%). DeMeester Score also decreased in the
postoperative evaluation, MD - 16.59 (95% CI -25.4 to -7.78; 1°: 98%) (Figure 5).

Subgroup analysis of studies that include only patients with preoperative
pathologic reflux, both pHmetric parameters decreased after RYGB: Acid Exposure
Time (MD = -6.73; 95% CI -8.73 to -4.74; 1°. 85%) and DeMeester Score (MD =
-30.68; 95% Cl — 41.10 to — 20.27; I°: 88%). Two articles **’° reported data for
patients without preoperative pathologic reflux, and there was no significant change
in the pHmetric parameters evaluated.

In the analysis of the group of studies that included patients with and without
preoperative pathologic reflux, there was also a similar decrease in both Acid
Exposure Time (MD = -3.81; 95% CI -5.15 to -2.47; 1>.74%) and DeMeester Score

(MD =-14.12; 95% Cl — 21.92 to — 6.33; I: 89%).
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Figure 5: Forest plot of changes in esophageal pH monitoring after Roux-en-Y
Gastric Bypass. 5A: Total Acid Exposure Time (pH <4 percentage) 5B: DeMeester
Score

5A: Total Acid Exposure Time (pH <4 percentage)

Pre Post
Study Total Mean SD Total Mean SD Mean Difference MD 95%~Cl Weight
Without GERD |
Rebecchi, 2016 54 360 12 54 290 1.1 -0.70 [-1.13;-0.27] 10.8%
Raj, 2019 77 480 69 16 7.70 6.8 e 290 [-0.77; 6.57] 7.9%
Random effects model 131 70 - 0.62 [-2.78; 4.02] 18.7%
Heterogeneity: 1 = 73%
Test for effect in subgroup: z = 0.36 (p = 0.72)
With GERD
Mejia-Rivas, 2008 20 10.70 6.7 20 1.60 1.2 - -9.10 [-12.08; -6.12] 8.7%
Rebecchi, 2016 32 1140 39 32 3.10 26 - -8.30 [-9.92;-6.68] 10.1%
Balla, 2021 6 15.40 41.1 6 0.38 29 -15.02 [-47.99;17.95] 0.3%
Eskandaros, 2021 40 805 08 40 327 06 -4.78 [-5.09; -4.47] 10.8%
Gorodner, 2022 95 800 35 13 23027 - -5.70 [-7.33;-4.07) 10.1%
Random effects model 193 m < -6.73 [-8.73;-4.74] 40.1%
Heterogeneity: I° = 85%
Test for effect in subgroup: z = -6.62 (p <0.01)
With and Without GERD
Ortega, 2004 40 490 43 40 24037 - -2.50 [-4.26;-0.74] 10.0%
Merrouche, 2007 100 630 34 15 1.30 1.0 -5.00 [-5.85;-4.15] 10.7%
Madalosso, 2016 94 510 42 53 050 1.0 -4.60 [-5.49;-3.71] 10.6%
Navarini, 2020 40 420 53 40 19029 * -2.30 [-4.17;-0.43] 9.9%
Random effects model 274 148 ° -3.81 [-5.15;-2.47] 41.2%
Heterogeneity: I° = 74%
Test for effect in subgroup: z = -5.58 (p < 0.01)
Random effects model 598 329 < -4.12 [ -6.10; -2.15] 100.0%
Heterogeneity: 1 = 97% I T T 1
Test for overall effect: z = -4.09 (p <0.01) -40 -20 O 20 40

Test for subgroup differences: xg =14.26,df =2 (p <0.01)

5B: DeMeester Score

Pre Post
Study Total Mean SD Total Mean SD Mean Difference MD 95%~Cl Weight
Without GERD
Rebecchi, 2016 54 790 21 54 410 37 -3.80 [ -4.93; -2.67] 11.6%
Raj, 2019 77 950 46 16 12.20 17.2 > 270 [ -5.79; 11.19] 10.5%
Random effects model 131 70 4 -1.97 [ -7.70; 3.76] 22.1%

Heterogeneity: PP = 55%
Test for effect in subgroup: z = -0.67 (p = 0.50)

With GERD

Mejia-Rivas, 2008 20 4830 85 20 770 77 -40.60 [-45.63;-35.57] 11.2%
Rebecchi, 2016 32 3250 115 32 730 25 -25.20 [-29.28;-21.12] 11.4%
Balla, 2021 6 93.80 199.7 6 360 1562 ——F— -90.20 [-250.45; 70.05] 0.3%
Gorodner, 2022 95 35.70 35.7 13 11.00 11.0 - -24.70 [-34.04; -15.36] 10.3%
Random effects model 153 7 < -30.68 [ -41.10; -20.27] 33.2%

Heterogeneity: 1 = 88%
Test for effect in subgroup: z = -5.77 (p < 0.01)

With and Without GERD

Ortega, 2004 40 1890 15.0 40 11.60 11.6 y -7.30 [-13.18; -1.42] 11.1%
Merrouche, 2007 100 2480 13.7 15 580 58 -19.00 [-22.98;-15.02] 11.4%
Madalosso, 2016 94 2770 8.7 53 560115 -22.10 [-25.66;-18.54] 11.4%
Navarini, 2020 40 15.00 17.9 40 8.40 127 - -6.60 [-13.40; 0.20] 10.9%
Random effects model 274 148 ® -14.12 [-21.92; -6.33] 44.7%

Heterogeneity: P =89%
Test for effect in subgroup: z = -3.55 (p <0.01)

Random effects model 558 289 0 -16.59 [-25.40; -7.78] 100.0%
Heterogeneity: 1 = 98% J J J L
Test for overall effect: z = -3.69 (p < 0.01) -200 <100 0 100 200

Test for subgroup ditferences: x5 = 23.76, df = 2 (p < 0.01)
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Esophageal Manometry

Fourteen studies 28295264.67-70.73.75-79 nroyided data on Esophageal Manometry
before and after RYGB. Lower Esophageal Sphincter (LES) resting pressure and
LES length did not change after surgery: MD 0.01mmHg (95% CI -1.01 to 1.07; I%
58%) and MD 0.06cm (95% CI -0.09 to 0.22; I1>: 69%). Esophageal body amplitude
was also not altered after RYGB (MD = -0.93; 95% CI -11.23 to 9.37; 1% 71%). The
subgroup analyses based on preoperative GERD status equally demonstrated no
difference between pre and postoperative manometric results, still with less

heterogeneity (Figure 6).
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Figure 6: Forest plot of manometric changes after Roux-en-Y Gastric Bypass. 6A: Lower
Esophageal Sphincter Pressure (mmHg) 6B: Lower Esophageal Sphincter Length (cm) 6C:

Esophageal Body Amplitude (mmHg)

6A: Lower Esophageal Sphincter Pressure (mmHg)

Pre Post
Study Total Mean SD Total Mean SD
Without GERD
Rebecchi, 2016 54 1890 4.1 54 1880 39
Raj, 2019 77 21.70 49 16 2240 38
Tolone, 2019 112 2200 39 18 2280 3.7
Random effects model 243 88
Heterogeneity: I* = 0%
Test for effect in subgroup: z = 0.68 (p = 0.49)
With GERD
Mejia-Rivas, 2008 20 18.00 11.0 20 20.10 56
Rebecchi, 2016 32 1080 26 32 11.30 3.0
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Eskandaros, 2021 40 1918 40 40 2168 3.1
Gorodner, 2022 95 1500 43 13 1420 36
Random effects model 193 m
Heterogeneity: I = 44%
Test for effect in subgroup: z = 1.09 (p = 0.28)
With and Without GERD
Korenkov, 2002 21 1250 51 21 1250 46
Ortega, 2004 40 18.02 7.3 40 1651 48
Merrouche, 2007 100 1290 46 15 1430 5.2
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Navarini, 2020 40 970 71 40 1160 99

Random effects model 376 239
Heterogeneity: I° = 72%
Test for effect in subgroup: z = -1.01 (p = 0.31)

Random effects model 812 438
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Random effects model 131 70

Heterogeneity: I° = 91%
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Figure 6: Forest plot of manometric changes after Roux-en-Y Gastric Bypass. 6A: Lower Esophageal Sphincter Pressure (mmHg) 6B: Lower Esophageal Sphincter Length (cm) 6C: Esophageal Body Amplitude (mmHg)



Endoscopic Findings

Eleven studies 28,51,52,70-72,74-19 described findings in
esophagogastroduodenoscopy (EGD) before and after Roux-en-Y Gastric Bypass
(RYGB). A total of 516 patients underwent endoscopic reassessment after surgery.
In the overall cohort, the prevalence of Erosive Esophagitis (EE) was 38.8% before
and 11.3% after RYGB. In subgroup analysis, for studies that included patients with
and without GERD, the Relative Risk (RR) of EE significantly decreased after
surgery (RR 0.40; 95% CI 0.29 — 0.55; I1%: 45%) (Figure 7).

Five articles 56477475 reported data about hiatal hernia before the surgery, but
only three *'%47 described the findings at postoperative assessment. In all these 3
studies, there was a decrease in the prevalence of hiatal hernia after RYGB. There
was no identification of denovo Barrett’s Esophagus in the included studies. Signorini

%" reported a prevalence of BE of 7,5% before and 5% after RYGB (p= 0.001).
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Figure 7: Forest plot of endoscopic findings of any grade Erosive Esophagitis after
Roux-en-Y Gastric Bypass.

Any Grade Erosive Esophagitis

Pre Post
Study Total Events Total Events Relative Risk RR 95%-Cl Weight
Without GERD
Rebecchi, 2016 54 7 54 16 —— 229 [1.02; 5.11] 12.4%
Tolone, 2019 112 0 18 6 —+— 79.05 [4.65;1345.11] 7.4%
Random effects model 166 72 —— 10.25 [0.33; 316.93] 19.8%

Heterogeneity: 1 = 82%
Test for effect in subgroup: z = 1.33 (p = 0.18)

Heterogeneity: I? = 45%
Test for effect in subgroup: z = -5.48 (p < 0.01)

With GERD

Rebecchi, 2016 32 17 32 22 e 1.29 [0.87; 1.93] 13.0%

Eskandaros, 2021 40 40 40 4 —— 0.11 [0.05; 0.27] 123%

Random effects model 72 72 — 0.39 [0.04; 4.34] 25.2%

Heterogeneity: I? = 96%

Test for effect in subgroup: z = -0.76 (p = 0.44)

With and Without GERD

Tai, 2009 150 63 26 1 —_— 0.09 [0.01; 0.63] 9.7%

Czeczko, 2016 110 25 110 0 —— 0.02 [0.00; 0.32] 7.5%

Madalosso, 2016 94 42 53 10 - 042 [0.23; 0.77] 12.7%

Signorini, 2019 80 43 80 18 - 042 [0.27; 0.66] 12.9%

Navarini, 2020 40 11 40 6 —+ 055 [0.22; 1.33] 12.2%

Random effects model 474 309 < 0.40 [0.29; 0.55] 55.0%
T

Random effects model 712 453 - 0.53 [0.17; 1.70] 100.0%
Heterogeneity: /? = 87% I ' I
Test for overall effect: z = -1.07 (p = 0.29) 0.001 01 1 10 1000

Test for subgroup differences: XS =3.41,df =2 (p =0.18)

DISCUSSION

SLEEVE GASTRECTOMY and GERD

Laparoscopic Sleeve Gastrectomy (SG) has proved to be an efficient
standing-alone procedure for the treatment of obesity and obesity-related
co-morbidities.®%2 |t is technically easier and has a shorter operative time in
comparison to Laparoscopic Roux-en-Y Gastric Bypass (RYGB). Due to these
advantages, SG has become the most performed bariatric procedure worldwide.™
However, as the popularity of SG continues to increase, more evidence showing that

the surgery may induce or aggravate GERD has arisen."'> Currently, GERD is the
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most common indication for revisional surgery after SG.®' Nevertheless, some
groups reported improvement of reflux symptoms after Sleeve Gastrectomy.%":8®

In the analysis of cohorts including only subjects without preoperative
pathologic reflux, we found a significant increase in all pHmetric parameters
evaluated. Also, in this group, the incidence of new-onset Erosive Esophagitis in
endoscopy was 27,6%. These results suggest that SG is associated with the
development of denovo reflux. When analyzing studies that included only patients
with preoperative pathologic reflux, SG was not able to reduce the acid reflux
reaching the distal esophagus.

Most of the included studies admitted patients with and without preoperative
pathologic reflux. This group can be considered a representation of the overall
population seeking bariatric surgery. As previously discussed, a higher prevalence of
GERD in patients with obesity is expected.®* Nevertheless, it is important to know
that although including patients with GERD, all the studies reporting outcomes of SG
excluded subjects with severe GERD (large hiatus hernia, severe esophagitis, or
Barrett's Esophagus). The pooled results confirmed that SG produces an increase in
Acid Exposure Time (AET) and an increase in DeMeester Score.

We found a significant increase in overall prevalence of Erosive Esophagitis
after Sleeve Gastrectomy. Besides, while all the cases of EE before SG were grade
A or B, some patients presented with grade C or D in the postoperative assessment.
Likewise, we identified a high incidence rate of Barrett's Esophagus (BE) in the
follow-up: 5.9%. Others previously published meta-analysis aimed to assess the
incidence of BE after SG found a similar rate.™

Multiple mechanisms seem to contribute to reflux after SG."'° This surgery

modifies the anatomy of the gastro-esophageal junction and may impair the
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anti-reflux barrier: dissection of the angle of His can damage the sling fibers resulting
in weakness of the LES;**** disruption of the anchoring architecture by dissection of
the phreno-esophageal ligament can increase the rates of hiatal hernia following the
surgery.®® The narrow stomach has been related with increased intragastric pressure
and with reduced gastric compliance after oral intake, leading to further increase in
gastroesophageal pressure gradient.®® Lastly, SG can be associated with a higher
risk of ineffective peristalsis, which results in impaired esophageal clearance.?”-8°

To assess the potential mechanisms related with pathologic reflux after SG,
we analyzed the changes in esophageal manometry. In the overall pooled cohort, we
found a decrease in Lower Esophageal Sphincter (LES) resting pressure and LES
length. The analysis of the group of studies that included patients regardless of
preoperative GERD showed a consistent result with a lower heterogeneity. Besides,

there was a decrease in Esophageal Body Amplitude (mmHg) in this group.

ROUX-EN-Y GASTRIC BYPASS and GERD

Roux-en-Y Gastric Bypass (RYGB) has long been accepted as a
reflux-protective bariatric surgery.”>®*°' In our analysis, RYGB resulted in a
significant decrease in Acid Exposure Time and DeMeester Score, both in studies
that included solely patients with preoperative pathologic reflux and in the overall
cohort. For patients without preoperative pathologic reflux, RYGB was not
associated with increase in esophageal acid exposure.

The pooled data of endoscopic assessment showed a high prevalence of
Erosive Esophagitis in the preoperative evaluation (38%) with a much lower

prevalence on follow-up endoscopy (11.3%). In manometric evaluation, no changes
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in Lower Esophageal Sphincter (LES) resting pressure, LES length and Esophageal
body amplitude after RYGB were found.

Our results suggest that RYGB is associated with GERD control. We found
more evidence that RYGB did not change the function of the gastro-esophageal
anti-reflux system and did not impact the esophageal motor function. Some others
anatomical and physiological changes produced by RYGB are hypothesized to be
contributory to the improvement of GERD: the small size of the new gastric pouch
and a patent gastrojejunostomy reduces the volume of content disposable for
regurgitation; most parietal cells are excluded from the gastric pouch, decreasing the
amount of acid produced near the esophagus; the Roux-en-Y diversion avoids the

bile reflux.®>%3

SLEEVE GASTRECTOMY versus ROUX-EN-Y GASTRIC BYPASS

In our systematic review, we identified 45 articles 2829:32-39.4143-6668-72.74-78
reporting data of gastroesophageal reflux evaluation by means of Endoscopy and/or
24-pHmetry. Unfortunately, only two studies were designed to compare the effects of
Sleeve Gastrectomy and Roux-en-Y Gastric Bypass on GERD.?®* This lack of
controlled double-arms trials did not allow us to directly compare the outcomes of the
two procedures, and it was the main responsible for the overall poor quality of the
included studies. Notwithstanding, we aimed to assess the impact of each surgery,
comparing with the baseline characteristics of the subjects submitted to each
bariatric procedure. Herein, the results we found were reliable and coherent with the
current literature.

A previous meta-analysis published by Gu L et al.”? pooled the data of 23

studies, including 6 RCTs, that directly compared the results of RYGB and SG on
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GERD. This study revealed an incidence of new-onset GERD of 9,3% following SG
and of 2,3% after RYGB (OR: 5.1 p < 0.001). According to them, RYGB had a better
effect on GERD (OR: 0.19 p < 0.001). The main limitation of their meta-analysis is
that most studies included relied on symptoms and drug efficacy without an objective
evaluation.

The majority of expert surgeons consider the presence of severe GERD a
contraindication for Sleeve Gastrectomy. * Indeed, this fact affected the selection of
patients with GERD suitable to perform SG in the studies, since all the authors
excluded from their protocols subjects with severe GERD. On the other hand, the
pooled data of the studies following RYGB, comprehended patients with signs of
severe reflux, even with Barrett's Esophagus. This difference in the selection
process could be a source of bias, but, surprisingly, the results showed a significant
improvement in pHmetric and endoscopic parameters following RYGB, and a
worsening in those parameters following SG. Even knowing that further prospective
randomized clinical trials may provide higher quality information, our study suggests
that RYGB should be the surgery of choice in all the cases of GERD, including mild
GERD 9",

Our results showed, through objective assessment, that SG is associated with
the development of new-onset GERD. Nevertheless, although pragmatic, the
worsening in pHmetric, manometric and endoscopic parameters found after SG
could be less clinically relevant in the subset of patients without preoperative GERD,
and the benefits of the surgery may overcome the risk.

In our opinion, patients presenting for Bariatric and Metabolic Surgery should
be carefully assessed for the presence of GERD by a standardized clinical and

instrumental evaluation. Patients must be aware of the potential risks of each
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procedure. If SG is performed, a screening endoscopy should be performed at 1
year postoperatively, and then every 2-3 years, as advised in the most recent

position statement of the IFSO.™

STRENGTH AND LIMITATIONS

The preplanned subgroup analysis allowed us to better understand the impact
of bariatric surgery in patients with and without preoperative pathologic reflux, as well
as it helped to reduce the heterogeneity between the studies. However, this study
has several limitations. First, although we used objective parameters, the definition
of GERD varied a lot among the authors. Even gathering all available studies
describing instrumental assessment of pathologic reflux after SG and RYGB, the
absolute report of each measured outcome was relatively small. Many other factors
could contribute to the high heterogeneity in some of the parameters analyzed:
differences of follow-up and re-assessment time, variation on surgical technique
(bougie size, distance of gastrectomy from the pylorus, pouch size), methods used

for evaluation (type of manometry or pH-monitoring).

CONCLUSIONS

We summarized the effects of Sleeve Gastrectomy (SG) and Roux-en-Y
Gastric Bypass (RYGB) on esophageal acid exposure and on changes in
esophagogastric junction anatomy and function. Our conclusion is that SG is
associated with an increase in acid reflux, higher risk of EE and BE, and worsening
of gastroesophageal motor function. Conversely, RYGB was associated with
improvement in pathologic acid reflux in 24-h pHmetry and in improvement of erosive

esophagitis on endoscopy. The presence of preoperative GERD and its
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complications should be extensively assessed during the preoperative work-up, as it
might aid the surgeon in choosing the most suitable treatment for the patient. Finally,
high-quality studies could help to elucidate whether there are any predictive and

modifiable factors that can lead to a lower development of denovo GERD after SG.
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TABLE 1: CHARACTERISTICS OF INCLUDED ARTICLES OF SLEEVE GASTRECTOMY

TIME
BASELINE
PREOPERATIVE NAT AGE F/U BMI TYPE OF TYPE OF PH OF FIU
AUTHOR, YEAR COUNTRY GERD GERD DEFINITION FIlU (year) BMI (kg/m2) ENDOSCOPY MANOMETRY MONITORING TEST
(kg/m2) (month)
Conventional
Braghetto, 2009 % Chile Without GERD Endoscopic Erosive Esophagitis 20 37.6 38.3 28.2 - Manometry - 6
Conventional
Kleidi E, 2013 31 Greece Without GERD Endoscopic Erosive Esophagitis 23 38.5 47.9 40.7 - Manometry - 2
Tai, 2013 32 Taiwan w/wo GERD Endoscopic Erosive Esophagitis 66 37.2 36.3 25.8 YES - - 12
High-resolution 24-hours Impedance
Burgerhart, 2014 32 Netherlands | w/wo GERD NR - phmetric values 20 43 47.6 37.9 - Manometry pHmetry 3
pH <4 in > 4,2% of total time or DMS > High-resolution 24-hours Impedance
Del Genio, 2014 3 Italy w/wo GERD 14.72 25 42 47 36.2 - Manometry pHmetry 13
pH <4 in > 4,2% of total time or DMS > Conventional
Gorodner, 2014 32 Argentina w/wo GERD 14.72 14 42 40 NR - Manometry 24-hours pHmetry 14
Sharma, 2014 38 India w/wo GERD Endoscopic Erosive Esophagitis 32 35.8 47.8 NR YES - - 6
pH <4 in > 4,2% of total time or DMS > Conventional
Rebecchi, 2014 32 Italy Without GERD 14.72 37 43.1 444 30.6 YES Manometry 24-hours pHmetry 24
pH < 4 in > 4,2% of total time or DMS > Conventional
Rebecchi, 2014 32 Italy With GERD 14.72 28 41.8 44. 31.5 YES Manometry 24-hours pHmetry 24
pH <4 in > 4,2% of total time or DMS > 24-hours Impedance
Georgia, 2016 32 Greece w/wo GERD 14.72 12 39.7 49 30.2 - - pHmetry 12
pH <4 in > 4,2% of total time or DMS >
Thereaux, 2016 32 France Without GERD 14.72 29 40.5 40.7 NR - - 24-hours pHmetry 6
pH <4 in > 4,2% of total time or DMS >
Thereaux, 2016 32 France With GERD 14.72 21 46.3 43.4 NR - - 24-hours pHmetry 6
Conventional
Sioka, 2017 4 Greece w/wo GERD NR 18 40.7 46.3 31.1 - Manometry - 7
pH <4 in > 4,2% of total time or DMS > High-resolution
Coupaye, 2017 41 France Without GERD 14.72 31 41 42.7 30.6 - Manometry 24-hours pHmetry 12
High-resolution
Coupaye, 2017 41 France With GERD DMS > 14.72 16 41.3 44.7 321 - Manometry 24-hours pHmetry 12
Conventional
Valezi, 2017 42 Brazil Without GERD Endoscopic Erosive Esophagitis 73 40.2 41.1 NR - Manometry - 12
Viscido, 2017 43 Argentina w/wo GERD Endoscopic Erosive Esophagitis 109 40 47.8 29.3 YES - - 18
pH <4 in > 4,2% total time, or > 73
Agnieszka, 2018 44 Poland w/wo GERD episodes of acid reflux 20 43.3 46.6 38.3 - - 24-hours pHmetry 12
Soricelli, 2018 45 Italy w/wo GERD Endoscopic Erosive Esophagitis 144 NR 45.8 28.9 YES - - 66
pH <4 in > 4,2% of total time or DMS >
Braghetto, 2019 46 Chile Without GERD 14.72; Endoscopic Erosive Esophagitis 209 NR 38.4 29.9 YES - - NR
Csendes, 2019 4 Chile Without GERD Endoscopic Erosive Esophagitis 53 38.6 38.6 28.6 YES - - NR
Csendes, 2019 4 Chile With GERD Endoscopic Erosive Esophagitis 44 38 37.4 NR YES - - NR
Lim, 2019 48 Singapore w/wo GERD Endoscopic Erosive Esophagitis 63 38.2 42.1 30.2 YES - - 13.3
Pilone, 2019 42 Italy w/wo GERD Endoscopic Erosive Esophagitis 120 375 44.2 354 YES - - 26.4
France and
Sebastianelli, 2019 2 | Italy w/wo GERD Endoscopic Erosive Esophagitis, BE 90 41 46 34 YES - - 78
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Signorini, 2019 31 Argentina w/wo GERD Endoscopic Erosive Esophagitis, BE 147 44.9 NR NR YES - - 12
pH <4 in > 6% total time, >4,2% in upright High-resolution 24-hours Impedance
Tolone, 2019 52 Italy Without GERD or > 80 episodes of acid reflux 18 39 42 30 YES Manometry pHmetry 12
Conventional
de Angulo, 2019 52 Espanha w/wo GERD NR - phmetric values 26 45.3 46.6 NR - Manometry 24-hours pHmetry 12
Conventional 24-hours Impedance
Raj, 2019 & India Without GERD DMS > 14.72 30 37.8 45.2 274 - Manometry pHmetry 6
Ferraz, 2020 % Brazil w/wo GERD Endoscopic Findings 459 40.4 39.7 28 YES - - 20.8
pH < 4 in > 6% total time, or > 80 High-resolution 24-hours Impedance
Fiorillo, 2020 %8 France Without GERD episodes of acid reflux 23 36 42.4 32.8 - Manometry pHmetry 4
France High-resolution
Lall d, 2020 % w/wo GERD DMS > 14.72 59 45.2 45.2 374 YES Manometry 24-hours pHmetry 60
High-resolution 24-hours Impedance
Musella, 2020 5Z Italy w/wo GERD NR - phmetric values 30 NR 475 30 - Manometry pHmetry 12
High-resolution
Quero, 2020 58 France w/wo GERD pH <4 in > 6% total time 23 36 41.9 32.8 - Manometry 24-hours pHmetry 7.5
High-resolution 24-hours Impedance
Tien, 2020 52 Australia w/wo GERD DMS > 14.72 25 45.7 43.2 32.7 - Manometry pHmetry 6
High-resolution
Castagneto, 2020 5 Italy w/wo GERD DMS > 14.72 19 41.6 41.2 26.8 YES Manometry 24-hours pHmetry 14.3
Conventional
Gemici, 2020 81 Turkey w/wo GERD DMS > 14.72 62 40.3 47.9 38 - Manometry 24-hours pHmetry 3
pH <4 in > 6% total time, Endoscopic Conventional
Navarini, 2020 28 Brazil w/wo GERD Erosive Esophagitis 35 40 40.3 26.8 - Manometry 24-hours pHmetry 12
Al Sabah, 2021 62 Kuwait w/wo GERD Endoscopic Erosive Esophagitis, BE 92 34.9 46.8 NR YES - - 60
High-resolution
Popescu, 2021 82 Romania w/wo GERD Endoscopic Erosive Esophagitis, BE 45 49.7 46.7 37.2 YES Manometry - 8.4
pH < 4 in > 4,2% of total time or DMS > Conventional
Balla, 2021 & Italy Without GERD 14.72 13 42 41 28 YES Manometry 24-hours pHmetry 12
Ferrer, 2022 & Spain w/wo GERD NR 105 49.7 46.6 37.2 YES - - 62
pH < 4 in >6% total time, or > 80 episodes Conventional
Moya, 2022 & Spain w/wo GERD of acid reflux, Endoscopic EE 42 45 45 29.4 - Manometry 24-hours pHmetry 18

GERD: Gastroesophageal Reflux Disease; w/wo: with and without; DMS: DeMeester Score; N: number of patients; F/U

Barrett's Esophagus; EE: Erosive Esophagitis

: Follow-up; BMI: Body Mass Index; BE:
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TABLE 2: CHARACTERISTICS OF INCLUDED ARTICLES OF ROUX-EN-Y GASTRIC BYPASS

TIME
BASELINE
PREOPERATIVE NAT AGE F/U BMI TYPE OF TYPE OF PH OF FIU
AUTHOR, YEAR COUNTRY GERD GERD DEFINITION FIU (year) BMI (kg/m2) ENDOSCOPY MANOMETRY MONITORING TEST
(kg/m2) (month)
Conventional
Korenkov, 2002 &2 Germany w/wo GERD NR 21 38.7 54 NR - Manometry - 12
pH <4 in > 4,2% of total time or DMS > Conventional
Ortega, 2004 &8 Spain w/wo GERD 14.72 40 36 54.5 34 - Manometry 24-hours pHmetry 12
pH < 4 in > 4,2% of total time or DMS > Conventional
Merrouche, 2007 & France w/wo GERD 14.72 15 384 45.1 32.5 - Manometry - 9.5
Conventional
Mejia-Rivas, 2008 22 Mexico with GERD pH <4 in > 4,2% of total time 20 38.9 46.5 33.2 YES Manometry 24-hours pHmetry 6
Tai, 2009 32 Taiwan w/wo GERD Endoscopic Erosive Esophagitis 26 31.8 43.6 28.5 YES - - 12
Madalosso, 2010, pH < 4 in > 4,2% of total time or Conventional
2016 1272 Brazil w/wo GERD Endoscopic Erosive Esophagitis 53 38 46 30 YES Manometry 24-hours pHmetry 39
Conventional
Valezi, 2012 23 Brazil w/wo GERD NR 37 44.6 44.9 NR - Manometry - 13
Czeczko, 2016 2% Brazil w/wo GERD Endoscopic Erosive Esophagitis 110 373 40.3 NR YES - - NR
N of total, acid, and weakly acid reflux Conventional 24-hours Impedance
Rebecchi, 2016 22 Italy without GERD episodes > 75, 50, and 33 in 24 hours 54 40.8 44.2 31.5 YES Manometry pHmetry 60
N of total, acid, and weakly acid reflux Conventional 24-hours Impedance
Rebecchi, 2016 28 Italy with GERD episodes > 75, 50, and 33 in 24 hours 32 40.8 44.4 30.6 YES Manometry pHmetry 60
High-resolution
Borovicka, 2017 8 Switzerland w/wo GERD Endoscopic Erosive Esophagitis 44 41.2 44.9 37.8 YES Manometry - 41
Conventional 24-hours Impedance
Raj, 2019 2 India without GERD DMS > 14.72 16 39.2 441 27.1 - Manometry pHmetry 6
pH < 4 in > 6% total time, >4,2% in High-resolution 24-hours Impedance
Tolone, 2019 52 Italy without GERD upright or > 80 episodes of acid reflux 18 39 42 30 YES Manometry pHmetry 12
Signorini, 2020 5! Argentina w/wo GERD Endoscopic Erosive Esophagitis 80 449 NR NR YES - - 12
pH < 4 in > 6% total time, Endoscopic Conventional
Navarini, 2020 28 Brazil w/wo GERD Erosive Esophagites B or more 40 39 42.7 275 YES Manometry 24-hours pHmetry 12
pH < 4 in > 4,2% of total time or DMS > Conventional
Balla, 2021 & Italy with GERD 14.72 6 50.5 44.4 29.5 - Manometry 24-hours pHmetry 12
pH <4 in > 6% total time, or > 80 Conventional
Eskandaros, 2021 ZZ Egypt with GERD episodes of acid reflux 40 36 50 30.2 YES Manometry 24-hours pHmetry 12
pH < 4 in > 4,5% of total time or DMS > Conventional
Gorodner, 2022 8 Argentina with GERD 14.72 13 40 4 27 YES Manometry 24-hours pHmetry 15

GERD: Gastroesophageal Reflux Disease; w/wo: with and without; DMS: DeMeester Score; N: number of patients; F/U: Follow-up; BMI: Body Mass Index
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SUPPLEMENTARY FILE 1: Search Strategy

PubMed
((Esophagus[mh] OR Esophagogastric Junctionfmh] OR Esophag*[tiab] OR
Oesophag*[tiab] OR Stomach[mh] OR stomach*[tiab])

AND

(Bariatric surgerymh] OR bariatric surger*[tiab] OR Gastrectomy[mh] OR
Gastrectom*[tiab])

AND

(Endoscopy, Gastrointestinal[mh:noexp] OR  Esophagoscopy[mh] OR
Gastrointestinal Endoscop*[tiab] OR Esophagoscop*[tiab] OR

Esophagogastroduodenoscop*[tiab] OR Gastroscopy[tiab] OR Manometry[mh] OR
Esophageal manometry[tiab] OR Esophageal pH Monitoring[mh] OR Esophageal
pH[tiab] OR Radiography[mh] OR Esophagus/diagnostic imagingimh] OR
Radiograph*[tiab]))

Embase

((Esophagus/exp OR 'gastroesophageal junction'/exp OR Esophag*:ti,ab OR
Oesophag*:ti,ab OR Stomach/exp OR stomach*:ti,ab)

AND

(‘Bariatric surgery'/exp OR 'bariatric surger*:tiab OR Gastrectomy/exp OR
Gastrectom™:ti,ab)

AND

(‘gastrointestinal endoscopy'/de OR Esophagoscopy/exp OR 'Gastrointestinal
Endoscop*':ti,ab OR Esophagoscop*:ti,ab OR Esophagogastroduodenoscop*:ti,ab
OR Gastroscopy:ti,ab OR Manometry/exp OR 'Esophageal manometry'ti,ab OR
'Esophageal pH Monitoring'/exp OR 'Esophageal pH'"ti,ab OR Radiography/exp
OR ('Esophagus'/exp AND 'diagnostic imaging'/exp) OR Radiograph*:ti,ab))

LILACS

((mh:(Esophagus OR Esophagogastric Junction OR Stomach)) OR (ti:(Esophag*
OR Oesophag® OR stomach* OR "Unién Esoéfago-Gastrica" OR "Jungao
Gastroesofagica")) OR (ab:(Esophag* OR Oesophag® OR stomach* OR "Unién
Esdéfago-Gastrica" OR "Juncdo Gastroesofagica")) AND (mh:("Bariatric surgery"
OR Gastrectomy)) OR (ti:(bariatric surger* OR Gastrectomy)) OR (ab:(bariatric
surger® OR Gastrectomy))

AND

(mh:("Endoscopy, Gastrointestinal" OR esophagoscopy OR manometry OR
"Esophageal pH Monitoring" OR radiography)) OR (mh:(esophagus AND
sh:("diagnostic imaging"))) OR (mh:((es6fago) AND sh:(cintigrafia OR cintigrafia
OR cintilografia OR "diagnéstico por raios X" OR "diagndstico por ultrassom" OR
"diagnéstico ultrassdnico" OR ecocardiografia OR ecografia OR ecotomografia OR
"imagem por raios X" OR "medicina nuclear" OR radiografia OR "raio X" OR "raios
X" OR "ressonancia magnética" OR "ressonadncia magnética nuclear" OR
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roentgenografia OR ultrassom OR ultrassonografia OR "varredura por
radioisotopos” OR "diagnostico por rayos X" OR "diagnéstico por ultrasonido” OR
"diagnéstico por ultrasonidos” OR "diagnostico ultrasonico” OR "escanografia
nuclear" OR gammagrafia OR "gammagrafia con radiois6topos" OR "imagen por
radionuclidos" OR "imagen por rayos X" OR "rastreo por radioisétopos" OR "rayo
X" OR "rayos X" OR "resonancia magnética" OR "resonancia magnética nuclear"
OR ultrasonido OR ultrasonografia))) OR (ti:(gastrointestinal endoscop* OR
esophagoscop®* OR esophagogastroduodenoscop* OR gastroscopy OR
"Esophageal manometry" OR esophageal ph OR radiograph* OR "Endoscopia
Gastrintestinal" OR "Procedimentos Cirurgicos Endoscopicos Gastrointestinais”
OR "Procedimientos Endoscopicos Quirurgicos Gastrointestinales” OR
"Procedimientos Quirurgicos Endoscopicos Gastrointestinales" OR
"Procedimentos Cirurgicos Esofagoscépicos" OR "Procedimientos Quirurgicos
Esofagoscépicos” OR tonometria OR "Monitoramento Ambulatorial do pH
Esofagico" OR "Monitoreo del pH Esofagico" OR "Monitorizacion Ambulatoria del
pH Esofagico" OR "Diagnodstico por Raios X" OR "Diagnostico Radioldgico por
Raios X" OR roentgenografia OR "Diagnodstico por Rayos X" OR "Diagnéstico
Radiolégico por Rayos X")) OR (ab:(gastrointestinal endoscop* OR
esophagoscop* OR esophagogastroduodenoscop* OR gastroscopy OR
"Esophageal manometry" OR esophageal ph OR radiograph* OR "Endoscopia
Gastrintestinal" OR "Procedimentos Cirurgicos Endoscopicos Gastrointestinais”
OR "Procedimientos Endoscopicos Quirargicos Gastrointestinales” OR
"Procedimientos Quirurgicos Endoscopicos Gastrointestinales" OR
"Procedimentos Cirurgicos Esofagoscépicos" OR "Procedimientos Quirurgicos
Esofagoscépicos" OR tonometria OR "Monitoramento Ambulatorial do pH
Esofagico" OR "Monitoreo del pH Esofagico" OR "Monitorizacién Ambulatoria del
pH Esofagico" OR "Diagndstico por Raios X" OR "Diagnostico Radioldgico por
Raios X" OR roentgenografia OR "Diagnostico por Rayos X" OR "Diagnostico
Radiolégico por Rayos X")))

Scopus

TITLE-ABS("Esophagogastric Junction" OR esophag* OR oesophag® OR
stomach*) AND TITLE-ABS ("bariatric surgery" OR "bariatric surger™ OR
gastrectom®) AND TITLE-ABS ("Gastrointestinal Endoscopy" OR
esophagoscopy OR "Gastrointestinal Endoscop™ OR esophagoscop® OR
esophagogastroduodenoscop®* OR  gastroscopy @OR  manometry OR
"Esophageal manometry" OR "Esophageal pH Monitoring" OR "Esophageal pH"
OR radiograph*)

Web of Science

TS=(Esophagus OR "Esophagogastric Junction" OR Esophag* OR Oesophag* OR
stomach®)

AND

71




TS=("bariatric surger*" OR Gastrectom®)

AND

TS=(Gastrointestinal Endoscopy OR Esophagoscopy OR "Gastrointestinal
Endoscop™ OR Esophagoscop®* OR Esophagogastroduodenoscop* OR
Gastroscopy OR Manometry OR "Esophageal manometry" OR "Esophageal pH
Monitoring" OR "Esophageal pH" OR Radiography OR "Esophagus/diagnostic
imaging" OR Radiograph*)

Cochrane

ID Search Hits

#1 MeSH descriptor: [Esophagus] explode all trees 1379

#2 MeSH descriptor: [Esophagogastric Junction] explode all trees 485

#3 MeSH descriptor: [Stomach] explode all trees 3297

#4 (Esophag* OR Oesophag* OR stomach*):ti 10686

#5 (Esophag* OR Oesophag* OR stomach*):ab 20593

#6 #1 OR #2 OR #3 OR #4 OR #5 25405

#7 MeSH descriptor: [Bariatric Surgery] explode all trees 1138

#8 MeSH descriptor: [Gastrectomy] explode all trees 1119

#9 (bariatric surger* OR Gastrectom®):ti 3322

#10 (bariatric surger* OR Gastrectom®):ab 5102

#11 #7 OR #8 OR #9 OR #10 6389

#12 MeSH descriptor: [Endoscopy, Gastrointestinal] this term only 815

#13 MeSH descriptor: [Esophagoscopy] explode all trees 486

#14 MeSH descriptor: [Manometry] explode all trees 1146

#15 MeSH descriptor: [Esophageal pH Monitoring] explode all trees 124

#16 MeSH descriptor: [Radiography] explode all trees 21737

#17 MeSH descriptor: [Esophagus] explode all trees and with qualifier(s):
[diagnostic imaging - DG] 86

#18 (Gastrointestinal Endoscop* OR Esophagoscop* OR
Esophagogastroduodenoscop* OR Gastroscopy OR Esophageal manometry OR
Esophageal pH OR Radiograph*):ti 3825

#19 (Gastrointestinal Endoscop* OR Esophagoscop* OR
Esophagogastroduodenoscop* OR Gastroscopy OR Esophageal manometry OR
Esophageal pH OR Radiograph*):ab 24212

#20 #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 45320

#21 #6 AND #11 AND #20 128
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SUPPLEMENTARY FILE 2: Quality assessment of the included studies

AUTHOR,YEAR COUNTRY | GynGERy |sTODY | 1234 | s 0U78 | SCORE| ASSESSMENT
Korenkov, 2002 8 Germany RYGB Prospective ok - b 5 Poor
Ortega, 2004 5 Spain RYGB Prospective *k - ** 4 Poor
Merrouche, 2007 7°  France RYGB. Prospective *x -- *E 4 Poor
Mejia-Rivas, 2008 7! |Mexico RYGB Prospective *x -- *o* 4 Poor
‘Braghetto, 2009 ** Chile SG Prospective * ok - *x 5 Poor
Tai, 2009 7 Taiwan RYGB Prospective Rk ¥ *ko 6 Poor
Madalosso, 2010-16 ™ Brazil RYGB Prospective i - *x 4 Poor
Valezi, 2012 7 Brazil RYGB Prospective *ko - *x 4 Poor
Kleidi E, 2013 3 Greece SG Prospective *kx -- ** 5 Poor
Tai, 2013 37 Taiwan SG Prospective * - o 4 Poor
Burgerhart, 201438 Netherlands SG Prospective ok - ** 4 Poor
Del Genio, 20143° Italy SG Prospective *okk - i 6 Poor
Gorodner, 2014 40 Argentina SG Prospective *ke - *x 4 Poor
Sharma, 2014 #! India SG Prospective *xo - *Ek 5 Poor
Rebecchi, 2014 30 Italy SG Prospective * ok - *Hk 6 Poor
Georgia, 2016 4 Greece SG Prospective *kk - i 6 Poor
Czeczko, 2016 * Brazil RYGB Retrospective *okk - *ox 5 Poor
Rebecchi, 2016 3! Italy RYGB Prospective *kk - i 6 Poor
Thereaux, 2016 * France SG Prospective *kx -- *. 4 Poor
Sioka, 2017 4 Greece SG Prospective * kX -- ** 5 Poor
'Coupaye, 2017 32 France SG Prospective *kk - s 6 Poor
Valezi, 2017 # Brazil SG Prospective *kx -- ok 6 Poor
Viscido, 2017 4% Argentina SG Prospective *k - *x 4 Poor
Borovicka, 2017 76 Switzerland RYGB Prospective ko - *o 3 Poor
Agnieszka, 2018 6 Poland SG Prospective *kk -- ok 6 Poor
Soricelli, 2018 47 Italy SG Prospective *xo - *x 4 Poor
‘Braghetto, 2019 *¢ Chile SG Prospective *okk - b 5 Poor
Csendes, 2019 34 Chile SG Prospective *_kk - i 6 Poor
Lim, 2019 #° Singapore SG Retrospective *k - - 4 Poor
Pilone, 2019 5° Italy SG Prospective *xo - *xE 5 Poor
Sebastianelli, 20195 |France and Italy |SG Prospective *okk - i 6 Poor
de Angulo, 2019 % Espanha SG Prospective *ko - kX 5 Poor
Raj, 2019 2 India SG and RYGB |Prospective *okk - * 4 Poor
Tolone, 2019 5 Italy SG and RYGB |Prospective Fkkx *- ** 7 Fair
Signorini, 2019 2 Argentina SG and RYGB |Retrospective *x -- *ko 4 Poor
Ferraz, 2020 55 Brazil SG Retrospective *x - i 5 Poor
Fiorillo, 2020 56 France SG Prospective *okk *. *o 5 Poor
Lallemand, 2020 7  France SG Prospective ok - o 4 Poor
Musella, 2020 58 Italy SG Prospective *okk - i 6 Poor
Quero, 2020 ¥ France SG Prospective *okk -- *oe 4 Poor
Tien, 2020 5° Australia SG Prospective *k - ** 4 Poor
Castagneto, 2020¢'  |Italy SG Prospective *ko - % 5 Poor
Gemici, 2020 62 Turkey SG Retrospective *k - ** 4 Poor
Navarini, 2020 2 Brazil SG and RYGB |Prospective *xo - *xk 5 Poor
Al Sabah, 2021 6 Kuwait SG Retrospective *xo -- *kk 5 Poor
Popescu, 2021 Romania SG Prospective ko - ** 4 Poor
Balla, 2021 65 Italy SG and RYGB |Prospective *okk - ** 5 Poor
Eskandaros, 202177 Egypt RYGB Prospective *kx -- o 6 Poor
Ferrer, 2022 66 Spain SG Prospective *k - i 5 Poor
Moya, 2022 ¢7 Spain SG Prospective ko - i 5 Poor
Gorodner, 2022 78 Argentina RYGB Retrospective **o - ¥ 4 Poor

RYGB: Roux-en-Y Gastric Bypass; SG: Sleeve Gastrectomy

73



