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Il. ABSTRACT

Background: Obesity and its associated comorbidities, particularly type 2 diabetes mellitus
(T2DM), present a significant public health challenge. MBS has emerged as the most effective
treatment for severe obesity and T2DM. Despite its success, key challenges remain, including
optimizing patient selection, refining surgical techniques, managing postoperative
complications, and understanding the mechanisms underlying metabolic improvements. This
thesis aims to address these challenges by evaluating MBS outcomes, exploring innovative
surgical techniques, and expanding the application of MBS principles to new patient

populations.

Aims: The primary objective of this research was to refine the indications for MBS, enhance
patient outcomes, and explore novel surgical techniques that could improve both the safety
and metabolic efficacy of MBS procedures. This was achieved through a two-step approach:
(1) identifying the limitations of current techniques and their clinical implications, and (2)
investigating innovative surgical strategies designed to optimize outcomes and expand the
therapeutic potential of MBS. Several critical research questions were addressed to contribute
to the understanding and practice of MBS in the context of obesity-related comorbidities,

particularly T2DM. These included:

1. Which bariatric procedure is most effective in achieving long-term T2DM remission?

2. What is the most appropriate revisional surgery for patients with suboptimal outcomes
after adjustable gastric banding (AGB)?

3. Should prophylactic cholecystectomy be performed routinely in MBS patients?

4. How can early postoperative bleeding (EPB) after Roux-en-Y gastric bypass (RYGB) be
managed effectively?

5. What are the long-term implications of nutritional deficiencies following MBS, and how

should they be addressed?

-23-
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6. What are the key predictors of post-bariatric hypoglycemia (PBH), and how can
personalized evaluation and monitoring optimize outcomes?

7. Can novel bariatric surgical techniques overcome the limitations of traditional procedures,
particularly by optimizing surgical simplicity, reducing complication rates, and improving
long-term outcomes?

8. How can MBS principles be applied to gastric cancer (GC) surgery to optimize patient

outcomes?

Methods: The thesis encompasses a cohort study and systematic reviews and meta-analyses
to answer critical questions about MBS. The cohort study, part of the "Outcomes of Obesity
Surgery" project, retrospectively analyzed 520 patients undergoing MBS at Centro Hospitalar
Universitario de Sdo Jodo (CHUSJ). Outcomes assessed included weight loss, comorbidity
resolution, and complications. This cohort served as the foundation for the ongoing
prospective database of Centro de Responsabilidade Integrado de Obesidade (CRI-O),
allowing internal validation of clinical findings, while systematic reviews and meta-analyses
provided external validation by integrating evidence from RCTs and international cohorts.
Systematic reviews and meta-analyses adhered to Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines and examined (1) the effectiveness of
different bariatric procedures for T2DM remission, (2) the outcomes of single-anastomosis

sleeve ileal (SASI) bypass, and (3) the integration of MBS principles into GC surgery.
Results: The findings follow the two-tiered structure of this thesis.
Step 1 — Current Status and Caveats of MBS:

1. T2DM Remission: Laparoscopic one-anastomosis gastric bypass (OAGB) emerged as a

promising procedure for achieving long-term T2DM remission, demonstrating
comparable efficacy to RYGB and advantages over laparoscopic biliopancreatic diversion
with duodenal switch (BPD/DS) in terms of lower complication rates and shorter operative
times. However, limited long-term data and direct comparisons with procedures such as
single anastomosis duodeno—ileostomy with sleeve (SADI-S) underscore the need for
further high-quality randomized controlled trials (RCTs).

2. Revisional Surgery: Revisional RYGB was found to be the most effective surgical option for

managing suboptimal outcomes following AGB. It provided superior weight loss and
greater resolution of comorbidities, particularly dyslipidemia, compared to revisional
sleeve gastrectomy (SG). While revisional SG was associated with a lower technical

complexity, its restrictive mechanism limited its metabolic efficacy. Both procedures
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demonstrated comparable safety profiles when performed in high-volume centers by
experienced surgeons.

3. Gallstone Disease (GD) Management: Routine prophylactic cholecystectomy during MBS

was not supported by the findings of this study. Although the risk of developing
symptomatic gallstones is higher in MBS patients compared to the general population, the
overall incidence remains relatively low. Prophylactic cholecystectomy was associated
with longer operative times and increased postoperative complications without any
significant improvement in mortality or hospital length of stay (LOS). A selective approach
based on risk factors, such as high body mass index (BMI) and preexisting gallstones, was
recommended, with symptomatic cases managed conservatively or surgically when
necessary.

4. Early Postoperative Bleeding: EPB, a significant early complication of RYGB, was associated

with older age, male gender, hypertension, revisional surgery, decreased estimated
glomerular filtration rate (eGFR), and increased left hepatic lobe diameter. Conservative
management proved effective in most cases, with minimal impact on long-term weight
loss outcomes. Preoperative optimization, including addressing hepatic size and renal
function, was highlighted as critical in reducing EPB risk.

5. Nutritional Deficiencies: Nutrient deficiencies remain a significant concern following MBS.

RYGB patients exhibited a higher prevalence of deficiencies in vitamin B12, iron, and
calcium, while SG patients were more prone to vitamin D and fat-soluble vitamin
deficiencies. Gaps in adherence to supplementation protocols were identified,
emphasizing the need for standardized and individualized nutritional support regimens.
Long-term monitoring and proactive management were deemed essential to prevent
complications such as anemia, bone metabolism disturbances, and metabolic syndrome.

6. Post-Bariatric Hypoglycemia: Predictors of PBH included younger age, greater weight loss,

and metabolic markers such as HbA1lc and insulin sensitivity. RYGB was associated with a
higher risk of PBH, particularly in patients with prior cholecystectomy. These patients
required more aggressive pharmacological interventions, such as higher doses of
acarbose, to manage glycemic variability. Personalized evaluation, dietary adjustments,

and multidisciplinary care were emphasized as critical components of PBH management.
Step 2 — Emerging Techniques and Expanded Indications:

7. Innovative Techniques: The SASI bypass demonstrated significant potential as an

alternative to traditional procedures, offering superior weight loss, reduced complication
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rates, and improved comorbidity resolution, particularly for T2DM, hypertension, and
dyslipidemia. Its simplified surgical approach, preservation of endoscopic access to the
duodenum, and mitigation of gastroesophageal reflux disease (GERD) marked it as an
important innovation. This procedure exemplifies the evolution toward Sleeve plus
concepts, offering balanced restriction and partial hypo/malabsorption for metabolically
challenged patients. Further research is needed to standardize the procedure and assess
long-term outcomes across diverse patient populations.

8. Oncometabolic Surgery: Integrating MBS principlesinto GC surgery was shown to optimize

both oncological and metabolic outcomes. Techniques such as duodenal bypass improved
nutritional status and metabolic control, offering a novel approach to treating GC patients

with metabolic comorbidities.

Conclusions: This thesis significantly advances the understanding of MBS by addressing key
challenges in patient selection, surgical technique optimization, complication management,
and the application of MBS principles to new domains such as GC surgery. By adopting a two-
tiered approach—first identifying the caveats of existing techniques and then introducing
evidence-based innovations such as SASI and oncometabolic surgery—this work provides a
comprehensive vision for the future of metabolic surgery. By identifying effective procedures
for T2DM remission, refining revisional surgery options, and exploring innovative surgical
techniques, this research provides valuable insights into how MBS can be further optimized
to improve patient outcomes. The findings emphasize the importance of personalized care,
the integration of multidisciplinary approaches, and the need for further research to refine

and expand the scope of MBS to benefit a wider range of patients.

Future Research: Future research in MBS should focus on optimizing the management of
metabolically challenged patients, particularly those with obesity class IV and V. These
patients require personalized approaches to surgery, considering their complex metabolic
profiles and higher comorbidity risks. Investigating tailored surgical techniques and
postoperative care strategies will be essential to improving their outcomes. Innovative
procedures, such as SASI and other Sleeve plus techniques, hold promise for improving
efficacy while minimizing complications. Prospective studies from our group, including
“Outcomes of SASI in the treatment of patients with BMI over 50 kg/m?”, will provide high-
quality evidence to validate these approaches. Additionally, addressing IWL and WR remains

a critical area. Refining surgical procedures, exploring revisional surgery options, and
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developing better postoperative management strategies will be key to achieving sustainable

weight loss and enhancing long-term MBS success.
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lll. RESUMO

Introdugdo: A obesidade e as suas comorbilidades associadas, particularmente a diabetes
mellitus tipo 2 (DM2), constituem um grande desafio para a saude publica. A cirurgia
metabdlica e bariatrica (CMB) tem-se mostrado o tratamento mais eficaz para a obesidade
severa e a DM2. Apesar do seu sucesso, permanecem desafios importantes, como otimizar a
selecdo dos pacientes, aperfeicoar as técnicas cirurgicas, gerir as complicacbes pods-
operatdrias e compreender os mecanismos subjacentes as melhorias metabdlicas. Esta tese
visa abordar estes desafios, avaliando os resultados da CMB, explorando técnicas cirurgicas

inovadoras e expandindo a aplicacdo dos principios da CMB a novas populag¢des de pacientes.

Objetivos: O objetivo principal desta pesquisa foi refinar as indicagdes para a CMB, melhorar
os resultados dos pacientes e explorar novas técnicas cirurgicas que possam melhorar tanto a
seguranca como a eficacia metabdlica dos procedimentos de CMB. Este objetivo foi alcangado
através de uma abordagem em dois passos: (1) identificar as limita¢cOes das técnicas atuais e
as suas implicacGes clinicas e (2) investigar estratégias cirurgicas inovadoras concebidas para
otimizar os resultados e expandir o potencial terapéutico da CMB. Foram abordadas varias
guestdes de investigacdo de forma a contribuir para a compreensdo da CMB no contexto das
comorbilidades relacionadas com a obesidade, particularmente a DM2. Estas questdes

incluiram:

1. Qual a CMB mais eficaz para alcangar a remissdo a longo prazo da DM2?

2. Qual é a cirurgia revisional mais apropriada para pacientes com resultados subdtimos
apds a banda gdstrica ajustdvel (BGA)?

3. Deve ser realizada colecistectomia profildtica por rotina em pacientes de CMB?

4. Como pode ser orientada de forma eficaz a hemorragia pés-operatoria precoce (HPP) apds

o0 bypass gdstrico em Y de Roux (BGYR)?

-29-
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5. Quais asimplicacbes a longo prazo das deficiéncias nutricionais apds a CMB e como devem
ser tratadas?

6. Quais sdo os principais preditores da hipoglicemia pds-baridtrica (HPB) e como pode a
avaliagdo e monitoriza¢do personalizada otimizar os resultados?

7. As novas técnicas de CMB podem superar as limitagées dos procedimentos tradicionais,
particularmente otimizando a simplicidade cirurgica, reduzindo taxas de complicagdes e
melhorando os resultados a longo prazo?

8. Como podem os principios da CMB ser aplicados a cirurgia de cancro gdstrico (CG) para

otimizar os resultados dos pacientes?

Métodos: A tese abrange um estudo de coorte, revisdes sistemdticas e meta-andlises para
responder as questdes criticas sobre a CMB. O estudo de coorte, parte do projeto "Outcomes
of Obesity Surgery", analisou retrospectivamente 520 pacientes submetidos a CMB no CHUSI.
Os resultados avaliados incluiram perda de peso, resolucdo de comorbidades e complicac¢des.
Esta coorte constituiu o alicerce da base de dados prospectiva em curso do Centro de
Responsabilidade Integrado de Obesidade (CRI-O), permitindo a validagdo interna dos
achados clinicos, enquanto as revisdes sistematicas e meta-analises forneceram validacdo
externa ao integrar evidéncia de ensaios clinicos randomizados e coortes internacionais. As
revisGes sistematicas e meta-analises seguiram as orienta¢gdes PRISMA e examinaram (1) a
eficacia dos diferentes procedimentos bariatricos para a remissdo da DM2, (2) os resultados
do bypass sleeve-ileal de anastomose Unica (SASI) e (3) a integragdo dos principios da CMB na

cirurgia do cancro gastrico (CG).
Resultados: Os achados seguem a estrutura em dois niveis desta tese.
Passo 1 — Estado Atual e Limitagdes da CMB:

1. Remissdo da DM2: O bypass gastrico de anastomose Unica laparoscdpico emergiu como

um procedimento promissor para alcancar a remissdao a longo prazo da DM?2,
demonstrando eficacia comparavel ao BGYR e vantagens sobre a cirurgia de switch
duodenal laparoscépica em termos de menores taxas de complicagdes e tempos
operatdrios mais curtos. No entanto, os dados limitados a longo prazo e as comparagoes
diretas com procedimentos como o SADI-S destacam a necessidade de mais ensaios
clinicos randomizados de alta qualidade.

2. Cirurgia Revisional: O BGYR revisional foi o procedimento cirdrgico mais eficaz para gerir

os resultados subdtimos apds a BGA. Proporcionou maior perda de peso e maior

resolucdo das comorbidades, particularmente a dislipidemia, em comparacao com a
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gastrectomia vertical (SG) revisional. Embora a SG revisional tenha sido associada a uma
menor complexidade técnica, o seu mecanismo restritivo limitou a sua eficacia
metabdlica. Ambos os procedimentos demonstraram perfis de seguranca comparaveis
guando realizados em centros de grande volume por cirurgides experientes.

Tratamento da litiase biliar: A colecistectomia profilatica de rotina durante a CMB nao foi

apoiada pelos achados deste estudo. Embora o risco de desenvolver calculos biliares
sintomaticos seja mais elevado em pacientes de CMB em comparagdo com a populacdo
geral, a incidéncia geral permanece relativamente baixa. A colecistectomia profilatica foi
associada a tempos operatérios mais longos e aumento das complicagGes pos-
operatdrias, sem melhoria significativa na mortalidade ou no tempo de internamento
hospitalar. Foi recomendada uma abordagem seletiva com base em fatores de risco, como
IMC elevado e célculos biliares pré-existentes, sendo os casos sintomaticos tratados de
forma conservadora ou cirdrgica quando necessario.

Hemorragia pds-operatdria precoce: A HPP, uma complicacdo precoce significativa do

BGYR, foi associada a idade mais avancada, sexo masculino, hipertensdo, cirurgia
revisional, diminuicdo da taxa de filtracdo glomerular estimada (eGFR) e aumento do
diametro do lobo esquerdo do figado. O tratamento conservador mostrou-se eficaz na
maioria dos casos, com impacto minimo nos resultados a longo prazo da perda de peso.
A otimizacdo pré-operatdria, incluindo a melhoria da hepatomegalia e da funcdo renal, foi
destacada como critica para reduzir o risco de HPP.

Deficiéncias Nutricionais: As deficiéncias nutricionais permanecem uma preocupacao

significativa apds a CMB. Pacientes submetidos a BGYR apresentaram maior prevaléncia
de deficiéncias em vitamina B12, ferro e calcio, enquanto os pacientes de SG estavam mais
propensos a deficiéncias de vitamina D e vitaminas lipossoliveis. Foram identificadas
lacunas na adesdao aos protocolos de suplementacdo, destacando a necessidade de
regimes de suporte nutricional padronizados e individualizados. A monitorizacdo a longo
prazo e a orientagdo proativa foram considerados essenciais para prevenir complicaces
como anemia, disturbios no metabolismo dsseo e sindrome metabdlica.

Hipoglicemia Pds-baridtrica: Os preditores da HPB incluiram idade mais jovem, maior

perda de peso e marcadores metabdlicos como HbA1c e sensibilidade a insulina. O BGYR
foi associado a um maior risco de HPB, particularmente em pacientes com colecistectomia
prévia. Estes pacientes necessitaram de intervencGes farmacoldgicas mais agressivas,

como doses mais altas de acarbose, para gerir a variabilidade glicémica. A avaliacdo
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personalizada, ajustes dietéticos e cuidados multidisciplinares foram enfatizados como

componentes criticos no tratamento da HPB.
Passo 2 — Técnicas Emergentes e Expansao das Indicagoes:

7. Técnicas Inovadoras: O bypass SASI demonstrou um potencial significativo como

alternativa aos procedimentos tradicionais, oferecendo maior perda de peso, menores
taxas de complicagbes e melhor resolucdao de comorbidades, particularmente para DM2,
hipertensdo e dislipidemia. A sua abordagem cirurgica simplificada, preservagdo do
acesso endoscdpico ao duodeno e mitigacdo da doenca do refluxo gastroesofagico (DRGE)
marcaram-no como uma inovagao importante. Este procedimento exemplifica a evolucdo
para os conceitos Sleeve plus, oferecendo restricdo equilibrada e hipo/malabsorg¢io
parcial para pacientes metabolicamente complexos. Sdo necessarios mais estudos para
padronizar o procedimento e avaliar os resultados a longo prazo em diversas populag¢des
de pacientes.

8. Cirurgia Oncometabdlica: A integracdo dos principios da CMB na cirurgia de CG

demonstrou otimizar tanto os resultados oncoldgicos como metabdlicos. Técnicas como
o bypass duodenal melhoraram o estado nutricional e o controle metabdlico, oferecendo
uma abordagem inovadora no tratamento de pacientes com CG e comorbidades

metabdlicas.

Conclusées: Esta tese avanga significativamente na compreensdo da CMB ao abordar desafios
chave na selecdo de pacientes, otimizacdo das técnicas cirurgicas, orientacdo das
complicacBes e aplicacdo dos principios da CMB a novos dominios, como a cirurgia do cancro
gastrico. Ao adotar uma abordagem em dois niveis — primeiro identificando as limitacGes das
técnicas existentes e depois introduzindo inovagdes baseadas em evidéncia, como o SASl e a
cirurgia oncometabdlica — este trabalho fornece uma visdo abrangente para o futuro da
cirurgia metabdlica. Ao identificar procedimentos eficazes para a remissdo da DM2, refinar as
opg¢oes de cirurgia revisional e explorar técnicas cirdrgicas inovadoras, esta pesquisa oferece
valiosos insights sobre como a CMB pode ser ainda mais otimizada para melhorar os
resultados dos pacientes. Os achados enfatizam a importancia dos cuidados personalizados,
a integracdo de abordagens multidisciplinares e a necessidade de mais pesquisa para refinar

e expandir o alcance da CMB para beneficiar um maior nimero de pacientes.

Investigacdo Futura: A investigacdo futura em CMB deve focar na otimizagdo da gestdo de
pacientes metabolicamente desafiantes, particularmente aqueles com obesidade classe IV e

V. Estes pacientes requerem abordagens personalizadas para a cirurgia, tendo em conta os
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seus perfis metabdlicos complexos e maiores riscos de comorbidades. Investigar técnicas
cirurgicas adaptadas e estratégias de cuidados pds-operatorios serd essencial para melhorar
os seus resultados. Procedimentos inovadores, como o SASI e outras técnicas Sleeve plus,
mostram potencial para aumentar a eficacia enquanto minimizam complica¢Ges. Estudos
prospectivos do nosso grupo, incluindo “Resultados do SASI no tratamento de doentes com
IMC superior a 50 kg/m?”, fornecerdo evidéncia de alta qualidade para validar estas
abordagens. Além disso, abordar a perda insuficiente de peso e o reganho de peso continua
a ser uma area critica. Refinar os procedimentos cirurgicos, explorar opc¢des de cirurgia
revisional e desenvolver melhores estratégias de gestdo pds-operatoria serdo fundamentais

para alcancar a perda de peso sustentavel e melhorar o sucesso a longo prazo da CMB.
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IV. RATIONALE

Obesity and its associated metabolic disorders, particularly T2DM, pose a significant global
public health challenge. Despite the implementation of lifestyle interventions and
pharmacotherapy, the prevalence of obesity continues to rise, underscoring the need for
more effective treatment modalities. MBS has emerged as the most effective long-term
solution for severe obesity (formerly known as morbid obesity) and its metabolic

comorbidities.

While MBS demonstrates notable benefits, the precise metabolic mechanisms underlying its
success remain incompletely understood. Additionally, current surgical indications may not
be optimized; some patients experience suboptimal results or complications, while others
may be undertreated. This knowledge gap necessitates further exploration into the metabolic
mechanisms and surgical techniques that could refine patient selection and enhance

outcomes.

By deepening our understanding of the metabolic pathways altered by MBS, we can better
tailor surgical indications to identify individuals who will benefit most. This research aims to
improve patient outcomes by reducing surgical risks and enhancing long-term metabolic

benefits.

An important focus of this thesis will be managing both early and late post-operative
complications such as post-operative bleeding, nutritional deficiencies, hypoglycemia and
GERD. Obesity is also frequently linked with GD, which presents additional management
challenges during or after bariatric surgery. Consequently, the surgical approach must

effectively address these associated conditions.
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Another relevant aspect of this thesis will be examining the growing need for revisional
surgeries due to WR or IWL. Given the increasing demand for these procedures, it is essential

to determine how existing surgical options can be effectively utilized in such cases.

The ideal surgical approach for obesity should be effective, safe, and personalized. No single
method is universally applicable, and the metabolic changes induced by surgery must be
carefully considered. In this context, sleeve plus procedures represent a contemporary
evolution in MBS, that combine sleeve gastrectomy with varying degrees of intestinal bypass.
By combining restrictive and malabsorptive components, these procedures offer the potential
to tailor surgical strategies to individual metabolic profiles, particularly in patients with severe
obesity or refractory T2DM. Furthermore, sleeve plus approaches may reduce the risk of
weight regain and recurrence of metabolic complications, addressing key limitations observed
with standalone SG or RYGB. Among these strategies, transit bipartition (TB) has emerged as
a promising option, offering an improved safety profile compared to other procedures while
achieving strong metabolic outcomes. This is particularly evident through its effects on
incretins such as glucagon-like peptide-1 (GLP-1) and its alignment with both the hindgut and
foregut theories and the proximal-distal imbalance theory of metabolic improvement after
MBS. By modifying nutrient flow through the small bowel, TB promotes hormonal changes
that enhance glucose homeostasis, while maintaining a more physiological digestive pathway

compared to procedures like RYGB.

Finally, this research will explore the potential to broaden the indications for MBS to include
individuals with obesity or metabolic syndrome and GC. The concept of oncometabolic
surgery, which combines cancer resection with metabolic improvements, represents an

exciting new frontier.

In summary, this thesis seeks to refine the understanding of MBS indications and improve
patient outcomes through a dual analytical approach. By first identifying the caveats and
unmet needs of current procedures, and subsequently exploring innovative techniques and
expanded indications, it aims to build a comprehensive and future-oriented perspective on
the evolution of MBS. These insights are expected to contribute to a more effective, safer, and
individualized practice of MBS, ultimately extending its benefits to broader patient

populations.



V. INTRODUCTION

In this chapter, a review of the literature is presented in four sections, addressing the major
topics of this thesis: Improving indications for MBS, including associated comorbidities and
pathology as well suboptimal results after previous surgeries (A); Improving outcomes of MBS,
based on the most common complications (B); From the metabolic changes to the surgical
aspects (C) and Future perspectives (D). For this comprehensive review, we follow two main
steps. The first step examines the caveats and limitations of the most commonly performed
MBS techniques — SG and RYGB — highlighting the unmet clinical and metabolic needs. The
second step focuses on emerging surgical approaches and expanded indications, including the
SASI bypass and the concept of oncometabolic surgery, which aim to overcome these

limitations and define new directions for MBS.

Obesity is a complex multifactorial disease, whose prevalence is increasing steadily in the last
decades [1]. The World Health Organization (WHO) identifies obesity as abnormal or excessive
fat accumulation with a BMI of 30 kg/m? or higher, representing a health challenge. It affects
almost all physiological functions of the body, and it increases the risk for developing multiple
comorbidities, such as T2DM, cardiovascular disease, cancer, osteoarthritis, obstructive sleep
apnea (OSA), and poor mental health, thereby contributing to a decline in quality of life (QoL),
work productivity as well as to increased healthcare costs [2]. MBS is regarded as the most
effective intervention for achieving substantial and long-lasting weight loss and resolution of
obesity associated comorbidities, exceeding the results obtained with medical treatment (MT)

[3].

Nowadays, RYGB and SG are the two most commonly performed bariatric procedures [4].

RYGB has shown better outcomes regarding the resolution of obesity-related comorbidities
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[5]. However, SG is still the most frequent MBS performed because it is technically easier and
faster to perform, resulting in fewer postoperative complication and reoperation rates and in

similar excess weight reduction [6, 7].

A. IMPROVING INDICATIONS OF MBS

Recent advancements in understanding obesity and its management have led the American
Society for Metabolic and Bariatric Surgery (ASMBS) and International Federation for the
Surgery of Obesity and Metabolic Disorders (IFSO) to issue a joint statement on MBS [8]. The
1991 National Institutes of Health (NIH) Consensus Statement, which set the standard for
bariatric surgery criteria, recommended MBS for individuals with a BMI > 40 kg/m? or > 35
kg/m? with co-morbidities [9]. The updated guidelines now suggest MBS for those with a BMI
>35 kg/m?, and also for individuals with a BMI of 30-34.9 kg/m? if they have metabolic disease

[8].

Recognized now as a chronic disease, obesity is linked with a chronic low-grade inflammatory
state and immune dysfunction [10, 11]. This prolonged inflammation is suspected to disrupt
homeostatic mechanisms, leading to metabolic disorders associated with obesity, mediated
through complex pathways involving cytokine production, adipokines, hormones, and acute-

phase reactants [11, 12].

Long-term studies have demonstrated that MBS is an effective and durable treatment for
severe obesity and its co-morbidities, providing superior weight loss outcomes compared to
non-surgical treatments and improving metabolic disease and overall mortality [13-23]. The
safety of MBS is well-established, with very low perioperative mortality rates [24]. Modern
procedures, such as SG and RYGB, are now predominant, while older techniques like vertical

banded gastroplasty (VBG) and AGB are less common [8].

Despite BMI's limitations in assessing future health risks, it remains a key criterion for
identifying candidates for MBS. MBS is currently recognized as the most effective evidence-
based treatment for obesity across all BMI classes. Class | obesity (BMI 30-34.9 kg/m?) is
known to cause or exacerbate multiple medical and psychological co-morbidities, decrease
longevity, and impair QoL [8]. Large prospective and retrospective studies support the notion
that MBS should be considered for patients with class | obesity who do not achieve substantial

or durable weight loss or co-morbidity improvement with nonsurgical methods. Early findings
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have led international diabetes organizations to support the consideration of MBS for patients

with BMI < 35 kg/m? and T2DM [25, 26]

Management of associated comorbidities

MBS is a highly effective intervention for the treatment of metabolic syndrome, a cluster of
conditions including obesity, insulin resistance, hypertension, dyslipidemia, and increased
cardiovascular risk [27]. By inducing significant and sustained weight loss, MBS directly
improves the components of metabolic syndrome through mechanisms beyond calorie
restriction, such as alterations in gut hormones, bile acid (BA) metabolism, and microbiota
[28, 29]. These metabolic changes lead to enhanced insulin sensitivity, improved lipid profiles,
and better glycemic control, offering long-term benefits for patients with metabolic

syndrome, especially those with obesity-related comorbidities like T2DM [19, 25, 30, 31].

Type 2 Diabetes Mellitus

In 2017, 6.28% of the global population was affected by T2DM, equating to a prevalence of
6,059 cases per 100,000 people. This figure is projected to rise to 7,079 cases per 100,000 by
2030 [32], making T2DM not only an urgent public health concern today but also one of the

fastest-growing health challenges worldwide [33].

Obesity management is a crucial step in treating T2DM. Modest, sustained weight loss can
improve glycemic control [34] and reduce cardiovascular disease risk [35]. This led the
American Diabetes Association (ADA), in 2009, to recommend bariatric surgery as a treatment

option for patients with both diabetes and obesity [36].

Previously, MBS was only recommended for individuals with a BMI > 40 kg/m? or adults with
a BMI of 35.0-39.9 kg/m? who did not achieve lasting weight loss and improvement in
comorbidities, such as hyperglycemia, with MT. However, current guidelines now suggest it
may be considered for adults with a BMI of 30.0-34.9 kg/m? if they do not see improvement
with MT [8, 37].

The optimal MBS for treating T2DM remains a subject of active research and debate. Among
the commonly performed procedures—RYGB, SG, OAGB BPD/DS —each offers different
benefits in achieving glycemic control and diabetes remission. RYGB is widely considered the

gold standard, known for its robust effects on glucose homeostasis through enhanced incretin
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response and modulation of both foregut and hindgut pathways [31, 38-41]. SG, although less
invasive, shows substantial T2DM remission, primarily through weight loss and metabolic
changes, though its impact on incretin hormones is relatively modest [38-43]. BPD/DS, while
more complex and associated with greater nutritional risks, delivers the most dramatic
improvements in diabetes outcomes, likely due to significant malabsorption and hormonal
alterations [44-46]. OAGB, a newer procedure, is gaining attention for its simplicity and
comparable efficacy to RYGB, with promising results in T2DM remission and fewer
anastomotic complications [39, 47]. Emerging procedures like TB further add to the landscape
by offering potential advantages in T2DM control with fewer side effects [48-50]. Ultimately,
the best surgical option depends on individual patient factors, such as BMI, diabetes severity,

and balancing metabolic benefits with potential complications [51-53].

Management of metabolic-challenged patients

Metabolically-challenged patients are those with a BMI > 50 kg/m? (obesity class IV and V) or
a significant burden of obesity-related conditions, such as T2DM, OSA, hypertension and non-

alcoholic fatty liver disease (NAFLD).

Obesity class IV and V (formerly known as Super obesity)

The prevalence of patients with class IV-V obesity is increasing more rapidly than that of both
class | (BMI30—34.9 kg/m?) and class Il obesity (BMI 40 — 49.9 kg/m?) [54-56]. These patients
represent a subgroup with more severe obesity, requiring special consideration when

determining management strategies.

Metabolically-challenged patients are at an elevated risk of developing or exacerbating
obesity-related complications and often experience worse short- and long-term outcomes
following MBS [57, 58]. Specifically, having a BMI = 50 kg/m? is an independent risk factor for
venous thromboembolism, a leading cause of mortality after MBS [57]. Additionally, this
higher BMI is associated with greater risk for postoperative complications and increased

mortality [58].

Similar to short-term outcomes, long-term adverse outcomes after MBS are more prevalent
among metabolically-challenged patients compared to those with class Il obesity [54, 59-62].

While MBS remains an effective treatment for patients with obesity class V-V, individualized
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procedure selection is crucial. Laparoscopic SG is the preferred initial choice for most surgeons
[59], particularly for this higher-risk group. However, the risk of weight recurrence (suboptimal
clinical response) after both SG and RYGB is significantly higher in patients with class V-V

compared to those with class Il obesity [59, 60].

More complex procedures, such as BPD with or without DS, which carry a higher risk for both
early and late complications, provide more durable weight loss for metabolically-challenged

patients [63, 64].

Performing MBS in patients with BMI > 50 kg/m? presents several challenges. From a technical
standpoint, increased thickness of the abdominal wall, increased adipose limiting
visualization, excessive torque on the surgeon’s hands, and a large liver all add complexity to
almost any MBS procedure. From a risk perspective, these patients often have more severe
obesity-related complications and comorbidities. In terms of outcomes, they are more
susceptible to perioperative and long-term complications and often experience a suboptimal

clinical response, including IWL and a higher likelihood of WR.

Despite the increased severity of obesity and the greater likelihood of both short- and long-
term complications, this population should not be denied MBS. In fact, the seriousness of their
condition underscores the importance of offering them this potentially life-saving

intervention.

Management of suboptimal clinical response

Suboptimal clinical response after MBS refers to the less-than-expected improvement in
weight loss or resolution of comorbidities, such as T2DM, hypertension, or dyslipidemia [65].
Several factors contribute to this outcome, including patient-specific variables like genetic
predispositions [66], poor adherence to dietary and lifestyle recommendations [67],
inadequate post-operative follow-up, or pre-existing conditions that limit metabolic
improvement [68, 69]. Additionally, variations in surgical technique and the type of procedure
performed can influence the efficacy of the surgery [69]. A suboptimal response can manifest
as IWL, WR, or limited improvement in metabolic conditions, warranting a comprehensive

approach to optimizing patient outcomes through individualized care [65].
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Revisional surgery after AGB

The laparoscopic implantation of AGB, introduced in 1993, quickly became a common bariatric
procedure due to its safety profile and low initial morbidity [70]. Initially, AGB complications
were considered rare, but long-term studies have shown significant late-onset issues leading
to revisional surgeries [71]. These complications include hardware failures, esophageal
motility disorders, gastrointestinal symptoms, and psychological intolerance, negatively
impacting QoL [72, 73]. Additionally, many AGB patients experience IWL or WR, requiring
conversion to other procedures [71]. Long-term reoperations are reported in 31-80% of

patients [74].

Revisional surgeries have increased due to IWL, WR, and postoperative morbidity [73, 75, 76].
The success of these revisions depends on choosing the most appropriate procedure based
on the revision’s indication [73]. Despite growing demand, there is still controversy regarding
their safety and effectiveness, and insufficient evidence on the best procedure for each
patient [76]. RYGB and SG are the most frequently performed revisional procedures from AGB

[77].

Management of associated pathology

MBS is commonly performed to address metabolic syndrome and related conditions, but it
also has implications for other associated pathologies [78]. Notably, GD is a common concern
among MBS patients [79, 80]. Therefore, meticulous preoperative and postoperative
management is essential to reduce the likelihood of gallstone formation and its complications.
Addressing these additional health concerns is crucial to optimizing overall patient outcomes

and ensuring the long-term success of MBS.

Gallstone disease

Rapid weight loss following bariatric surgery can predispose patients to gallstone formation
due to increased bile cholesterol saturation and poor gallbladder emptying during early
weight loss phases [81-83]. The prophylactic use of ursodeoxycholic acid (UDCA) has been
advocated to reduce cholesterol saturation and gallstone incidence during weight loss [84,
85]. However, there is debate about the actual increase in gallstone incidence and its impact

on symptomatic gallbladder disease. Bariatric surgery is associated with a 3—28% incidence of
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symptomatic GD, with a Swedish cohort study showing a fivefold increased risk compared to
the general population [79, 80]. Despite high rates of new gallstone formation, some studies

report symptomatic gallstone rates as low as 0.9% post-surgery [86].

Identifying risk factors for GD specific to bariatric surgery patients is crucial for tailored
management, as general population risk factors may not apply [87-89]. The varying incidence
of symptomatic GD has sparked controversy over whether prophylactic cholecystectomy
should be performed alongside bariatric surgery. While current strategies favor conservative
approaches like UDCA use or cholecystectomy only in symptomatic cases [90, 91], some
advocate for routine prophylactic cholecystectomy [92, 93]. There is no clear consensus on
the best approach to prevent symptomatic gallstones. Prophylactic cholecystectomy may
prevent complications and future surgeries, but it is a technically demanding procedure, as is

cholecystectomy performed after bariatric surgery for symptomatic GD [94, 95].
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B. IMPROVING OUTCOMES OF MBS

While MBS offers substantial benefits in weight loss and metabolic improvement, it's crucial
to carefully balance efficacy with potential side effects. Ongoing research and advancements

in clinical practice are essential to enhancing patient outcomes and minimizing risks.

When selecting a surgical approach, the trade-off between effectiveness and potential
complications is key. In this regard, RYGB and BPD/DS generally provide significant weight loss
and improvements in metabolic conditions but are associated with higher risks of nutritional
deficiencies and surgical complications. On the other hand, SG offers a balance with effective
weight loss and lower complication rates, though it may still involve issues such as GERD and
nutritional concerns. AGB is a less invasive option with lower immediate risks, but it tends to

result in less weight loss and higher reoperation rates.

Early postoperative complications
Postoperative bleeding

Laparoscopic RYGB is a widely performed metabolic procedure known for its effectiveness in
managing obesity-related comorbidities and achieving sustained reductions in BMI [96, 97].
Over recent years, the safety of RYGB has improved [3, 98, 99]. However, as the number of
procedures rises, the incidence of postoperative complications, despite low rates, remains

significant [100, 101].

RYGB is associated with several major early complications, including leaks [102], obstruction,
and bleeding [103]. Among these, postoperative bleeding is particularly common [104],
occurring in approximately 1.5-3.5% of cases [101, 105]. Although it is usually self-limited,
postoperative bleeding can lead to significant morbidity and may escalate into a surgical
emergency. Patients who experience bleeding often face extended hospital stays, increased

30-day mortality, and a higher likelihood of further complications [106, 107].

Surgical risk factors, such as the use of a circular stapler for gastrojejunal anastomosis instead
of a hand-sewn technique and the lack of staple line reinforcement, have been associated
with postoperative bleeding [108, 109]. Despite these findings, there is limited literature on

preoperative factors that may predict EPB, including patient demographics and comorbidities
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associated with severe obesity. Identifying these risk factors could improve prevention and

management strategies, allowing for more vigilant monitoring of at-risk patients.

Late postoperative complications
Nutritional deficiencies

Although bariatric surgery is a safe and effective treatment for obesity, there are some risks,
particularly nutritional deficiencies. These deficiencies, especially of micronutrients, can arise
postoperatively due to reduced nutrient intake or the exacerbation of pre-existing deficiencies
[110]. Obesity itself is associated with a high prevalence of nutritional deficiencies, which can

have severe consequences for patients [111].

Postoperative vitamin and mineral deficiencies are influenced by both surgery- and patient-
related factors. Common contributors include pre-existing nutritional deficits, altered eating
habits, a decreased absorption surface, small intestine bacterial overgrowth, and poor

adherence to postoperative dietary recommendations and supplementation [112].

Restriction in food intake, reduced appetite, and alterations in gastrointestinal hormone
profiles are common mechanisms contributing to weight loss after RYGB and SG, which also
have an impact on nutrient status. In RYGB, the bypass of the stomach and the upper small
intestine impairs absorption of essential vitamins and minerals [113]. Although it might be
assumed that SG, which maintains the continuity of the small intestine, would result in fewer
deficiencies, recent studies show that micronutrient deficiencies occur at similar rates in both
RYGB and SG. The effects of SG on gastrointestinal motility, gastric emptying, and decreased

acid secretion contribute to these deficiencies [112].

Studies indicate that the most frequently observed deficiencies post-surgery include vitamin
B12, folic acid, iron, thiamine (vitamin B1), vitamin D, and calcium. Deficiencies in fat-soluble

vitamins (A, E, K), as well as copper, zinc, and selenium, are also reported [112].

Certain vitamins, particularly vitamin B12, require factors produced in the stomach for proper
absorption. In SG, part of the stomach is resected, and in RYGB, the stomach is bypassed, both
of which impair B12 absorption [114]. The exclusion of the stomach in RYGB is thought to have

a greater impact on intrinsic factor production and B12 levels than SG [115].

Folate is absorbed mainly in the upper small intestine, a region bypassed in RYGB, leading to

a higher risk of folate deficiency [116]. Similarly, vitamins B1 and B6, absorbed in the
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duodenum and jejunum, are more significantly affected by RYGB since these parts of the

intestine are excluded from the digestive process [117-119].

These deficiencies can result in a wide range of symptoms and pathologies, some of which are
life-threatening. Despite the known prevalence of postoperative deficiencies, there is still

limited data on the exact impact of each bariatric procedure on specific nutrient levels.

International guidelines recommend lifelong vitamin and mineral supplementation, along
with regular biochemical monitoring, tailored to the specific bariatric procedure performed.
Organizations such as the British Obesity and Metabolic Surgery Society (BOMSS) and the
Enhanced Recovery After Surgery (ERAS) Society emphasize the importance of personalized

supplementation protocols to mitigate the risk of deficiencies [120, 121].

Although several studies have investigated these complications, inconsistencies in
methodology, such as variations in nutrient assessments, cut-off values, follow-up periods and
supplementation strategies, make it difficult to draw definitive conclusions. Ongoing research
is necessary to refine treatment protocols and improve outcomes for patients submitted to

MBS.

Post-Bariatric Hypoglycemia

Despite the significant benefits of metabolic surgery, particularly in RYGB, complications such
as PBH and dumping syndrome have been increasingly documented [122]. Postprandial
hyperinsulinemic hypoglycemia, a common form of PBH, usually arises one to three hours
after eating due to an exaggerated insulin response to carbohydrate intake [123-125]. Early
dumping syndrome, on the other hand, occurs within 30 minutes of a meal and is caused by
rapid gastric emptying, leading to gastrointestinal and vasomotor symptoms [126, 127]. PBH,
commonly referred to as postprandial hypoglycemia, can have a profound impact on Qol,
often resulting in compensatory overeating and subsequent WR [128]. It is reported that over
one-third of metabolic surgery patients experience postprandial hypoglycemia, though severe

cases occur in less than 12% of patients [129, 130].

PBH typically manifests several months or even years after surgery, especially in patients that
are younger, female, who experience significant postoperative weight loss and have high
preoperative insulin sensitivity [127, 128, 131, 132]. Diagnosing PBH is challenging and often
requires the presence of Whipple’s triad, usually confirmed through provocation testing [128,

132, 133]. Understanding the incidence and risk factors for PBH is crucial for optimizing care
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for bariatric surgery patients, highlighting the need for comprehensive preoperative

evaluation and ongoing postoperative monitoring.

Gastroesophageal reflux disease

SG has become a widely adopted procedure for severe obesity due to its effective weight loss
and improvement in comorbidities [134]. Despite these benefits, SG can significantly impact
stomach and esophageal function. Up to 20-60% of patients report GERD symptoms post-SG
[135-139], potentially due to the removal of the gastric fundus, reduced stomach volume, and
increased pressure in the remaining stomach. This has led to an increase in GERD and Barrett's
esophagus cases, possibly linked to biliary duodenogastric reflux [139-143]. Meta-analyses
show GERD symptoms in 19%—31.8% of SG patients, with de novo GERD in 23%—-31.6% [144],
and Barrett’s esophagus in 8%—-11%, often developing beyond three years without a direct

correlation to GERD [144-146].

RYGB is often preferred for obese patients with GERD due to its benefits, such as greater
weight loss, disconnection of the gastric body, decreased parietal cell secretion affecting the
distal esophagus, bile diversion, and reduced pressure on the lower esophageal sphincter
(LES) [147]. However, 24.4%-55.8% of patients may still experience GERD symptoms after
RYGB [148, 149], with reasons for persistent GERD not fully understood.

Revisional surgery for GERD is necessary in approximately 3.1%—-4.0% of SG patients [144,
150]. Guan et al. emphasized the importance of understanding potential revisions [150], and
Matar et al. found that 30% of patients converting from SG to RYGB did so primarily due to
GERD, with 79% achieving symptom resolution after the conversion [151]. Thus, despite the
advantages of RYGB, the interplay between GERD symptoms and hiatal hernia remains crucial,

even in patients undergoing laparoscopic RYGB [152, 153].
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C. FROM THE METABOLIC CHANGES TO THE SURGICAL ASPECTS

Metabolic changes of MBS

MBS induces significant metabolic changes that extend beyond simple weight loss. These
changes are largely influenced by alterations in gut hormones, particularly incretins and anti-
incretins, which play a pivotal role in glucose metabolism and energy balance. The "Hindgut"
and "Foregut" theories attempt to explain these changes in hormonal responses and their

subsequent metabolic effects [154].

The role of Incretins and Anti-Incretins

Incretins are a group of hormones that enhance insulin secretion in response to nutrient
intake, especially glucose. The two main incretins are GLP-1 and gastric inhibitory polypeptide
(also known as glucose-dependent insulinotropic polypeptide) (GIP). These hormones
stimulate insulin release from the pancreas and help regulate blood glucose levels [155]. After
MBS, particularly RYGB, there is a significant increase in the secretion of GLP-1, which leads

to improved glycemic control and even the remission of type 2 diabetes [156].

On the other hand, anti-incretins are theorized to oppose the actions of incretins by reducing
insulin sensitivity and promoting insulin resistance [157]. The modulation of both incretins

and anti-incretins is central to the metabolic effects seen post-surgery.

Hindgut and Foregut theories

The “Hindgut theory” suggests that after procedures like RYGB, the rapid delivery of
undigested nutrients into the distal small intestine (hindgut) stimulates the exaggerated
secretion of incretins like GLP-1 [158]. This increase in GLP-1 enhances postprandial insulin
secretion, suppresses glucagon release, and delays gastric emptying, all of which contribute
to improved glucose control and insulin sensitivity [159]. These changes, along with other
alterations in gut microbiota and BA metabolism, are thought to be key factors in the

improvement of metabolic diseases such as diabetes following surgery [160].

In contrast, the “Foregut theory” posits that bypassing the proximal small intestine (foregut),
especially the duodenum, prevents the secretion of anti-incretin hormones that might

normally impair insulin sensitivity and glucose metabolism [161]. By excluding the foregut
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from nutrient exposure, bariatric surgery may reduce or eliminate the secretion of these anti-

incretin factors, leading to improved insulin sensitivity and metabolic function [157].

Interplay between Incretins and Anti-Incretins

The balance between incretin and anti-incretin activity post-bariatric surgery likely
contributes to the rapid and sustained improvements in glucose metabolism. This balance
explains why metabolic surgery is often more effective than simple caloric restriction in
achieving long-term glycemic control. Both the hindgut and foregut mechanisms are
important, as they underscore the complexity of hormonal changes triggered by surgical

alterations to the gastrointestinal tract [159].

These metabolic changes are crucial in explaining why bariatric surgery is highly effective in
resolving conditions like T2DM, even before significant weight loss occurs [162]. Further
research into incretin and anti-incretin responses continues to provide insights into optimizing

bariatric surgery outcomes and enhancing our understanding of metabolic regulation [163].

Proximal — distal imbalance theory

The proximal-distal imbalance theory, proposed by Santoro, is a central concept behind
bipartition surgery [50]. This theory posits that metabolic regulation within the
gastrointestinal tract relies heavily on the interaction between the proximal and distal
segments of the small intestine. The balance of nutrient flow through these segments
significantly influences hormonal responses that govern glucose metabolism, appetite, and

energy expenditure.

According to the proximal-distal imbalance theory, modern dietary habits, characterized by
refined carbohydrates and high-calorie foods, lead to excessive stimulation of the proximal
intestine (duodenum and jejunum), while underutilizing the distal segments (ileum). The
proximal gut is responsible for early nutrient absorption and triggers the release of hormones
like GIP, which promotes insulin secretion and fat storage. However, in individuals with
obesity and metabolic syndrome, chronic stimulation of these pathways contributes to

metabolic dysregulation, weight gain, and insulin resistance [164].

Conversely, the distal small intestine, particularly the ileum, plays a key role in secreting GLP-

1 and peptide YY, hormones that enhance insulin sensitivity, delay gastric emptying, and
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promote satiety. However, in patients with obesity, nutrients often fail to reach the distal
segments in sufficient quantities, leading to an imbalance between the hormonal signals from

the proximal and distal gut [164].

Bipartition surgery, particularly TB, was developed to correct this imbalance by modifying the
route of nutrient passage through the gastrointestinal tract. TB allows part of the ingested
food to bypass the proximal intestine and reach the distal ileum directly, while still maintaining
partial function of the proximal segments [50]. This dual-path mechanism preserves nutrient

absorption in the proximal gut while stimulating the distal intestine.

Bipartition surgery improves metabolic outcomes by rerouting food to the distal gut, which
enhances the secretion of incretins like GLP-1 and reduces the overstimulation of GIP in the
proximal gut [164]. This hormonal balance improves glucose metabolism, insulin sensitivity,
and glycemic control, particularly in patients with T2DM. Unlike more extensive bypass
procedures such as RYGB, bipartition surgery maintains nutrient absorption, reducing the risk

of malabsorption, dumping syndrome, and nutritional deficiencies.

Hence, this theory highlights the importance of reestablishing the balance between different
segments of the small intestine, rather than focusing solely on restricting nutrient intake or
absorption [164]. The innovation of bipartition surgery, grounded in this theory, has expanded
the potential of MBS, offering an effective option for patients with obesity, T2DM, and other

metabolic disorders.

New surgical techniques

New surgical techniques in MBS are evolving to balance efficacy with potential side effects by
addressing the complex hormonal changes induced by surgery. These innovations build on our
understanding of incretins and anti-incretins, key hormones in glucose metabolism. For
example, procedures that enhance the secretion of GLP-1 can significantly improve glycemic
control and contribute to the remission of T2DM. However, the increased GLP-1 levels can

also raise the risk of PBH, a potential side effect that needs careful management.

Additionally, these techniques incorporate insights from the hindgut and foregut theories. The
hindgut theory suggests that stimulating the distal gut can enhance incretin release, improving
metabolic outcomes, while the foregut theory proposes that bypassing the proximal gut may
reduce hormones that impair insulin sensitivity. Modern surgical approaches aim to optimize

these hormonal responses to maximize benefits while minimizing adverse effects. By
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strategically targeting these mechanisms, new techniques seek to improve the overall efficacy
of MBS while carefully managing potential side effects such as nutritional deficiencies and

hypoglycemia.

Sleeve plus procedures

Laparoscopic RYGB has long been regarded as the gold standard procedure for the surgical
treatment of severe obesity and T2DM, owing to its well-documented efficacy in achieving
sustained weight loss and metabolic improvement. However, despite its effectiveness, RYGB
is associated with several long-term complications, including marginal ulceration, dumping
syndrome, iron deficiency anemia, osteoporosis, and the need for ongoing endoscopic
surveillance, which limit its broader applicability [165]. In contrast, laparoscopic SG is
technically simpler and associated with fewer postoperative morbidities, while still providing
significant improvements in obesity-related comorbidities. Nonetheless, the long-term
durability of SG has been questioned due to the frequent occurrence of weight regain and
recurrence of metabolic syndrome typically observed two to five years after surgery. These
shortcomings are thought to be related to the progressive dilation of the gastric remnant,

undermining the restrictive purpose of the procedure.

Recognizing the need for a surgical approach that combines the metabolic efficacy of RYGB
with the safety profile of SG, Huang and Katakwar in 2020 introduced the concept of “sleeve
plus” procedures [165]. This concept encompasses a spectrum of operations that integrate
sleeve gastrectomy with varying degrees of intestinal bypass — such as the BPD/DS, SADI-S,
loop duodenojejunal bypass, or TB — in order to optimize metabolic outcomes while
minimizing nutritional deficiencies and procedural morbidity. The rationale behind these
approaches reflects a growing understanding that obesity and diabetes are chronic,
multifactorial diseases influenced by complex interactions among gut hormones, the
microbiota, BA metabolism, and epigenetic mechanisms. Accordingly, sleeve plus procedures
represent a contemporary evolution in MBS, aiming to achieve a more physiological and

durable balance between efficacy, safety, and long-term metabolic benefit [165].
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Transit bipartition

MBS has evolved significantly, with novel techniques emerging to further enhance metabolic
outcomes beyond traditional approaches. One such innovative technique is TB, which builds
on the physiological principles of altering gut hormone responses to improve obesity

treatment and comorbid conditions such as T2DM.

TB was first described by Santoro et al. and represents a paradigm shift in surgical intervention
by integrating SG with a distinct method of gut partitioning. This approach leverages a
physiological and evolutionary rationale by amplifying the nutritive stimulation of the distal
gut while attenuating it in the proximal bowel. Unlike other techniques, TB does not exclude
the duodenum, aiming to mitigate the risk of nutritional deficiencies commonly associated

with other bariatric procedures [166].

In 2014, Mui et al. adapted the original TB approach, introducing a refinement known as the
SASI bypass. This modification involves performing SG followed by a loop gastroileostomy
placed 250 cm from the ileocecal valve. This adaptation simplifies the surgical process by
replacing the complex Roux-en-Y anastomosis with a simpler loop configuration, potentially
reducing surgical complexity while retaining the benefits for obesity and related metabolic

disorders [167].

Further research by Mahdy et al. in 2016, which included the first case series of 50 patients
with a 1-year follow-up, provided evidence supporting the efficacy of the SASI bypass. This
technique demonstrates comparable outcomes to the original TB approach but with a more
straightforward surgical execution. The SASI has shown promise in achieving effective weight
loss and improvement in comorbid conditions without the complications associated with

more complex anastomoses [168].

Several studies have explored the efficacy and safety of the SASI technique, noting variations
in the length of the common limb between 200 and 350 cm. This variability in surgical
technique has led to various terminologies, including “Laparoscopic sleeve gastrectomy with
loop bipartition” [169, 170], “Laparoscopic sleeve gastrectomy with loop gastroileal bypass”
[171], and “Laparoscopic sleeve gastrectomy with transit loop bipartition” [172]. These terms
reflect the adaptation and evolution of the procedure as it gains wider acceptance and

application.

In summary, TB and its adaptations represent a significant advancement in MBS by leveraging

the principles of incretin and anti-incretin modulation and the hindgut and foregut theories.
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These techniques aim to optimize metabolic outcomes through innovative surgical

approaches, enhancing the treatment of obesity and its associated metabolic disorders.

The role of Fundoplication sleeve gastrectomy (FSG) in GERD

Laparoscopic SG is the most frequently performed bariatric surgery globally but is associated
with a notable risk of de novo or recurrent GERD. Long-term studies have highlighted an
increased incidence of GERD and Barrett’s esophagus following LSG [137, 173]. This issue is of

particular concern as it can impact the overall QoL and outcomes in patients undergoing SG.

RYGB, the second most common bariatric surgery, is generally preferred for patients with
severe obesity and GERD, yet new studies have reported persistent or new GERD cases after
RYGB [152, 153]. Conversely, an alternative approach involves performing laparoscopic SG
combined with hiatal hernia repair (HHR) [174, 175]. A meta-analysis of 18 studies involving
937 patients showed that laparoscopic SG with HHR significantly reduced GERD symptoms,
esophagitis, and improved Qol [176]. A separate study comparing outcomes for patients who
underwent concurrent SG with HHR versus those who did not found that while concurrent
HHR increased the likelihood of additional abdominal operations and endoscopies, it did not
significantly impact the rate of bariatric revisions or conversions [177]. This suggests that while
concurrent HHR may lead to increased endoscopy rates, it does not commonly result in
bariatric revisions. Consequently, current evidence supports the repair of hiatal hernias
irrespective of the surgical approach, highlighting its importance in optimizing surgical

outcomes.

Despite its potential benefits, this combined procedure has been criticized for the risk of hiatal
hernia recurrence and the return of reflux symptoms [178]. Recent innovations include

creating anti-reflux valves during laparoscopic SG to address GERD more effectively.

Accordingly, to address GERD risks after SG and expand its use for patients with mild reflux,
several techniques have been proposed, including antireflux sleeve gastroplasty [179],
laparoscopic partial SG with fundoplication [180], Nissen-SG gastrectomy [181], Rosseti-SG
gastrectomy [182], Dor-SG fundoplication [183], and SG with the LINX® system [184].

Hence, despite the potential advantages of fundoplication and HHR, the available evidence is
often conflicting or limited, necessitating a careful evaluation of their roles in the context of
SG. The integration of these techniques into SG requires a thorough understanding of their

mechanisms, benefits, and limitations, as well as a consideration of patient-specific factors.
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Associated surgical procedures
The Impact of cholecystectomy in PBH

The exact physiological mechanism behind PBH remains unclear but is believed to involve
elevated insulin and GLP-1 levels following metabolic surgery. These are thought to be
triggered by rapid gastric emptying, leading to a glycemic spike that overstimulates pancreatic

beta cells, causing excessive insulin release and subsequent hypoglycemia [185].

Additionally, the gallbladder, which plays a vital role in BA homeostasis, is frequently removed
in patients undergoing metabolic surgery [186]. Cholecystectomy can increase enterohepatic
BA recycling, resulting in higher BA concentrations [187]. Postprandial insulin and C4 (a marker
of hepatic BA synthesis) levels have been found to be significantly higher in patients who have
undergone both metabolic surgery and cholecystectomy [188]. BAs are known to activate
intestinal cell receptors like Farnesoid X receptor (FXR) and Takeda G protein-coupled
Receptor 5 (TGR5), enhancing GLP-1 release, and increasing fibroblast growth factor 19, which
promotes glycogen synthesis [189, 190]. While there is growing interest in the role of

cholecystectomy in PBH, the scientific evidence on this top