
Bariatric Surgery 
From the Non-Surgical Approach to the  

Post-Surgery Individual Care

Edited by Nieves Saiz-Sapena  
and Juan Miguel Oviedo

Edited by Nieves Saiz-Sapena  
and Juan Miguel Oviedo

Written by experts in the field of bariatrics, this edited volume reviews the 
multidisciplinary process of treating the obese patient, from the reception of the 

obese patient and their dietary, social, and psychological evaluations to individual 
management, discharge, and follow-up. It offers a holistic approach, providing the 

knowledge required to implement treatment effectively. Chapters cover surgical 
procedures in the abdomen, physical exercise, psychological and social support, 

nutritional strategies, and pharmacologic options. This book is a valuable resource 
for physicians, surgeons, bariatric anesthesiologists, nutritionists, psychologists, 
nurses, physical therapy specialists, and others involved in the care of obese and 

overweight patients.

Published in London, UK 

©  2021 IntechOpen 
©  ArisSu / iStock

ISBN 978-1-83968-173-8

Bariatric Surgery - From
 the N

on-Surgical A
pproach to the Post-Surgery Individual C

are





Bariatric Surgery - 
From the Non-Surgical 
Approach to the Post-

Surgery Individual Care
Edited by Nieves Saiz-Sapena  

and Juan Miguel Oviedo

Published in London, United Kingdom





Supporting open minds since 2005



Bariatric Surgery - From the Non-Surgical Approach to the Post-Surgery Individual Care
http://dx.doi.org/10.5772/intechopen.87626
Edited by Nieves Saiz-Sapena and Juan Miguel Oviedo

Contributors
Walid El Ansari, Wahiba Elhag, Roberto Cattivelli, Anna Usubini Guerrini, Dörte Wichmann, Dietmar 
Stüker, Alfred Königsrainer, Rami Archid, Ulrich Schweizer, Michelle Bernadette C. Lim-Loo, 
Chih-Kun Huang, Valerie Chan, Kathleen Chua, Anwar Suhaimi, Brenda Saria Yuliawiratman, Veronica 
Mocanu, Daniel V. Timofte, Ioana Hristov, Nieves Saiz-Sapena, Juan Miguel Oviedo, Valentina Villa, 
Giorgia Varallo, Valentina Granese, Giada Pietrabissa, Gian Mauro Manzoni, Gianluca Castelnuovo, 
Enrico Molinari

© The Editor(s) and the Author(s) 2021
The rights of the editor(s) and the author(s) have been asserted in accordance with the Copyright, 
Designs and Patents Act 1988. All rights to the book as a whole are reserved by INTECHOPEN LIMITED. 
The book as a whole (compilation) cannot be reproduced, distributed or used for commercial or 
non-commercial purposes without INTECHOPEN LIMITED’s written permission. Enquiries concerning 
the use of the book should be directed to INTECHOPEN LIMITED rights and permissions department 
(permissions@intechopen.com).
Violations are liable to prosecution under the governing Copyright Law.

Individual chapters of this publication are distributed under the terms of the Creative Commons 
Attribution 3.0 Unported License which permits commercial use, distribution and reproduction of 
the individual chapters, provided the original author(s) and source publication are appropriately 
acknowledged. If so indicated, certain images may not be included under the Creative Commons 
license. In such cases users will need to obtain permission from the license holder to reproduce 
the material. More details and guidelines concerning content reuse and adaptation can be found at 
http://www.intechopen.com/copyright-policy.html.

Notice
Statements and opinions expressed in the chapters are these of the individual contributors and not 
necessarily those of the editors or publisher. No responsibility is accepted for the accuracy of 
information contained in the published chapters. The publisher assumes no responsibility for any 
damage or injury to persons or property arising out of the use of any materials, instructions, methods 
or ideas contained in the book.

First published in London, United Kingdom, 2021 by IntechOpen
IntechOpen is the global imprint of INTECHOPEN LIMITED, registered in England and Wales, 
registration number: 11086078, 5 Princes Gate Court, London, SW7 2QJ, United Kingdom
Printed in Croatia

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

Additional hard and PDF copies can be obtained from orders@intechopen.com

Bariatric Surgery - From the Non-Surgical Approach to the Post-Surgery Individual Care
Edited by Nieves Saiz-Sapena and Juan Miguel Oviedo
p. cm.
Print ISBN 978-1-83968-173-8
Online ISBN 978-1-83968-174-5
eBook (PDF) ISBN 978-1-83968-175-2



Selection of our books indexed in the Book Citation Index 
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 
For more information visit www.intechopen.com

5,500+ 
Open access books available

156
Countries delivered to

12.2%
Contributors from top 500 universities

Our authors are among the

Top 1%
most cited scientists

135,000+
International authors and editors

165M+ 
Downloads

We are IntechOpen,
the world’s leading publisher of 

Open Access books
Built by scientists, for scientists

BOOK
CITATION

INDEX

 

CL
AR

IVATE ANALYTICS

IN D E X E D





Meet the editors

Dr. Nieves Saiz-Sapena obtained an MD from the University of 
Valencia, Spain, in 1988. After a short stint at the Groote Schuur 
Hospital, Cape Town, South Africa, she specialized in anaes-
thesia and intensive care and obtained a Ph.D. (cum Laude) at 
the University of Navarra, Spain. Dr. Saiz-Sapena has more than 
twenty-five years of experience in the fields of bariatric surgery, 
neurosurgery, hostile environments, and difficult airways. She is 

an active member of several scientific international societies including the Interna-
tional Federation for the Surgery of Obesity and Metabolic Disorders (IFSO) and 
the Society for Obesity and Bariatric Anaesthesia (SOBA). She is also a reviewer for 
national and international scientific journals. Her teaching background includes the 
Universidad de Navarra, Universidad de Barcelona, Universidad Cardenal Herre-
ra-CEU, and Universidad Catolica de Valencia, both on site and online.

Dr. Juan Miguel Oviedo obtained an MD from the University of 
Sevilla, Spain, in 1992, after which he moved to Valencia, Spain, 
for his training as a specialist in general surgery. Since 2017, Dr. 
Oviedo has served as the coordinator of the Oesophagus-gastric, 
Bariatric, and Abdominal Wall Unit. He obtained his Ph.D. (cum 
laude) from the University of Valencia, Spain, in 2010, and has 
developed a teaching role at his hospital for the last ten years. He 

is also an active member of several scientific societies, including Sociedad Valenci-
ana de Cirugia, Asociacion Española de Cirujanos (AEC), Sociedad Hispanoameri-
cana de la Hernia (SOHAH), Sociedad Española de Cirugia de la Obesidad (SECO), 
and the International Federation for the Surgery of Obesity (IFSO).



Contents

Preface XI

Chapter 1 1
Introductory Chapter: Bariatric Surgery - Not Alone on This 
Long Road
by Nieves Saiz-Sapena and Juan Miguel Oviedo

Chapter 2 9
Subcutaneous Adipose Stem Cells in Obesity: The Impact 
of Bariatric Surgery
by Veronica Mocanu, Daniel V. Timofte and Ioana Hristov

Chapter 3 23
Psychological Considerations for Bariatric Surgery
by Anna Guerrini Usubini, Roberto Cattivelli, Valentina Villa,  
Giorgia Varallo, Valentina Granese, Giada Pietrabissa,  
Gian Mauro Manzoni, Gianluca Castelnuovo and Enrico Molinari

Chapter 4 35
Nutritional Deficiencies Post Bariatric Surgery: A Forgotten Area 
Impacting Long-Term Success and Quality of Life
by Wahiba Elhag and Walid El Ansari

Chapter 5 55
Bariatric Surgery—from the Non-surgical Approach to the Post-Surgery  
Individual Care: Role of Endoscopy in Bariatric Therapy
by Dörte Wichmann, Dietmar Stüker, Ulrich Schweizer,  
Alfred Königsrainer and Rami Archid

Chapter 6 75
Laparoscopic Sleeve Gastrectomy: Outcomes, Safety  
and Complications
by Wahiba Elhag and Walid El Ansari

Chapter 7 93
Sleeve-Plus Procedures in Asia: Duodenojejunal Bypass and Proximal 
Jejunal Bypass
by Michelle Bernadette C. Lim-Loo, Chih-Kun Huang, Valerie Chan  
and Kathleen Chua



XIII

1

9

23

35

55

75

93

Contents

Preface

Chapter 1 
Introductory Chapter: Bariatric Surgery - Not Alone on This 
Long Road
by Nieves Saiz-Sapena and Juan Miguel Oviedo

Chapter 2 
Subcutaneous Adipose Stem Cells in Obesity: The Impact 
of Bariatric Surgery
by Veronica Mocanu, Daniel V. Timofte and Ioana Hristov

Chapter 3 
Psychological Considerations for Bariatric Surgery
by Anna Guerrini Usubini, Roberto Cattivelli, Valentina Villa,  
Giorgia Varallo, Valentina Granese, Giada Pietrabissa,  
Gian Mauro Manzoni, Gianluca Castelnuovo and Enrico Molinari

Chapter 4 
Nutritional Deficiencies Post Bariatric Surgery: A Forgotten Area 
Impacting Long-Term Success and Quality of Life
by Wahiba Elhag and Walid El Ansari

Chapter 5 
Bariatric Surgery—from the Non-surgical Approach to the Post-
Surgery Individual Care: Role of Endoscopy in Bariatric Therapy
by Dörte Wichmann, Dietmar Stüker, Ulrich Schweizer,  
Alfred Königsrainer and Rami Archid

Chapter 6 
Laparoscopic Sleeve Gastrectomy: Outcomes, Safety  
and Complications
by Wahiba Elhag and Walid El Ansari

Chapter 7 
Sleeve-Plus Procedures in Asia: Duodenojejunal Bypass and Proximal 
Jejunal Bypass
by Michelle Bernadette C. Lim-Loo, Chih-Kun Huang, Valerie Chan  
and Kathleen Chua



II

119

141

Chapter 8 
Weight Regain and Insufficient Weight Loss after Bariatric Surgery: 
A Call for Action
by Wahiba Elhag and Walid El Ansari

Chapter 9 
From Prehab to Rehab: The Functional Restoration of a Bariatric Individual 
by Anwar Suhaimi and Brenda Saria Yuliawiratman

Preface

The World Health Organization (WHO) defines overweight and obesity as
“abnormal or excessive fat accumulation that presents a risk to health.” Although
obesity has been recognized as a health problem since the Middle Ages, it was not
until the last century that it attracted the attention of medical departments and 
public health institutions. It is the cause of more than 4 million deaths per year
worldwide due to not only metabolic or pathophysiological consequences but also
malnutrition and lack of self-care.

Being overweight is a problem that affects half the world’s population. The most
severe case is the United States, where more than 68% of adults are overweight
and 38% are obese. Obesity prevalence has increased globally in many countries
regardless of age, sex, race, and smoking status. It has been more noticeable in the
higher BMI cases (> 40 kg/m2) than in lower BMI categories (BMI < 35 kg/m2). 
However, causes in different countries are not fully understood.

Until the first half of the twentieth century, it was thought that persons gained
weight simply because they ate too much. As such, dieting was the logical treat-
ment to offer as well as the only treatment available. Nowadays, this thinking
is outdated. Obesity is a disease that affects physical, mental, and social well-
being. Multiple causes affect its development, and dieting is just one aspect of
treatment.

Scientific knowledge has increased exponentially in the last 50 years. Biochemistry,
pathophysiology, engineering, imaging resources, and computer science have all
contributed to a better understanding of how the body works from the architec-
tural to the molecular levels. In addition, psychology is a well-established science
whose primary goals are to describe, explain, predict, and change behaviour. It
helps individuals make constructive and lasting changes in their lives. Finally, social
well-being cannot be fully achieved without the previous two aspects of health
(physical and mental spheres).

There is a large amount of information on bariatric surgery, mainly on surgical 
techniques. Nowadays, the bariatric patient has to be considered as a whole, 
according to the WHO’s definition of health. Surgery alone has a low rate of success. 
Bariatric treatment requires teamwork as well as dietary, social, and psychological 
evaluations to establish an individualized management plan that includes discharge
and follow-up strategies. Besides surgical options, there are other options to offer
the obese patient, including physical exercise, psychological and social support, 
nutrition, and pharmacological options. More recently, enhanced recovery after
surgery (ERAS) protocols have highlighted the role of the anaesthesia team and 
perioperative care.

XII
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This book brings the reader closer to this multidisciplinary approach concept, 
exhibiting bariatric surgery from the non-surgical approach to post-surgery 
individual care, taking into account the wide range of professionals that deal with 
obese patients during and after treatment.
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Chapter 1

Introductory Chapter: Bariatric 
Surgery - Not Alone on This  
Long Road
Nieves Saiz-Sapena and Juan Miguel Oviedo

1. The actual burden of obesity

Obesity has become one of the leading problems worldwide and not only in 
first-world societies. Its prevalence rose steadily for seven decades, slowing down in 
the last ten years, especially in first-world countries, due to better prevention and 
treatment. Nevertheless, there are more overweight than underweight people in 
every region except sub-Saharan (but South Africa) and southeast Asian countries. 
Prevalence of obesity (BMI > 30%) is led by United States (38% population), Saudi 
Arabia (35%), Turkey, Egypt, Libya, and Canada (31–32%), and Australia (30%). 
In Europe, it affects 20–30% of the population, with the highest prevalence in the 
United Kingdom (29.5% population), followed by Hungary, Czechia, Lithuania, 
Greece, Bulgaria, Croatia, Spain, Ireland, Ukraine, Germany, Russia, and Poland 
(25.6%) [1–3].

Fat is an advancement in the evolution of the species as it allows for standing 
periods with no access to food and helps keep the body heat. But the convenient 
amount of adipose tissue has its limits, as too many fatty deposits are problematic 
for the skeleton, heart, pancreas, most inner organs and systems and a higher inci-
dence of certain types of cancer [4–7]. Since the dawn of humanity, those problems 
have existed and are undoubtedly well-known during the roman empire decadence 
period [8]. It was already a problem in medieval times, but nowadays, it has reached 
the size of a pandemic. One of the more fundamental reasons is easy access to fast 
food and the consumption of high carbohydrate diets, sugar-sweetened beverages, 
and a more sedentary lifestyle. It is also true that access to any food is easier than 
ever, but some individuals cannot easily control their appetite. No one will deny the 
combination of availability of high caloric content food plus little caloric expendi-
ture, but controlling their surge for food ingestion is not straightforward [9]. We all 
have known friends who had to be on a diet since early childhood because they were 
eating comparatively little, yet they kept putting on weight.

This book attempts to introduce the reader to the complex world of the treat-
ment of obesity from a multidisciplinary point of view, from the non-surgical 
approach to modern surgical techniques, considering the broad spectrum of areas 
that may be affected in those patients.

2. The non-surgical approach

Education since childhood about the value of healthy eating is, for many, the 
golden bullet. But as doctors, we know that even so for a few will not be enough 
[10, 11]. What to do then? We cannot stand still seeing how their global health and 
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quality of life deteriorate as they gain weight. So, modification of living style and 
adoption of healthy habits is taken as a real sacrifice. Then the next magic solution: 
bariatric surgery.

A “healthy living lifestyle” is often perceived as tedious, frustrating, tiring, 
too strict, not very social… but all these take us to two of the most critical issues in 
obesity. The first one is the psychological alteration these patients have. What was 
first? Did obesity lead to psychological damage? Or the other way round, is there a 
psychological foundation basis for obesity? In any case, psychological, dietary, and 
physical assessment, support, and treatment are necessary.

The second issue is the genetic propensity towards obesity. Adipose tissue works 
as an organ, with its own metabolic rules. And sometimes, not even the strongest-
minded person can overcome it. However, the knowledge of pathophysiology has 
helped to individualise the treatments.

Then the next “magic solution”: bariatric surgery. Preparation for such an event 
needs teamwork: dietitian, physiotherapist, psychologist, respiratory physician, 
endocrinologist, and even sometimes a personal trainer will help the patient jour-
ney to a new healthier life. Nevertheless, patients must follow a strict diet before the 
operation and change their minds about eating [12]. This necessary change in eating 
habits is, undoubtedly, the keystone for long term success. Therefore, there is an 
absolute need for the non-surgical approach to the bariatric patient.

3. Bariatric surgery

In the last 50 years, surgery and anaesthesia have developed exponentially 
compared to the previous centuries. Moreover, laparoscopy and anaesthesia-related 
devices and monitors have increased the safety and efficacy of surgical procedures. 
However, there is a 42 year time lapse from the first jejunum-ileal bypass of Kremen 
in 1951 [13] to the first laparoscopic bypass of Wittgrove in 1994 [14]. By then, 
restrictive procedures were being also introduced in bariatrics.

We all remember the adjustable gastric band in the eighties [15], which became 
a popular laparoscopic bariatric surgery in the nineties. Initially, patients lost weight 
but soon adapted to eat less and ate higher calory content [16, 17]. But, unfortunately, 
the band itself was also a source of many other problems like infections [18], migra-
tion [19], erosion [20] and even, on rare occasions to gastric perforation [21]. As a 
result, conversion to other bariatric surgical procedures has not been uncommon [22].

But with the new century also new choices came. Reducing the significant stomach 
curve to create a gastric sleeve with a smaller capacity was an innovative advance-
ment. Gagner published the first experience with sleeve gastrectomy as a stand-alone 
procedure in 2008 [23]. It has been the solution that has helped many maintain weight 
within reason [24]. At this moment, it is the most common bariatric surgery type, with 
very low morbidity and mortality rates, making it very safe not only as a stand-alone 
procedure but also as the first procedure for super-obese patients. But it demands that 
the patient collaborates and does not do as in the gastric band: eating less but more 
times and with food with a high calory content [25]. The removal of the part of the 
stomach that segregate ghrelin helps controlling appetite, which is seen as one of the 
significant advantages of the procedure from the psychological point of view.

4. The post-surgical individual care

But both psychologists and nutritionists will have the most critical role at this 
stage. Regardless of the type of surgery, all patients need to change their habits to 
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healthier ones, including diet, exercise, and life. In addition, family, friends, work-
place, and sometimes even home need to adapt or collaborate to create a favourable 
and positively stimulating environment, addressed to a new life.

Changing eating habits is complicated, as homemade food needs to be increased, 
but sometimes there is little time. Another drawback is that some patients (most 
commonly those who underwent malabsorptive procedures) present iron [26] or 
vitamin B12 absorption problems [27], which might need surveillance and dietary 
supplementation in this respect [28].

5. Other challenges

Despite all efforts, sometimes surgery fails, and there is the weight regain. It 
is more common in the case of restrictive procedures, as sleeve gastrectomy. For 
those cases, new and ingenious surgical techniques were created [29, 30]. The 
basic concept is that reducing the length of the small intestine will proportionally 
reduce nutrient absorption [31]. Therefore, even if the patient overeats, it will not 
put on weight. But, sadly, the absorption of vital elements like vitamins will also be 
jeopardised, and these patients will need close, continuous medical surveillance and 
chronic dietary supplements [32–34].

Another serious challenge has been the anaesthetic and the surgical procedure 
themselves.

The anaesthetic itself is full of scary moments [35]. Intubating these thick necks 
are not that easy, especially when also arthrosis appears with age. Getting good 
venous and arterial lines can prove exasperating. The lung and heart functions are 
already at their limits, only to mention a few challenges [36, 37]. Nevertheless, the 
whole endocrine system is altered because of adipose tissue, with its way of behav-
ing in metabolism terms, and we can carry on.

As far as surgery is concerned, the introduction of endoscopic techniques in 
the nineties made it possible to reduce surgical aggression regarding access to the 
anatomical structure to be treated, be it the stomach or the small intestine  
[38]. But with this advancement, another challenge arose. Insufflating CO2 inside 
the abdominal cavity to get space for the surgical manoeuvres increases the 
abdominal pressure, pushing the diaphragm, thus increasing intrathoracic  
pressures [39]. Another challenge for the anaesthesiologist is the juggling to 
keep the venous return and the cardiac output within reasonable functional 
limits [40].

The final challenge is the patient. First, because lifestyle changes need to be 
maintained, the team must support the patient, but the patient must cooperate 
in the months following and the rest of their life. Second, the scars of the whole 
process will be there, showing up in the form of skin laxity, which will require, on 
many occasions, plastic surgery intervention, which will, in turn, will also leave 
its scars.

6. Conclusion

Hence, this book attempts to be a global thought on obesity and its treatment 
before, during and after the surgery itself, and, most importantly, in the following 
months and years [41]. After all, nothing is less disheartening than seeing how 
relentlessly some patients put back some if not all the weight lost after the bariatric 
surgery because long term eating habits prove to be as essential as stomach or small 
intestine reduction [42, 43].
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Nevertheless, other essential aspects of treatment need attention before and 
after bariatric surgery, such as physiotherapy, micronutrient deficiencies, and 
psychological attention. And yet, this is not all. Many will need repeated plastic 
surgical procedures to recover a body image they can feel proud of, and finding a 
new job or a promotion in the present or a new sentimental relationship are final 
aspects to consider [44–47].

To conclude, obesity is much more than just a high body mass index. It entails 
lousy eating habits, many coming from a faulty family raising, a change in mentality 
about what eating must mean to keep a healthy body and understanding that others 
are not going to be of help through a bariatric surgery if the patient him or herself 
do not take an active part in the process. Bariatric surgery is a long way, but neither 
the patient nor the surgeon is alone. Our role as doctors in the process is tiny, and we 
are members of a team that will have to be around this process for long and watch 
for any aspect that can be improved through our help and care.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Chapter 2

Subcutaneous Adipose Stem Cells 
in Obesity: The Impact of Bariatric 
Surgery
Veronica Mocanu, Daniel V. Timofte and Ioana Hristov

Abstract

Adipocyte expansion, which involves adipose tissue-derived mesenchymal stem 
cells (ASCs), is a critical process with implications in the pathogenesis of metabolic 
syndrome and insulin resistance associated with obesity. Impaired subcutaneous 
adipogenesis leads to dysfunctional, hypertrophic adipocytes, chronic low-grade 
inflammation, and peripheric insulin resistance. Alternatively, it has also been 
proposed that the preservation of the functionality of subcutaneous adipocyte 
precursors could contribute to some obese individuals remaining metabolically 
healthy. Very few studies evaluated the changes in the adipogenic differentia-
tion for human subcutaneous ASCs following bariatric surgery. Weight loss after 
bariatric surgery involves extensive remodeling of adipose tissue, comprising the 
hyperplasia-hypertrophy balance. Subcutaneous ASCs may be implicated in the 
variations of bariatric outcomes, through a different restoration in their prolifera-
tive and adipogenic potential. Weight loss induced by bariatric surgery correlates 
to the subcutaneous ASC functions and could explain the variability of metabolic 
improvement. Limited research data are available to the present and these data 
support the importance of diagnosis of subcutaneous ASCs functions as predictors 
of metabolic improvement after bariatric surgery.

Keywords: obesity, bariatric surgery, adipose tissue, adipose-derived stem cells

1. Introduction

Excess fat accumulation in adipose tissue causes obesity, which increases the 
risks of metabolic syndrome, diabetes, cardiovascular disease, and cancer. White 
adipose tissue (WAT) includes subcutaneous and visceral adipose tissue (SAT and 
VAT) with different metabolic features. SAT protects from metabolic disorders, 
while VAT promotes them [1].

SAT is the most important adipose tissue deposit and is characterized by its 
capacity to expand in reponse to surplus of energy. However, in the context of 
obesity, when the storage capacity of SAT is exceeded, fat is stored in other unde-
sirable sites such as visceral depot or non-adipose organs (liver, skeletal muscle, 
myocardium, and pancreas). Impaired adipocyte development is associated with 
insulin resistance, so hypertrophic SAT is an important link with obesity-induced 
metabolic dysfunctions [2].
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Adipocytes come from mesenchymal stem cells in the stroma of adipose tissue. 
These mesenchymal stem cells become preadipocytes when they lose their ability to 
differentiate into other mesenchymal lines and intervene in the adipocyte line. The 
second phase of adipogenesis is terminal differentiation, through which preadipo-
cytes acquire the characteristics of mature adipocytes, acquiring lipid droplets and 
the ability to respond to hormones such as insulin. Terminal differentiation consists 
of a cascade of transcriptional events [3].

The number of mature adipocytes present in adipose tissue is largely deter-
mined by the ability of the limited number of preadipocytes to undergo the process 
of differentiation and the availability of mesenchymal cells to be differentiated into 
new preadipocytes when necessary [3]. Because new adipocytes are considered 
protective against metabolic dysfunction, it is plausible that the maladaptive adi-
pogenesis could be involved in the pathogenesis of metabolic syndrome and insulin 
resistance associated with obesity [4]. In vitro studies have confirmed a decrease in 
the ability of adipogenic differentiation of ASCs in obese people.

The individual “set point” and the ability to expand the SAT depends on both the 
individual’s genetic background and lifestyle. Studies have shown that obese people, 
metabolically healthy, have preservation of the architecture and functionality of 
adipose tissue. Women can recruit new fat cells in the femural or gluteal region at 
maturity. This ability to expand lower-body fat may reduce the abdominal subcuta-
neous adipocyte hypertrophy and the accumulation of ectopic visceral fat in obese 
women. By contrast, the reduced ability to expand SAT in lower-body region is 
observed in men and this is accompanied by the accumulation of fat in subcutane-
ous abdominal and visceral adipose tissues [5].

Adipocyte expansion, which involves adipose tissue-derived mesenchymal stem 
cells (ASCs), is a critical process with implications in the pathogenesis of metabolic 
syndrome and insulin resistance associated with obesity. Impaired subcutaneous 
adipogenesis leads to dysfunctional, hypertrophic adipocytes, chronic low-grade 
inflammation, and peripheric insulin resistance. Alternatively, it has also been 
proposed that the preservation of the functionality of subcutaneous adipocyte pre-
cursors could contribute to some obese individuals remaining metabolically healthy. 
Very few studies evaluated the changes in the adipogenic differentiation for human 
subcutaneous ASCs following bariatric surgery. Weight loss after bariatric surgery 
involves extensive adipose tissue remodeling, implicating mechanisms underlying 
adipose tissue plasticity, and the adipogenic potential.

2. Subcutaneous adipose stem cells

Isolation of subcutaneous human adipose stem cells
SAT consists predominantly of adipocytes, but also contains other cell popula-

tions generally referred to as the stromal vascular fraction (SVF). Studies from the 
1970s first revealed that fibroblast-like cells from the cultures of the SVF [stromal 
vascular cultures (SVCs)] could be propagated and differentiated into mature 
adipocytes in vitro. These in vitro stromal vascular-derived adipocytes, named 
adipose stem cells (ASCs), molecularly resemble the adipocytes found in their 
depot of origin [6]. After the isolation and proliferation of these ASCs, they can be 
used for the experimental study of the molecular processes in regulating adipocyte 
differentiation [7].

SAT can be isolated by a minimally invasive liposuction procedure. Tissue 
separation studies have involved the adipose stromal and vascular compartment 
as the site of origin of adipose stem cells. The SVF is operationally defined as a 
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heterogeneous mixture of cells, isolated by enzymatic dissociation and density-
based separation, a procedure designed to remove the group of cells that were in the 
deposits around the floating adipocytes. These stromal-vascular cells represent a 
rich potential resource for examining a variety of ambiguities relevant to adipogen-
esis as well as regenerative medicine [8].

Identification of human subcutaneous adipose stem cells
Multiple cell-surface makers were demonstrated for ASC identification. The 

ASC immunophenotype should display the following typical marker profile for 
stromal cells: CD44, CD73, CD13, CD90, CD29 positive, and CD34 positive, but 
CD31, and CD45 negative [9]. Subcutaneous-ASC markers included CD10 and 
CD141 as potential cell-surface makers [10].

Compared with visceral-ASCs, subcutaneous-ASCs expressed a high level of 
CD90 and showed increases in proliferation, mitotic clonal expansion, and adipo-
genic differentiation. CD90 silencing inhibited proliferation and mitotic clonal 
expansion of subcutaneous-ASCs [1].

Adipogenic differentiation
Adipogenesis is the process of cell differentiation from stem cells to adipocytes. 

During this process, the ASCs will divide into two cells, where one cell keeps the 
stemness and the other cell can commit to the adipogenic lineage and become 
preadipocyte. The preadipocytes are fibroblast-like cells that are morphologically 
indistinguishable from the mesenchymal precursors but they lose their capacity 
to differentiate into other cell types (osteocytes, chondrocytes, myocytes, etc. The 
preadipocyte can terminal differentiate and acquire the characteristics of mature 
adipocytes, including lipid synthesis, insulin sensitivity, and the secretion of adipo-
cyte-specific proteins. The terminally-differentiated adipocytes are characterized 
by a large unilocular lipid droplet and their main function is energy storage [11].

Adipogenesis is a well-orchestrated process that requires sequential activation 
of numerous transcription factors, including the CCAAT gene family/enhancer-
binding protector (C/EBP) and peroxisomal proliferator-activated receptor-γ 
(PPAR-γ) [12]. The molecular mechanisms of adipogenesis involve stimulators and 
inhibitors. Adipogenic stimulators are represented by peroxisome proliferator-
activated γ receptor (PPAR γ), insulin-like growth factor I (IGF-1), macrophage 
colony-stimulating factor, fatty acids, prostaglandins, and glucocorticoids. The 
inhibitors are Wnt, transforming growth factor-β (TGF-β), inflammatory cyto-
kines, and growth hormone. Adipogenesis could be also influenced by age, gender, 
adipose depot, and lifestyle [13].

In vitro studies showed that mRNA expression level of CD10 of subcutaneous-
ASCs increased after adipogenic stimuli, and this increase positively correlated 
with those of adipogenic markers, PPARG and aP2. In contrast, the CD200 level 
decreased after adipogenesis was initiated and exhibited a negative correlation with 
adipogenic markers [10].

Microenvironment of ASCs
Stem cells are found in a specialized environment, a niche, which controls many 

aspects of cell behavior - activity, proliferation, and differentiation The micro-
environment of the subcutaneous stem cell (niche) refers to a specific location în 
which the adult subcutaneous cells reside and interact with ASCs and other cells or 
substrates. The surrounding microenvironment of ASCs provides signals that keep 
ASCs quiescent or promote either proliferation or differentiation. However, the 
niche function is to prevent ASC proliferation or differentiation. Several important 
factors regulate ASCs’ characteristics within the niche, including cell–cell and 
cell-extracellular matrix (ECM) relationships, growth factors, oxygen tension, and 
cytokine signals [11].
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3. Subcutaneous ASCs differentiation in obesity

In obese patients, adipose tissue expands by differentiating preadipocytes into 
adipocytes (adipogenesis) and/or hypertrophy of existing adipocytes. Adipocytes 
hyperplasia is the alternative optimal process for sustaining the high demand 
for lipid storage, through the activation of multipotent stem cells, leading to the 
generation of new mature adipose cells, but it has a limited and individualized 
capacity [14, 15].

The low adipogenic capacity of subcutaneous ASCs may result in a dysfunctional 
tissue, because it leads to adipocyte hypertrophy, causing the accumulation of 
inflammatory macrophages; insulin resistance; and also the accumulation of ectopic 
fats in the liver, muscles, kidneys, and pancreas [16–21].

The subcutaneous ASC functions are altered in obese patients. The literature 
review on the relationship between obesity and adipogenic differentiation capacity 
of mesenchymal stem cells originating in subcutaneous adipose tissue obtained 
from pre-surgical obese patients are shown in Table 1.

Several studies found that lipid accumulation in hypertrophic subcutaneous 
adipocytes evaluates the expansion capacity of the pre-adipogenic mesenchymal 
cell line and lipid overloaded adipocytes are associated with a poor metabolic 
profile for obese patients [28–30]. The subcutaneous adipose tissue represents 90% 
of total fat mass, it has the potential to greatly affect systemic insulin resistance via 
adipokine secretion in obese persons [31].

The obese population is known to be at high risk for cardio-metabolic diseases. 
Insulin resistance evaluation by HOMA-IR is considered as a good cardiovascular 

Study (authors, 
year)

Results regarding adipogenesis Particularities (group/study)

De Girolamo  
et al., 2013 [22]

Reduced ASCs proliferation and 
slightly reduced differentiation 
in obese vs. non-obese patients;

Human subcutaneous ASCs from bariatric obese 
patients (BMI > 35 kg/m2, N = 8) vs. non-obese 
(BMI < 30 kg/m2, N = 7);

Frazier et al.,  
2013 [23]

Reduced ASCs proliferation in 
overweight patients, without 
significant effect on adipogenic 
differentiation;

Human lipo-aspirate isolated ASCs overweight 
patients (BMI > 25 kg/m2, N = 6) vs. normal 
weight patients (BMI < 25 kg/m2, N = 8);

Hristov et al.,  
2019 [24]

Reduced adipogenic potential. 
Negative correlations with 
HOMA-IR and leptin/
adiponectin ratio.

Human subcutaneous ASCs from bariatric  
obese women (N = 20; BMI = 45 ± 10 kg/m2)  
and normal weight women  
(N = 7; BMI = 24.5 ± 2.5 kg/m2);

Muir et al.,  
2016 [25]

No difference in preadipocyte 
frequency between DM and 
NDM subjects was observed 
in SAT.

Human subcutaneous ASCs from bariatric obese 
patients: diabetic, DM (BMI =47 kg/m2; N = 34) 
and non-diabetic, NDM (BMI =47 kg/m2; N = 48)

Oliva-Olivera  
et al., 2017 [26]

Reduced adipogenic gene 
expression in overweight 
patients;

Human subcutaneous ASCs; overweight patients 
(BMI > 25 kg/m2, N = 20) vs. normal weight 
patients (BMI < 25 kg/m2, N = 40);

Pachón-Peña  
et al., 2016 [27]

Reduced proliferation and 
migration capacity, and reduced 
adipogenic differentiation 
potential independent of oxygen 
tension;

Human lipo-aspirate isolated ASCs from obese 
patients (N = 8; BMI: 35 ± kg/m2) and normal 
weight patients (N = 8; BMI = 23 ± 1 kg/m2);

Table 1. 
Relationship between subcutaneous ASCs and obesity in pre-surgical patients.
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risk predictor [32], is also demonstrated as a valuable criterion for identifying obese 
individuals with a higher mortality risk by Hinnouho et al. [33].

Insulin resistance and its cardio-metabolic consequences are closely associated 
with disturbances of fat metabolism, as it was demonstrated that exceeding the sub-
cutaneous adipose tissues storage capacity results in fatty acid infiltration of insulin 
target tissues like the skeletal muscle and the liver [34], a phenomenon known as 
lipotoxicity that is intimately related to the development of insulin resistance.

The estimated prevalence of obese patients without metabolic syndrome criteria 
in a recent meta-analysis is 35% of the obese patients [35], so it becomes important 
to better understand the particularities of adiposity expansion in these obese 
patients that do not develop insulin-resistance or associated metabolic disturbances.

Effects of hyperglycemia and oxidative stress on subcutaneous ASC adipogenesis
Diabetes impairs the angiogenic potential of adipose-derived stem cells by selec-

tively depleting cellular subpopulations. Studying adipogenic potential of adipose 
tissue-derived from diabetic type 1 or type 2 mice, Rennert et al. [36] observed 
depletion of putative ASCs (CD45-/CD31-/CD34+ cells) within the diabetic SVF, 
which was consistent with the signaling dysfunction seen in this environment.

Recent studies have shown the widespread downregulation of mesenchymal 
stem cell markers in the SAT of diabetic rats. ASCs derived from obese mice [37] 
and Zucker diabetic fatty rats [38] exhibited a reduced capability for adipogenic 
differentiation associated with a decreased expression of related genes insulin 
receptor substrate 1 (IRS1), insulin receptor substrate 2 (IRS2), and adipocyte fatty 
acid-binding protein (aP2 or FABP4) compared with mouse control ASCs.

The oxidative stress generated by hyperglycemia has deleterious effects on 
proliferation, survival, homing, and angiogenic capacity of ASCs derived from the 
stromal vascular fraction [11, 39, 40]. Hyperglycemia up-regulates reactive oxygen 
species (ROS) production, suppresses the nitric oxide (NO) synthesis pathway, 
thereby may impair the regenerative function of ASCs. Impaired adipogenesis and 
IR were associated with increased 4-HNE, increased 8-hydroxy-2-deoxyguanosine 
(8-OHdG), increased cholesterol oxidation-derived oxysterols [41]. Also, it was 
demonstrated that the heme oxygenase-1 inhibited proliferation and differentia-
tion of preadipocytes at the onset of obesity via reactive oxygen species-dependent 
activation of Akt/PKB (protein kinase B) in obese mouse models [42].

The mechanism of decreased number of stem cells in murine diabetic adipose 
tissue may involve the activation of hyaluronan synthases in intracellular membrane 
compartments [43]. The study by Han et al. [44] showed that extended extracellular 
hyaluronan matrices were found around adipocytes in obese mice. The matrix was 
infiltrated with macrophages, which would otherwise accumulate because adipo-
cytes would continue to synthesize and extrude hyaluronan indefinitely in response 
to sustained hyperglycemia. The stem cells that divide into hyperglycemia (> 2.5 
times normal) are heading for pathological adipogenesis in response to glucose 
stress and that subsequent cell divisions along this pathway could contribute to the 
expanded population of fat cells in adipose tissue in diabetes.

Effects of pro-inflammatory signals on subcutaneous ASC adipogenesis
Obesity is characterized by the accumulation of diverse immune cells in both the 

subcutaneous and visceral expanding fat depots, even though macrophage infiltra-
tion appears to be more prominent in the latter [45]. The presence of macrophages 
in the human SAT is causally related to impaired ASCs differentiation, which in turn 
is associated with systemic IR. A negative correlation between SAT adipogenesis, 
but not VAT, and systemic IR was observed [46]. Moreover, lipid-laden adipocytes 
produce increased levels of cytokines such as Interleukin 6 (IL-6), IL-1β, IL-8, 
TNF-α, and monocyte chemoattractant protein-1 (MCP-1), which can inhibit 
preadipocyte differentiation [41].
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To investigate the inflammatory state in diabetes, the levels of IL1β, IL-6, and 
TNFα were measured. Numerous studies have shown these cytokines reduce adipo-
genesis. In patients with diabetes, IL-1β has been shown to induce insulin resistance 
(IR) in adipocytes by reducing IRS-1 regulation. Also, decreased IRS-1 expression 
has been reported to inhibit adipogenesis by decreasing CEBPα and PPARγ. Finally, 
the expression of SIRT1 is downregulated compared to that of healthy cells, this 
finding is consistent with other studies showing that inhibition of this enzyme 
increases senescence and reduces the proliferation of MSCs, losing their adipogenic 
potential [21].

Recent studies revealed that IL-6 may be a good marker of subcutaneous adipose 
tissue inflammation and it is inversely related to adipogenic capacity. Subcutaneous 
ASCs derived from insulin-resistance obese individuals exhibited a lower pro-
adipogenic and higher anti-adipogenic gene expression profile This diminished 
adipogenic potential of ASCs may be a consequence of a preponderance of large 
adipocytes, prone to forming inflammatory foci. Markers of oxidative stress were 
also elevated in the IR state. Thus the related scenario of inflammation and oxida-
tive stress is a likely mediator of increased IL-6 secretion in this depot [47].

4. Bariatric surgery impact on subcutaneous ASCs differentiation

Bariatric surgery is widely acknowledged as the most effective treatment for 
obesity (Frikke-Schmidt, O’Rourke et al. 2016). The most obvious effect of bariatric 
surgery is a loss of up to half of the total adipose tissue mass within the first year 
after surgery along with improvements in systemic metabolism.

Weight loss after bariatric surgery involves extensive remodeling of adipose 
tissue, comprising the hyperplasia-hypertrophy balance. The bariatric interven-
tion has variable results, with up to 35% of patients achieving suboptimal weight 
loss [48]. ASC adipogenic potential correlates of metabolic disease and therapeutic 
responses are poorly defined. Very few published data that correlate changes in 
weight loss induced by bariatric surgery and preadipocyte functions (Table 2).

In obesity, subcutaneous ASCs have abnormal functions in terms of angiogenic 
differentiation, proliferation, migration, viability, and an altered and inflammatory 
transcriptome [51, 52]. Weight loss partially rescues some of the aforementioned 
features.

An important improvement in glycemia is seen in obese patients with diabetes 
who undergo bariatric surgery, even before clinically significant weight loss occurs. 
A decrease of 50% in HOMA-IR is seen within 1 week following surgery [53]. 
Partial or total remission rates in type 2 diabetes as high as 80–90% have been 
observed to occur following bariatric surgery [54, 55].

Few studies have successfully measured local inflammation within subcutaneous 
adipose tissues after surgery in human studies. However, these limited findings do 
indicate that adipose tissue infiltration decreases [56]. A shift in the distribution of 
the remaining macrophages was also observed, including two features: 1) disap-
pearance of CLS, and 2) macrophages located near blood vessels [56]. The studies 
that investigated the impact of bariatric surgery on mRNA expression of total mac-
rophage cell marker CD68 in abdominal subcutaneous AT and showed a significant 
CD68 mRNA expression levels were significantly decreased 12 and 24 months after 
bariatric surgery but not after 6 months [57–60].

Studies in rodents suggest that although subcutaneous ASCs derived from mice 
with partial weight loss present an improved proliferative ability, lipid accumula-
tion was lower than in control differentiated ASCs. The inefficient lipid storage 
could indicate that after weight loss, ASCs do not recover the ability to differentiate 
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to the adipocyte lineage. These studies indicate that reduced energy intake might 
create a protective environment [37].

Mitterberger et al. [49] provided evidence suggesting that long-term caloric 
restriction-induced by diet and bariatric surgery reduced DNA-damage, improved 
viability, extended replicative lifespan, and reduced adipogenic differentiation 
potential of subcutaneous ASCs in formerly obese women.

Muir et al. [48] observed a relationship between pre-surgical subcutaneous 
ASCs frequency and surgery-induced weight loss only in women, suggesting 
different sex-specific mechanisms of tissue remodeling associated with bariatric 
surgery weight loss responses. [48]. These findings indicate that the diagnosis of 
ASCs functions pre-bariatric surgery could predict the level of metabolic changes 
following bariatric surgery. This data would allow specialists to establish some 
criteria for the selection of obese patients with metabolic comorbidities for whom 
bariatric surgery would have the greatest benefit.

5.  Diagnosis of abdominal subcutaneous ASC differentiation as a 
predictor of weight loss and metabolic outcome in bariatric patients

Large evidence indicates that enlargement of adipocytes in obesity is associated with 
low-grade chronic inflammation which further leads to abnormal adipokine release and 
impaired glucose metabolism [61]. In obese patients with associated diabetes mellitus, 
VAT contains larger adipocytes and fewer preadipocytes as compared to SAT [62]. 
However, studies that examined the relationship between generalized and regional adi-
posity and insulin sensitivity in type 2 diabetic patients concluded that upper-body SAT 
(abdominal) plays a major role in obesity-related insulin resistance in comparison to 
visceral or retroperitoneal fat. These results suggest that upper-body SAT had a stronger 
correlation with insulin sensitivity than VAT among type 2 diabetic men [16].

Study (authors, year) Results regarding adipogenesis Particularities (lot/study)

Mitterberger  
et al., 2014 [49]

Higher adipogenic differentiation 
rates for ASCs from former obese 
patients after significant lifestyle 
intervention weight loss;

Human subcutaneous ASCs from obese, 
OD (N = 4, BMI ≥ 30 kg/m2), long-term 
calorically restricted initially obese, CRD 
(N = 4, former BMI ≥ 30 kg/m2, current 
BMI ≤ 30) and normal weight, NWD 
(N = 4, BMI 19–25 kg/m2).

Muir et al.,  
2017 [48]

A direct correlation between 
pre-bariatric subcutaneous 
ASC frequency and weight loss 
(12 month-%TWL);

Human subcutaneous ASCs from 
bariatric obese patients: diabetic, DM 
(BMI =46 kg/m2; N = 37); prediabetic 
PRE (BMI =48 kg/m2; N = 26), and non-
diabetic, NDM (BMI =46 kg/m2; N = 32)

Silva et al.,  
2015 [50]

The ASCs from post-bariatric 
surgery ex-obese patients 
showed the highest levels of lipid 
accumulation whereas those from 
the obese women had the lowest 
levels. ASC behavior is altered 
in the subcutaneous adipose 
tissue of morbidly obese women; 
these changes are not completely 
restored after bariatric surgery-
induced weight loss.

Human subcutaneous ASCs from 
bariatric obese women (N = 12, 
BMI = 46.2 ± 5.1 kg/m2) and post  
bariatric surgery ex-obese women  
(N = 7, initial BMI = 47.8 ± 1.3 kg/m2)  
and normal-weight women (N = 6, 
BMI = 27.5 ± 0.5 kg/m2; final 
BMI = 28.1 ± 1.1 kg/m2)

Table 2. 
Relationship between subcutaneous ASCs and weight loss induced by surgical interventions.
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Studying the response to overfeeding in upper- and lower-body SAT, 
Tchoukalova et al. [63] reported the hypertrophy of upper-body (abdominal) 
adipocyte and hyperplasia of lower-body (gluteofemoral) adipocyte to over-
feeding in healthy men. In morbidly obese women with normal plasma glucose 
concentrations, mean adipocyte volume was larger in VAT than that in SAT, but 
these two depots did not differ in the proportion of small adipocytes. The ability 
of metabolically healthy obese to expand lower-body fat is a protective mechanism 
involving a hyperplastic response to energy overload. High rates of adipogenesis 
were associated with a smaller size of abdominal subcutaneous adipocytes, lower 
waist-to-hip ratio, and more favorable metabolic profile [63].

In bariatric patients, the adipocyte size and the preadipocyte content were 
assessed in SAT (abdominal) and VAT (greater omentum) by Muir et al. [25]. 
They observed modest correlations between adipocyte size and weight loss only in 
VAT. Independently of adipocyte size, the surgery-induced weight loss (12 month-
%TWL) was direct correlated with pre-surgical preadipocyte frequency only in 
female subjects and this correlation was more robust in SAT than VAT.

Recently, CT-derived radiodensity measurement has been validated against 
ex-vivo adipose tissue samples for the assessment of tissue lipid. In morbidly obese 
patients, lower CT-derived adipose tissue radiodensity (corresponding to higher 
lipid content) in abdominal fat depots was associated with metabolic disorders 
[64, 65]. The post-surgery increase in abdominal SAT and VAT radiodensities 
reflecting decreased lipid content, increased tissue blood flow rate, and diminish-
ing adipose inflammation was associated with a favorable metabolic state.

There is a growing body of evidence to suggest that studying the abdominal 
subcutaneous ASCs differentiation using biopsies or adipose CT radiodensity is 
important to understand the tissue responses to weight loss. The diagnosis of the 
adipogenic potential of abdominal subcutaneous ASC could predict the weight-loss 
and metabolic outcome in obese patients following bariatric surgery.

6. Conclusions

Subcutaneous ASCs may be implicated in the variations of bariatric outcomes, 
through a different restoration in their proliferative and adipogenic potential. 
Weight loss induced by bariatric surgery correlates to the subcutaneous ASC func-
tions and could explain the variability of metabolic improvement. Limited research 
data are available to the present and these data support the importance of diagnosis 
of subcutaneous ASCs functions as predictors of metabolic improvement after 
bariatric surgery.
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Abstract

Obesity management requires a multidisciplinary, integrated treatment 
 composed of medical, nutritional, physical, and psychological interventions. 
Currently, bariatric surgery is the most suitable treatment available in case of 
severe obesity, or obesity with comorbid medical conditions. Despite bariatric sur-
gery results in a significant weight loss in most of the cases, a not-inconsiderable 
 portion of patients does not achieve relevant outcomes, in terms of limited weight 
loss or weight regain due to psychological problems. The pre-operative evalua-
tion of the psychological conditions of the candidates for bariatric interventions 
and pre/post-surgical psychological support is required in order to achieve the 
desired post-operative outcomes for a long time. In this chapter, we will elucidate 
the core components of the psychological assessment of bariatric candidates. 
Moreover, the main directions for the pre/post-surgery psychological support will 
be provided.

Keywords: obesity, obesity management, bariatric surgery, psychological 
assessment, psychological support

1. Introduction

Bariatric surgery is the most effective option for individuals with severe 
 obesity. It includes several surgical procedures, commonly divided into restrictive 
such as Laparoscopic Adjustable Gastric Banding, Banded Gastric Bypass, Sleeve 
Gastrectomy, malabsorptive such as Biliopancreatic Diversion, Intragastric Balloon, 
and mixed procedures such as Roux-en-Y- Gastric Bypass, Mini Gastric Bypass, and 
Gastric Bypass.

Bariatric surgery procedures lead to substantial weight loss and marked 
improvements in obesity-related comorbidities as well as quality of life. 
Nonetheless, there is a significant variation in long-term weight loss maintenance 
and weight regain has been partially attributed to psychological factors.

For these reasons, the pre-operative evaluation of the psychological conditions 
of the candidates for bariatric interventions is required in order to achieve the 
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desired post-operative outcomes for a long time. In addition, adjunctive pre or post-
operative psychosocial interventions are highly recommended for bariatric patients 
[1, 2] with psychological difficulties.

Within this chapter, the main components of pre-surgical psychological 
assessment for bariatric candidates will be discussed, including procedures and 
instruments involved. Moreover, an overview of the principal characteristics of pre/
post-surgical psychological support will be provided.

2. Assessment for bariatric candidates

Bariatric surgery has become a popular treatment option for the management of 
obesity. However, not every obese individual could be considered as a candidate for 
bariatric surgery. The National Institutes of Health (NIH) Consensus Development 
Conference Panel held in 1951 outlined criteria for patients considering for bariatric 
surgery:

• BMI > 40 (obesity grade III); BMI > 35 (obesity grade II) with comorbidities; 
BMI > 30 (obesity grade I with uncontrolled Diabetes Mellitus type 2 and high 
cardiovascular risk)

• Reported previous failure of nonsurgical weight-loss efforts

• Absence of medical or psychological contraindications

• Being well-informed, motivated, and compliant

A pre-surgical evaluation of the candidates to bariatric surgery should be 
conducted in order to assess the presence of recommended criteria for surgery, and 
to identify and modify, when possible, any risk factors associated with undesired 
treatment outcomes that may reduce the long term-successful weight loss.

3. Psychological assessment for bariatric surgery candidates

Within the pre-surgical evaluation, the psychological assessment of candidates 
for bariatric surgery is an essential component. The rationale for the evaluation 
for bariatric surgery candidates was based on collecting evidences suggesting the 
presence of a higher level of psychiatric disorders among obese patients than the 
normative population [3]. The principal goals of psychological pre-surgical evalua-
tion are:

• to identify any psychosocial contraindications to surgery and obstacles to post-
operative success, or any psychosocial factor predicting previous weight gain 
prior to surgery;

• to screen candidates who may benefit from a psychological treatment prior to 
surgery, in order to maximize long term bariatric outcomes and improve their 
quality of life;

• to select patients who may need further psychological support after surgery;

• to propose alternative treatment when patients do not meet the criteria for 
bariatric surgery [4].
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4. Psychological conditions of bariatric surgery patients

According to a recent systematic review [5] about one-third of bariatric surgery 
candidates present a psychological disturbance, such as depression and anxiety 
and there is a high prevalence of Binge Eating Disorder [6]. Other mental health 
conditions related to bariatric candidates are psychosis, PTSD substance abuse and 
personality disorders.

Although the prevalence of mental health conditions among bariatric patients 
is higher than in the normative population, there is no clear evidence that pre-
operative mental health conditions are associated with poorer post-operative weight 
loss [7]. Nevertheless, prospective studies showed that pre-operative depression 
and anxiety predict poorer outcomes after surgery [6].

Unfortunately, long term successful weight loss could be less than optimal, and 
partially depends on the individual’s ability to implement consistent lifestyle changes. 
For these reasons the psychological evaluation of bariatric surgery candidates is 
requested for monitoring and addressing psychological factors pre-and-post surgery.

In a recent review [8] aimed to explore the present practices adopted by clinics to 
assess bariatric candidates, it has been highlighted that, in many cases, the presence 
of uncontrolled symptoms of schizophrenia, drug and alcohol abuse, mental retar-
dation and lack of knowledge about surgery are considered contraindications to 
surgical approval. Other factors that most frequently are considered limitations to 
surgery include the presence of symptoms of bipolar disorder and history of suicide 
attempts, lack of compliance to medical recommendations, unrealistic expectation 
to surgery outcome, while the age of patients as well as the lack of social support 
are often considered no-contraindication to surgery. Possible contraindications that 
could represent a limitation to surgery are past criminal behaviors, the presence 
of eating disorders, and the inability to follow a diet over time. Finally, according 
to the programs included in the study, binge eating disorder, depression, obses-
sive–compulsive disorder, tobacco use, and history of sexual abuse are considered 
definite or possible contraindication to surgery.

5. The current practices of pre-surgical psychological evaluation

Although the relevance of the psychological assessment for bariatric surgery 
candidates was recognized for a long time, currently no evidence-based guidelines 
are available [9, 10].

According to the most commonly used practices in surgery clinics, the evalu-
ation of candidates for bariatric surgery comprises a medical chart review, a 
comprehensive clinical interview, and psychological testing [11]. Moreover, the 
psychological assessment should be part of a multidisciplinary approach aimed to 
carefully assess risks and benefits for the patients related to surgery.

Clinical interviews are commonly used in bariatric centers. During the inter-
view, several areas of interests should be properly investigated:

• Patient’s understanding of the surgery

Patients seeking bariatric surgery are required to have adequate knowledge about 
the surgery procedures, including which are the potential risks associated with 
surgery, as well as the lifelong behavioral change that must occur for achieving 
expected results. For these reasons, during the presurgical psychological evalu-
ation, it is important to know which are the patient’s expectation to surgery and 
assess their willingness to engage themselves in a stable lifestyle behavioral change.
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• Eating behaviors

Among the obese population, there is a high prevalence of individuals with 
comorbid Binge Eating Disorder (BED), mainly characterized by frequent 
episodes of binge eating in the absence of following compensatory strategies 
such as vomiting or purging. Other common eating disorders are Bulimia 
Nervosa (BN) and Night Eating Syndrome (NES). BM refers to recurrent binge 
episodes associated with compensatory extreme weight-control behaviors such 
as vomiting, purging, strict dieting, excessive physical activity. NES consists 
of morning anorexia, evening hyperphagia, and insomnia. Patients with an 
eating disorder need to understand that surgery alone cannot modify their 
problematic eating behaviors, but further efforts in changing their lifestyle 
behaviors related to eating and physical activity are required in order to achieve 
lifelong weight loss.

• Psychiatric conditions

Any previous or current psychiatric disturbance should be addressed dur-
ing the pre-surgical assessment. The evaluation for psychiatric disorders is 
aimed to identify symptoms of depression, anxiety, mania, psychosis, suicidal 
ideation, substance abuse, history of abuse or familial history of mental health 
problems and previous treatment experienced. Diverse opinions exist about 
the influence of psychiatric disturbances on surgery outcomes. According to 
some authors, the presence of one or more mentioned psychiatric disturbances 
alone is not a contraindication for bariatric surgery. However, it is important to 
evaluate the severity of symptomatology and, if necessary, referring patients 
for additional psychological support previous to surgery. Other authors suggest 
that the presence of uncontrolled eating, current substance abuse, poor adher-
ence to recommendation, psychosis, severe mood disorders, major life stressors 
should be considered as contraindications to bariatric surgery [12, 13].

• Social support

Given the impact that surgery will have not only on their lives but also on the 
environment where patients live, during the psychological assessment clini-
cians should explore the familial and the social context that surrounds patients. 
Candidates should be asked to describe the people who live with them, their 
opinion relative to bariatric surgery decision and whether their family will 
help them after surgery. Patients should be informed about the possible social 
consequences that may occur after surgery.

6.  Principal interviews and tests available for the assessment of bariatric 
candidates

There is an availability of templates for conducting interviews that help clini-
cians to assess the domains of interest.

• The Weight and Lifestyle Inventory [14] is designed to assess the eating and 
physical activity habits, the psychological status and the presence of stressful 
life events.
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• The Boston Interview [15] aims to assess weight, diet, and nutrition history, 
dysfunctional eating, medical condition, understanding of surgical proce-
dures, concerns and benefits, motivation for surgery, interpersonal function-
ing, and psychiatric conditions.

While clinical interviews are widely used in clinical settings, only a few clinics 
employ some forms of objective tests. The use of psychological instruments allows 
clinicians to collect more information, in a rapid but precise validated and empirical 
way than clinical interviews alone. Some broadband instruments provide a broad 
assessment of patients, across several psychological domains, including emotional, 
cognitive and behavioral ones. Unfortunately, broadband instruments cannot pro-
vide information about specific content areas, such as eating disorders, and require 
costs for administration. To overcome these limitations, clinicians can administer 
narrowband instruments that provide a good solution to assess specific domains. 
In addition, narrowband instruments are more feasible and can be administered 
quickly. Below is the description of the most frequently used broadband and nar-
rowband instruments for the psychological evaluation of bariatric candidates.

• Minnesota Multiphasic Personality Inventory (MMPI-2; [16]) is the most 
widely used instruments for the assessment of surgery candidates. It consists 
of 587 items and it can be administered in two hours approximately, while the 
newer version, MMPI-2 Restructured Form (MMPI-2 RF; [17]) is composed of 
338 items and the time for administration is 35–50 minutes. MMPI-2 RF allows 
clinicians to assess the global functioning of patients, including thoughts emo-
tions and behaviors. The test allows also to detect cognitive, interpersonal, and 
somatic problems.

• Symptom Item Checklist–90 –Revised (SCL–90 –R; [18]). The SCL-90 –R 
is widely used to assess the global psychological distress by exploring nine 
dimensions: somatization, depression, anxiety, phobic anxiety, obsessive–
compulsive, interpersonal sensitivity, hostility, psychoticism, and paranoid 
ideation. The higher scores reflect higher distress. It is composed of Likert 
scale-90 items in which symptoms are presented and patients are asked to 
report how many times they experienced each symptom in the past 7 days.

• Beck Depression Inventory-II (BDI-II; [19]) is a self-report  measure composed 
of 21 items assessing the presence of depressive symptoms.

• Beck Anxiety Inventory (BAI; [20]). is a self-report measure composed of 21 
items assessing the presence of anxiety symptoms.

• Binge Eating Scale (BES; [21]). It is one of the most common instruments used 
among the bariatric population. It is composed of 16 self-report items assessing 
binge eating severity.

• The Eating Disorders Inventory–III (EDI-III; [22]); It consists of 91 items 
related to 11 subscales: bulimia, thinness, body dissatisfaction, ineffectiveness, 
perfectionism, interpersonal distrust, interoceptive awareness, maturity fears, 
asceticism, impulse regulation, and social insecurity.

Below, a table to describe the most widely used tests is presented in Table 1.
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Number 
of item

Time for 
administration

Subscales/Key areas

Personality 
assessment

MMPI 2 567 90–120 min Response attitudes, mental health symptoms, 
personality traits, and special problems 10 clinical 
scales and 6 validity scales. Domains: personality 

traits, mental health symptoms, special problems, 
response attitudes

MMPI-2-RF 338 35–50 min 42 substantive scales and 9 validity scales. Domains: 
problems, interests, personality psychopathology

SCL-90-R 90 12–15 min Global psychological distress. 9 Scales: somatization, 
obsessive–compulsive, interpersonal sensitivity, 

depression, anxiety, anger/hostility, phobic anxiety, 
paranoid ideation, psychoticism

PAI 344 50–60 min 11 clinical scales assessing psychopathology in three 
spectrums: neurotic, psychotic, and behavioral/

impulse control; 5 Treatment scales assessing risk for 
self-harm or harm to others, how patients respond to 
environmental factors, and motivation for treatment; 
2 interpersonal scales assessing warm/affiliative versus 

cold/rejecting and dominating/controlling versus 
submissive; 4 validity scales

MBMD 165 20–25 min 32 clinical scales and 5 validity scales. Domains: 
response patterns, negative health habits, psychiatric 

indications, coping styles, and stress moderators

MCMI-III 175 25–30 min 14 personality disorders; 10 clinical syndromes; 5 
validity scales

BPI 240 35 min 12 clinical scales: Hypochondriasis, Depression, 
Denial, Interpersonal Problems, Alienation, 

Persecutory Ideas, Anxiety, Thinking Disorder, 
Impulse Expression, Social Introversion, Self-
Depreciation, and Deviation; 2 validity scales

Eating 
disorders

EDI-3 91 20 min 11 subscales: drive for thinness, bulimia, body 
dissatisfaction, ineffectiveness, perfectionism, 
interpersonal distrust, interoceptive awareness, 

maturity fears, asceticism, impulse regulation, and 
social insecurity

EDE-Q 32 5–10 min Eating behaviors. Subscales: restraint, eating concern, 
weight concern, and shape concern

QEWP 28 5 min Binge eating patterns

TFEQ 51 20 min Cognitive and behavioral components of eating. 3 
scales: restraint, hunger, and disinhibition

BES 16 5 min Symptoms of Binge Eating

NEQ 14 5–10 min Symptoms of night eating syndrome. 4 scales: 
nocturnal ingestion, evening hyperphagia, morning 

anorexic, and mood/sleep

Mood 
Disturbances

BDI-II 21 5–10 min Symptomps of depression

BAI 21 5–10 min Symptoms of anxiety

PHQ-9 9 5 min Symptoms of depression
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7. Psychological pre/post-surgical intervention for bariatric candidates

Bariatric surgery is the most effective intervention for weight loss in the field of 
obesity management. Unfortunately, patients often do not achieve optimal results 
in term of weight loss maintenance over time and meet various difficulties related 
to eating behaviors and psychological functioning. Given the significant variation 
in weight long-term outcomes after surgery that could be partially attributed to a 
number of risk factors, including psychological factors, psychological pre-operative 
or post-operative interventions are increasingly being recommended for patients 
seeking or undergoing bariatric surgery [23].

Number 
of item

Time for 
administration

Subscales/Key areas

CES-D 20 10 min Symptoms of depression

MDQ 13 5 min Bipolar symptoms

GAD-7 7 5 min Symptoms of anxiety

Substance 
abuse

AUDIT 10 5 min Drinking patterns

MAST 25 5–10 min Alchool abuse and related problems

SASSI-3 93 20 min Substance abuse. 8 subscales: symptoms of substance 
misuse, obvious attributes, subtle attributes, 

defensiveness, supplemental addiction measure, 
family versus control subjects, correctional, and 

random answering pattern

Quality of life

IWQL 74 15 min 8 domains: health, social/interpersonal life, work, 
mobility, self-esteem, sexual life, activities of daily 

living, comfort with food

Cognitive 
development

MMSE 30 10 min Cognitive impairment. Domains: orientation, 
attention, registration, recall, language, repetition, 

complex commands.

Physical 
conditions

MBHI 150 20 min Personality and Coping style among people with 
physical pathologies. 8 coping style scales; six 

psychogenic attitudes; 3 psychosomatic correlate 
scales; 3 risk for poorer outcomes scales.

Abbreviations: MMPI-2; Minnesota Multiphasic Personality Inventory 2; MMPI-2-RF: Minnestota Multiphasic 
Personality Inventory-2-Revised Form; SCL-90-R: Symptom Check-List-90-Revised; PAI: Personality Assessment 
Inventory; MBMD: Millon Behavioral Medicine Diagnostic; MCMI-III: Millon Clinical Multiaxial Inventory; 
BPI: Basic Personality Inventory; EDI-3: Eating Disorders Inventory; EDE-Q: Eating Disorder Examination-
Questionnaire; QEWP: Questionnaire of Eating and Weight Patterns–Revised; TFEQ: The Three-Factor Eating 
Questionnaire; BES: Binge Eating Scale; NEQ: Night eating Questionnaire; BDI-III: Beck Depression inventory; BAI: 
Beck Anxiety Inventory; PHQ-9: The Patient Health Questionnaire-9; CES-D: Center for Epidemiologic Studies 
Depression Scale; MDQ: Mood Disorders Questionnaire; GAD-7: Generalized Anxiety Disorder-7; AUDIT: Alcohol 
Use Disorders Identification Test; MAST: Michigan Alcoholism Screening Test; SASSI-3: Substance Abuse Subtle 
Screening Inventory-3; IWQOL: Impact of Weight on Quality of Life; MMSE: Mini-Mental State Evaluation; 
MBHI: Millon Behavioral Health Inventory.

Table 1. 
Principal used psychometric instruments for the assessment of bariatric candidates.
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The most delivered psychological interventions included Cognitive Behavioral 
Therapy (CBT) but promising evidence suggests the effectiveness of intervention 
based on Acceptance and Commitment Therapy (ACT) and Dialectical Behavioral 
Therapy (DBT).

Cognitive behavioral interventions typically include psychoeducation, goal 
setting, self-monitoring, stimulus control, problem solving, and reinforcement, 
for the promotion of lifestyle-related behavior change. Through the psychologi-
cal intervention, patients are encouraged to recognize their problematic eating 
behaviors, learn strategies to cope with life stressors, and engage themselves in 
healthy eating behaviors and physical activity. Recently, David and colleagues 
[5] conducted a systematic review aimed to examine the effectiveness of cogni-
tive behavioral interventions. Results showed that the most common techniques 
employed during the interventions were psychoeducation, self-monitoring, goal 
setting, stimulus control, cognitive restructuring, problem solving and reinforce-
ment, as well as addressing ambivalence, improving self-care and prevention 
of relapse. Most of the interventions included in the study were delivered in 
person, or in combination with telephone or web. With respect to intervention 
outcomes, the main findings of the review revealed that 32% of included studies 
showed a significant impact on weight loss. Specifically, it seems that the higher 
impact on weight loss was found in post-operative intervention, than the benefits 
of pre-operative interventions which were not maintained at follow-up. Other 
interventions outcomes were lifestyle behaviors, eating pathology, and psycho-
logical functioning. Results showed that psychological interventions seem to 
have an inconsistent influence on change in dietary habits and physical activity, 
but a limited number of studies examined this outcome. With respect to eating 
pathology, psychological interventions included in the study revealed a significant 
impact on reducing binge eating and emotional eating. Similarly, interventions 
had a positive impact on psychological functioning. Both pre-operative and 
post-operative interventions improved quality of life and reduced depression and 
anxiety symptoms.

Recently, other forms of psychological interventions were applied to bariatric 
patients. In a pilot RCT, Weineland and colleagues [24] compared an interven-
tion based on ACT (two face to face session in combination with internet-based 
support) to usual treatment. Results showed that patients in the ACT condition 
significantly improved in eating disorders, body dissatisfaction, quality of life, and 
acceptance of thoughts and feelings related to weight.

Promising results were also obtained in an observational study [25] in which a 
pre-operative intervention based on DBT skills training combined with treatment 
as usual compared to a treatment as usual group. The intervention of DBT was 
focused on regulating emotions with emotion regulation, mindfulness, distress 
tolerance, and interpersonal effectiveness training. The results offered preliminary 
evidence in support of the effectiveness of a brief DBT skills training intervention 
in combination with treatment as usual in reducing eating pathology (binge eating 
and emotional eating).

8. Conclusions

Bariatric surgery has been demonstrated to be a valid solution for the treatment 
of obesity. It is recommended for well-motivated and informed patients with severe 
obesity or obesity with related comorbidities. Approximately, all bariatric surgery 
procedures are effective in producing weight loss and related substantial improve-
ments in health conditions [26–28].
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Candidates for bariatric surgery require not only a multidisciplinary pre-
operative screening, which is aimed to prepare and educate patients for the lifestyle 
changes required after surgery, but also would benefit from a supportive, integrated 
additional psychological interventions aimed to maximize weight loss and weight 
loss maintenance after surgery. Particularly, weight loss is not the primary goal 
of psychological interventions. In fact, findings indicate that the pre-operative 
interventions do not have a significant effect on weight loss [29]. Rather, they 
should be considered an option for patients to overcome their difficulties, reduce 
pre-existing symptomatology, and improving in their eating behaviors and lifestyle. 
On the contrary, psychological post-operative interventions have been associated 
with significant weight loss and currently they are the most promising approach to 
improve the outcomes of bariatric surgery.
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of the Creative Commons Attribution License (http://creativecommons.org/licenses/
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Chapter 4

Nutritional Deficiencies Post 
Bariatric Surgery: A Forgotten 
Area Impacting Long-Term 
Success and Quality of Life
Wahiba Elhag and Walid El Ansari

Abstract

Bariatric surgery (BS) results in significant weight loss and improvement of  
obesity associated comorbidities. Despite the benefits achieved with these 
operations, deficiencies of vitamins and other micronutrients are common. Such 
deficiencies may become clinically significant if not discovered and treated early. 
Therefore, it is imperative to undertake thorough screening, and have sound 
preventive strategies in place in order to make BS a safer procedure. This chapter 
will provide the multidisciplinary bariatric team with a comprehensive review of 
micronutrient deficiencies before and after bariatric surgery. The focus will be 
on the most common micronutrient deficiencies that are encountered in various 
types of BS procedures, including water soluble vitamins, fat-soluble vitamins, 
minerals and trace elements deficiencies, as well as protein malnutrition. The 
chapter starts with an overview of the causes of micronutrient deficiencies in 
patients with obesity and before undergoing BS. It reviews the screening of 
patients for preexisting micronutrient deficiencies prior to their BS. Then the 
chapter addresses the potential causes and mechanisms leading to such deficien-
cies after BS. It then conducts an in depth discourse of the prevalence of deficien-
cies by the type of BS, the presenting symptoms, and the investigations required 
for the diagnoses. The chapter will also discuss the management of each defi-
ciency according to the severity of the symptoms. The chapter also reviews the 
recent updated guidelines for standard nutritional care post BS. We will finally 
conclude with a framework of the preventive strategies for optimal care to ensure 
long term success post-surgery.

Keywords: obesity, bariatric surgery, micronutrients, deficiencies, water soluble 
vitamins, fat soluble vitamins, minerals, trace elements, protein malnutrition

1. Introduction

Bariatric surgery (BS) has proven to be an effective treatment for weight loss, 
reducing obesity associated comorbidities, improving quality of life, and reduc-
ing mortality rates [1, 2]. The increasing amount of evidence on the benefits of 
BS has contributed to its increased popularity over the last decade [1]. Despite the 
proven benefits of BS, it also carries the risk of short- and long-term complications. 
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An important complication is the nutritional and micronutrient deficiencies. 
Nutritional deficiencies can present with a wide range of clinical manifestations, 
depending on the specific nutrients/micronutrients that are involved, the sever-
ity, and the duration of the deficiency states. Additionally, these deficiencies 
can worsen over time, leading to severe consequences, such as anemia (iron, 
folate, B12), peripheral neuropathy (folate, B6, B12, copper), Wernicke encepha-
lopathy (B1) and metabolic bone disease (vitamin D, calcium). Therefore, lifelong 
screening of individuals who had undergone bariatric surgery is critical to identify 
these complications and treat them effectively to ensure long-term success. This 
chapter will provide a comprehensive review of these nutritional complications. 
The chapter will also furnish information about the recommended  micronutrient 
supplementations and nutritional follow-up.

2. Micronutrient deficiencies prior to bariatric surgery

Nutritional deficiencies often exist prior to BS [3–5]. Subjects with obesity typi-
cally adopt an unhealthy high calorie, low quality diet with unbalanced nutritional 
composition [6]. For instance, one study showed that in female BS candidates, 
despite consumption of high-caloric diet (2801 ± 970 kcal/day), 66% of them had 
at least a single micronutrient deficiency [7]. Prior to BS, low iron, ferritin, vita-
min B12 and hemoglobin were observed among 12.6%, 8.7%, 10.6% and 7.7%, of 
patients respectively [7]; and the incidence of folate deficiency before BS was 26.8% 
[8]. Vitamin D deficiency is the most common deficiency in patients undergoing BS 
with a prevalence as high as 78.8% [7, 8].

Research found that low preoperative levels of hemoglobin, vitamin B12, and 
ferritin were independently associated with reduction in the levels of micronutri-
ents postoperatively [8]. Moreover, vitamins D and B1 and albumin deficiencies 
before BS predicted deficiencies one year after surgery [8].

Such findings highlight the need for complete nutritional assessments and 
adequate correction of pre-existing deficits before BS. Therefore, all BS candidates 
must undergo appropriate nutritional evaluation, including micronutrient mea-
surements at least once preoperatively. Screening should include iron studies, and 
vitamins D and B12 and folic acid levels. The repetition of the tests until surgery 
should be individualized as clinically indicated [9, 10]. In comparison with purely 
restrictive procedures, more extensive nutritional evaluations are required for 
malabsorptive procedures. For instance, thiamine and vitamins A and E levels may 
be assessed in patients prior to Roux en Y gastric bypass (RYGB) and biliopancreatic 
diversion with duodenal switch (BPD/DS) [10].

Deficiencies found on screening prior to BS should be treated accordingly to 
avoid worsening of the symptoms post-surgery [9]. For vitamin D, there is a lack of 
solid evidence regarding the cutoff value where treatment should be started. A group 
of experts advocated supplementation in all patients with values below 20 ng/mL, 
and in an individualized manner for values between 21 and 30 ng/mL [9].

3. Micronutrient deficiencies post bariatric surgery

3.1 Causes of micronutrient deficiencies post bariatric surgery

Several factors and mechanisms contribute to the development of nutritional 
deficiencies post BS. Below are some examples:



37

Nutritional Deficiencies Post Bariatric Surgery: A Forgotten Area Impacting Long-Term Success...
DOI: http://dx.doi.org/10.5772/intechopen.95123

3.1.1 Non-compliance with nutritional supplementation

Nonadherence to the recommended nutritional supplementation is recognized 
as a critical factor that leads to nutritional deficiency after BS. Compliance with 
multivitamins tends to be good in the early post-surgery period and decreases 
on the long term. For instance, a study of 16,620 patients post BS showed that 
the pharmacy dispensing of micronutrient supplements by patients significantly 
decreased between the first and fifth years for iron (from 27.7 to 24.5%), calcium 
(from 14·4 to 7·7%), but increased for vitamin D (from 33·1 to 34·7%) [11]. Barriers 
to vitamin adherence post BS include forgetting to take the supplementation and 
difficulty in swallowing the pills [12].

3.1.2 Lack of follow up

Despite clear international guidelines, long-term follow-up after BS is poor. 
A study assessed the follow up with the bariatric surgeon after RYGB and dem-
onstrated a significant increase in the time between follow ups (13.3 ± 7.8 vs. 
86.9 ± 39.9 months) in the long-term [13]. The same study demonstrated that a 
shorter time since last surgeon visit was independently predictive of multivitamin use 
(p = 0.001) [13]. Research also reported that male sex, younger age, absence of type 2 
diabetes and poor 1-year follow-up were predictors of poor 5-year follow-up [11].

3.1.3 Other causes

Other contributing factors include pre-operative deficiencies, post-surgery food 
intolerance, poor eating habits, vomiting, changes in taste and eating patterns [14].

3.2 Mechanisms of micronutrient deficiency after bariatric surgery

The underling mechanisms that contribute to micronutrient deficiency follow-
ing BS include reduced food intake due to restrictive effect of surgery, rerouting of 
nutrient flow which affect absorption, and changes in gastrointestinal anatomy/
physiology post-surgery. It is important to note that the anatomical changes and the 
mechanisms of action of the various procedures dictate the frequency and severity 
of nutritional deficiencies after BS. For instance, micronutrient deficiencies are less 
common in restrictive procedures such as gastric banding (LAGB) and laparoscopic 
sleeve gastrectomy (LSG), where there are no alterations of the intestinal continu-
ity and normal digestive processes. However, micronutrient deficiencies are more 
common after surgical procedures that cause malabsorption such as RYGB, one-
anastomosis gastric bypass (OAGB), single anastomosis duodeno–ileal bypass with 
sleeve gastrectomy (SADI-S) and BPD/DS [10, 15].

3.3 Water soluble vitamin deficiency post bariatric surgery

3.3.1 Vitamin B1 (thiamin)

Vitamin B1 is absorbed in the jejunum and therefore may be excluded from 
absorption after RYGB and BPD/DS [16]. Additionally, the storage of thiamine 
is low in the human body and can become rapidly devoid without regular and 
adequate intake [8]. These characteristics might explain why thiamin deficiency is 
observed subsequent to a short period of persistent vomiting after surgical com-
plications such as band slippage post LAGB [17], stomach oedema after LSG [18], 
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Mico/micro 
deficiency

Clinical features and 
complications

Management

Vitamin B1
Thiamin

Wernicke encephalopathy 
(confabulations, ophthalmoplegia, 
ataxia)
Korsakoff syndrome
Dry Beriberi (polyneuropathy, 
paresthesia)
Wet Beriberi (cardiomegaly, 
tachycardia, CHF)

Oral: 100 mg 2–3 times daily until symptoms 
resolve
IV: 200–500 mg once or twice daily for 3–5 d, 
followed by 250 mg/d for 3–5 d or until symptoms 
resolve, then 100 mg/d orally, indefinitely, or until 
risk factors resolve
IM: 250 mg once daily for 3–5 d or 100–250 mg 
monthly

Vitamin B12 
Cobalamin

Macrocytic anemia, peripheral and 
central neuropathy, myelopathy, 
memory disturbance, dementia, 
depression, delusions

1000 μg/d to achieve normal levels and then 
resume dosages recommended to maintain normal 
levels

Folate Macrocytic anemia, leukopenia 
peripheral neuropathy, myelopathy, 
glossitis, fetal neural defects. May 
aggravate B12 deficiency

Oral dose of 1 mg of folate daily to reach normal 
levels and then resume recommended dosage to 
maintain normal levels

Vitamin A Ocular xerosis, night blindness, 
decreased immunity, scaling skin

Vitamin A deficiency without corneal changes: 
10,000–25,000 IU/d of vitamin orally until clinical 
improvement
Vitamin A deficiency with corneal changes: 
50,000–100,000 IU of vitamin A IM for 3 d, 
followed by 50,000 IU/d IM for 2 weeks

Vitamin D Osteomalacia, bone 
demineralization, increased risk of 
fractures

Vitamin D3 at least 3000 IU/d and as high as 
6000 IU/d, or 50,000 IU vitamin D2 1–3 times 
weekly

Vitamin E Hemolytic anemia, peripheral 
neuropathy, loss of deep tendon 
reflexes, ataxia, diminished 
perception of vibration and 
position ophthalmoplegia, 
myopathy, rash

Optimal therapeutic dose of Vitamin E for bariatric 
patients is not defined
Potential antioxidant benefits can be achieved with 
supplements of 100–400 IU/d
Additional dose may be required for replacement

Vitamin K Coagulopathy, excessive bleeding 
or bruising

Parenteral dose (10 mg) for symptomatic patient 
acute malabsorption
A dose of either 1–2 mg/d orally or 1–2 mg/week 
parenterally recommended for patients with 
chronic malabsorption

Iron Microcytic anemia, fatigue 
glossitis, nail dystrophy

Oral: 150–200 mg of elemental iron daily to 
amounts as high as 300 mg 2–3 times daily (ferrous 
sulfate, fumarate, gluconate)
Vitamin C supplementation may be added to 
increase iron absorption
IV iron infusion (ferric gluconate or sucrose 
forms) for patients with severe intolerance to oral 
iron or refractory deficiency
Blood transfusion for severe iron deficiency 
anemia

Calcium Fatigue, arrhythmia, myopathy, 
bone demineralization

Repletion of calcium deficiency varies by surgical 
procedure
BPD/DS: 1800–2400 mg/d; LAGB, LSG, RYGB: 
1200–1500 mg/d

Zinc Hair loss, pica, dermatitis, chronic 
diarrhea, dysgeusia, hypogonadism 
or erectile dysfunction (in males)

Optimal therapeutic dose is unknown. Treatment 
should target normal biochemical levels. For every 
8–15 mg/day elemental zinc provided, 1 mg/day 
copper should be supplemented to avoid inducing 
a copper deficiency
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or stoma stenosis after RYGB [19]. Cases of thiamine deficiencies have also been 
reported after BPD/DS [20].

The manifestations of thiamine deficiency include peripheral neuropathy, 
Wernicke’s encephalopathy (WE), Korsakoff ’s psychoses and cardiomyopathy 
[14, 10] (Table 1). These clinical conditions could be severe or even fatal if they are 
not recognized and treated promptly. Borderline deficiency may cause less severe 
symptoms that could be missed. Therefore, oral or parenteral thiamine supple-
mentation should be initiated in any bariatric patient presenting with persistent 
vomiting severe enough to interfere with adequate nutrition, even before obtaining 
confirmatory laboratory data [10, 14]. In symptomatic patients, oral supplementa-
tion may be used only after 1–2 weeks of parenteral administration and continued 
until symptom resolution [10].

In severely malnourished patients receiving nutrition support, empiric thiamine 
supplementation along with fluid and electrolyte monitoring and replacement are 
indicated to avoid exacerbation of thiamin deficiency and refeeding syndrome 
[10]. Refeeding syndrome is a condition that results from fluid and electrolyte 
imbalances, particulalry hypophosphatemia, causing serious complications such as 
cardiac arrhythmias [21]. Empiric thiamine supplementation is also indicated for 
high-risk bariatric patients and patients with risk factors for thiamine deficiency 
such as females, African Americans, patients not attending the dietitian clinic, 
patients with gastrointestinal symptoms, heart failure, persistent vomiting, or on 
parenteral nutrition and those with excessive alcohol use [10]. The recommended 
dose for prevention and treatment of thiamin deficiency is summarized in Table 1.

Wernicke Encephalopathy: is a serious complication of thiamin deficiency. It 
is an acute neuropsychiatric syndrome characterized by ataxia, ophthalmoparesis, 
nystagmus, and confusion. WE most commonly occurs during the first weeks to 
months following BS [17]. Among patients who were diagnosed with WE, 52% had 
RYGB and 21% had LSG [15]. Symptoms of WE are typically preceded by malnutri-
tion, which results from persistent prolonged vomiting, although vitamin noncom-
pliance or increased alcoholism are also risk factors [15]. Radiologic imaging of the 
brain especially magnetic resonance imaging can be used to support the diagnosis 
of WE, but is not always sensitive to WE symptoms. Findings include hyperintensi-
ties in the thalamic region, the mammillary bodies, and the region around the third 
and fourth ventricle [22]. The recommended treatment is 500 mg of parenteral 
thiamine three times daily until symptoms of acute WE resolute [10]. The treatment 

Mico/micro 
deficiency

Clinical features and 
complications

Management

Copper Anemia, neutropenia, 
myeloneuropathy sensory ataxia, 
impaired wound healing

Treatment varies with severity of deficiency
Mild–moderate: 3–8 mg/d oral copper gluconate or 
sulfate until indices return to normal
Severe: 2–4 mg/d intravenous copper can be 
initiated for 6 d or until serum levels return to 
normal and neurologic symptoms resolve
Copper gluconate or sulfate is recommended

Selenium Anemia, persistent diarrhea, 
cardiomyopathy, metabolic bone 
disease

Optimal therapeutic dose of selenium for bariatric 
patients is not defined
RDA for selenium is 55 micrograms per day

IV intravenous; IM intramuscular; D: day, CHF: congestive heart failure, LAGB laparoscopic gastric band, LSG 
laparoscopic sleeve gastrectomy, RYGB Roux en Y gastric bypass, BPD/D biliopancreatic diversion.

Table 1. 
Summary of common micro and micro nutritional deficiencies.
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is lifesaving and has the potential to reverse this acute neuropsychiatric syndrome. 
Recovery typically occurs within 3–6 months of initiation of therapy if the symp-
toms are recognized early [23]. Studies have shown that patients who received 
suboptimal thiamin dose or had more than one acute symptom were more likely to 
progress later into a permanent neurologic deficits (Korsakoff ’s syndrome) [17]. 
Korsakoff ’s syndrome is neuropsychiatric disorder characterized by severe amnesia, 
executive problems, and confabulations, leading to lifelong impairment [17].

3.3.2 Vitamin B12 (cobalamin)

Vitamin B12 (cobalamin) binds to the intrinsic factor, a protein secreted by the 
stomach. The complex formed is then absorbed by the small intestine [16]. Vitamin 
B12 deficiency post BS can result from inadequate secretion of intrinsic factor, 
limited gastric acidity, and most importantly from the bypassing of the duodenum, 
which is the main site of vitamin B12 absorption [6, 24]. Cobalamin stores in the liver 
are usually high and therefore vitamin B12 deficiency is rare in the first year after 
BS; however the incidence tends to increase on the long term [25]. The prevalence 
vitamin B12 deficiency is 14.3% after LSG and 16% post RYGB [26]. In addition to 
anemia, vitamin B12 deficiency can cause neurological and psychiatric symptoms [6] 
(Table 1). Therefore, regular screening is required (e.g., every 3 months) in the first 
year after BS and at least annually after that or as clinically indicated. This is particu-
larly important with chronic use of medications that worsen B12 deficiency such as 
metformin, proton-pump inhibitors, and seizure medications [10]. In some instances, 
serum B12 may not be adequate to identify B12 deficiency; in such cases measuring 
serum methylmalonic acid, with or without homocysteine, should be considered to 
identify metabolic deficiency of B12, especially in symptomatic or in patients with 
history of B12 deficiency [10]. Intramuscular or intranasal regimens is preferred over 
oral supplementation as only 1% of oral vitamin B12 is passively absorbed without 
intrinsic factor [14].

3.3.3 Folic acid

Complex dietary folates are absorbed throughout the small intestine but mainly 
at the brush border of the duodenum and upper jejunum [16]. Since folate is 
absorbed throughout the small intestine, the deficiency is primarily induced by 
the decrease in dietary intake and to a lesser extent due to malabsorption specially 
after procedures that bypass the first part small intestine (RYGB, BPD/DS) [6]. 
Furthermore, folate deficiency can be aggravated by vitamin B12 deficiency since 
the latter is necessary for the conversion of inactive methyltetrahydrofolic acid to 
the active tetrahydrofolic acid [6]. The reported prevalence of folate deficiency 
after LSG and RYGB is 3.6% and 4.2% respectively [26]. Folate deficiency has been 
associated with a variety of symptoms (Table 1) [6, 23]. Maternal folate deficiency 
in pregnancy can cause fetal neurological abnormalities such as growth retardation, 
and congenital defects (neural tube) [16, 27]. Therefore, adequate folate supplemen-
tation is particularly important after malabsorptive procedures and in women of the 
childbearing age [10].

3.4 Fat soluble vitamin deficiency post bariatric surgery

3.4.1 Vitamin A

The absorption of vitamin A is reduced after bariatric procedures. The incidence 
of vitamin A deficiency is 11.1% at one year post LSG [26]. A higher prevalence is 
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reported after malabsorptive procedures where deficiency was found in up to 70% 
of patients 4 years after RYGB and BPD/DS [28]. This is due to fat malabsorption 
and steatorrhoea. Therefore, routine fat-soluble vitamin supplementation is recom-
mended in all patients post BPD/DS [10]. The clinical manifestations of vitamin A 
deficits are night blindness, xerophthalmia and dry hair [6].

3.4.2 Vitamin D

Vitamin D is a fat-soluble vitamin absorbed preferentially in the jejunum and 
ileum. Hence, a high incidence of vitamin D deficiency in seen after malabsorptive 
procedures despite routine supplementation [16]. The reported deficiency after 
LSG and RYGB is 66.7% and 65.4% respectively [26]. The prevalence of post BPD/
DS vitamin D deficiency ranged from 37.1% at one year to 50.8% at 6 years [29]. 
The most important consequence of vitamin D deficiency is bone demineralization. 
Therefore, despite the absence of conclusive evidence regarding the long-term risk 
of fractures after BS, calcium and vitamin D routine supplementation is strongly 
recommended, especially after RYGB and malabsorptive procedures [10, 30]. The 
standard supplementation is frequently insufficient to maintain adequate vitamin D 
levels in patients with malabsorption, and much higher oral or parenteral doses may 
be required [8, 28]. For treatment, vitamin D3 is recommended as it is a more potent 
than vitamin D2; however, both can be utilized [10].

3.4.3 Vitamin K

Low levels of vitamin K have been observed in 1.8% post RYGB and 7.4% post 
SADI patients one year after surgery [31]. However, clinical symptoms such as easy 
bruising, and increased bleeding are rare [6]. Some cases of fetal and newborn 
intracranial hemorrhage related to maternal vitamin K deficiency have been described 
after BPD/DS [27], and have been also reported after LAGB in a pregnant woman 
with prolonged vomiting due to slippage of the gastric band resulting in gastric outlet 
obstruction [32].

3.4.4 Vitamin E

Vitamin E deficiency after BS is rare. The reported incidence is 4.8% and 
0.9% after RYGB and SADI respectively [31, 33]. The most common symptoms 
associated with vitamin E deficiency include neuropathy, myopathy and anemia 
[21] (Table 1). Vitamin E neuropathy and myopathy can be treated with a dose of 
vitamin E 400 IU daily.

3.5 Minerals

3.5.1 Iron

Iron deficiency with or without anemia is frequently observed after BS [10]. The 
incidence after LAGB and LSG ranges between 14 to 18% [10]. The prevalence after 
RYGB and BPB/DS is 51.3% and 15% respectively [34, 35]. Several mechanisms 
lead to iron deficiency post BS. First, iron malabsorption can occur as a result of 
the bypassing of the duodenum and proximal jejunum post BS where most of iron 
absorption occurs. Second, decreased gastric acidity and accelerated gastric empty-
ing impair the reduction of iron from the ferric (Fe 3+) to the absorbable ferrous 
state (Fe 2+). Third is the decreased intake of iron-rich foods (meats, vegetables) 
post BS. Finally, the absorption of iron may be affected by the interaction with 
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other nutritional supplements (e.g., calcium) [10, 14]. Menstruating women are at 
higher risk for iron deficiency and anemia, specially patients with polymenorrhagia 
[25]. Other risk factors for iron deficiency include malabsorptive procedures, young 
age, preoperative anemia and low baseline ferritin level [36]. The clinical features 
of iron deficiency are summarized in Table 1. The measurement of serum ferritin 
is the best diagnostic test for detecting iron deficiency and a better indicator of iron 
body capacity as it becomes abnormal prior to the decrease in serum iron concentra-
tion [6]. Prophylactic iron supplementation is recommended after all types of BS to 
minimize the risk of deficiency [10]. Iron is usually included in oral multivitamin 
and mineral preparations with the inclusion of vitamin C, which will increase iron 
absorption [10]. They should not be taken along together with calcium supple-
ments as such supplements may affect the absorption of iron. Severe cases of iron 
 deficiency anemia require intravenous iron or blood transfusion [36].

3.5.2 Calcium

Calcium absorption occurs mainly in the duodenum and proximal jejunum 
and is facilitated by vitamin D in an acid environment. Thus, any BS that bypass 
the first part of the intestine, reduces gastric acid production and lowers vitamin 
D levels is often associated with reduced calcium absorption [15]. The prevalence 
of calcium deficiency post LGG and RYGB is 3.9% and 4.3 respectively [37]. Low 
calcium level may affect bone mineralization, therefore, should be supplemented 
routinely post BS [8].

3.6 Trace elements

Although most of the literature focuses on calcium and iron, deficiencies of 
other essential minerals such, zinc, copper, and selenium have been reported in 
bariatric patients [10]. These essential minerals act as enzymatic cofactors in several 
biochemical pathways, and therefore, their deficiency could cause variable clini-
cal manifestations that involve neurological, cardiac and gastrointestinal systems. 
Mineral deficiencies are more common after BPD and RYGB [6].

3.6.1 Zinc

Zinc is absorbed by the small intestine and hence BS such RYGB or BPD/DS which 
partially exclude nutrient from the small bowel, can cause zinc malabsorption [16]. 
The prevalence of zinc deficiency is 23.9% after LSG [38]. Moderate zinc deficiency 
presents with hypogeusia, hyposmia, anorexia, eczema, somnolence, and reduced 
dark adaptation, whereas severe forms are associated with acrodermatitis enteropath-
ica, bullous or pustular dermatitis, diarrhea, balding, mental abnormalities including 
depression, and recurrent infections due to impaired immune function [16].

3.6.2 Copper

Copper functions as a cofactor in many enzymatic reactions that are vital for 
the hematologic, vascular, skeletal, antioxidant, and neurologic systems [39]. It 
is absorbed mainly in the stomach and proximal duodenum. Copper deficiency is 
rare and underrecognized. More recently, it has been reported after malabsorptive 
procedures [39]. Symptoms of copper deficiency are often similar to symptoms 
of vitamin B12 deficiency (hematological and neurological problems). Peripheral 
neuropathy, myeloneuropathy with spastic ataxic gait have been reported after BS 
[40]. Recently, a case of severe pancytopenia with refractory anemia secondary to 
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copper deficiency has been observed after BS [39]. In this case, administration of 
intravenous copper resulted in dramatic clinical improvement [39].

3.6.3 Selenium

Selenium is absorbed in the duodenum and proximal jejunum and it is an essen-
tial element that provides an important part of the multifunctional selenoproteins 
that are important for health [41]. Selenium deficiency has been associated with 
cardiomyopathy, immune system dysfunction and infertility in men. Since RYGB 
results in the bypass of the duodenum and upper jejunum, micronutrient deficien-
cies such as selenium are common after this procedure. The prevalence of selenium 
deficiency post LSG is 7.1% and post RYGB is 3.8% [26]. A case report described 
a 40 year-old woman that presented with symptoms of heart failure nine months 
after RYGB which was confirmed by echocardiography and cardiac markers [42]. 
The patient was diagnosed with selenium-deficient cardiomyopathy, and she had 
complete resolution of her symptoms after 3 months of oral selenium [42].

4. Protein malnutrition post bariatric surgery

Protein malnutrition remains the most serious macronutrient complication asso-
ciated with malabsorptive surgical procedures. It can occur in up to 15% of patients 
after BPD/DS [43]. Studies reported that 3·0–18·5% of BPD/DS patients required 
reversal of their procedure because of protein malnutrition or excessive weight 
loss, or both [44]. Protein malnutrition can also occur after RYGB specially when 
the Roux limb exceeds 150 cm, where the reported prevalence is 9% at 2 years after 
surgery [43]; however protein malnutrition rarely necessitates reversal or conver-
sion of a RYGB. It is also less common after LSG and LAGB, and in such cases it is 
likely due to maladaptive eating behaviors after surgery, especially in patients who 
avoid protein food sources or have protracted vomiting [6]. The clinical presenta-
tion of protein malnutrition includes edema, fatigue, skin, hair, and nail problems 
[6]. Because protein level often remains in the normal range until late, monitoring 
the serum albumin concentration is more useful for the assessment of the protein 
nutritional status. Patients with severe protein malnutrition should be treated with 
protein supplements that are rich in branch-chain amino acids and, in severe cases 
enteral feeding is recommended [6]. For prevention of protein malnutrition, an 
average daily protein intake of 60–120 g (1.1 g/kg of ideal body weight) is required 
and should be increased by 30% for patients post BPD/BD [16].

5. Complications of micro nutritional deficiencies post bariatric surgery

5.1 Anemia

Anemia is common after BS. The prevalence of macrocytic and microcytic ane-
mia is 52% post LSG, 64% post RYGB and 39% after biliopancreatic diversion [45]. 
Patients with mild anemia post BS are likely to be asymptomatic; however, when 
the anemia worsens, patients could present with symptoms, such as fatigue, pallor, 
and dyspnea on exertion [6]. Post-bariatric anemia is in most cases due to iron 
deficiency, along with vitamin B12 deficiency as a secondary cause. Other causes of 
nutritional anemias after malabsorptive BS includes folate, protein, copper, sele-
nium, and zinc deficiencies. Therefore, these factors should be evaluated if routine 
screening for iron-deficiency anemia is negative [10].
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5.2 Neurological complications

Neurological complications may occur after BS. They have attracted attention 
because of their diversity, complexity and potentially devastating effects [46]. 
Different patterns of complications can be observed according to the time of 
presentation. For instance, at an early stage, immediate peripherical nerve injury, 
Wernicke’s encephalopathy, and polyradiculoneuropathy are the most frequent. 
Late complications may appear after years, and include optic neuropathy, myelopa-
thy, and peripherical neuropathy [47]. The prevalence of neurological events after 
BS is difficult to determine. A cross-sectional study reported a rate of 3% among 
451 patients who underwent BS [48]. Axonal polyneuropathy was the most frequent 
neurological complication, but cases of Wernicke syndrome, vitamin B12 defi-
ciency, Guillain-Barre syndrome and copper deficiency were also identified [44]. 
The majority of patients (93.3%) had full recovery from the neurological signs and 
symptoms [49]. In another retrospective study involving 592 post LSG patients, 
only 1.18% were found to have neurological complications [50]. In this cohort, all 
the patients had decrease in oral intake and rapid weight loss, with a mean weight 
loss of 35 kg three months after LSG suggesting that this could be the predispos-
ing cause [50]. All patients were treated for neuropathy secondary to vitamin B1 
deficiency and had significant improvement and/or resolution of their symptoms. 
[50]. A recent study showed that among 61 patients post RYGB and LAGB, 11.4% 
developed some signs of polyneuropathy, that eventually disappeared at 24 months. 
The most common manifestations were paresthesia and muscle weakness [51]. The 
majority of neurological complications post BS is attributed to vitamin and micro-
nutrient deficiencies such as vitamins B12, B6, E, thiamine, folate and copper  
[23, 47, 46]. It is imperative to note that failure of diagnosis and the delay in the 
management of these complications can lead to irreversible neurological deficits. 
However, many of these complications can be prevented with regular follow-ups, 
routine screening of micronutrients, and nutritional supplementation where a 
deficiency is identified.

5.3 Metabolic bone disease

The bone mineral density rapidly decreases initially after BS, which reflects a 
skeletal adaptation to a lower body weight. Bone loss however, continues even after 
weight loss has stopped [52]. This is likely due to the lower calcium absorption and 
vitamin D deficiency causing secondary hyperparathyroidism [53]. The prevalence 
of secondary hyperparathyroidism has been shown to increase progressively with 
time from 35.4% at 1 year after BS to 63.3% at 5 years after surgery [54]. Patients 
who underwent a single anastomosis gastric bypass had the highest prevalence 
of secondary hyperparathyroidism (73.6%) followed by RYGB (56.6%), gastric 
banding (38.5%), and sleeve gastrectomy (41.7%) at 5 years after surgery [54]. The 
decrease in bone density may predispose patients to the risk of fractures especially 
with malabsorptive procedures. However, data on the incidence of fractures post BS 
remain controversial, with some studies suggesting an increased risk of fractures 
(non-vertebral fractures, especially in the upper limbs) and others showing no 
increased risk [55–57]. For instance, one study reported a significantly increased 
number of fractures only after biliopancreatic diversion (adjusted relative risk 
1·60, 95% CI 1·25–2·03; p < 0·001, 56]. Others found that 60% of LAGB and 29% of 
RYGB patients had increased risk of fractures 3–4 years after surgery [55]. Future 
long-term studies are required to assess the effect of BS on bone health.

Evaluation of patients for metabolic bone disease after BS may include serum 
parathyroid hormone, total calcium, phosphorus, 25-hydroxyvitamin D, and 
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24-hour urine calcium levels [10]. In post-bariatric patients with established 
osteoporosis, pharmacologic treatment with bisphosphonates may be considered. 
Before starting bisphosphonate treatment, vitamin D deficiency needs to be 
fully corrected in order to avoid severe hypocalcaemia, hypophosphatemia, and 
osteomalacia. In these cases, intravenous form of bisphosphonates should be 
used (zoledronic acid, 5 mg once a year, or ibandronate, 3 mg every 3 months) 
for better absorption and to avoid potential anastomotic ulceration with orally 
administered bisphosphonates [10]. More research is needed to examine the 
effectiveness of both intravenous and oral bisphosphonates in improving bone 
mineralization [15].

6. Guidelines for nutritional management post bariatric surgery

Recently, updated guidelines for post-operative nutritional and metabolic sup-
port of patients post bariatric surgery were published by the American Association 
of Clinical Endocrinologists in collaboration with multiple societies [10].

• The follow-up should be scheduled depending on the bariatric procedure 
performed.

 ○ For LAGB, it should monthly for the first year and then annually

 ○ For LSG, it is recommended at 1, 3, 6, 12 months and then annually

 ○ For RYGB, the recommended follow up is at 1, 3, 6, 12 months and  
biannually or annually thereafter

 ○ For BPD/DS and other malabsorptive procedure, the recommended follow 
up is at 1, 3, 6 months and biannual thereafter.

• Routine metabolic and nutritional monitoring is recommended after all bariat-
ric procedures. This includes:

 ○ Complete metabolic panel, complete blood count with each visit

 ○ Iron studies at baseline and after BS as needed

 ○ B12 annually then every 3–6 months for all type of BS (measurement of 
methylmalonic acid and homocysteine level are optional)

 ○ Folic acid level (measurement of red blood cell folic acid level is optional), 
25-vitamin D and intact parathyroid hormone (PTH) post RYGB and  
BPD/DS

 ○ Vitamin A (initially and every 6–12 months thereafter) for BPD/DS and it 
is optional for RYGB

 ○ Copper/ceruloplasmin, zinc, selenium evaluation after malabsorptive 
bariatric surgical procedures (RYGB and BPD/DS) at least annually, or with 
symptoms of deficiency

 ○ Thiamine evaluation in symptomatic patients
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 ○ Dual-energy X-ray absorptiometry for bone density at 2 years: for RYGB 
and BPD/DS.

• The recommended micronutrients supplementations post bariatric surgery to 
prevent nutritional deficiencies include [10]:

 ○ Two adult multivitamins plus minerals (each containing iron, folic acid, 
thiamine, zinc, copper; chewable form initially then tablets).

 ○ Vitamin B12 (Cobalamin): 350–1000 μg dose can be administrated orally 
(disintegrating tablet, sublingual, or liquid), nasal spray or parenteral 
(1000 μg monthly intramuscular or subcutaneous).

 ○ Iron: 18–60 mg of elemental iron daily included in the multivitamins and 
additional supplements can be added if required.

 ○ Vitamin D: at least 2000–3000 international units of vitamin D (titrated to 
therapeutic 25-hydroxyvitamin D levels >30 ng/mL)

 ○ Elemental calcium: appropriate dose of daily calcium varies by bariatric 
procedure. About 200–1500 mg daily for LAGB, LSG and RYGB, and 
1800–2400 mg daily for or BPD/DS. Calcium citrate is preferred than cal-
cium carbonate because it is better absorbed in the absence of gastric acid.

Commercial products that are used for micronutrient supplementation after BS 
need to be discussed with a healthcare professional familiar with dietary supple-
ments, since many products are adulterated and/or mislabeled [10].

7. Preventive strategies of nutritional deficiencies

Since increased adherence with follow-up is associated with improved outcomes, 
various strategies should be implemented to minimize attrition. Addressing the 
problem of non-adherence in BS will require the support of qualified healthcare 
professionals [10, 15]. Multidisciplinary teams with strong communication skills 
and the involvement of behavioral health experts assist in identifying and address-
ing compliance barriers. The following strategies may help to improve adherence in 
the bariatric patients and prevent nutritional deficiencies:

• Increase patient engagement in after care appointments. The bariatric team 
can utilize strategies such as frequent calls, reminders letters, flexible schedul-
ing/variety of appointment times, laboratory results, newsletters to provide 
reinforcement for follow up [58]

• Develop innovative strategies to address barriers to follow-up, such as remotely 
delivered interventions, smart-phone apps, and follow up video appointments 
[59]

• The long-term follow-up visits should include screening for micronutrient 
deficiencies, bone health, and monitoring of nutrition-related diseases. 
Reinforcing healthy eating habits is also recommended, such as eating slowly, 
portion control, and meeting protein requirements
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• Focus on adherence in the areas that are most critical for patient well-being. 
For instance, vitamin deficiency can cause serious health problems, including, 
in rare cases, encephalopathy

• Address barriers and causes of non-compliance with multivitamins supple-
mentation. For example, the most frequent reasons for non-adherence to 
vitamins, i.e., forgetting, difficulty swallowing or not liking to take pills. These 
issues can be solved by using pill organizers and electronic reminders which 
can assist with memory issues. Offering chewable or liquid form of vitamins to 
will also aid bariatric patients with swallowing difficulty [59]

• The role of the family physician in bariatric post-surgery care is important to 
consider. However, the nature of their involvement post-surgery care is cur-
rently unclear [60]. Greater role clarity and enhanced collaboration between 
surgeons, general practitioners and patients following surgery is likely to 
enhance the experience and outcomes for patients and encourage and  support 
the maintenance of postsurgical care [60].

• Patient education before and after surgery plays a key role in the adherence to 
micronutrient supplementation and improvement of BS outcomes. Patients 
should be encouraged to become involved in their own care. Lectures and 
discussions provided by healthcare experts from multiple disciplines in small 
groups, or individual sessions utilizing both written or web-based delivery 
should be done to support learning needs of the bariatric patients. Moreover, 
patient education methods should focus on high-quality, cost-effective, and 
patient-centered educational programs for bariatric surgery [61].

8. Conclusions

BS is the most effective strategy for the treatment of severe obesity and for the 
resolution of comorbid medical conditions. Post-surgery, patients are at increased 
risk for nutritional deficiencies which may result in serious complications if they 
are not recognized and treated promptly. Adherence to multivitamins supplementa-
tions is important to prevent such deficiencies. Multidisciplinary approach with 
close monitoring is the key for the long-term success after bariatric surgery.
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Chapter 5

Bariatric Surgery—from the  
Non-surgical Approach to the 
Post-Surgery Individual Care: Role 
of Endoscopy in Bariatric Therapy
Dörte Wichmann, Dietmar Stüker, Ulrich Schweizer, 
Alfred Königsrainer and Rami Archid

Abstract

Obesity is the underlying constant for the development of the most common 
modern diseases such as insulin resistance, high blood pressure, lipid metabolism 
disorders, non-alcoholic steatohepatitis (fatty liver), joint problems and various 
malignancies. The role of endoscopic diagnostic and therapy in obese patients is 
highlighted in this chapter. In this chapter all devices and methods used in flexible 
endoscopy for diagnostic and treatment in obese patients are introduced. Role of 
endoscopy is presented in three parts: in preoperative setting, in post-operative 
complication management and instead of surgery as endoscopic bariatric therapy. 
If possible presentation of the effectiveness is compiled with study data. Finally, the 
interaction between endoscopy and surgery in the treatment of obesity is complex, 
essential and promising. Endoscopy is indispensable in preoperative preparation, 
as a primary therapeutic approach, and also in the detection and treatment of acute 
complications and long-term complications of obesity surgery.

Keywords: endoscopic bariatric therapy, endoscopic complication management

1. Introduction

The annual number of obesity surgery and metabolic interventions increased 
worldwide significantly and the continued pressure to provide ambulatory surgery, 
endoluminal, and transgastric therapy has the potential to effect major changes 
in the way obesity is treated. Covering the “market demand” simply by further 
increasing the number of operations seems illusory if the prevalence of obesity is 
still rising. Endoluminal surgery is defined as surgery performed entirely within the 
lumen of the gastrointestinal tract using flexible endoscopy.

The interaction between endoscopy and surgery in the treatment of obesity 
is complex, essential and promising. Endoscopy is indispensable in preoperative 
preparation, as a primary therapeutic approach, and also in the detection and treat-
ment of acute complications and long-term complications of obesity surgery.

The currently established and developing endoscopic procedures for bariatric 
therapy will be presented in this chapter. Division into pre-operative endoscopy, 
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endoscopic bariatric therapy (EBT) and post-surgical endoscopy for early and 
late complications was made.

2. Preoperative setting: diagnostic esophago-gastro-duodenoscopy

In “The clinical practice guidelines of the EAES on bariatric surgery: update 
2020” the indication of a pre-operative EGD has been approved [1]. Clinically 
significant gastrointestinal (GI) symptoms should be evaluated before bariatric 
procedures with imaging studies, upper GI series, or endoscopy. All patients who 
where enrolled for a sleeve gastrectomy have to be examined with a gastroscopy for 
presence of hiatal hernia and esophageal reflux. Endoscopists have to look for signs 
of GERD. This diagnosis is a contraindication for a sleeve gastrectomy. Presence 
of hiatal hernia is also important from the surgical point of view, as it also needs 
to be repaired while bariatric surgery. In the diagnostic gastroscopy Helicobacter-
pylorii diagnosis has to been established. Recent studies illustrate a relationship of 
Helicobacter pylori with the occurrence of marginal ulcers postoperatively espe-
cially following RYGB.

3. Endoscopic bariatric therapy

Primary endoscopic obesity therapy has now been given the proper name 
“bariatric endoscopy” or “endoscopic bariatric therapy”. This illustrates the 
relevance of endoscopy for the treatment of obese patients. EBT currently includes 
six different mechanisms:

1. Space occupying

2. Endoscopic gastroplasty

3. Aspiration

4. Malabsorption

5. Endoscopic bypass

6. Others

In Table 1 we present an overview of all endoscopic therapeutic concepts with 
available correlated EWL is presented.

For the completeness of the review, the swallow balloons Elipse™ and 
OBALLON™ are mentioned at this point. However, they do not require endoscopic 
control or filling and are therefore not considered further in this review.

EAES and IFSO guidelines recommend consultation on surgical or endoscopic 
bariatric therapy based on initial weight, previous eating habits, expected weight 
loss, patient-related risk stratification (pre-existing conditions, compliance) and 
local availability of surgical and/or endoscopic bariatric surgery experts EAES 2020 
[1, 10]. The choice of bariatric intervention should be based on the consensus of a 
supervising, interdisciplinary board of experts, whose members are from the fields 
of surgery, nutritional medicine, endocrinology and psychology, and the fully 
informed patient.
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In Figure 1 following mechanisms and products are illustrated in a sketch:
A = Orbera Intragastric Balloon
B = ReShape Duo Intragastric Balloon
C = TransPyloric Shuttle
D = POSE™
E = ESG with Apollo OverStitch™
F = Endomina
G = Aspire Assist
H = EndoBarrier
I = Satisphere device

3.1 Space occupying

The common gastric balloons are well accepted. Besides the expected nausea and 
belching, possible gastric ulcerations and perforations should be discussed with the 
patients.

All endoscopic, bariatric mechanisms that have a timely limit should be com-
bined with an intensive nutritional, medical and psychological therapy. Obesity is 
a chronic disease, so there is always the risk of a “yo-yo” effect after removal of the 
space occupying device in such procedures. This development must be discussed 
with the patient.

The time-limited procedures are particularly suitable with a step-by-step 
concept prior to bariatric surgery.

Mechanism Product Time EWL

1. Space occupying 1.1 Spatz3 one-year-balloon
1.2 ReShape™ Dual Balloon
1.3 ORBERA™ Intragastric Balloon
1.4 Transpyloric shuttle™
1.5 Heliosphere bag

12 months
6 months
6 months
6 months
6 months

67.4% [2, 3]
29.9% [4]
25.44% [5]
30.9% [6]
31.87% [7, 8]

2. Endoscopic 
gastroplasty

2.1 POSE™
2.2 ESG (Endoscopic Sleeve gastrectomy, 
Apollo OverStitch)
2.3 RESTORe (EndoCinch)
2.4 TOGA (transorale gastroplasty)
2.5 TERIS (trans-oral endoscopic 
restrictive implant system)
2.6 ACE-Stapler
2.7 Endomina System

permanent
permanent

permanent
permanent
6 months

permanent
permanent

49.4% [9]
61.84-68.3% 
[10–12]
58.1% [13, 14]
38.7% [15]
30.1% [16]

34.9% [13, 17]
41% [13]

3. Aspiration Aspire Assist® 6-24 months 31.5% [18]

4. Malabsorption 4.1 EndoBarrier® (Duodeno-Jejunale 
liner)
4.2 ValenTx™ (Gastro-Duodeno-Jejunale 
Liner)
4.3 DMR (endoscopic hydrothermal 
Duodenal Mucosal Resurfacing)

12 months

12 months

permanent

35.3% [13, 19]

39.7% [20]

-

5. Endoscopic Bypass Incisionless Magnetic Anastamosis System 
(IMAS)

permanent 40.2% [21]

6. Others 6.1 Full Sense
6.2 Satisphere

-
-

-
-

Table 1. 
Mechanisms of endoscopic bariatric treatment, products and procedures are listed with mean EWL% after 12 
months if available.



Bariatric Surgery - From the Non-Surgical Approach to the Post-Surgery Individual Care

58

3.1.1 Spatz3

The Spatz3 (Spatz FGIA, Great Neck, NY, USA) intragastric balloon is the 
only space occupying system for using a time of 12 months. The balloon is placed 
endoscopically and filled with 400-750 ml saline and methylene blue.

Results: Usuy and Brooks reported 2018 about 165 patients with implanted 
Spatz3 balloons in two centers. Mean EWL after one year was 67.4% [3].

Complications: Complications were nausea (89–92%), vomiting (21–71%), 
and abdominal pain (22–24%). Five patients developed gastric ulcers, one gastric 
perforation occurred at week 17 after implantation.

3.2 ReShape duo intragastric balloon

The ReShape IGB (Reshape, San Clemente, CA, USA) device contains of 
two silicone balloons attached to each other by a flexible tube. It is inserted and 
retrieved endoscopically. Device is placed for 6 months. The ReShape Duo is filled 

Figure 1. 
Relevant techniques and devices of EBT are sketchily presented. A) Orbera Intragastric balloon. B) Reshape 
duo Intragastric balloon. C) Transpyloric shuttle-device. D) POSE™ operating platform with fundal 
accomodation. E) Endoscopic gastric sleeve with the OverStitch™-device. F) Endomina-suturing-system.  
G) Aspire assist-device. H) Endobarrier duodeno-jejunal bypass liner. I) SatiSphere-device.
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with 900 mL of saline solution (450 mL to each balloon). Each balloon has indepen-
dent channels to prevent deflation of the other balloon if one leaks.

Results: In a seven-center study of Agnihotri and colleagues 202 patients were 
enrolled. EWL after 6 months was 29.9% [4]. In the REDUCE pivotal trial, includ-
ing 326 patients, EWL was 25.1% in the Reshape arm compared to 11.3% in the 
sham arm [22].

Complications: Most common SAEs were nausea, vomiting, and abdominal pain 
that generally resolved after 1 week. The gastric ulceration rate was 0.9%.

3.3 Orbera

The Orbera (Apollo Endosurgery, Austin, TX, USA) is a single, spherical balloon 
composed of silicone previously known as the BioEnterics Intragastric Balloon 
(BIB; Allergan, Irvine, California, USA). The balloon filling volume ranges between 
400 and 700 mL of saline.

Results: Courcoulas and colleagues [23] reported in a multicenter, randomized, 
comparative study about 137 patients with implanted Orbera balloon. Mean EWL 
after 9 months was 26.5%.

Complications: Early removal of the IGB occurred in 18.75% of patients. The 
most common adverse events were pain and nausea [23]. Reported SAEs with 
this balloon were rare, and consisted of migration in 1.4% of patients and gastric 
perforation in 0.1% [24].

3.4 TransPyloric shuttle

The TransPyloric Shuttle (BAROnova Inc. Goleta, CA) consists of a spherical 
silicone bulb attached to a smaller silicone bulb by a flexible tether. Intermitted 
occlusion of the gastric antrum is reached by the larger bulb when the smaller bulb 
entering the duodenum with peristalsis.

Results: A randomized clinical trial showed a mean EWL of 30.9% at 12 months 
follow-up [6].

Complications: Premature balloon removal occurred in 22.7% (46/203) of the 
cases. SAEs were rare (2.8%) and included: esophageal rupture, device impaction, 
upper abdominal pain, gastric ulcer, vomiting, pneumothorax. Premature balloon 
removal occurred in 22.7% (46/203) of the cases.

3.5 Heliosphere bag

The Heliosphere BAG is filled with 950 mL of air rather than fluid. Balloons were 
implanted for six months.

Results: Lecumberri and colleagues reported about 82 patients with a EWL of 
31.87% six months after insertion [8].

Complications: The Heliosphere BAG deflated and passed spontaneously in 2 
cases (3%). De Castro et al. [25] described 2013 a comparative, prospective study of 
91 patients: Orbera balloon (73 patients) with Heliosphere BAG (18 patients, mean 
BMI 45.2 kg/m2). In this study balloon extraction was difficult in 8 cases, and a rigid 
esophagoscope as required in 4 cases; laparoscopic surgery was required to remove 
BAG in 1 case. BAG was significantly more likely to result in retrieval complications.

4. Endoscopic gastroplasty, endoscopic sleeve

Endoscopic gastroplasty or sleeve procedures are enjoying increasing popularity. 
The principle of all the procedures listed is a reduction of the stomach volume by 
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endoluminally placed sutures or clips. The procedures are performed transorally, 
so that no permanent scars result. By means of a suture/clip machine placed on the 
endoscope, the stomach is contracted from the intraluminal side and fixed accord-
ingly, thus reducing its lumen. The change in the shape and function of the stomach 
primarily leads to delayed gastric emptying and thus increased saturation. Weight 
loss and reduction of the diabetic metabolic state are the result. These procedures 
have been evaluated for patients with obesity class 1 to 3 and are associated with 
excellent long-term results.

4.1 POSE™

Primary obesity surgery endoluminal (POSE) uses the incisionless operating 
platform (IOP; USGI Medical, San Clemente, CA, USA) to create full-thickness 
plications in the gastric fundus to reduce gastric volume. The Pose procedure 
targeted the gastric fundal accommodation. In 2020 López-Navada presented the 
POSE 2 procedure. Using the same devices, the POSE-2 procedure attempts to 
impair the gastric motility and restrict the gastric volume [26].

Results: Lopez-Navada et al. reported 2015 about 147 patients who underwent 
POSE procedure and were followed for one year [9]. Mean EWL was 44.9%. In a 
meta-analysis of Khan et al. with 7 included studies about POSE procedure Mean 
pooled EWL after 12 months was 44.91% [27].

Complications: Lopez-Navada reported that short-term adverse events included 
minor bleeding at the suture site, which was managed without incidence. Sullivan 
et al. [28], one of the included studies of the meta-analysis of Khan et al., reported 
that 45% of patients had post-procedure abdominal pain requiring pharmaco-
therapy, and 40% reported nausea and vomiting. For POSE 2 procedure no AEs 
were reported.

4.2 ESG (endoscopic sleeve gastrectomy) with the Apollo OverStitch™

The Apollo OverStitch™ (Apollo Endosurgery, Austin, TX) is an endoscopic 
suturing device that applies full-thickness sutures in a variety of patterns. The 
system attaches to a double-channel endoscope and utilizes a curved needle 
driver. The OverStitch Sx™ is available for using single working channel 
endoscopes.

Results: In the meta-analysis of Gys and colleagues from 2019 eight clinical trials 
(1721 patients, 2014–2019) were included with 6–24 months follow-up. Average 
pooled EWL at 12 months was 68.3% [12]. In the recent meta-analysis of Singh and 
colleagues pooled EWL after 12 months was 61.84% [11].

Complications: In the analysis of Gys et al. major adverse events were described 
in 18 patients: pneumothorax (n = 2), perigastric collection (n = 8), pulmonary 
embolism (n = 2), intraluminal bleeding (n = 5), and leakage (n = 1). Singh et al. 
described a pooled incidence of serious adverse events of 2.26%.

4.3 RESTORe with the EndoCinch device

Endoluminal Vertical Gastroplasty (EVG) is performed using the EndoCinch 
suturing device (C.R. Bard, Inc., Murray Hill, NJ). Since 2004 this device is used 
to treat obesity. The RESTORe System (Bard/Davol, Warwick, RI) is an updated 
version of the EndoCinch device. It is capable of deeper tissue acquisition and 
suture reloading inside the patient. During this procedure, in addition to an 
anterior to posterior plication in EVG, the greater curvature is also incorporated 
to mimic LGP.
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Results: In 2008, Fogel performed EVG in 64 patients using a continuous running 
suture along the lesser curvature. No serious adverse events were reported and weight 
loss at 1 year was 58.1% EWL [14].

Complications: No significant adverse events were seen. Twelve-month endos-
copy revealed partial or complete release of plications in 13 of 18 patients.

4.4 TOGA (transorale Gastroplasie)

TOGA (Satiety Inc., Palo Alto, CA) is an endoscopic stapling device first intro-
duced in 2008. TOGA creates a stapled sleeve and a restricted outlet. Similar to 
VBG, TOGA is associated with decreased ghrelin and increased GLP-1 levels.

Results: A sham-controlled trial including 67 patients showed 52.2% EWL (in 
patients with BMI < 40) and 41.3% EWL (in those with BMI ≥ 40) after one year [15].

Complications: Two cases of respiratory distress and an asymptomatic pneumo-
peritoneum from esophageal and gastric perforations that was treated conserva-
tively however were reported.

4.5 TERIS (trans-oral endoscopic restrictive implant system)

TERIS (Barosense, Redwood City, CA) is an endoscopically implanted device 
introduced by Biertho and colleagues in 2009. A prosthetic diaphragm is placed at 
the gastric cardia to create a small reservoir with a 10-mm orifice. To anchor the 
device full thickness plications are used.

Results: In a study including 18 patients (mean BMI 42.1 kg/m2) Verlaan et al. 
reported about a median EWL after six month of 30.1% [16].

Complications: Three SAEs occurred, one gastric perforation and two cases of 
pneumoperitoneum. Because of the poor durability of the system the company 
decided to discontinue the TERIS system and to further develop the successful parts 
of it, such as the articulating circular endoscopic (ACE) stapler.

4.6 ACE-stapler (articulating circular endoscopic stapler)

The ACE stapler (Boston Scientific Corporation, Natick, MA) is an endoscopic 
stapler. This device consist of a head capable of both 360-degree rotation and com-
plete retroflexion. A 5-mm endoscope enables visualization; the device is 16 mm 
in diameter. This device use vacuum suction to mobilize gastric tissue; firing the 
stapler creates a full-thickness plication using a 10-mm plastic ring with 8 titanium 
staples. A defined number of plications is done in the fundus and antrum.

Results: Verlaan et al. [17] reported about 17 patients (BMI 40.2 kg/m2) et al. 
reported in a prospective safety and feasibility study of gastric volume reduction. 
Median EWL was 34.9%.

Complications: The most common adverse event was abdominal pain (7 
patients); sore throat, diarrhea, nausea, constipation, and vomiting were also 
reported. All were self-limited.

4.7 Endomina system

The Endomina suturing system (Endo Tools Therapeutics, SA-ETT, Gosselies, 
Belgium) is a triangulation platform to perform large plications with transmural 
sutures and serosa-to-serosa apposition to reduce the gastric volume.

Results: Two studies (62 patients) by Huberty et al. reported 29% EWL at 
12 months [29, 30].

Complications: No major adverse events were reported.
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5. Aspiration therapy

Nyström et al. [26] reported 2018 in a 4-year analysis on the results of the 
AspireAssist® system in 201 bariatric patients, including in particular class 2 and 
3 obese patients. Using a modified PEG, patients can drain the food pulp and rinse 
with water 20 minutes after ingestion. This device could reduce the absorption of 
up to 30% ingested calories after a meal.

Results: EWL and TWL rates of 43.6% and 17.1%respectively were achieved after 
one year.

Complications: The complication rate corresponds to that of PEG (inflammation 
of the injection site, peritonitis, buried bumper).

6. Malabsorption

The procedures that lead to a barrier development of duodeno-jejunal or gastro-
duodeno-jejunal contact are endoscopic, innovative interpretations of the mode 
of action of the surgically created gastric bypass. The implantation of a plastic 
liner into the lumen of these organs can result in good glycaemic control and, in 
addition, weight reduction. These procedures are named gastrointestinal bypass 
liners (EndoBarrier®, ValenTx™). They are particularly indicated for patients with 
poorly adjustable diabetes mellitus type II.

6.1 The EndoBarrier

The EndoBarrier consists of a single use endoscopic system including a 
liner, delivery system, and retrieval system. A 65 cm teflon covered sleeve 
is placed into the small bowel and can remain in situ for up to 3–12 months. 
Endoscopically implementation is done under general anesthesia. Placement 
of anchor and liner is controlled by endoscopy and fluoroscopic guidance. The 
anchors at the proximal end of the sleeve looks like a crown, consists of nitinol, 
which functions as a self-expandable stent. This allows fixation to the duodenal 
bulb distal to the pylorus, but proximal to the ampulla Vateri. The proximal and 
distal open liner ensures the passage of chyme from the stomach while bypass-
ing the duodenum. Along the outside of the liner, pancreatic juices and bile will 
enter from the ampulla Vateri, thereby avoiding contact with gastric contents 
until these exit the sleeve in the jejunum. The EndoBarrier mimics the malab-
sorptive effects of the RYGB.

Results: Betzel and colleagues [19] reported 2020 about 44 patients treated with 
EndoBarrier-Devices. Twenty patients required early removal due to AEs(55%). 
During dwelling time, body weight decreased significantly (15.9 kg; TBWL 14.6%). 
HbA1c decreased non-significantly. In total, 68% of the patients experienced at 
least one AE. Patel et al. [31] 2018 reported about similar results in a multicenter, 
non-randomized clinical trial with 45 obese patients. Fourteen patients required 
early removal (24%). Significant reductions in weight, BMI and glycaemic control 
were observed during the device insertion period.

Complications: The ASGE Bariatric Endoscopy Task Force reported 2015 about 
an AE rate of 12.66% in 271 implantation [10]. Serious adverse events included 
migration (4.9%), GI bleeding (3.86%), sleeve obstruction (3.4%), liver abscess 
(0.126%), cholangitis (0.126%), acute cholecystitis (0.126%), and esophageal 
perforation(0.126%).



63

Bariatric Surgery—from the Non-surgical Approach to the Post-Surgery Individual Care…
DOI: http://dx.doi.org/10.5772/intechopen.95259

6.2 The ValenTx and its successor

The ValenTx-System is a gastro-duodenal-jejunal liner system which has to be 
inserted in an endoscopic/laparoscopic rendezvous technique. The system, a 120 cm 
long fluoropolymer liner with a proximal and a distal cuff, is primarily placed into 
the jejunum with a delivery catheter. The proximal cuff is anchored at the level of 
the Z-line of the GE junction and anchored with fullthickness sutures deployed in a 
circumferential manner. The successor of the ValenTx is a 120 cm long fluorpolymer 
sleeve which could implement without laparoscopy.

Results: Sandler et al. reported 2018 in sum about 32 obese patients (Mean BMI 
42.3Kg/m2) treated with the successor ValenTx for 12 months. Implantation and 
removal of the device according to the study concepts was possible in all patients. 
EWL after one year was 44.8% [20].

Complications: Implantation related AEs were mild (epigastric pain, heartburn 
or acid reflux, regurgitation, vomiting, dysphagia, and nausea). Longtime AEs were 
obstructions by knots or kinking. In one patient laparotomy for sleeve explantation 
was necessary.

6.3 The duodenal mucosal resurfacing (DMR)

DMR potentially mimics some of the mechanisms of action of bariatric surgery 
in a minimally invasive manner. The DMR procedure is performed using specially 
designed catheters which are advanced over a guidewire next to the endoscope. It 
is a single, minimally invasive endoscopic procedure that involves circumferential 
hydrothermal ablation of the duodenal mucosa resulting in subsequent regeneration 
of the mucosa. Before ablation, the mucosa is lifted with saline to protect the outer 
layers of the duodenum. The DMR procedure could be performed under either 
general anesthesia or deep sedation with propofol.

Results: Van Baar et al. reported 2020 about 37 of 46 patients underwent complete 
DMR (80%), 36 were finally analyzed; in remaining patients, mainly technical issues 
were observed [32]. Weight loss was observed in the first 4 weeks, overall was no 
significant weight loss registered but a significantly decrease of HbA1c and needed 
anti-diabetic medications. The principle of DMR also allows good glycemic control, 
but does not lead to significant weight loss [33].

Complications: In the study of Van Baar et al. [32] twenty-four patients had 
at least one AE (52%) related to DMR. Of these, 81% were mild. One SAE and no 
unanticipated AEs were reported.

7. Endoscopic bypass

In the context of NOTES development, endoscopically guided gastrojejunal 
bypass systems have already been developed and successfully performed in the pig 
model [34]. In the present publications magnets are used, which are applied via the 
working channel of the scope. These “intelligent” magnets are composed in square 
or hexagonal form intraluminally. Two such magnets, which act on each other with 
a force of 600-800 g, cause an anastomosis by reducing the blood supply of the 
enclosed tissue. This results in a gastro-jejunal [35] or jejuno-ileal [21] anastomosis.

The incisionless magnetic anastomotic system (IMAS; GI Windows, West 
Bridgewater, MA, USA) is a novel self-assembling magnetic device that allows for 
side-to-side anastomosis with enteral diversion.
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Results: E. Machytka and colleagues [21] performed a prospective, single-arm 
pilot study, published in 2017. They evaluated the clinical outcomes, safety, and 
efficacy of IMAS placement and creation of a PJD in a total of 10 patients. At 
12 months, patients had an EWL of 40.2%, and a decrease in HbA1c of 1.9% and a 
decrease in fasting glucose levels of 37% in diabetic patients.

Complications: No adverse events were reported.

8. Others

8.1 SatiSphere

The endoluminal mechanical device is a patent of Endosphere Inc. Columbus, 
OH, USA for implantation for 3 months. It is implanted endoscopically into the 
stomach and duodenum through an endoscope under general anesthesia and is 
composed of a nitinol backbone and spheres made of polyethylenterephtalat with 
two pigtails at each end. The stent form was made to stay in place by mimicking the 
anatomy of corresponding parts of the human intestine especially the duodenal 
C-shape down to the ligament of Treitz.

Results: Sauer et al. [36] reported about 26 treated patients. The study was 
prematurely terminated.

Complications: Migration of the endoluminal mechanical device was seen in 
10/21 patients. Serious adverse events occurred in 10 out of 21 patients in the treat-
ment group.

8.2 Full sense device

This device was introduced 2014 with an internet presentation. The Full Sense 
Device (Baker, Foote, Kemmeter, Walburn LLC, Grand Rapids, MI) is a temporary, 
reversible device that is deployed and removed endoscopically. It is a modified 
fully-covered stent with an esophageal component and a gastric disk component. To 
stretch the proximal stomach (cardia and fundus) stimulates the vagal nuclei and 
the vagus nervely. It is designed to induce satiety and fullness in the absence of food 
by applying pressure on the distal esophagus and gastric cardia.

Results: Only preliminary studies exist. Park and colleagues reported about 
FSD implantation in 12 pigs [37]. They used fully-covered, partially covered and 
uncovered stent devices. Luo and colleagues searched for the effects of this system 
in a rodent model [38].

Complications: There was a high migration rate (11/12) in the porcine model.

9. Endoscopic post-surgical complication management

Relevant early and longtime complications can occur after bariatric surgery. 
Because the majority of symptomatic patients are endoscopically evaluated, the 
gastroenterologists must be familiar with post-surgical anatomy and complications, 
and their endoscopic management.

9.1 Acute complications

9.1.1 Bleeding

Endoluminal hemorrhage after resective procedures in bariatric patients occur 
with an incidence of up to 5% [39]. Depending on the pathology, endoscopic 
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hemostasis can be achieved by clip (OTSC or TTSC), submucosal injection with 
fibrin glue or by endoscopic application of hematostyptics.

9.1.2 Anastomotic insufficiency or staple line leaks

The insufficiency of an anastomosis or a staple line leak results in a leakage of 
enteral fluids into the abdomen. The visceral fat, which is present in pathological 
amounts, can result in occult peritonitis without typical pain symptoms this condi-
tioned a delay of the detection of the insufficiency. Different endoscopic therapeutic 
procedures have been established in cases of clinical suspicion of an insufficiency or 
in cases of proven insufficiencies.

In the case of early detection of insufficiency, re-laparoscopy and, if necessary, 
overstitching may be appropriate. Often a combination of re-laparoscopy, lavage 
and drainage for sepsis control and endoscopic therapy is indicated. In hospitals 
with obesity centers and a 24-hour endoscopy rendezvous procedures with intraop-
eratively endoscopy could be established. Especially in cases of very small leaks, a 
reliable identification of the leak can be made [40].

The most frequently performed endoscopic therapy for leakages after bariat-
ric surgery worldwide is the stent therapy [41]. A challenge is the stent fixation 
in bariatric patients. Stent dislocation is the most common complication of this 
type of therapy. Special bariatric stents have been developed. The leading brands 
ECBB HanaroStent® (MI-tech, Seoul, South Korea), MegaStent™ (Taewoong, 
Seoul, South Korea) and Gastro Seal™ (MI-tech, Seoul, South Korea) are 
stents 2013 [42]. In addition to the common hemo-clips, the endoscopic sewing 
machine (EndoStich®, Apollo endosurgery, USA) [43, 44] and a special OTSC 
(OTSC®Stentfix, Ovesco, Germany) can be used for stent fixation [43].

The endoscopic negative pressure therapy (ENPT) is based on an open-pored 
element (e.g. a sponge), which is either endoluminally inserted at the stage of the 
leakage or into the resulting insufficiency cavity (intracavitary). The open-pore 
element is fixed to a drainage with perforations, which is connected to a vacuum 
source. The negative pressure acts through the pores on the surrounding tissue and 
results in a continuous drainage of secretions, cell-detruitus and bacteria, the suc-
tion induces tissue proliferation [45]. Due to the good clinical results this therapy 
is used for numerous leakages of the gastrointestinal and urogenital tract [46, 47]. 
ENPT is also known under the synonyms E-VAC and EVT. For ENPT as primary 
endoscopic procedure for leakage, possibly in combination with laparoscopy, three 
studies are currently available with a cumulative success rate of 90.27% in a total of 
31 patients [48–50]. In addition, there are numerous case reports and studies, some 
of which deal with the combined use of ENPT with stent procedures as first and 
second line therapy [51].

Closure of leakage after bariatric surgery can be successfully performed with 
OTSC® as first or second line therapy with good results up to closure rates of 
86.3% [52, 53].

The drainage of secretions through an internal drainage by implantation of 
a double-pigtail-drainage to endoluminal can lead to a successful healing of the 
insufficiency in up to 78% according to the study results [41].

9.2 Long-time complications

9.2.1 Ulcera

In patients after RYGB, gastrojejunal anastomosis ulceration occurs in up to 
16% of cases. Typically, these ulcers occur within 1–6 months postoperatively. 
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Possible complications of these ulcerations are pain, bleeding and possibly perfora-
tions. Endoscopic diagnosis and bleeding therapy can be established as described 
in “bleeding”.

Ulcerations can also occur after gastric banding operations due to the band. 
In this laparoscopic procedure, an adjustable silicone band is placed around the 
proximal corpus ventriculi, which causes a deliberate stenosis of the stomach by 
filling a port appropriately. Erosion of the gastric band can occur in almost 1/3 
of the patients [41]. If necessary, the gastric band is then recovered endoscopi-
cally [54, 55].

9.2.2 Stenosis

With regard to stenosis after bariatric surgery, the following causes of stenosis 
should be divided:

• Primary anastomotic stenosis according to RYGB (3–28%) [41, 56],

• Primary stenosis in a sleeve stomach (0.1–3.9%) [57],

• Post-therapeutic stenosis after leakage therapy [41].

Stenosis after bariatric surgery is defined as lumen constriction to less than 
10 mm. The therapy consists of an endoscopic controlled balloon dilatation. For 
the primary stenosis after sleeve gastrectomy (30 mm) achalasia balloons with very 
good clinical results are used stenosis sleeve.

9.2.3 Weight regain caused by dilated sleeve or gastrojejunal anastomosis

Weight regain after bariatric surgery is a multi-complex problem. While behavioral 
and genetic mechanisms a dilated gastrojejunal anastomosis (GJA) is a relevante factor 
of weight recidivism after Roux-en-Y gastric bypass surgery (RYGB).

9.3 TORe with OverStitch™

Endoscopic transoral outlet reduction (TORe) is a therapeutic option for 
management of weight regain after RYGB. By a full thickness endoscopic suturing 
device (Overstitch, Apollo Endosurgery, Austin, TX) the reduction of the GJA 
aperture is possible.

Results: Vargas and colleagues [58] reported in a meta-analysis about 330 
patients who underwent TORe procedure. The pooled weight lost at 12 months 
was 8.4 kg.

Complications: Overall, 14% of patients experienced nausea, 18% had pain and 
8% required a repeat EGD. No serious adverse events were reported.

10. OTSC-clip to reduce pouch-outlet and the new BARS device

The OTSC®-clip (Ovesco AG, Tübingen, Germany) is made of super-elastic 
shape memory alloy (Nitinol) which re-takes its former unbent shape after the clip 
is released and thus exerts a constant compression on the tissue between the jaws of 
the clip. In 2020 Ovesco created a new product to reduce pouch-outlet named BARS 
device (Bariatric Reduction System).
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Results: Heylen and colleagues [59] reported about 94 patients who underwent 
reducing of a post-RYGB pouch-outlet. After one year mean BMI was 27.4 kg/m2. 
Di Lorenzo published 2020 results of a clinical trial with BARS device in 6 patients 
[60]. Authors reported about safely performed procedures with a mean procedure 
time of 52 min and a mean weight loss of 6 kg at a 3-month FU.

Complications: No SAEs occurred. Some patients complained of a sore throat for 
24 h after the intervention. In five patients with post-interventional dysphagia, a 
gastroscopy had to be performed. Two of patients required endoscopic dilatation.

10.1 StomaphyX device

The transoral StomaphyX device (EndoGastric Solutions) is a minimally inva-
sive technique for revision after RYGB. Procedure seems to be safe and effective.

Results: 2014 Eid et al. [61] published a randomized clinical trial with 45 patients 
treated with StomaphyX and 25 patients in the sham group. The primary efficacy 
end point was reduction in pre-RYGB excess weight by 15% or more excess BMI. 
Patients undergoing StomaphyX treatment experienced significantly greater reduc-
tion in weight and BMI. Enrollment was closed prematurely because preliminary 
results indicated failure to achieve the primary efficacy end point in at least 50% of 
StomaphyX-treated patients.

Complications: There was one causally related adverse event with StomaphyX 
that required laparoscopic exploration and repair.

10.2 APC for pouch-outlet reducing

APC is a non-contact technique involving the application of an electrical current 
to tissues through ionized argon gas (argon plasma). It has also been successfully 
used in the treatment of the enlargement of the anastomosis after gastric bypass.

Results: Quadros and colleagues [62] published 2020 a randomized controlled 
trial with APC treatment and sham group. Authors reported about a significant 
weight decrease in the first months after APC.

Complications: No SAEs were reported.

10.2.1 Choledocholithiasis

The bariatric procedure can be lithogenic due to a hypersecretion of bile and the 
strong weight loss. A postoperative incidence of cholecystolithiasis in 50% has been 
described for RYGB. The current guidelines recommends primary cholecystec-
tomy (CHE) in preoperative, symptomatic cholecytolithiasis and, if applicable, in 
preoperatively known gallstone disease [1]. Simultaneous CHE is not recommended 
in patients without gallstones. In case of a possibly resulting choledocholithiasis, 
RYGB is a challenge for the endoscopist. In these cases, laparoscopically assisted 
ERCP (LA ERCP) or double balloon enteroscopy for the establishment of ERCP (DB 
ERCP) has become established [41]. Furthermore, there is the possibility to place 
the duodenoscope laparoscopically assisted via a gastrostomy of the suspended 
stomach.

11. Conclusion

This overview about the role of endoscopic diagnostic and interventions in 
obese patients with requiremet of bariatric procedures is certainly not complete 
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and possibly some new and specialized techniques are not listed. Nevertheless we 
could show the immensely dimension of endoscopy in this field. Endoscopy is an 
essential part of diagnostics and therapy in the treatment of bariatric patients this 
applies to the pre- and postoperative phase. As bariatric endoscopy or endoscopic 
bariatric therapy, a large number of interventions have already been developed, 
which impress by their minimal invasiveness, low complication rates, manageable 
costs and good tolerability. Further revolutionary advances in the field of bariatric 
endoscopy can be expected in the medium term. Interventional endoscopy requires 
a high level of expertise and a learning curve. It can be expected an increasing 
number of primary bariatric endoscopic procedures will be performed and bariatric 
surgery will be relegated to the background due to peri-interventional complica-
tions and higher invasiveness.

Abbreviations
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Laparoscopic Sleeve Gastrectomy: 
Outcomes, Safety and 
Complications
Wahiba Elhag and Walid El Ansari

Abstract

Worldwide, the numbers of laparoscopic sleeve gastrectomy (LSG) performed 
grown exponentially over the last decade, because of its simplicity, safety profile 
and excellent outcomes in terms of durable weight loss and improvement of  
obesity-associated comorbidities. This chapter will provide a comprehensive review 
on the outcomes of LSG as a metabolic surgery. It appraises LSG’s short, mid and 
long term weight loss outcomes, and compares these outcomes with those of other 
types of bariatric surgery. Then, a wider range of LSG outcomes are discussed, 
including a variety of comorbidities, clinical, biochemical and inflammatory 
parameters, while appraising the positive metabolic effects of LSG. The chapter also 
outlines the issues pertaining to LSG among a range of special populations such as 
adolescents, the elderly, renal transplant patients and others. The chapter concludes 
with a review of the safety and most common complications that may be encoun-
tered in the short term and long term, including surgical and nutritional complica-
tions, as well as mortality.

Keywords: bariatric surgery, laparoscopic sleeve gastrectomy, technique, 
perioperative care

1. Introduction

Sleeve gastrectomy (SG) is a restrictive bariatric procedure that was first 
described as the initial step in biliopancreatic diversion (BPD). Its relative technical 
ease, effectiveness in weight loss (WL) as a stand-alone procedure, and durability in 
managing obesity and its comorbid conditions have rendered it the most common 
bariatric surgery (BS) globally. Below, we discuss the outcomes of LSG.

2. Outcomes

2.1 Anthropometric (weight loss)

WL outcomes after bariatric surgery can be expressed as percentage of excess 
WL (EWL%) or percentage of excess BMI loss (EBMIL%) [1]. Excess weight is 
‘ideal body weight subtracted from actual body weight’ As for the reporting of the 
duration of follow up, short-term follow-up is defined as <3 years after interven-
tion, medium-term is ≥3 and <5 years after intervention, and long-term is ≥5 years 
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after intervention [1]. The percentage of excess weight loss (EWL%) varies with the 
follow-up duration. The average expected EWL% post LSG is 50–60% [2]. A study 
of 12,129 patients found that the mean EWL% was about 60% at 1 year after sur-
gery, and 65% at 2 years [3]. Midterm (3 years) WL outcomes ranged from 46% to 
84.5% [4, 5]. Long term (≥5 years) evidence suggests that although patients regain 
weight after LSG, they still accomplish a “durable” long-term weight. A review of 
277 long-term studies that included 2713 patients revealed a mean 58.4%, 59.5%, 
56.6%, 56.4%, and 62.5% EWL% at 5, 6, 7, 8, and 11 years, respectively [6].

When comparing WL outcomes of LSG with other restrictive procedure, LSG was 
a more effective procedure than laparoscopic adjustable gastric banding (LAGB), con-
tributing to greater WL. For instance, in a review of 33 studies (4109 patients), LSG 
resulted in significantly higher EWL% compared with LAGB, where mean difference 
was −16.67% at 12 months, −19.63% at 24 months, and −19.28 at 36 months post sur-
gery [7]. Two Large randomized control trails (RCT) assessed the long-term outcomes 
of LSG and Roux en Y gastric bypass (RYGB), the Swiss Multicenter Bypass or Sleeve 
Study (SM-BOSS) [8] and the SLEEVPASS [9]. Both studies reported similar EWL% 
at 5 years in LSG and RYGB (61.1% vs 68.3%) and (49% and 57%) respectively [8, 9].

2.2 Type 2 Diabetes Mellitus

The improvement in type 2 diabetes mellitus (T2DM) occurs soon after surgery 
and before considerable WL is achieved, which suggests the existence of weight-
independent mechanisms. This is attributed to the changes in the gut hormones, 
mainly the increase in GLP-1 and the decrease in ghrelin hormone levels post LSG. 
In the long term, the significant weight loss with LSG leads to improvement in both 
hepatic and peripheral insulin sensitivity which contributes to T2DM resolution [10]. 
LSG is associated with significant T2DM improvement. Complete remission rates 
are 78.3% at 1 year, and 76.2% at 3 years follow up [11]. At 5 years, the remission rate 
ranged between 60.8% to 71.4% [11, 12].

A body of literature compared the T2DM outcomes of LSG vs conventional 
medical management [13, 14]. The 5 year outcomes from an RCT (STAMPEDE) that 
compared intensive medical therapy with BS (LSG or RYGB) found that among 134 
individuals, diabetes remission was observed in 5% who received intensive medical 
therapy alone, compared with 23% who underwent LSG (P = 0.07) [14].

Compared with other restrictive procedures, LSG achieves better T2DM control 
than LAGB (odds ratio (OR): 0.22, 95% CI: 0.06–0.87, P =0 .03) [7]. LAGB does 
not cause changes in gut hormones and seem to depend exclusively on restriction 
for WL and diabetes improvement which might explain the better glycemic control 
seen after LSG [7]. On the other hand, studies comparing T2DM outcomes between 
LSG and RYGB reported similar remission rates [8, 9, 15]. A systematic review that 
included 857 diabetic patients, revealed that T2DM remission rate at 1 year was 63% 
(LSG) and 74% (RYGB) which were not statistically different [15]. The two RCTs 
cited previously also confirmed such finding [8, 9].

Several independent factors were identified as predictors of complete T2DM 
remission, including preoperative HbA1C, EWL%, insulin therapy, age, and oral 
hypoglycemic medications [11, 16].

2.3 Hypertension and cardiovascular disease

Hypertension has long been associated with obesity. LSG was found to improve 
hypertension both in the short and the long term [17, 18]. For some hypertensive 
patients, blood pressure returned to normal on the first day after LSG with a sig-
nificant reduction observed within 10 days post LSG [17]. The improvement in the 
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blood pressure observed before significant WL suggests other neural and hormonal 
mechanisms [17]. Over a period of 12 months, hypertension resolved in 87% and 
improved in 100% of patients [17]. The average number of antihypertensive agents 
per patient significantly declined from 1.5 to 0.6, and the number of patients requir-
ing >2 antihypertensive agents also fell (baseline 49% vs at 12 months 22%) [17]. 
On the long-term, hypertension resolved in 62.17% of patients and improved in 
35.7% at a mean period of 5.35 years [18]. Moreover, LSG resulted in lower inci-
dence of hypertension on the long term (pre-operative 36.5% vs 14.79% at 5 years), 
potentially reducing the health system costs [18]. The improvement in hypertension 
also contributes to a significant 10 year reduction of cardiovascular risk including 
myocardial  infarction and stroke post LSG [19].

2.4 Hyperlipidemia

Hyperlipidemia is a main comorbidity in severe obesity. LSG regulates lipid mark-
ers, with considerable reduction in triglyceride, total cholesterol, very low density 
lipoprotein (VLDL) cholesterol, and low-density lipoprotein (LDL) cholesterol 
levels, with increase in high-density lipoprotein (HDL) cholesterol level [20, 21]. At 
1-year post LSG, remission of hypercholesterolemia and hypertriglyceridemia was 
attained in 45% and 86% of the patients respectively [20]. Moreover, the improve-
ment observed led to the discontinuation of medication among 43.7% of the patients 
[20]. On the long term, LSG showed significant improvement in HDL cholesterol 
and triglyceride compared with preoperative levels [21]. The decreased LDL choles-
terol was significant at 1 year and 3 years post surgery, but the effect at 5 years did not 
reach statistical significance [21]. Overall complete remission of hypercholesteremia 
at 1, 3 and 5 years was 40.0%, 45.6%, 26.1% respectively [21]. Hypertriglyceridemia 
remission rate was 72.2%, 66% and 72.2% at 1, 3 and 5 years respectively [21].

2.5 Non-alcoholic fatty liver disease (NAFLD)

NAFLD is liver steatosis in the absence of secondary causes of hepatic fat accu-
mulation such as alcohol abuse. NAFLD can progress to nonalcoholic steatohepatitis 
(NASH), liver cirrhosis, liver failure, and hepatocellular carcinoma [22]. It is linked 
to obesity and frequently associated with metabolic syndrome [22]. WL and meta-
bolic improvement post LSG result in a significant improvement in NAFLD. In one 
study, a liver biopsy was obtained in 134 LSG patients during surgery and 192 days 
after surgery [23]. There was significant improvement in liver histology following 
LSG, evident by the improvement in NALFD-Activity-Score (NAS) (P<0.001) [23]. 
NAS is a scoring system developed as a tool to measure changes in NAFLD during 
therapeutic trials [24]. In the previous study, the percentage of patients with NASH 
decreased from 18% to 3% [23]. The improvement was greater in severe cases of 
NAFLD including those with steatohepatitis, bridging fibrosis or cirrhosis. LSG 
does not only improve the histology and liver function of patients with NAFLD but 
also reduces the oxidative stress and inflammatory processes involve in the mecha-
nism of NAFLD, where there was significant changes in plasma and liver markers 
of oxidative stress and inflammation (including chemokine C-C motif ligand 2, 
paraoxonase-1, galectin-3, and sonic hedgehog) [25]. These data suggest that LSG 
could be used as therapeutic option to improve NAFLD.

2.6 Obstructive sleep apnea (OSA)

Severe obesity is associated with a high prevalence of moderate-to-severe  
OSA. A metanalysis showed that at a mean of 24.7 months, LSG resulted in 
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resolution and improvement of sleep apnea in 72% and 51% of patients respectively 
[26]. One study showed that the apnea hypopnea index significantly decreased 
from 45.8 to 11.3 events/hour ten months post LSG [27]. The rapid improvement of 
moderate-to-severe OSA observed post LSG is likely due to the reduced neck cir-
cumference. Interestingly, this does not correlate with EWL% which suggests that a 
weight-independent factors may play a role and hence warrant further research [27].

2.7 Asthma

Obesity is a risk factor for asthma. Many inflammatory markers (e.g. interleu-
kins 5, 6, 13, 17) implicated in the pathogenesis and disease activity of asthma are 
increased with obesity [28]. WL post LSG results in significantly improved asthma 
symptoms. A prospective study of 78 subjects compared asthma patients undergo-
ing BS with obese controls. In this study, BS including LSG, resulted in significantly 
improved small airway function, airway hyperresponsiveness, asthma control and 
quality of life (QoL) [29]. There was also a decrease in systemic inflammation and 
bronchial inflammation (mast cell counts) one year after BS [29]. Asthma medica-
tion usage was also reduced following LSG [30]. A retrospective analysis of 751 
asthmatic patients, including 80 LSG patients, found that the number of prescribed 
asthma medications among all procedures significantly decreased by 27% at 30 days 
post-surgery, 37% at 6 months, 44% at 1 year, and 46% at 3 years [30].

2.8 Gastroesophageal reflux disease (GERD)

LSG may improve GERD symptoms as a result of the accelerated gastric emptying 
and WL. A study of GERD in 65 patients after LSG, including 24-hour pH probe data, 
suggested that the preexisting reflux improved, and that the de novo reflux rate was 
low (5.4%) [31]. Appraisal of LSG’s effects of on GERD (median follow-up 56 months) 
using a quality-of-life questionnaire found that GERD-HRQL scores decreased from 7 
to 3 [32]. In the same study, GERD-HRQL scores improved in 55 patients, worsened in 
21, de novo GERD was observed in 10, and no change in 14 patients [32]. A systematic 
review (25 studies) reported clinical improvement in 1863 patients at an average of 20 
± 15 months post-LSG; however the review also reported worsening of symptoms in 
5953 patients over a period of 29 ± 22 months [33]. However, most research used clini-
cal evaluation, with few studies using endoscopy, 24-hour ambulatory pH, esophageal 
manometry or contrast studies [33].

2.9 Mental health

Due to the significant association of depression with obesity, it is a common 
disorder among individuals selected for BS. LSG results in significant improvement 
in various psychological dimensions. At one year post LSG, depressive symptoms, 
self-esteem, eating behavior and cognitive restraint showed improving trends [34]. 
Eating behavior also improves post LSG. In a prospective study of 75 individuals 
before and 48 months after LSG, the number of patients with binge eating disorder 
was lower at follow up (decreased from 13% to 2%) [35]. Similarly, the subscales 
of disinhibition and feelings of hunger both decreased post LSG (p < 0.001 for 
both) [35]. An important outcome post BS is the effect on psychiatric medications, 
specially depression and anxiety medication. A retrospective study of 50 patients 
found that at 3- to 6-months post LSG, anxiety symptoms improved in >50% of 
subjects and most patients were on the same or reduced dosage of medication (62% 
unchanged, 24% decreased) [36]. Depression symptoms improved in 67%, while 
62% of them remained in the same regimen and 26% discontinued their medications 
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[36]. This suggests that LSG not only results in early improvement in symptoms of 
 depression or anxiety, but also reduces the dosage of psychiatric medications [36].

2.10 Quality of life (QoL)

Morbid obesity together with obesity-related diseases have a negative impact on 
the QoL. BS, apart from decreasing mortality and morbidity, achieves long-lasting 
QoL improvement. Significant improvements in physical, psychosocial, and sexual 
QoL are reported post LSG [37]. QoL and status of general well-being significantly 
improved 1 to 2 years post LSG [38, 39]. This improvement was also sustained on 
the long term. For instance, a 10 year follow up study reported significant increase 
in total QoL before and 10 years after LSG [39]. The global physical health QoL 
increased from 45.6 ± 20.7 to 62.3 ± 23 at 10 years; the global mental health QoL 
increased from 49.5 ± 17.7 to 62.2 ± 17.8; and the global total QoL score pre-surgery 
that was 48.3 ± 20.6 increased to 65.1 ± 21.4 at 10 years [39].

2.11 Biochemical and inflammatory markers

Obesity, especially visceral obesity, is considered as a low-grade inflammatory 
disease. Serum concentrations of a number of inflammatory markers including 
C-reactive protein (CRP), tumor necrosis factor-α (TNF-α), and interleukin-6 (IL-6)  
are elevated in overweight and obese individuals [40]. LSG improves the course of 
chronic diseases and the state of inflammation associated with obesity. Evidence 
showed improvements in systemic and urinary inflammatory markers with a 
significant decrease in interleukin-6 (IL-6), CRP, ferritin, and TNF-α [41]. These 
changes were also demonstrated in patients with T2DM, where there was significant 
improvement in inflammatory biomarkers including CRP (P = 0.003) and IL-6 at  
(P = 0.001) 6 months post LSG [42]. The reduction in inflammatory factors suggests 
that LSG may play a role in reducing the risk of T2DM and cardiovascular disease.

2.12 Reproductive systems

2.12.1 Polycystic ovarian syndrome

Polycystic ovarian syndrome (PCOS) is a common endocrine disorder associated 
with obesity. Women with PCOS have hyperandrogenism and hyperinsulinemia 
with subsequent insulin resistance and infertility [43]. LSG is effective in treating 
PCOS, resulting not only in WL, but also significant improvement in the hormonal 
profile [43, 44]. Significant decrease is observed as early as 3 months post-surgery 
in luteinizing hormone (LH) levels (7.2 vs. 4.5 mIU/mL), with inversion of LH/
FSH ratio (P = 0.008), as well as significant decrease in fasting insulin levels (24.4 
mIU/mL vs. 9.0 mIU/mL) [44]. LSG also positively augments fertility rates [43, 
45]. A cohort of 53 women had a progressive increase of serum anti-Mullerian 
hormone (marker of ovarian reserve) levels 6 months after LSG [45]. These hor-
monal changes were also associated with the regulation of the menstrual cycle and 
resolution of dysmenorrhea [45]. Moreover, 22% percent of PCOS patients became 
pregnant within 12 months, 69% of which were previously nulliparous [43].

2.12.2 Maternal and perinatal outcomes after LSG

Obese women have increased rates of adverse obstetric outcomes that include 
gestational diabetes mellitus, gestational hypertension, preeclampsia, cesarean sec-
tion delivery, and adverse neonatal outcomes including congenital malformations, 
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macrosomia, and stillbirths [46]. WL with LSG has better maternal and perinatal 
outcomes [47]. A retrospective study comparing women who had undergone LSG 
with matching controls found that the LSG group had lower rates of gestational DM 
(3.4% vs 17.6%, P = 0.001), large-for-gestational-age neonates (1.7% vs 19.3%, P = 
0.001), and birth weight > 4000 grams (0.8% vs 7.6%, P = 0.02) [47]. Conversely, 
LSG was associated with higher proportions of small-for-gestational-age (SGA) 
neonates (14.3% vs 4.2%, P = 0.01) and low-birth-weight neonates (12.6% vs 4.2%, 
P = 0.03) [47]. Cesarean delivery rates were lower in the LSG group (10.1% vs 
20.2%, P = 0.04) [47]. However, LSG patients also had higher risk of iron deficiency 
anemia requiring treatment with intravenous iron supplementation during preg-
nancy [47]. This suggests that although LSG improves pregnancy outcomes, how-
ever, pregnant women need close monitoring for nutritional deficiencies post LSG.

2.12.3 Male sex hormones

Severe obesity in male patients is accompanied with abnormal sex hormone lev-
els and male hypogonadism. Evidence showed a negative impact of excessive BMI 
on testosterone levels, sexual function and sperm parameters [48]. LSG is associ-
ated with improvement in sexual and reproductive health, and may ameliorate the 
sex hormone unbalance seen with obesity [49]. The total testosterone levels were 
significantly increased at 1, 3, 6 months after BS (13.1 ± 7.0, 13.6 ± 5.7, 21.0 ± 19.3 
nmol/L, respectively), and estradiol levels significantly decreased at 6 months after 
surgery (91.4 ± 44.9 pmol/L) [49]. WL with LSG also has favorable effects on semen 
parameters of patients with pre-existing azoospermia and oligospermia [50]. There 
was a significant increase in the sperm concentration in men with azoospermia 
and oligospermia 1 year post LSG (both P < 0.05) [50]. Interestingly, the changes 
in semen and hormones were not affected by the extent of WL experienced by the 
patients, suggesting an independent mechanism [50].

3. LSG in special populations

3.1 The elderly (>60 years)

Most elderly patients have multiple comorbidities, which are aggravated when 
severe obesity coexists. Obesity increases their risk of developing cancer, heart 
disease, diabetes, lower extremity arthritis, sleep apnea, and stroke, with higher 
mortality risks from cardiovascular disease [51]. LSG is effective for patients older 
than 65 years resulting in significant WL, comorbidities remission, and improved 
QoL [52, 53]. LSG for those older than 65 years (median BMI 43 kg/m2) showed low 
complications, where only 3.7% had gastric leak with no reported mortality and a 
median hospital stay of 5 days [52], BMI decreased to 35, 32.9 and 30.7 kg/m2 at 6, 
12 and 24 months after LSG and the mean EWL was 76.3% at 2 years [52]. Moreover, 
T2DM, hypertension, dyslipidemia, OSA, and arthralgia showed significant remis-
sion at 1 and 2 years following LSG [52]. As for QoL, there was also significant 
improvement in the scales that represent physical health, mental health (social 
function), general health perception and vitality scores [52].

3.2 Adolescents

Severe obesity in adolescents is associated with multiple comorbidities such as 
T2DM, hypertension, sleep apnea, fatty liver disease, decreased QoL and cardiovas-
cular mortality in adulthood [54]. LSG has become the most used operation among 
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adolescents with severe obesity mainly because of comparable WL outcomes and 
morbidities resolution to RYGB [55]. Moreover, LSG carries lower risk of surgical 
and nutritional complications [55, 56]. Indications for BS in adolescents largely 
mirrors the recommendations for adults [54]. There are no data to suggest that a 
youth’s puberty status or linear growth is adversely affected by BS. A study showed 
improved linear growth in children after LSG compared with matched controls 
[57]. LSG results is significant WL, with EWL% at one year ranging from 49% 
to 81% [56, 58], and with durable long term WL (78%) (5 years)[58]. In terms of 
comorbidities, surgical treatment of adolescents with severe obesity and T2DM 
resulted in superior glycemic control than medical treatment. Across two different 
studies, the Teen-Longitudinal Assessment of BS (Teen-LABS) and the Treatment 
Options of Type 2 Diabetes in Adolescents and Youth (TODAY) study, a compari-
son of the glycemic control data showed that at 2 years, the mean hemoglobin A1c 
concentration decreased from 6.8% to 5.5% in Teen-LABS and increased from 6.4% 
to 7.8 in the TODAY study [55]. At 5 years post LSG, the remission rate of insulin 
resistance and T2DM was 100% and 87% respectively [58]. LSG also has a favorable 
outcome in terms of improvement of nonalcoholic steatohepatitis (NASH) [59]. 
Among adolescents who underwent LSG, NASH reverted completely in all patients 
and hepatic fibrosis stage 2 disappeared in 90% of the patients [59]. Moreover, LSG 
resulted in marked and sustained improvements in HRQoL, weight-related QoL and 
body image satisfaction [55, 60].

3.3 Low BMI

BS promotes marked and durable resolution of the clinical manifestations of 
diabetes in morbidly obese patients with T2DM. However, among Asians, the 
risks associated with T2DM and cardiovascular disease occur at a lower BMI than 
in Whites [61]. Patients with BMI < 35 kg/m2 who have uncontrolled and life- 
threatening comorbidities do not meet the traditional criteria for obesity surgery. 
A surgical approach may be appropriate as an alternative for inadequately 
controlled T2DM in suitable surgical candidates with mild to moderate obesity 
(BMI 30–35 kg/m2) [62].

3.3.1 Class I obesity (< 30 BMI)

For patients with BMI < 30 kg/m2, a meta-analysis (12 studies, including 697 
Asians) found that at 12 months postoperatively, BMI and waist circumference 
were reduced by 2.88 kg/m2 and 12.92 cm, respectively [61]. There was a significant 
improvement in glycemic control, lipid profiles, and β-cell function in the short and 
medium terms (6–24 months) [61]. A study of 25 Asians with T2DM and BMI of 
23.23 to 29.97 kg/m2 showed that the complete remission rates at 3, 6, and 12 months 
postoperatively for T2DM were 40%, 60%, 68% respectively, hypertension (22.2%, 
50%, 75% respectively), hypertriglyceridemia (66.7%, 66.7%, 100% respectively), 
and hypercholesterolemia (41.7%, 60%, 100% respectively) [63].

3.3.2 Class II obesity (<35 BMI)

In a randomized controlled trial where 34% of the patients had BMI < 35 kg/m2,  
WL and diabetes remission were greater post LSG than after conventional treat-
ment, and were comparable to RYGB [64]. Midterm follow-up (3 years) of 252 
patients with BMI < 35 showed %EWL of 75.8% [65]. Insulin resistance remitted 
in 89.4%, dyslipidemia in 52%, NAFLD in 84.6%, hypertension in 75% and GERD 
in 65% [65]. T2DM showed 60% complete remission and 40% improvement [65]. 
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The morbidity rate was 2.4%, two patients required reoperations, and no leaks or 
mortality were reported [65]. This suggests that LSG in patients with BMI < 35 kg/m2  
is safe and effective, and BMI should not be the only indicator to consider BS. 
Further studies with longer follow-ups are required.

3.4 Renal transplant patients

Morbid obesity is a barrier to kidney transplantation due to inferior outcomes, 
higher rates of new-onset diabetes after transplantation, delayed graft function, 
and graft failure [66]. LSG improves renal transplant candidacy and post transplant 
outcomes in morbidly obese patients [67, 68]. Kidney recipients who underwent 
LSG were compared with similar BMI recipients who did not undergo LSG [67]. 
In this study, the BMI decreased from 41.5 to 32.3 kg/m2, with no complications, 
readmissions, or mortality following LSG [67]. After transplantation, one patient 
experienced delayed graft function and no other patients had new-onset diabetes 
[67]. Moreover, allograft survival and patient survival at 1-year post transplanta-
tion were 100% [67]. Compared with non-LSG patients, post-LSG recipients had 
significantly lower delayed graft function rates and renal dysfunction-related 
readmissions [67]. Longer duration studies showed that LSG in patients with 
obesity and end-stage kidney disease was associated with lower all-cause mortality 
at 5 years compared with usual care (cumulative incidence 25.6% vs 39.8%; hazard 
ratio 0.69, 95% CI, 0.60–0.78), which is likely driven by the lower mortality from 
cardiovascular disease [68]. Moreover, LSG was associated with an increased rate 
of kidney transplant at 5 years (cumulative incidence 33.0% vs 20.4%; hazard ratio 
1.82; 95% CI, 1.58–2.09) [68].

3.5 Inflammatory bowel disease (IBD)

Historically, IBD patients were unlikely to be overweight or obese due to the 
malabsorption and catabolic disease state; however, the increasing rates of obe-
sity along with enhanced therapeutics have now resulted in higher incidence of 
obese patients. The prevalence of obesity and severe obesity among IBD patients 
is about 20–30% and 2–5%, respectively [69]. LSG is safer compared with RYGB 
for IBD patients as immunosuppressant drugs might place IBD patients at higher 
risk of surgical complications. The underlying nutritional deficiencies in IBD 
patients may also increase susceptibility to micronutrient deficiencies after 
BS. Moreover, IBD could increase the conversion rate of laparoscopic to open 
surgeries [70]. Despite these concerns, studies have found that LSG has favor-
able outcomes in patients with IBD. For example, one study showed that among 
patients with Crohn’s disease (CD) or ulcerative colitis (UC) who underwent 
RYGB (n= 19) and LSG (n= 35), both operations led to significant WL at 1 year 
[71]. Additionally, a sizable proportion of patients experienced improvements 
in IBD after RYGB and LSG [71]. There were no significant differences in the 
proportion of patients with UC who had improved (27% vs 8%), unchanged 
(64% vs 92%), or worse (9% vs 0%) IBD medication requirements, respectively 
[71]. Similar analysis among patients with CD showed no significant differences 
in the proportion of patients who had improved (37.5% vs 44%) or unchanged 
(25% vs 52%) IBD-medication requirements after RYGB and LSG, respectively. 
However, there was a significant difference in the proportion of patients who 
had worsened CD after RYGB compared with LSG (37.5% vs 4%, p = 0.016) [71]. 
In terms of complications, a metanalysis (10 studies) favored LSG over RYGB for 
early (<30 days) complications (LSG 14.9% vs RYGB 28.9%) and late (>30 days) 
complications (LSG 15.0% vs RYGB 26.8%) [70].
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4. Safety and complications

The rate of major complications after LSG is 0–6% [72, 73]. Early complications 
include leak, bleeding, symptomatic stenosis, deep vien thrombosis/pulmonary 
embolism (DVT/PE), risk of portomesenteric venous thrombosis, and dehydration. 
Late complications include stricture, weight regain, and malnutrition.

4.1 30-day morbidity and mortality

Mortality after LSG is currently low. A large study that included 134,142 patients 
where 69% of patients underwent LSG and 31% had RYGB found that the mortality 
and morbidity rates were significantly lower in LSG compared with RYGB (0.1% vs 
0.2%; 5.8% vs 11.7%, respectively). The most important predictors of morbidity and 
mortality outcomes were BMI, albumin, and age [74].

4.2 Leak

Leak rates range from 0.5–7.0%, though most recent reported leak rate is 
about 1%, reflecting improvements with time and experience in the LSG tech-
nique [73, 75]. Gastric leak can result from mechanical forces that stress the 
staple line or ischemia. About 75–85% of LSG leaks occur at the proximal third 
of the greater curvature staple line, as opposed to the distal or antral staple line, 
and usually occur at postoperative day 5 or later [75]. Clinically, post-LSG leak 
presents with left upper quadrant pain, tachycardia, fever, or leukocytosis. Upper 
gastrointestinal contrast studies have low sensitivity (0–25%) but high specific-
ity (90–95%) [72]. Due to its greater sensitivity, computerized tomography 
(CT) scan with oral and intravenous contrast is now used for diagnosis of a leak 
in clinically stable patients with suggestive signs or symptoms [72]. For acute 
postoperative leak, patients who are not stable enough for CT should be returned 
to the operating room for diagnostic laparoscopy. In acute leak, the objective is 
adequate drainage to prevent or mitigate abdominal sepsis. Treatment includes 
adequate drainage, nutritional support, and antibiotics. In most cases, resolution 
of the leak is a matter of time, sometimes taking several months [76]. Endoscopic 
treatments are increasingly utilized with variable success rates in an effort to 
avoid surgical interventions [77].

4.3 Stenosis

Stenosis can result from the surgical technique or ischemia with subsequent 
stricture development. Clinically, significant stenosis occurs in 0.5–3.5% of cases, 
most often in a short segment located at mid-body, near the incisura [78]. Diagnosis 
is made by upper gastrointestinal contrast studies. Initial management is endo-
scopic balloon dilatation, probably requiring 2–4 dilation sessions, with 95–100% 
long-term success rates [79]. However, there is a 2–5% risk of perforation associated 
with dilation [72]. For cases where endoscopic dilation fails, the options include 
endoscopic stenting or conversion to RYGB [80].

4.4 Hemorrhage

Postoperative hemorrhage is rare after LSG and less common than with RYGB. 
Bleeding usually occurs at the staple line and is extraluminal in about half of the 
cases. CT scan confirms the diagnosis, and emergency surgical intervention is 
required for clinically significant active hemorrhage. For intraluminal bleeding, 
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endoscopic interventions, including epinephrine injection, heater probe, and 
 clipping, are effective [72].

4.5 GERD

Significant GERD is considered a contraindication for LSG. Some studies show an 
increased prevalence of GERD in patients after LSG. This is likely due to hypotensive 
lower esophageal sphincter, disruption of the angle of His, reduced gastric compliance 
with higher intragastric pressure, and decreased gastric emptying. Late dilatation 
of the sleeve, and occurrence of hiatal hernia could also play a role in the worsening 
of GERD [81]. It is not recommended to empirically start antacid medication for 
prophylaxis after LSG [82]. However, for patients who develop reflux after LSG, 
treatment options are proton-pump inhibitors or conversion to RYGB [83].

4.6 Portomesenteric venous thrombosis

Portomesenteric venous thrombosis is a rare complication of LSG thought to be 
secondary to regional postsurgical inflammation, change in venous outflow, and 
dehydration predisposing to clot formation [72]. Patients may present 1–2 weeks after 
surgery with vague abdominal pain, severe nausea and vomiting, fever and diffuse 
abdominal tenderness. Diagnosis is confirmed with CT scan. Treatment consists of 
anticoagulation, fluid resuscitation, and bowel rest. Thrombolytics may be indicated 
depending on severity of symptoms. There are no established guidelines for the 
duration of anticoagulation therapy, but patients are usually treated for 3–6 months. 
Surgical treatment is reserved for patients with evidence of infarcted bowel [84].

4.7 Nutritional deficiencies

Although LSG is viewed as a restrictive procedure, some degree of malabsorp-
tion is also expected. After recovering from surgery, patients are at risk of macronu-
trient deficiencies in the long term due to reduced dietary intake, decreased gastric 
secretion of hydrochloric acid and intrinsic factor, and poor food choices. The most 
common micronutrient deficiencies are of vitamins B12 and D, iron, and calcium 
[85]. Other micronutrient deficiencies that can lead to severe complications include 
thiamine, folate, and fat-soluble vitamins [85]. Daily micronutrient supplements 
are necessary, including multivitamin concentrate (with iron, copper, and zinc), 
calcium citrate with vitamin D, vitamin B12, and elemental iron [82]. However, 
multivitamins or nutritional supplements are typically not initiated in the immedi-
ate postoperative period [82]. It is necessary to clinically monitor the bariatric 
patient during the first five years. Some evidence suggests that patients experienced 
fewer nutrient deficiencies after LSG than after RYGB [86].

4.8 Mortality

Mortality after LSG is currently low according to data from the American College 
of Surgeons - BS Center Network (includes 28616 patients in 25 hospitals in the USA), 
where the 30-day mortality was 0.11% and the 1 year mortality was 0.21% [87].

5. Conclusion

Since its evolution from the initial step of a staged procedure to a stand-alone 
procedure, LSG has emerged as the most commonly performed bariatric operation 
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Chapter 7

Sleeve-Plus Procedures in Asia: 
Duodenojejunal Bypass and 
Proximal Jejunal Bypass
Michelle Bernadette C. Lim-Loo, Chih-Kun Huang, 
Valerie Chan and Kathleen Chua

Abstract

Laparoscopic sleeve gastrectomy (SG) is the most commonly done bariatric 
procedure worldwide due to its technical ease. However, the physiologic effects 
of this procedure have limitations on glucose homeostasis for patients with type 2 
Diabetes Mellitus (T2DM). This is due to the insufficient physiologic modulations 
from intestinal hormones. The Roux-en-Y gastric bypass (RYGB) has been proven to 
have better T2DM remission than SG due to more pronounced physiologic changes 
from foregut and hindgut hormone modulations. However, RYGB is technically 
challenging to perform and is accompanied by many potential postoperative com-
plications, especially in terms of nutrition. The addition of an intestinal bypass to 
SG also induces said intestinal hormone changes to enhance diabetes remission. This 
chapter discusses the intestinal bypass that may be added to SG as surgical options 
for the treatment of obesity and T2DM with focus on duodenojejunal and proximal 
jejunal bypass.

Keywords: sleeve gastrectomy with bypass, sleeve-plus, duodenojejunal bypass, 
proximal jejunal bypass, morbid obesity, type 2 diabetes, bariatric surgery in Asia

1. Introduction

Obesity rates continue to increase globally, as well as the number of bariatric 
surgeries done. The RYGB is considered the gold standard bariatric surgery due to 
its satisfactory weight loss and remission of T2DM and other morbidities. However, 
the technical complexity and its long-term complications have led to a decrease in 
popularity over SG, which is easier to do with also satisfactory outcomes in weight 
loss and resolution of morbidities. However, SG also has its own shortcomings such as 
long-term weight regains and recurrence of co-morbidities. In an attempt to improve 
outcomes and decrease complications, new procedures are developed. Supplementing 
an intestinal bypass to an SG results in a simpler technique that has the physiologic 
advantages of RYGB but minimized adverse effects. The term for such procedures 
was coined as “sleeve-plus” by Dr. Chih-Kun Huang in the Taiwan Surgical Society of 
Gastroenterology meeting on October 24, 2015 [1]. As there have been several types 
of sleeve-plus techniques, this chapter will give a more comprehensive discussion on 
sleeve-plus procedures more commonly done in the Asia-Pacific region: the duodeno-
jejunal bypass (DJB) and the proximal jejunal bypass (PJB).
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2. World statistics and census

Obesity is a major non-communicable epidemic disease and has been increasing 
worldwide for both developed and developing countries. It has tripled in number 
since 1975 according to the World Health Organization (WHO), with the latest 
data showing more than 1.9 billion adults classified as overweight; 650 million of 
which are considered as obese. In 2016, obesity accounted for 13% of the world’s 
population (11% of men, 15% of women) [2]. In the Asia-Pacific region, the 
obesity in Gulf countries is greater than 30%, with T2DM frequency at 8-14.7%. 
This is in contrast to most of the other Asian countries where diabetes was more 
frequently seen than obesity [3].

Bariatric surgery is recognized as the most efficacious treatment for morbid 
obesity and its accompanying co-morbidities [4]. The International Federation 
for the Surgery of Obesity and Metabolic Disorders (IFSO) 5th Global Registry 
Report in 2019 recorded 520,983 bariatric operations performed from 2015 to 2018. 
The predominating bariatric surgery was SG (58.6%) followed by RYGB (31.6%) 
[5]. The Asia-Pacific Bariatric and Metabolic Surgery Society 2018 Congress 
reported 95,125 surgeries in Asia-Pacific countries, with most being performed in 
Australia and the Gulf countries, reflecting the highest obese populations in Asia. 
The most commonly performed was SG (68%), followed by the different bypass 
procedures (19.5%), and other surgeries, including revisional surgery (12.5%). 
Sleeve gastrectomy is being done at more than 50% of the procedures in most 
countries. The reported bypass surgeries included RYGB, one-anastomosis gastric 
bypass, SG with duodenojejunal bypass (SGDJB), and biliopancreatic duodenal 
switch (BPPDS). The bypass procedures were more than 30% only in Thailand and 
India. The OAGB was the leading bypass procedure in Taiwan, India and the Gulf 
countries. The SGDJB was more common in Japan, while RYGB was more common 
in the other countries [3].

The gold standard in bariatric surgery is still RYGB; but due to its technical 
difficulty and more severe complications such as marked malnutrition and marginal 
ulceration, SG has become the more popular bariatric procedure.

3. Brief evolution of bariatric surgery

Bariatric and metabolic surgery originated in the early 1950s, first performed 
by Kremen: the jejunoileal bypass. To treat obesity-associated hyperlipidemia, 
the proximal jejunum was anastomosed to the distal ileum to limit absorption. 
However, this was associated with post-operative severe malnutrition and liver 
complications [6]. Taiwan was the first country in Asia recorded to perform the 
jejunoileal bypass for obesity treatment in 1974 [7]. The initial bariatric surgery 
was modified to limit malabsorption. In 1960s, Mason developed the first gastric 
bypass procedure utilizing a transverse gastric pouch remnant anastomosed to a 
loop of jejunum. Severe bile reflux prompted revision to a Roux-en-Y reconstruc-
tion of gastric bypass in the 1970s, which resulted to less diarrhea, kidney stones 
and gallbladder stones [6]. Taiwan was the first to perform a gastric partition 
in 1981. Vertical banded gastroplasty then began in Japan in 1982, and then 
Singapore in 1987 [7].

Biliopancreatic diversion (BPD) by Scopinario and duodenal switch (DS) by 
Hess were also developed subsequently in 1976 and 1988; but the high incidence 
of potential metabolic complications and prolonged follow-up made these proce-
dures less common. The RYGB eventually became the gold standard procedure for 
bariatric surgery [4].
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In an attempt to breakdown RYGB and laparoscopic DS to decrease the opera-
tive time, SG was initially performed as a first step of a staged procedure [8]. The 
achievement of weight loss after SG made it an adequate stand-alone procedure.

Laparoscopic bariatric surgeries were first performed in 1994: laparoscopic 
adjustable gastric banding (LAGB) by Belachaew, and laparoscopic RYGB by 
Wittgrove and Clark. Asia also started laparoscopic bariatric surgeries during the 
1990s [3]. In 1999, laparoscopic BPDDS was initiated by Gagner; and laparoscopic 
classical BPD by Scopinario. By 2000, McMahon and Gagner performed the first 
isolated laparoscopic SG, which was the time that majority of bariatric surgeries 
were already being done laparoscopically [5, 9].

Advancements in minimally invasive surgery lead to the application of single 
incision laparoscopic surgery (SILS) to bariatric surgery. In 2008, Nguyen 
reported the first case of bariatric SILS with adjustable gastric banding, [10] 
while Saber performed SILS SG [11]. Huang documented the first single incision 
transumbilical (SITU) RYGB in 2009, [12] followed by a series in 2010 compar-
ing surgical outcomes of patients undergoing 5-port LRYGB with the novel 
SITU RYGB. The SILS has been shown to improve patient satisfaction in terms 
of cosmesis with comparable weight loss and morbidity rate. However, techni-
cal challenges due to the restricted surgical field, longer operative time, and 
increased post-operative pain have limited its popularity [13]. These procedures 
are technically feasible and reproducible with proper patient selection, performed 
by an experienced surgeon.

Restrictive and malabsorptive anatomic conceptualization of bariatric surgi-
cal procedures are continually under investigation. Modifications to the accepted 
standards are being made to further improve the treatment of obesity-related 
co-morbidities and reduce the impact of surgery.

4. Types of sleeve-plus procedures

The earliest sleeve-plus procedure is the BPDDS which was developed in 1998 by 
Hess and Marceau [14, 15]. Many of the sleeve-plus procedures were patterned after 
the BPDDS. The procedure consists of a Roux-en-Y reconstruction of the bowel with 
a duodeno-ileal anastomosis for the alimentary limb, a lengthy biliopancreatic limb 
for malabsorption, and a short common limb. Changes in the location of the limb 
anastomosis and the limb lengths resulted in the different sleeve-plus techniques 
reported today (Figure 1).

In 2007, Sanchez-Pernaute reported a modification of the BPDDS into a loop 
fashion of limb reconstruction with a longer common channel. He described it as a 
single anastomosis duodenoileal bypass with sleeve (SADI-S) [16]. Santoro devel-
oped the SG with transit bipartition as an ileal anastomosis to the SG antrum with 
a Roux-en-Y reconstruction. This technique was then revised by Mui into a loop 
fashion and was called single anastomosis sleeve ileal bypass (SASI) [17, 18].

The sleeve gastrectomy duodenojejunal bypass (SGDJB) was first developed in 
Asia as an alternative to RYGB to allow the stomach to be screened for gastric cancer 
in areas with a high-risk population. The procedure may be done in the Roux-en-Y 
or loop fashion and was developed by Kasama in Japan and Huang in Taiwan, 
respectively [19, 20].

The ileal interposition with sleeve gastrectomy (IISG) was introduced by 
Aureo De Paula. The procedure included a segment of the ileum placed between 
the transected proximal duodenum and to the proximal jejunum, or interposed 
into the proximal jejunum [21]. The complexity of the procedure limits its wide-
spread application.
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Figure 1. 
Types of sleeve-plus procedures.
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The proximal jejunal bypass (SGPJB) is probably the simplest sleeve-plus 
procedure to perform. It was developed by Alamo in 2004, where the proximal 
20 cm of the jejunum is transected and anastomosed to the distal 300 cm bowel, 
leaving a blind-ended segment of the jejunum [22].

5. Advantages of sleeve-plus procedures

Several advantages can be gained from sleeve-plus procedures. First, it allows 
the remaining stomach to be screened for gastric cancer, which is frequently done in 
areas of high gastric cancer prevalence such as Japan and Korea [23]. Screening will 
be difficult to do in RYGB.

In the techniques where anatomical and functional preservation of the pylorus 
is done, the gastric mucosa is protected against pancreatic and biliary fluids; hence, 
preventing bile acid gastritis [24]. The pylorus also regulates gastric emptying which 
results to a lower incidence of dumping syndrome [25]. The larger gastric mucosal 
contact to food in SG compared to that in RYGB also improves the absorption of 
iron, calcium, vitamin B12 and protein leading to less nutritional deficiencies [26].

Sleeve-plus procedures are quite versatile if a conversion to another procedure 
become warranted, whether due to weight regain, or complications of leaks and 
strictures. The loop SGDJB may be converted to a DS by transecting the afferent 
limb and anastomosing it to the distal segment of the efferent limb. The Roux-en-Y 
SGDJB can also be converted into DS by lengthening the alimentary limb from 
the biliopancreatic limb. Conversion to RYGB of any sleeve-plus procedure is also 
feasible. Index sleeve-plus procedures with a transected duodenum requires the 
proximal duodenal anastomosis to be taken down to allow resection of the distal 
gastric tube. The previous alimentary limb is then anastomosed to the remaining 
gastric pouch. In an SGPJB, a gastric pouch is simply created and anastomosed to 
the blind limb to construct the alimentary limb. In SG with bipartition, the gas-
troenteric anastomosis is transected, a gastric pouch is created, and a Roux-en-Y 
reconstruction of the bowel is done.

Loop techniques of sleeve-plus procedures have an additional advantage over the 
Roux-en-Y techniques. The single anastomosis in loop procedures allow for a shorter 
operative time and less potential complications that may arise from every additional 
anastomosis. The number of anastomoses also translates to the number of man-made 
hernial defects that necessitates closure. Another advantage of the loop techniques is 
that marginal ulcers have not been reported [20]. This may be due to the immediate 
neutralization of the gastric fluid by the bile juices once in the duodenum.

6. Hormonal effect of sleeve-plus procedures

When food is ingested, there are changes in the entero-insular axis which 
involve the gastrointestinal, endocrine and pancreatic secretions that contribute 
to insulin production. The main hormones in this mechanism includes ghrelin, 
glucagon-like polypeptide (GLP-1), peptide YY (PYY), gastric inhibitory peptide, 
oxyntomodulin, and cholecystokinin. Anatomical alterations of the food passage-
way can affect these entero-hormones which can both influence the central regu-
lation of body weight homeostasis, and make glycemic control more efficient. The 
hormones affect the hypothalamic-appetite regulation and suppress food intake. 
The enhanced glucose homeostasis can be explained by “foregut” and “hindgut” 
theories. The foregut theory hypothesizes that exclusion of food contact with the 
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duodenum prevents secretion of “anti-incretin” substances. Incretins are meta-
bolic hormones that promote a decrease in blood glucose by making the pancreas 
more efficient. On the other hand, the hindgut theory explains that contact of 
undigested food immediately into the distal bowel stimulates production of incre-
tins. The more relevant incretins involved are the GLP-1 and the PYY. These are 
produced from the L-cells in the distal ileum and colon after immediate contact 
with nutrients. The postprandial GLP-1 levels are significantly increased after 
both RYGB and LSG [27–29].

The sleeve-plus procedures are comprised of a sleeve gastrectomy and an 
intestinal bypass component. Sleeve gastrectomy has been shown to significantly 
decrease ghrelin, an orexigenic hormone predominantly secreted in the stomach. 
Ghrelin is also known to suppress insulin and have a modulating effect on glucose 
homeostasis, hence the decreased levels after SG also helps improve blood sugar 
control [30]. The SGPJB and SGDJB both have additional glycemic control effect 
by allowing food to be in early contact to the distal jejunum, stimulating earlier 
incretin production. The SGDJB has the added benefit of bypassing the duodenum 
and averts secretion of anti-incretin substances [31].

6.1 Hormonal study

A prospective observational study was conducted by Dr. Chih-Kun Huang on 
the incretin effect of SGDJB in type II diabetic patients with BMI <35 kg/m2 from 
May 2013 to March 2014. The study included 27 patients, 23 females and four males, 
mean age of 51, mean weight at 74.5 kg and mean BMI 28.4 kg/m2. All patients have 
T2DM for a mean duration of 10 years and underwent SGDJB with an afferent limb 
of 200 cm. The C-peptide, ghrelin, GLP-1, PYY were measured over time together 
with an oral glucose tolerance test (OGTT).

Hormone levels were analyzed by time courses, area under the plasma con-
centration time profile (AUC) and maximum plasma concentration (Cmax). 
Follow-up hormone levels were compared using the paired t-test. The fisher exact 
test was used when 20% of the cells had expected values of less than 5. A p-value 
of less than 0.05 denoted statistical significance. All statistical tests were 2-tailed 
and calculated using the SPSS statistical software (version 15.0; SPSS Inc., 
Chicago Il.)

The surgery resulted in substantial weight loss with good glycemic control. At 
six months, the mean BMI had decreased to 22 (p < 0.01), fasting glucose from 
160 to 111 gm/dL, and mean glycosylated hemoglobin levels from 9.3 to 6.28% 
(p < 0.01). Fasting ghrelin assays over time alongside OGTT was significantly lower 
with an AUC-120 of 82.13 ± 49.36 pg./mL/min dropping down to 17.90 ± 9.01 pg./
mL/min (p < 0.05). The GLP-1 showed an exaggerated response with an AUC-120 
increase from 139.37 ± 109.93 pg./mL/min preoperatively to 349.10 ± 187.35 pg./
mL/min at one month (p < 0.05) and to 185.75 ± 118.81 pg./mL/min at six 
months (p = 0.06). The PYY also showed significant postprandial response at 
one month postoperatively with and AUC-120 change from 137.10 ± 93.20 pg./
mL/min to 454.50 ± 134.85 pg./mL/min (p < 0.05). However, this dropped to 
136.57 ± 134.53 pg./mL/min at six months (p = 0.987) postoperatively (Figure 2).

The results in this hormonal study can infer that SGDJB leads to the immediate 
decrease in hunger, increase in satiety and better glycemic control. However, the 
decrease in PYY levels after six months is different from that of other hormonal 
studies where GLP-1 and PYY were shown to be elevated up to one year after bar-
iatric surgery [32, 33]. Further research is needed to confirm how long the elevated 
incretin levels can persist postoperatively and how the body eventually adapts to it.
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7. Indications and contraindications

The National Institute of Health (NIH) Consensus Conference in 1991 established 
the indications in performing bariatric surgery, at the height of the obesity epidemic. 
Since then, a few modifications were made differing from country to country. The 
National Institute of Health and Care Excellence (NICE) in UK, as well as the Asian 
Pacific Metabolic and Bariatric Surgery Society (APMBSS), extended the indications 
further in relation to presence of other co-morbidities and adjusted the BMI thresh-
old in accordance to inherent differences in body composition [34, 35]. In 2016, the 
2nd Diabetes Surgery Summit convened with leading international diabetes orga-
nizations and developed new recommendations for metabolic surgery with a lower 
BMI threshold for Asians due to the higher risk for diabetes despite lower BMI values 
[36, 37] (Table 1).

Contraindications to bariatric surgery include physiological, medical and surgi-
cal, and psychological factors; few are considered to be absolute contraindications 
(Table 2).

Physiological factors include age and BMI. Initial NIH guidelines have limited 
surgery to 18-65 years of age, but recent studies have shown that bariatric surgery is 
considered safe for the elderly population [38–41]. There are limited well-designed 
prospective studies on bariatric surgery for children and adolescents, and an 
important factor to take into consideration is the psychological maturity required in 
accepting the lifestyle changes accompanying surgical intervention.

Obstructive sleep apnea, diabetes, hypertension and cardiovascular problems 
are some of the health conditions that should be screened and controlled pre-
operatively prior to contemplating bariatric surgery. Previous abdominal surgery 
including abdominal wall hernias would influence practicality and applicability of 
any laparoscopic approach [4].

Figure 2. 
C-peptide and hormone assays at zero, one and six months after SGDJB against time in minutes alongside an 
oral glucose tolerance test.
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Absolute Contraindications

Poor functional status
Uncontrollable psychiatric disease
Drug or substance abuse
Malignancy

Relative Contraindications

Extremes of age
Type 1 Diabetes Mellitus
Smoking
Liver cirrhosis
Previous abdominal surgery

Table 2. 
Contraindications for bariatric surgery.

Active psychiatric disease and psychological instability are absolute contrain-
dications; while poorly controlled eating disorders being a negative predictor of 
post-operative weight loss, is a relative contraindication [42, 43]. Smoking has been 
associated with development of post-operative marginal ulceration after gastric 
bypass, increased risk of poor wound healing and impaired health, and should be 
stopped at least 6 weeks before surgery [4, 44].

7.1 Selection of sleeve-plus procedure

The SGDJB and SGPJB are both relatively more recent than the RYGB and the 
data is still too young to provide specific indications for either procedures. Both 
patient and surgical factors must be considered when choosing the appropriate pro-
cedure for a safe outcome with optimal weight loss and resolution of co-morbidities. 
Any contraindications to SG obviously preclude both SGDJB and SGPJB such as 
severe gastroesophageal reflux disease and Barrett’s esophagus.

All patients who are suitable candidates for SG may benefit from an additional 
bypass component if the BMI and diabetic history are considered. Higher BMIs 
such as 45 or more may benefit from a malabsorptive component but also reflect 
thicker visceral fat. This may pose difficulties during duodenal dissection for 
SGDJB. Hence, SGPJB may be a safer and easier option. Patients with long stand-
ing diabetes may also benefit from a bypass component because of the additional 
incretin response. Those with poorer glycemic control due to a more decompensated 

Criteria NIH NICE APMBSS DSS-IIi

BMI ≥ 40 ≥ 40 > 37 ≥ 40i

BMI with 
co-morbidities

≥35- • ≥ 35

• ≥ 35 with new onset 
diabetes

• 30 with new onset diabetes*

≥ 32** • ≥35i***

• ≥30i****

iBMI criteria is decreased by 2.5 for Asians.
*Bariatric surgery can be considered in BMI 30-34.9 with new onset diabetes.
**Presence of diabetes or two other obesity-related co-morbidities.
***Inadequately controlled hyperglycemia despite lifestyle and optimal medical therapy.
****Inadequately controlled hyperglycemia despite optimal medical treatment.

Table 1. 
Indications for bariatric surgery.
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pancreas may consider SGDJB over SGPJB due to the combined glycemic effects 
from the foregut and hindgut theory. However, SGDJB is a challenging procedure 
and requires a more experienced surgeon’s skill set.

Intraoperative findings may also influence the choice of procedure. Any evidence 
of vascular perfusion concerns on otherwise normal tissues may hint potential 
anastomotic problems. An SGPJB may be a more practical option, as the leaks from 
jejuno-jejunal anastomosis is easier to manage than leaks from a duodenojejunal 
anastomosis. The patient’s current medical condition must also be considered. 
Severe co-morbidities such as cardiac issues may preclude contemplation for SGDJB 
as this requires a longer operative time compared to SGPJB.

Each surgery has its own advantages and disadvantages. However, a safe out-
come is still the most important factor to consider when choosing not only between 
sleeve-plus procedures, but for any type of bariatric surgery.

8. Preoperative considerations

A multidisciplinary team is necessary for screening and evaluating a patient’s 
medical condition including psychological capability to undergo bariatric surgery. 
One of the crucial facets in the success of bariatric surgery is a comprehensive medi-
cal history, physical examination, preoperative work-up, with patient education 
playing an integral part.

A complete history should include a detailed diet history, physical activity, 
medication review, social history, psychological history, and psychosocial factors 
that can affect the surgical outcome. All body systems are assessed. A full endocri-
nologic evaluation is done to rule out other causes of obesity. Other obesity-related 
co-morbidities are screened and managed accordingly.

Psychological evaluation is necessary to identify any undiagnosed psychiatric 
disorders, and to assess if a candidate will be able to undergo the lifestyle changes 
necessary to sustain long-term weight loss. Any significant psychiatric problems 
must be treated and controlled prior to any contemplated procedure. Counseling for 
smoking and alcohol cessation, as well as pregnancy must be included.

9. Operative technique

The addition of a bypass component to a simple SG would entail a more tech-
nically challenging surgery. Advanced laparoscopic skills are essential to safely 
perform organ manipulations, adequate dissection, landmark identifications, sutur-
ing and anastomosis to ensure a complete and successful surgery. Although several 
procedures are mentioned above, this chapter will give a more comprehensive 
discussion to SGDJB and SGPJB, which are the more commonly performed sleeve-
plus procedures in the Asia-Pacific region.

9.1 Duodenojejunal bypass

There have been two operative techniques describing SGDJB: the Roux-en-Y 
(RNY) and the loop technique. The RNY SGDJB was first described by Kasama in 
2009 as an alternative option to RYGB which precludes screening of the remnant 
stomach for gastric cancer in high-risk populations as in Japan [19]. The loop 
 technique was then described by Huang in 2013 in an attempt to mitigate some  
long-term complications associated with RYGB [20].
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9.1.1 Roux-en-Y technique

After induction of anesthesia, the patient is placed in the French position. Five 
ports are inserted, the camera port at the supra-umbilicus, a 5-mm port at the 
subxiphoid for liver retraction, two 12-mm ports at the left subcostal margin and 
10 cm caudally, and a 15 mm port at the right upper abdomen.

A standard SG is done over a 36 French bougie using linear staplers beginning 
4 cm from the pylorus and proceeding proximally. Dissection of the posterior wall 
of the duodenum is done and transected at 1-2 cm distal to the pylorus. The jejunum 
is transected at 50-100 cm from the ligament of Treitz serving as the biliopancreatic 
limb. The transected distal jejunum to serve as the alimentary tract is measured to 
150-200 cm where the jejunojejunostomy anastomosis of the biliopancreatic limb 
is done. The mesenteric defect is closed by hand-sewn technique. The omentum is 
divided to avoid tension on the antecolic reconstruction of the duodenojejunal end-
to-side anastomosis [19] (Figure 3).

9.1.2 Loop technique

After anesthesia is initiated, the patient is placed in supine position. Five ports 
are also used. Two 12-mm ports at the left and right of the umbilicus at the midcla-
vicular line; the left serving as the camera port. A 15-mm port is inserted into the 
umbilicus and two 5-mm ports at both subcostal margins.

A standard sleeve gastrectomy is done over a 36 French bougie using a linear 
stapler beginning at 4 cm proximal to the pylorus and proceeding cranially. At the 
duodenum 2 cm distal to the pylorus, the posterior wall is dissected creating a tun-
nel where the linear stapler is inserted and used for transection. The jejunum is then 
measured 200-300 cm from the Ligament of Treitz where an enterotomy is created. A 
1.5 cm duodenotomy is created at the proximal limb and anastomosed to the enter-
otomy by hand-sewn technique. The jejunum 4 cm proximal to the duodenojejunos-
tomy is anchored to the antrum serving as an anti-torsion suture. The Petersen’s defect 
is closed. The remnant stomach is fixed posteriorly to the retroperitoneal fat and a 
Jackson-Pratt drain is placed behind the duodenojejunal anastomosis [20] (Figure 4).

9.1.3 Pearls

The SGDJB can be quite intimidating to some surgeons due to the intimate 
relationship of the duodenum to the surrounding structures. Proper identification 
of landmarks to guide dissection is important to avoid mishaps.

The location of the common bile duct running behind the first portion of the 
duodenum, serves as a boundary to the second portion where the transection is 
done. The gastroduodenal artery (GDA) is also located in this area just to the left 
of the common bile duct (Figure 5). Hence, dissection of the duodenum from the 
pancreas must be done carefully to avoid injury and bleeding due to the proximity 
of the GDA and high vascularity of the area.

To facilitate the dissection, counter-traction of the duodenum may be done 
by pulling the stomach laterally to the left using a traction suture over the gastric 
antrum. In patients with excessive periduodenal fat, the dissection of a tunnel 
below the duodenum becomes difficult. In these cases, the right gastroepiploic 
vessels may be sacrificed. Once a clear tunnel between the duodenum and pancreas 
has been created, a vascular tape may be inserted and used to lift the duodenum to 
assist insertion of a stapler for the duodenal transection (Figure 6). The surgeon 
must take care not to injure the common bile duct, pancreas and vasculatures 
around the first part of the duodenum. A side-to-side or end-to side duodenojejunal 
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anastomosis may be done, each having its own precautions. A side-to-side anasto-
mosis must be done 1 cm distal to the pylorus to avoid its injury. A temporary stay 
suture between the pylorus and proximal jejunum allows for easier hand-sewn anas-
tomosis. The other option of an end-to-side anastomosis would require the posterior 
wall of the proximal duodenum to be partially devascularized to allow some tissue 
clearance for the hand-sewn anastomosis. Use of a stapler in both orientation of 
anastomosis may risk pyloric injury. The loop technique requires only a single anas-
tomosis, and an anti-torsion suture anchoring afferent limb of the jejunal loop to 
the stomach. This is done to avoid torsion or kinking of the jejunal limbs. The RNY 
technique would require another entero-enteric anastomosis which would translate 
to more operative time. Closure of both the Petersen and mesenteric defect prevents 
potential internal herniation of bowel.

Figure 3. 
SGDJB roux-en-Y technique.
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Figure 4. 
SGDJB loop technique.
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Figure 5. 
Anatomical landmarks and relationships of the proximal duodenum.

Figure 6. 
Use of a vascular tape to maneuver the duodenum facilitates application of the stapling device.
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9.1.4 Challenges

Apart from being an irreversible procedure with no long-term data avail-
able yet to compare it to RYGB, the procedure is technically demanding and 
might preclude super obese patients. It also requires a fastidious surgeon with 

Figure 7. 
Sleeve gastrectomy with proximal jejunal bypass.
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meticulous skills in manipulating an area of intimately-related vital structures, 
so as to have an uneventful surgery.

Duodenal dissection and manipulation must be done carefully to avoid inad-
vertent damage to the duodenal wall. Injury to the duodenum proximal to the 
dissection is resolved with the duodenojejunal anastomosis. But injury distal to the 
transection may result in a leak if not repaired properly.

Bile duct injury may occur if the duodenal transection is done too distally. 
Avulsions and lacerations are repaired over a T-tube inserted into the bile duct. 
Complete transections would require a biliary reconstruction.

Bleeding is not infrequent due to the vascularity around the proximal duodenum 
and may range from oozing to torrential. Oozing due to multiple small vessels is 
controlled with simple packing until hemostasis is achieved. Added manipulation 
is avoided to prevent more tissue injury and aggravate hemorrhage. Severe bleeding 
from an injured gastroduodenal artery may necessitate suture repair, ligation or 
conversion to an open laparotomy.

Another shortcoming of the SGDJB is the inaccessibility to the Ampulla of Vater 
for endoscopic management of biliary obstructions. Therefore, patients with chole-
lithiasis preoperatively are offered cholecystectomy concomitantly with the bariat-
ric surgery or subsequently if it develops postoperatively, regardless of symptoms.

9.2 Proximal Jejunal bypass

The surgery is performed under general anesthesia with the patient in reverse 
Trendelenberg position. Initial entry and camera port is done along the left upper 
quadrant followed by the other working ports: 15 mm at the umbilicus, 5 mm at the 
right upper quadrant, and 5 mm at the left subcostal area.

A standard SG is done over a 36 French bougie using linear staplers beginning 
4 cm from the pylorus and proceeding proximally. The ligament of Treitz is identi-
fied and jejunum is divided at 20 cm. The distally transected jejunum is measured to 
a distance varying from 250 to 300 cm and is anastomosed to the proximal biliopan-
creatic jejunal limb. The mesenteric defect is closed to avoid internal hernia and the 
remnant stomach is fixed posteriorly to the retroperitoneal fat [45] (Figure 7).

10. Postoperative care and follow up

Once the surgery has been concluded, extubated and recovered from anesthesia, 
the patient is then returned to the ward. Clear liquids are initiated once the patient 
is fully awake. Deep breathing exercises and chest physiotherapy are done. Early 
mobilization is encouraged and opioid analgesics are used for pain control. If there are 
no remarkable events, the patient is discharged and is scheduled to follow up after one 
week at the out-patient clinic. Diet progression is then continued as with any routine 
bariatric diet, with a progressive exercise program in place. Maintenance medications 
for diabetes and other co-morbidities are adjusted accordingly. Prophylactic proton 
pump inhibitors may be given. Subsequent follow-ups include dietary counseling, and 
is done every three months after the surgery for the first two years and then annually.

11. Therapeutic outcomes

Review of literature has reported RYGB to have better results than LSG in terms 
of weight loss and T2DM remission. However, complications are also reported to 
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be higher after RYGB [46, 47]. Up to 97% of morbidly obese SG patients have been 
reported to have improvement or remission of T2DM at 13 months but drops to 
60.8% at five years with a recurrence rate of 13% [48]. Early reports of DJB in non-
obese diabetic patients have shown improvement in sugar control albeit without 
remission of diabetes [49, 50]. Since there was no SG done, this suggests that weight 
loss is a strong factor for diabetes remission. The combination of SG with an intesti-
nal bypass results to a synergistic combination of weight loss and sugar control.

The SGDJB was first reported by Kasama et al. in 2009, in comparison with 
gastric band, RYGB and SG. At one year, the excess weight loss (EWL) was similar 
to RYGB, and better than SG or gastric banding. Diabetes resolution of SGDJB 
was better than SG at 93% versus 67%. There was also resolution of dyslipidemia 
(100%) and hypertension (85.7%) [19]. Raj et al. published a randomized controlled 
trial between SGDJB and RYGB showing no statistical difference in percent EWL, 
diabetes remission, and resolution of hypertension and dyslipidemia [51]. Lee et al. 
also compared SGDJB with RYGB showing better EWL with SGDJB (80.3% vs. 
63.4%) but with higher cholesterol levels than RYGB [26]. He also compared SGDJB 
to SG alone and reported SGDJB to have better weight loss (EWL 87.2% versus 
67.5%) and diabetes remission (93% versus 87%) [52].

Kasama’s group also reported the effect of SGDJB on glucose metabolism in 
morbid obesity with associated diabetes. Glucose monitoring showed decreasing 
insulin requirements on the first postoperative day to no diabetic medications on the 
second day. At one month, 91% of the subjects achieved an HbA1c below 7%. A meal 
tolerance test conducted at six months showed the subjects to have lower glucose 
and increased insulin area under the curve. This was reflected in the decreased 
requirement of oral hypoglycemic agents and insulin [53]. At one year, fasting blood 
sugar and HbA1c levels improved at 194 to 105 and 8.9 to 6.0, respectively, and 
found to be sustained up to five years with a reported remission rate of 63.6% [54].

In diabetic patients within the lower BMI range of obesity, Huang et al. reported 
that SGDJB resulted in a BMI drop to 22.4 from 28.4 in six months, and HbA1c levels 
below 7.0 without medications in 91% of the subjects [20]. On two-year follow-up, 
diabetes remission was found to be at 54% and glycemic control in 77% [55]. In com-
parison to RYGB, there were no statistical difference in the outcomes for diabetic 
patients with BMI less than 35 in terms of weight loss and glycemic control [56].

Studies on SGPJB have shown to the weight loss outcomes to be better than SG 
[57]. The EWL in one year is 96.7% and has been found to be sustained to more than 
80% even after 10 years of follow-up [58]. Good glycemic control is also achieved 
after SGPJB. In 2016, the first Asian series was reported by Huang et al. showed 66% 
EWL at six months, with 66.7% of diabetic patients achieving an HbA1c less than 6 
without medications [45]. A study on diabetics with BMI of <35 showed 97% of the 
subjects on preoperative oral hypoglycemic agents had complete remission and all of 
the subjects on insulin to be in partial remission [59]. When compared with RYGB, 
the outcomes at one and three years showed weight loss and diabetes remission to be 
similar, with both groups requiring less medications [60, 61].

12. Complications

The overall morbidity associated with bariatric surgery complications ranges 
from 3.4-13% and may vary depending on the procedural type, surgical approach, 
patient age, BMI and co-morbidities [62–64]. Literature will show that SG has an 
overall complication rate lower than RYGB [65, 66]; however, potential complica-
tions associated with SG remains worrisome, including post-operative hemorrhage 
and staple line leak.
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12.1 Hemorrhage

Significant post-operative hemorrhage after bariatric surgery has been described up 
to 3.4%, [67] with the most common presenting symptom as tachycardia (46%), fol-
lowed by melena (32%). Sleeve gastrectomy bleeding can happen from the short gastric 
vessels or along the staple line after transection of the stomach [68]. Bleeding can also 
occur from an anastomotic site intraluminally in patients with an additional bypass 
procedure which typically may be managed medically or endoscopically. Surgery should 
be considered for hemodynamic instability and failure of endoscopic therapy [67].

12.2 Leak

One of the most dreaded complication after bariatric surgeries are anastomotic 
leaks or staple-line leaks. Leaks from SG can occur along the staple-line, with an 
average incidence of 1.5% [69]. Risk factors that contributed to gastrointestinal leak 
include oxygen dependency, hypoalbuminemia, sleep apnea, hypertension and dia-
betes. Additional factors that contributed to a higher leak rate include intraoperative 
provocative testing and placement of drain [70].

Clinical presentation of patients with leaks range from completely asymp-
tomatic, to frank peritonitis, septic shock, and death. Unexplained tachycardia 
has been shown to be an initial sign of early leak [71]. Other potential signs that 
should cause a high index of suspicion should include fever (>38C), diffuse 
abdominal tenderness, cough, and persistent hiccups [72]. A concern about 
a leak should be investigated urgently with imaging modalities such as upper 
gastrointestinal series with water-soluble contrast or abdominal CT scan IV and 
oral contrast. Urgent reoperation is warranted for unstable patients with signs of 
sepsis. Stable patients with controlled leaks may undergo percutaneous drainage, 
antibiotic therapy and nutritional support, in conjunction with endoluminal 
therapies (stenting, clipping) [4, 72].

12.3 Sleeve gastrectomy related complications

12.3.1 Gastroesophageal reflux disease

Another SG related complication is new-onset gastroesophageal reflux disease 
(GERD), or worsening of previous GERD symptoms. A meta-analysis by Yeung et 
al. demonstrated significant worsening of GERD post-operatively at 19%, with de 
novo GERD at 23% [73]. Long-term follow up of patients show 28% of LSG patients 
develop esophagitis, and 8% develop Barrett’s esophagus. Endoscopic assessment 
for presence of hiatal hernia is recommended pre-operatively, as its concomitant 
repair during SG can help reduce incidence of post-operative GERD [74].

12.3.2 Gastric tube stenosis

Post-SG stenosis is a rare complication with a reported incidence of 1% – 3.5% 
[75, 76]. The most common site for stenosis is at the incisura angularis, [76] usually 
presenting with gastric outlet obstruction symptoms with marked weight loss and 
malnutrition [4]. Diagnosis can be done with upper gastrointestinal series or con-
trast enhanced CT scan of the upper abdomen. Factors that contribute to develop-
ment of stenosis include bougie size and oversewing of the staple line. Endoscopic 
dilatation is the first line of treatment which usually require multiple sessions. 
Failure of endoscopic intervention, long segment stenosis, or presence of delayed 
leakage, abscess or fistula formation necessitates surgical intervention [75, 76].
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12.4 Intestinal bypass related complications

12.4.1 Hernia

Reconstruction of the intestinal continuity leads to man-made defects that 
may potentially result in internal hernias if not closed. Patients would present 
signs and symptoms of bowel obstruction and gangrene which are supported with 
radiologic findings. The incidence in SGDJB and SGPJB has been reported to be 
at 1-2% [51, 54, 60]. Despite the low incidence, defect closure still prevents the 
potential morbidities of internal hernia including necrosis and ischemia in 7-42% 
and associated mortalities [8].

Trocar site hernias are also a potential morbidity if facial defects more than 
10 mm are not closed. When trocar sites where dilatated to allow extraction of 
specimens, this must also be closed [77].

12.4.2 Malnutrition

The addition of an intestinal bypass to sleeve gastrectomy has implications to the 
patient’s nutritional status as it alters the natural absorption of nutrients. The larger 
stomach in sleeve-plus procedures allow more acid and intrinsic factors to have 
better absorption of iron, calcium, and vitamin B12 compared to an RYGB.

Comparison of SGDJB to SG alone has not shown any difference in nutritional 
status at one year [22, 52]. Investigational studies of SGDJB done in Chinese diabetic 
patients with BMI <25 kg/m2 has shown an increased incidence of becoming under-
weight and deficiencies in iron, vitamin B12, vitamin D and calcium [78].

In SGPJB, despite a defunctionalized intestinal segment, nutrient deficiency levels 
are comparable to SG. The preserved pyloric function and duodenal exclusion omit-
ted in SGPJB also results to a lower incidence of nutritional deficiencies, diarrhea (6% 
vs. 21.5%), dumping syndrome (0 vs. 7.6%) and fatigue (25.3% vs. 40.5%) [61].

Postoperative supplementation of vitamins and minerals are necessary to 
prevent post-operative malnutrition. More studies are needed to determine the 
nutritional deficiency of sleeve-plus procedures to properly guide supplementation 
of these patients.

12.4.3 Dumping syndrome

Reconstruction of the digestive anatomy also alters the glucose metabolism 
which may result to dumping syndrome. This occurs in 15-76% after RYGB and may 
be potentially debilitating. Preservation of the pylorus in both SGDJB and SGPJB 
allows for a more regulated gastric emptying and a lower reported incidence of 
dumping syndrome at 4% and 0%, respectively [53, 61].

12.4.4 Marginal ulcer

Marginal ulcers of the gastrojejunal anastomosis of the RYGB has been reported 
to occur up to 12% and can lead to bleeding, perforation or stenosis. This is in 
contrast to low incidence reported in SGDJB Roux-en-Y technique at 0.49%, and no 
reported incidence in the loop technique [39, 54].

12.4.5 Blind loop syndrome

The creation of a blind loop of intestine could cause bacterial overgrowth, 
the so-called ‘blind loop syndrome’ or ‘bacterial overgrowth syndrome’ (BOS). 
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However, the SGPJB has the benefit of a blind jejunal limb without passage of food 
or bile, and an isoperistaltic loop [79]. This helps mitigate against the possibility of 
BOS. Unlike in JIB having a shorter common channel, the SGPJB enteral anastomo-
sis has a longer common channel, in which bacterial concentration is significantly 
lower [60]. Incidence of BOS after SGPJB is still unknown, but intestine continuity 
can be easily reversed in case BOS develops.

13. Conclusion

The addition of a malabsorptive component to LSG has been coined as “sleeve-
plus”. The sleeve-plus procedures more commonly done in the Asia-Pacific are the 
SGDJB and SGPJB. The said procedures have both shown satisfactory outcomes in 
the treatment of obesity and related co-morbidities that are comparable to other 
bariatric procedures but with less adverse outcomes than that of RYGB and may be 
considered as alternative options. However, more studies are necessary to assess 
long-term outcomes in terms of diabetes remission, nutrition, and applicability to 
other racial populations.
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Chapter 8

Weight Regain and Insufficient 
Weight Loss after Bariatric 
Surgery: A Call for Action
Wahiba Elhag and Walid El Ansari

Abstract

Despite successful weight loss after bariatric surgery (BS), weight regain (WR) 
may occur on long term following most bariatric procedures, with 20–30% of 
patients either failing to reach their target weight goals or failing to maintain the 
achieved weight loss. Significant WR has important health consequences, includ-
ing the reversal of the improved obesity-related comorbidities and psychological 
function leading to decreased quality of life. Given the challenges faced by these 
patients, there is a need for multidisciplinary approaches to deal with WR. This 
chapter addresses the issue of WR among bariatric patients. It starts with the vari-
ous definitions of insufficient weight loss and WR and the prevalence of weight 
regain by type of bariatric procedure. The chapter then explores the underlying 
causes as well as the predictors of WR. It will also outline the behavioral and 
psychotherapeutic, dietary and exercise strategies employed in the prevention 
of post-surgery WR. The chapter will then highlight the non-surgical and surgi-
cal approaches used in the management of WR. The chapter will conclude with 
a summary of the findings emphasizing that WR is complex and multifactorial, 
requiring multidisciplinary and multimodal dietary, behavioral, pharmacological, 
and surgical management strategies tailored to meet the individual needs of each 
patient.

Keywords: bariatric surgery, weight regain, insufficient weight loss, causes, 
predictors, management

1. Introduction

Bariatric surgery (BS) can achieve weight loss (WL), treat obesity-related 
metabolic disease and enhance the metabolic status by improving hypertension, 
type 2 diabetes mellitus (T2DM) and lipid profile, thereby decreasing the cardio-
vascular risk [1, 2]. Despite effective WL after BS, some patients do not achieve 
their target weight goals, and others regain a significant portion of their weight at 
long-term follow-up. Weight regain (WR) has a range of undesirable medical and 
psychological impacts [3, 4].

WR might occur after common BS procedures e.g. gastric bypass, adjustable 
gastric banding (LAGB), and sleeve gastrectomy (LSG), to different extents and at 
variable interval times [5]. The causes for WR are multifactorial, including patient- 
and procedure-specific factors [6, 7]. Interestingly, WR might occur despite the 
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patients’ stated adherence to advised behavioral measures and absence of surgical 
anatomic causes. This suggests that various pre or post-operative demographic, 
physiologic or metabolic features could play a role. Given the complexity of the 
factors involved in WR, multimodal management strategies tailored to meet the 
individual needs of patients are essential.

2. Definitions of insufficient weight loss and weight regain

There is a distinction between two types of WL failure post BS: insufficient WL 
(IWL); and WR. The grouping of these two categories together should be discour-
aged. IWL is defined as excess weight loss (EWL%) of <50% at 18 months after BS 
[8], while WR is defined as regain of weight that occurs after achievement of an 
initial successful weight loss (defined as EWL% > 50%).

A range of definitions describe WR post BS [9, 10]. The lack of standard defini-
tion, consensus statements and guidelines leads to poor reporting and understand-
ing of the significance of WR [3, 8, 10]. Moreover, clearer definitions will help to 
recognize when intervention is required and guide the intervention [8]. Available 
definitions include: regaining weight reaching a body mass index (BMI) >35 after 
successful WL [11]; an increase in BMI of ≥5 kg/m2 above the nadir weight [12]; > 
25% EWL% regain from nadir [13, 14]; increase in weight of >10 kg from nadir [15, 
16]; any WR [17]; any WR after type 2 diabetes mellitus (T2DM) remission [18]; 
or an increase of >15% of total body weight from nadir [19, 20]. The most common 
definition, an increase of ≥10 kg of nadir weight [15, 21], does little to define the 
clinical significance of the amount of WR in the affected individual. Therefore, a 
WR definition needs to be meaningful rather than arbitrary. It is important to note 
that multiple definitions affect the reporting of the prevalence of WR, and consid-
erably change the reported outcomes. For instance, applying 6 different WR defini-
tions to 55 patients 5 years after LSG led to WR rates ranging from 9–91% [10]. 
Similarly, the use of 5 continuous and 8 dichotomous measures among 1406 Roux 
en Y gastric bypass (RYGB) patients followed up for 5 years resulted in WR rates 
ranging from 44–87% [9]; and others reported rates between 16–37% WR 5 years 
post LAGB, LSG, and RYGB [19]. Therefore, more research is needed to define WR 
after BS in order to standardize its measurement.

3. Prevalence of WR and IWL after bariatric procedures

WR following BS varies by the type of BS performed, whether restrictive or 
malabsorptive as outlined below.

3.1 Laparoscopic gastric band (LAGB)

A large prospective multicenter study in Sweden found that 10 years post LAGB, 
patients regained 38% of the maximal weight they lost post surgery [1]. Likewise, 
research at 10 US hospitals that assessed weight trajectories among 2348 partici-
pants including 610 LAGB patients reported 1.4% WR 3 to 7 years after surgery [22] 
(Table 1).

3.2 Laparoscopic sleeve gastrectomy (LSG)

A systematic review of 21 studies reported WR rates post LSG ranging from 
5.7% at 2 years to 76% over variable follow-up periods from (2 to 6 years) [3]. 
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Other studies found that WR started three years after LSG [23].  At 5 years, WR 
(>10 kg) was observed in 39.5% of patients, where the EWL% decreased from 
84.8% at one year to 57.3% after 5 years [23].

3.3 Roux en Y gastric bypass (RYGB)

Research among 1426 patients found that at 2 years, 17.1% regained >15% of 
their 1-year post-operative weight [24]. Others reported a 22.5% WR at 3 years and 
26.8% at 5 years [9]. The Longitudinal Assessment of Bariatric Surgery (LABS) 
study observed 3.9% WR between 3 and 7 years post RYGB [22]. Others found  that 
among 2965 patients, WR was 14.6% at 5 years post-surgery [25].

4. Causes of WR

Causes of WR following BS are multifactorial, and can be categorized into 
patient- and surgical-specific causes. The former includes hormonal causes and 
maladaptive lifestyle behaviors (e.g. dietary non-compliance and physical inactiv-
ity) [3, 7]. Other factors include the lack of follow-up support and mental health 
causes such as psychiatric conditions and maladaptive eating [3, 7]. Surgical-
specific factors include e.g., enlargement of the gastric pouch or gastro-gastric 
fistula. Recognizing such underling etiologies is key to develop appropriate manage-
ment strategies [26]. Figure 1 depicts the causes of WR.

4.1 Hormonal

Weight reduction following BS may be dependent to some extent on the ‘nor-
malization’ of hormonal inputs. Furthermore, patients who fail to achieve WL post-
BS or experience WR may have persistent hormonal ‘imbalances’ (e.g. high ghrelin, 
low peptide YY) which need to be addressed in order to accomplish WL.

Ghrelin is a hormone that is important in regulating food intake and energy 
balance. BS has a positive effect on ghrelin, where a significant decrease in both 
fasting and post prandial ghrelin is observed early after BS leading to decreased 
appetite and food intake [27]. However, research have found that among RYGB 
patients, subjects with WR had significantly higher pre and postoperative ghrelin 
levels compared to those who maintained or lost weight (722 ± 29 vs. 540 ± 156 pg/ml) 
[28]. Similarly, patients with WR 5 years post LSG had higher plasma ghrelin levels 
than their level at 1 year post surgery [16].

Type of BS Prevalence of WR

LAGB 1.4% between years 3 and 7 years [22]
38% at 10 years [1]

LSG 5.7% at 2 years [3]
39.5% at 5 years [23]
76% over variable follow-up periods ranging from 2 to 6 years [3]

RYGB 17.1% at 2 years [24]
22.5% at 3 years [9]
14.6%–26.8% at 5 years [9, 25]
3.9% between 3 and 7 years [22]

LAGB: Laparoscopic gastric band; LSG: Laparoscopic sleeve gastrectomy; RYGB: Roux en Y gastric bypass.

Table 1. 
Prevalence of WR by type of BS.
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Peptide YY (PYY) is a 36 amino acid hormone that is released by the L-cells of 
the gastrointestinal tract after food intake to suppress  appetite. Likewise, Glucagon-
like protein-1 (GLP-1) is released after meals by L cells in the small intestine to 
stimulate insulin secretion, inhibit glucagon release, and delay gastric emptying [29]. 
Both these anorexigenic hormones display enhanced nutrient-stimulated secretion 
after BS, more so after RYGB than LSG [29]. However, the level of theses hormones 
was noticed to be lower in patients with WR. For instance, meal-stimulated gastric 
inhibitory polypeptide and glucagon-like peptide-1 (GLP-1) levels at 30 min were 
lower in 10 patients who had WR compared with 14 patients who successfully main-
tained WL post RYGB [30]. Whilst hormonal adaptation as a biological response to 
non-surgical WL has been examined [31], its influence on WR post BS is less docu-
mented in humans. For example, rodent studies showed that postsurgical WR was 
associated with failure to maintain elevated plasma PYY concentrations [32].

4.2 Nutritional non-adherence

Immediately following BS, caloric intake is reduced due to a smaller gastric 
capacity, diminished hunger, and increased satiety brought about by the anatomical 
and metabolic changes. Nevertheless, for some patients, caloric intake gradually 
increases over time which contributes to postoperative WR. In the Swedish Obesity 
Study, mean daily intakes of 2900, 1500, 1700,1800, 1900, and 2000 kcal/day 
were observed at baseline, 6 months, 12 months, 2 years, 3 years, and 4–10 years 
postsurgery respectively [1]. Such increase in food intake often begins in the second 
post-operative year, likely causing WR [1]. In addition, dietary non-adherence and 
the consumption of high-calorie foods and beverages contribute to the higher caloric 
intake leading to WR. A postoperative behavioral survey of 203 patients observed 

Figure 1. 
Summary of the causes, predictors and prevention and management strategies of weight regain.
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positive correlations between the magnitude of WR and evening or night consump-
tion of large quantities of food, eating large amounts of high-fat foods, and eating 
out more frequently [33]. Equally, among 289 RYGB patients, 23% demonstrated 
dietary non-adherence and a continuation of pre-surgical eating patterns, leading to 
suboptimal weight loss and WR [34]. Such evidence substantiate the importance of 
diet quality and caloric intake as causative factors for WR after BS, and also highlight 
the importance of measuring and documenting the diet quality after BS [35].

Grazing behavior is the repeated episodes of consumption of smaller quantities 
of food over a long period of time accompanied by feelings of loss of control [36]. 
Those engaging in grazing nibbled continuously ≥2 days per week for a 6-month 
period, with an inability to stop or control their eating while nibbling [36]. Grazing 
contributes to poor weight outcomes post BS [37]. Although grazing and binge 
eating are similar as they involve subjective episodes of food consumption accompa-
nied by a loss of control; however, grazing is physiologically more possible post BS 
than large binges. In 80% of patients with preoperative binge eating or grazing with 
loss of control, these behaviors returned 6 months post-surgery [36]. This suggests 
that preoperative binge eating may reemerge as postsurgical grazing in the context 
of a reduced stomach capacity [36].

Food indiscretion also contributed to WR. For instance, the follow up of 100 
patients for 85 months after surgery revealed that poor dietary habits including con-
sumption of excessive calories, snacks, sweets oils and fatty foods were statistically 
higher in WR patients [6]. This highlightes the importance of appropriate nutritional 
counselling for long-term weight maintenance. Lack of appropriate nutritional follow-
up was also significantly associated with WR post BS [6]. For example, studies have 
found that among those with WR post-RYGB, 60% never maintained follow-up with 
appropriate nutritional consultants [38].

4.3 Physical Inactivity

Inadequate physical activity contributes to WR. Only 10–24% of BS patients 
met the guidelines regarding minimal physical activity for health promotion (i.e., 
≥150 min/week or moderate-to-vigorous physical activity in bouts of ≥10 min) [39]. A 
meta-analysis of 14 studies and a literature review of 19 studies concluded that post-BS 
physical activity was significantly associated with greater WL [40]. Amongst 100 obese 
patients post-RYGB, those who performed physical activity had the lowest incidence 
of WR compared to those who were relatively inactive [6]. Barriers to exercise among 
bariatric patients such as health concerns, lack of proximity to a gym/park, or feeling 
self-conscious should be identified and addressed [40]. Such findings highlight the 
importance of measuring and documenting physical activity levels after BS [35].

Similarly, sedentary behavior, defined as ‘any waking behavior performed while in 
a sitting or reclining posture that requires very low energy expenditure’. The represents 
a risk factor for WR Sedentary behavior is associated with increased risk of obesity and 
related comorbidities [40]. Research have found that severely obese BS candidates are 
at high risk for SB [41]. In this study they found that BS candidates spent about 30% of 
their sedentary time watching television, suggesting that this is an important cause of 
sedentary behavior and should be a target for patient counseling [41].

4.4 Mental health

Mental health status prior to surgery is linked to WL following BS. Therefore, 
pre-operative psychological evaluation is important. Psychological factors might 
interfere with successful WL by undermining motivation, diet and exercise 
compliance, and other health behaviors critical to maintaining WL [42]. Among 
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60 adults who underwent RYGB or LAGB, 40% and 33.4% had single or multiple 
psychiatric diagnoses respectively, 47.5% stopped losing weight after 1 year, and 
29.5% regained weight [43]. Furthermore, patients with ≥2 psychiatric conditions 
were 6 times more likely to either stop losing weight or regain weight relative to 
those with no or single psychiatric diagnosis [43]. Evidence supports the asso-
ciation between post-operative depressive disorders and poorer WL; however, 
the directionality of the relationship remains unknown [44]. More research is 
required to assess the long-term associations and directionality of depression and 
weight loss post BS.

4.5 Maladaptive eating: Binge eating (BE) disorder

Maladaptive eating patterns after BS have impact on weight and psychologi-
cal outcomes [45]. One of these abnormal eating patterns is BE disorder which 
is defined as ‘the consumption of large quantities of food during a short amount 
of time without being in control of this behavior’, and is strongly associated with 
psychological distress [26]. BE disorder predicts poorer weight outcomes post 
BS, resulting in smaller BMI reductions as well as more WR [46, 47]. Despite the 
physical limitations of BS on stomach capacity, BE is not always abolished and many 
of those who had BE before BS still had feelings of loss of control when eating even 
small amounts of food post BS [37, 47]. Following RYGB, patients who regained 
>10% of their EWL% had significantly higher frequencies of BE and loss of control 
[46], and these maladaptive eating behaviors were significantly correlated with 
greater WR [46]. Follow up of 96 patients post RYGB two to seven years after 
surgery showed that binge eaters increased their BMI by 5.3 kg/m2 compared with 
2.4 kg/m2 increase in non-binge eaters [48]. Likewise, among LAGB patients, the 
prevalence of eating disorder increased from 26.3% to 38.0% over one year post 
surgery, an increase that correlated with poorer WL outcomes [37].

4.6 Anatomic surgical failure

Each type of BS has its own potential mechanism/s of surgical failure that can 
lead to WR as outlined below.

4.6.1 Laparoscopic gastric band

LAGB success is correlated with appropriate follow-up, as saline adjustment 
of the band is essential for proper restriction and WL. Therefore, it is important 
to assess patients with WR after LAGB for potential pouch distension. Pouch 
distension is managed conservatively by complete band deflation, low calorie diet, 
reinforcement of portion size, and follow-up contrast study in 4–6 weeks, with 
success in more than 70% of patients [49]. On the other hand, premature removal 
of LAGB also causes WR. Studies have found that only 12% of patients with early 
band removal maintained their current weight [50]. Long term, LAGB removal rate 
is high, reaching 12% [51]. Moreover, after 14 years, the reoperation rate was as high 
as 30.5% with an average reoperation rate of 2.2% for every year of follow-up [51]. 
The main reason for LAGB removal was intolerance secondary to increased reflux 
type symptoms [52].

4.6.2 Laparoscopic sleeve gastrectomy

There are surgical causes of WR post LSG. The gastric sleeve may dilate over 
time leading to reduced restrictive effect and increase in gastric capacity, both 
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associated with reduced satiety response and increased food intake resulting in 
WR [23]. For instance, among the 15.7% patients who had WR, CT scan volumetry 
showed that the mean gastric volume increased from 120 mL early after surgery 
to a mean of 240 mL at 3 years and to 524 mL at 5 years follow-up [23]. Several 
theories have been proposed as to the relationship of increased gastric volume and 
WR. One theory is that the physiologic dilation of the remnant stomach over time 
and the size of the gastric sleeve are linearly correlated with post-operative BMI [53, 
54]. Another theory is the incomplete removal of the gastric fundus [55, 56], where 
in many cases, the dissection over the fundus, especially on the posterior aspect, 
may be difficult and technically demanding, notably in patients with the extreme 
obesity. Therefore, the success of LSG depends on the surgeon’s learning curve [55].

4.6.3 Roux-en-Y gastric bypass

RYGB produces WL through restriction of intake and malabsorption. In assess-
ing WR post-RYGB, anatomical abnormalities are proposed to play a role. Dilatation 
of the gastric pouch or gastrojejunostomy (GJ) stoma outlet have been associated 
with loss of satiety with subsequent increase in food intake and WR [57, 58]. Among 
205 RYGB patients who had upper endoscopy as workup for WR, dilation of the GJ 
was identified in 58.9%, enlarged gastric pouch in 28.8%, and both abnormalities 
in 12.3% of patients [57]. Multivariate analysis found that stoma diameter (>2 cm) 
was independently associated with WR [58], where among 28 patients following 
RYGB, WR was associated with dilated gastric stoma [59]. In this group, successful 
reduction in anastomotic size (<12 mm) with a sclerotic agent resulted in a mean 
26-kg WL at 18 months [59].

Another anatomic change that reduces RYGB’S effectiveness is gastro-gastric 
fistula, an abnormal communication between the gastric pouch and the excluded 
stomach. This is thought to develop as a result of the breakdown of the surgical 
staple line. Although gastro-gastric fistulas are uncommon, with a 1.5–6% incidence   
rate [60]. Gastro-gastric fistulas have potentially significant effects as a compli-
cation after RYGB [60] as they may diminish the restrictive and malabsorptive 
components of RYGB leading WR [61].

5. Predictors of WR post BS

Knowledge of the preoperative predictors of WR post-BS can assist in identify-
ing patients at risk for WR. The bariatric team can then offer such patients appro-
priate resources and counseling. Figure 1 depicts the predictors of WR.

5.1 Age

Age seems to be a predictor of WR, however, findings are inconsistent. Some 
smaller studies identified older age as a potential preoperative predictor of WR [62, 
63]. Among 227 patients who underwent RYGB, older age (>60 years) predicted 
inadequate EWL% at 12 months [62]. While others found that younger individuals 
were more likely to have WR after RYGB [24].

5.2 Gender

Among post RYGB patients, male sex was associated with a worse weight trajec-
tory [22] and suboptimal WL at 1 year after surgery [64]. Others found no effect of 
gender on weight loss outcomes [62].
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5.3 Duration since surgery

Longer duration after BS predicted WR [24]. One study reported significant longer 
time since RYGB surgery in patients with WR (6 years) compared with patients who 
sustained their weight loss (3.3 years) [24]. Longer durations after surgery are prob-
ably associated with resolution of food intolerances, return to preoperative eating and 
other lifestyle patterns, anatomic surgical failure, or poor attendance of postoperative 
appointments [7, 65].

5.4 Preoperative BMI

Greater preoperative BMI was significantly associated with IWL [64]. A meta-
analysis found that preoperative BMI and super-obesity were negatively associ-
ated with WL, where super-obese patients had 10.1 EWL% decrease [66]. Others 
observed that at 12 months post RYGB or LAGB, patients with baseline BMI ≥ 50 kg/
m2 were more likely to have significant WR, but those with BMI < 50 kg/m2 were 
likely to continue losing weight [67]. Similarly, 80–100% of LSG patients with pre-
surgery BMI > 40 kg/m2 had WR to BMI > 30 kg/m2 two years years after surgery; 
but only 3.6–38% of patients with lower pre-operative BMI (32.1–39.9 kg/m2) had 
BMI > 30 kg/m2 during the same time period [68].

5.5 Mental health

A presurgical BE disorder diagnosis predicted higher BMI. For example, stud-
ies found that among post-RYGB patients with 28.1 months mean follow-up, 79% 
reported WR and 15% regained ≥15% of their total weight loss [65]. The indepen-
dent predictors of significant WR were lack of control of food urges (odds ratio, 
OR = 5.1), alcohol/drug use (OR = 12.74), lowest self-reported well-being scores 
(OR = 21.5), and lack of follow-up visits [65].

5.6 Presence of Comorbidities

Presence of T2DM predicts WR [22, 62, 63]. An assessment of 2348 bariatric 
participants in the Longitudinal Assessment of Bariatric Surgery (LABS) Study 
found that low HDL cholesterol and hypertension were also associated with an 
inferior weight trajectory [22].

6. Implications of weight regain

WR has important health consequences including recurrence of obesity related 
co-morbidities such as T2DM and deterioration in quality of life (QoL), thus con-
tributing to socioeconomic and direct health care costs. This range of implications 
of WR is highlighted below.

6.1 Relapse of comorbidities

WR following BS is associated with and significantly predicted relapse of T2DM 
[12, 70]. At 10 year follow up, T2DM relapse was dependent on the extent of WR 
[70]. Patients with no WR had no relapse of their diabetes [70]. While, patients 
with mild regain (increase body weight > 5 kg from nadir) and severe regain (> 
10 kg from nadir) had 5% and 17% relapse rates respectively [70]. Among 1406 
RYGB patients with WR during the first year after reaching nadir weight, 25.8% and 
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46.2% of participants experienced progression of hyperlipidemia and hypertension 
respectively [9].

6.2 Quality of life

WR is significantly associated with deterioration in QoL [3, 9]. A study found 
that WR at 5 years after LSG was associated with a lower odds of satisfaction with 
surgery as measured by the Bariatric Analysis Reporting Outcome System (BAROS) 
score (incorporates weight loss, changes in medical conditions, health-related QoL, 
and reoperations) [3]. Others reported declines of physical and mental health–related 
QoL among 20.2% and 27.7% of patients with WR respectively [9]. Moreover, satis-
faction with surgery also declined among 12.4% of patients with WR [9]. This decline 
was observed when the rate of WR was the highest, supporting a dose–response 
relationship (i.e., the less WR, the better) for physical health–related QoL [9].

7. Prevention of weight regain

Figure 1 summarizes the prevention strategies of WR. The foundation of preven-
tion of WR after BS is aggressive behavioral interventions, similar to those utilized 
for medical weight management patients [33]. Behavioral modification components 
include commitment to regular structured physical activity, dietary control, nutri-
tional optimization with substantive changes in eating practices and lifestyle habits 
[33, 71]. Other modulators include stress management, realistic goal setting, environ-
mental control strategies, support systems, and cognitive restructuring [33, 71]. Close 
regular follow-up should start shortly after BS to reinforce nutritional and lifestyle 
instructions provided at discharge. Monitoring, education, and support should 
continue on the long term as the effectiveness of behavioral changes diminishes with 
time [33]. Self-monitoring with regular weight measurement, food records, and 
exercise diaries are essential tools for avoiding WR. These strategies increase patient’s 
awareness of eating patterns, and allow the bariatric dietitian to identify high-risk 
areas, such as nutritional inadequacy, food intolerances, poor food choices, or food 
dislikes that compromise weight loss and nutritional status [72]. In-person dietary 
counseling by a registered dietitian has an important role in prevention of WR post BS 
[73]. Structured physical activity is vital for weight prevention. An RCT demonstrated 
that a 5-month supervised exercise program post LSG resulted in reduction total body 
weight (TBW) and waist circumference with an increase in EWL% compared with the 
control group [74]. Conversely, stopping of the exercise program led to weight regain, 
with increased fat mass and decreased EWL% [74].

8. Management of WR

Figure 1 illustrates the management strategies of WR. WR after BS is complex 
and multifactorial [7]. Hence, management requires a holistic strategy addressing 
patient- and surgery-related factors that might contribute to WR. Dietary patterns, 
psychological disorders and physical activity levels should all be reviewed, as diet 
(25.3%), physical activity (21%) and motivational issues (19.7%) were the most 
common reasons among patients with WR [75]. Patients seeking BS often present 
with a range of mental health issues including mood, anxiety, addiction and person-
ality disorders [7, 26]. Diagnosis and management of these conditions may improve 
outcomes following BS. As the patient undergoes psychological, dietary and 
physical activity counselling, it is critical to address the hormonal causes, and any 
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anatomic/post-surgical changes that cause WR. Baseline anatomic studies include 
esophagogastroduodenoscopy or an upper gastrointestinal contrast to evaluate the 
GI tract [76]. These modalities provide essential data about the gastric remnant size, 
size of the gastrojejunal anastomosis, presence of gastro-gastric fistula, and loca-
tion/integrity of the bands. Available treatment options include behavior interven-
tions, WL-approved medications, endoscopic interventions and revision surgery to 
counter some of the factors that resulted in WR.

8.1 Behavioral

Psychological and behavioral factors that have negative impact on long term 
WL outcomes include life stressors that derail weight maintenance and decreased 
adherence to the recommended postoperative diet. This is likely due to lack of 
psychological skills to engage in long term healthy eating behaviors. This is par-
ticulalry important as the effects of surgery on appetite, hunger, and desire for 
food decrease. The aim is to address such challenges by behavioral therapy that is 
tailored to each patient’s need [77, 78]. Many patients with WR are lost to follow up; 
therefore, open, non-judgmental strategies that support the actions that patients are 
doing well are critical to motivate and involve patients in management [76].

A 6-week intervention of cognitive and dialectical behavior therapies among 
29 RYGB patients (93% female) with WR of 37% of the initial WL, found that 
treatment completers had 1.6 ± 2.38 kg mean weight decrease compared with non 
completers [79]. Moreover, patients who completed behavior therapy treatment 
had improvement in their depressive symptoms with decreased grazing patterns 
(p ≤ 0.01), as well as subjective binge eating episodes (p ≤ 0.03) compared to non-
completers [79]. Likewise, a 10-week behavioral intervention of psychological skills 
to mitigate WR among 11 patients after BS was feasible, acceptable (72% reten-
tion), and with high satisfaction among completers (4.25 out of 5.00)[80]. WR was 
stopped or reversed, with a mean 3.58 ± 3.02% total body WL% [80]. Similarly, the 
use of acceptance-based strategies and online or phone intervention delivery modes 
to enhance outcomes and reach more patients showed feasibility, acceptability (70% 
retention), efficacy, high satisfaction score of (4.7 out of 5.0), and reversal of WR 
with a mean 5.1 ± 5.5% total WL% at 3-month follow-up [81].

8.2 Dietary

Structured dietary interventions assist patients to improve WL. A randomized 
controlled trial (RCT) assigned post RYGB patients into two groups: a structured 
dietary intervention incorporating portion-controlled foods vs. a control group [77]. 
Both groups received behavioral WL instructions (one 60-min session followed by 4 
coaching telephone calls at monthly intervals). The intervention group had signifi-
cantly reduced calorie intake at 4 months (−108 vs. 116 Kcal) and increased WL% 
at 4 and 6 months compared to the control group (−4.56% vs. −0.13%, −4.07% vs. 
−0.14%, respectively) [77]. Another 16-week RCT among women who regained ≥5% 
of their lowest post-RYGB weight found that whey protein supplementation pro-
moted WL and fat mass loss, with preserved muscle mass, compared to controls who 
gained weight (0.42 kg) and fat mass [82].

8.3 Pharmacological

Prior to 2012, the only FDA-approved WL drugs were orlistat, a modestly effec-
tive pancreatic lipase inhibitor with some side effects and phentermine, a sympa-
thomimetic appetite suppressant approved for short-term use [83]. Since 2012, 4 
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other WL medications were approved [83]: phentermine-topiramate, bupropion 
hydrochloride-naltrexone hydrochloride, liraglutide and lorcaserin hydrochloride 
(withdrawn due to cancer risk [84]). Since then, anti-obesity medications have 
been increasingly used to manage WR post-BS. In an assessment of anti-obesity 
medications for WR/IWL among 319 patients (258 RYGB, 61 LSG), 54% lost ≥5% 
of their TBW, with many high responders (30.3% of patients lost ≥10%, and 15% 
lost ≥15% of their TBW) [85]. Of the 14 FDA approved and off-label anti-obesity 
medications, only topiramate showed statistically significant WL, where patients 
were 1.9 times more likely to lose ≥10% of their TBW [85]. Regardless of the 
postoperative BMI, RYGB patients were significantly more likely to lose ≥5% of 
their TBW with anti-obesity medications [85]. Another study of individual and 
combined anti-obesity medications for WR post RYGB reported that patients who 
received medications achieved significantly more WL compared to those not using 
anti-obesity medications [86]. Additionally, there was slower overall WR in the 
anti-obesity medications group during long term (11 year) follow up [86].

Among young adults post RYGB and LSG, topiramate, phentermine, and/or 
metformin led to 54.1%, 34.3% and 22.9% of patients losing ≥5% ≥10% and ≥ 15%, 
of their weight respectively [87]. Again, RYGB had higher median WL% than LSG 
(−8.1% vs. −3.3%), with no differences whether the anti-obesity medications were 
started at weight plateau or after WR [87]. In another study, phentermine was 
compered to phentermine–topiramate combination among RYGB or LAGB patients 
with WR and WL plateau [88]. The study showed that phentermine and phenter-
mine–topiramate patients lost 6.35 kg (12.8% EWL%) and 3.81 kg (12.9% EWL%) 
respectively at 90 days post treatment [88].

Liraglutide, a GLP-1 analogue with central and peripheral actions, inhibits 
glucagon secretion, increases insulin secretion, decreases the gastric emptying rate, 
and promotes satiety [89]. In a recently published study, among 117 patients with 
WR after RYGB, LAGB and LSG, the use of liraglutide 3 mg over a 7 month period 
resulted in statistically significant WL (−6.3 ± 7.7 kg, P < .05) compared to baseline 
regardless of the type of surgery [90]. Moreover, the decrease in weight remained 
significant even after one year of liraglutide use [30]. In this study, nausea was the 
most prevalent side effect (29.1% patients) [90].

8.4 Surgical

Revision of a previous BS are carried out due to surgical complications e.g., 
development of intractable marginal ulcer, gastro-gastric fistula, severe gastro-
esophageal reflux, and malnutrition [91]. Recently, revisional surgery is increas-
ingly utilized for the management of WR [91, 92].

8.4.1 After failed LAGB

In patients with WR or IWL after gastric band, the surgical options include 
band removal and revisional BS. A retrospective study evaluated the outcomes of 
revision of LAGB for inadequate weight loss to LSG or single anastomosis duode-
nal switch and found that patients who underwent single anastomosis duodenal 
switch had significantly greater weight loss than LSG in the first year post surgery, 
with excess BMI loss percentage of 66.7% versus 51.5% [93]. In the same study, 
at >12 months post revision, both single anastomosis duodenal switch patients 
and LSG patients had adequate WL (79% for single anastomosis duodenal switch 
versus 67.8% for LSG) [93]. A systematic review compared the WL outcomes of 
conversion gastric band to LSG or RYGB and showed significant increase in EWL% 
in RYGB and patients than LSG patients at 12 and 24 months after revision [94]. 
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However, no statistically significant change was observed in terms of EWL% after 
3, 6, or 36 months post revision [94]. RYGB was also associated with a higher rate of 
 complications, readmission and longer operative time [94].

8.4.2 After failed LSG

Several surgical interventions can be considered for failed LSG including 
conversion to RYGB, biliopancreatic diversion with duodenal switch (BPD/DS), 
one anastomosis gastric bypass (OAGB) or single anastomosis duodeno-ileal bypass 
with sleeve gastrectomy (SADI-S). Among 43 post LSG patients who had revisional 
surgery for IWL/WR (25 patients converted to BPD/DS, 18 to RYGB), the median 
EWL% after 34 months was significantly greater for BPD/DS compared to RYGB 
(59% vs. 23%) [14]. However, short-term complications and vitamin deficiencies 
were higher in BPD/DS compared with RYGB [14].

Conversions of LSG to OAGB or RYGB are also utilized to manage WR. At 
12 months, mean total WL percentage was significantly higher in OAGB compared 
to RYGB (15.8 ± 7.8% vs. 10.3 ± 7.6%), with no differences in readmission and com-
plications between the two procedures, suggesting that OAGB is safe after failed LSG 
[95]. However, long-term follow up including the risk of malnutrition is needed for a 
complete evaluation of OAGB as a revisional BS. Another study evaluating the con-
version of LSG to four different gastric bypass procedures including proximal RYGB, 
type 2 distal RYGB, long biliopancreatic limb RYGB and OAGB showed that the long 
biliopancreatic limb RYGB and OAGB resulted in significant EWL% at 3 years (33.8% 
and 33.2% respectively). However, the effect lasted only for 2 years in the proximal 
RYGB (EWL% of 23.1%) [96].

SADI-S is a relatively new procedure utilized as an alternative to the current 
duodenal switch (DS) [97]. Outcomes of SADI-S as a revision after LSG showed 
20.5% weight loss and 9.4 units BMI change two years post revision with 93.7% 
T2DM remission rate [98]. Additionally, there were no mortality or conversions to 
open surgery, and postoperative early and late complication rates were low (5.3% 
and 6.4% respectively) [98].

8.4.3 After failed RYGB

There seems no standardized approach to revisional surgery after failed RYGB. 
A systemic review of revision of RYGB for WR (799 studies, 866 patients) assessed 
5 revisions: conversion to distal RYGB or BPD/DS, or revision of gastric pouch and 
anastomosis, revision with gastric band or endoluminal procedures [92]. At 3-years 
after revision, mean excess body mass index loss percentage for distal RYGB was 
52.2%, for BPD/DS was 76%, for gastric pouch or anastomosis revision was 14%, 
for gastric banding revision was 47.3%, and for endoluminal procedures was 32.1% 
[92]. Amongst these revisions, gastric pouch or anastomosis revision had the lowest 
rates for major complications (3.5%), while DRYGB had the highest rate for major 
complications (11.9%) and mortality (0.6%) [92]. A recently published study showed 
promising short and long term results as regards to the conversion of RYGB to long 
biliopancreatic limb RYGB for the management of IWL, where patients achieved an 
additional excess EWL% ranging from 40.0% at 1 year to 45.3% at 6 years [99].

9. Conclusions

Although BS is an effective treatment for weight loss and comorbidities resolu-
tion, however WR may occur on the long term. The lack of a standard definition 
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and consensus on what constitutes clinically significance WR leads to poor report-
ing of this entity which requires further research. The underlying factors that 
contribute to WR are multifactorial, including hormonal and surgical causes, 
nutritional noncompliance, physical inactivity, and mental health issues. Therefore, 
patients with significant WR following BS should undergo comprehensive evalua-
tions to determine the underlying etiology. Management should focus on preventive 
and treatment strategies delivered in a multidisciplinary approach to include dietary 
intervention, behavioral counseling, lifestyle modifications, pharmacotherapy 
and, if indicated, surgical revision. Future research should focus to identify the 
 etiological factors and effective intervention strategies.
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Chapter 9

From Prehab to Rehab: The 
Functional Restoration of a 
Bariatric Individual
Anwar Suhaimi and Brenda Saria Yuliawiratman

Abstract

The bariatric population presents at a greater risk for functional decline with 
increasing weight and advancing age. This can be prevented at various time points 
through multidisciplinary rehabilitation interventions in a multitude of different 
settings to accommodate the severity of an individuals’ disability and to target 
different functional goals. Bariatric rehabilitation is a multipronged approach that 
addresses the ongoing functional impairment, medical comorbidities, hospital-
related deconditioning and prevents future cardiovascular and musculoskeletal 
complications from progressing. The emerging concept of utilising rehabilitation 
interventions and goal-centric approach as means to reduce post-operative compli-
cations and enhance surgical outcomes is also discussed. Pragmatic approaches to 
post-surgical bariatric rehabilitation are discussed highlighting the multi-faceted 
rehabilitation concerns to achieve optimal functionality in the face of a chronic 
medical condition.

Keywords: bariatrics, rehabilitation, recovery of function, exercise, behaviour 
modification

1. Introduction

Bariatric individuals not only present with specific medical complications and 
more prevalent risk factors for cardiovascular disease (CVD) and musculoskeletal 
(MSK) conditions, this population also has significantly greater potential for 
functional decline. Graded increase in activities of daily living (ADL) limitation 
was observed with increasing body weight [1]. Rehabilitation medicine approach to 
address the needs of a bariatric individual encompasses both ends of the manage-
ment spectrum: to restore and prevent further deterioration of physical function 
associated or aggravated with excess body weight; as well as to enhance post-opera-
tive results with a sustainable weight management strategy.

The rehabilitation medicine approach to function can be viewed from The 
International Classification of Functioning, Disability and Health (ICF) concept 
to better understand the interactive nature of a chronic health condition such 
as obesity and formulate a rehabilitation plan to address physical, psychological 
and socio-environmental barriers to bariatric-related disability [2, 3] (Table 1). 
Individualisation of care from all disciplines involved in the bariatric population 
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to produce long-term sustainable results can also be deduced by understanding the 
dynamics of a disease process through this concept. We shall discuss the approaches 
to a bariatric evaluation, rehabilitation intervention and functional outcome in two 
parts with special focus on prehabilitation and peri-operative rehabilitation.

2. Addressing bariatric functional limitations

Obesity affects physical, biopsychosocial aspects of an individual’s health 
and function. The complex nature may require rehabilitation interventions to be 
carried out in various settings to accommodate for different functional goals and 
engaging a multidisciplinary rehabilitation team to tap into different expertise 
to achieve the desired functional milestones. The bariatric individual presents 
with unique challenges to the treating team in both functional limitations and 
the approaches that can be employed to address these impairments and prevent 
further functional deterioration. The ICF highlights the domains that are affected 
by excessive weight: pain, cutaneous sensation, neuromusculoskeletal issues 
and movement difficulties as well skin issues due to difficulty in reaching during 
cleaning and toileting are the most commonly impaired function and complica-
tions leading to limitation in general tasks, mobility and poorer quality of life [1]. 
Concurrent presence of medical comorbidities can add up to tip the individual 
into compromised functional independence [1]. Common comorbidities related 
to obesity such as osteoarthritis of the weight bearing joints and cardiopulmonary 
conditions impacts severely on an individual’s functional reserves. Thus, the goal 
for bariatric rehabilitation program should include assisting the attainment of 
optimal weight reduction; to address current and potential medical complications 
especially metabolic syndrome, CVD and MSK conditions; to address func-
tional limitations resulting from physical disabilities and improve quality of life 
through improving functional independence, self-confidence and empowering 
self-management.

Severe obesity with multiple comorbidities requires admission to medical 
facilities structurally adequate to assist in supporting and assisting individuals with 
excess body mass to transfer and mobilise with the use of bariatric- safe lifting 
devices, mobility equipment and transfer aids. Ideally these rehabilitation facilities 
are linked to a bariatric- dedicated medical and surgical specialities [4].

The bariatric patients frequently develop medical complications that may run a 
protracted course [5]. Common medical complications readily noted at admission 
include:

Domains affected Descriptors

Body function Energy and drive function

Weight maintenance functions

Activities and participation Handling stress and other psychological demands

Walking

Moving around

Looking after one’s health

Environmental factors Products of substances for personal consumption

Immediate family

Table 1. 
Brief ICF Core set for Obesity [3].
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• Skin excoriations, rashes or ulcers in deep tissue folds with possibility of fungal 
infections.

• Edema or fluid retention and venous congestion that causes feeling of limb 
heaviness or leading to diaphoresis-fluid leakage that renders the skin sensitive 
to shear forces, skin tears and infection.

• Diabetes and respiratory problems including obesity hypoventilation  
syndrome or obstructive sleep apnoea.

These complications may indicate specialised nursing care or aids to protect 
during mobilisation. It may also preclude the use of some rehabilitation modalities 
i.e. hydrotherapy and priorities needs to be given to address medical conditions that 
delays resumption of weight bearing or therapeutic standing.

Hospitalisation-related complications that tend to occur are mainly as a result 
of prolonged recumbency, also known as deconditioning. While deconditioning is 
not exclusive to bariatric population, its effects are more pronounced as bariatric 
individuals face challenges for immediate resumption of upright posture especially 
those who were admitted acutely for medical complications such as cardiopulmo-
nary emergencies, following falls or exacerbation of musculoskeletal conditions 
leading to pain on weight bearing. Deconditioning can affect both physical and psy-
chological domains as prolonged bed rest affects nearly all body systems. Specific to 
bariatric population these complications may entail a prolonged stay and protracted 
course of recovery:

• Cardiovascular system: orthostatic hypotension and reduced exercise tolerance 
contributed by decreased cardiac output and resting tachycardia affecting 
sitting up, standing, transfers and physical activity participation.

• Pulmonary system: orthostatic pneumonia or atelectasis resulting in hypox-
emia and reduced tolerance to physical activity may complicate obesity 
hypoventilation syndrome or sleep apnoea.

• Haematological system: deep venous thrombosis and pulmonary embolism 
may occur despite no lower limb neurological deficit as abdominal mass may 
compress on lower limb circulation and altered blood viscosity.

• Musculoskeletal system: muscle atrophy causing weakness; leading to longer 
periods of non-weight bearing and increasing the risk of osteoporosis, joint 
stiffness and worsening posture. Especially of concern is weakness of extensor 
muscles needed to assume or assist to an upright position.

• Gastrointestinal: constipation from lack of upright posture often complicate 
prescription diet plans due to the bloating sensation, abdominal discomfort 
and possibility of spurious diarrhoea complicating personal hygiene due to 
poor access to the perineal region combined with postural stasis that predis-
poses to the development of pressure ulcers.

• Endocrine: impaired insulin response with hyperglycemia; gastrostasis leading 
to sensation of nausea and oesophageal reflux symptoms.

The result impacts on a bariatric individual’s functional reserves in terms of 
muscle power, balance, and coordination, jeopardising functional performance and 
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results in the development of psychological sequelae as a direct result of decon-
ditioning or from the loss of function it entails. Confusion and disorientation are 
part of the deconditioning constellation seen earlier on the bedrest period which 
can culminate in clinically significant anxiety and depression once the impact 
of functional loss sets in as self-care, leisure activities and gainful employment 
becomes challenging. Reconditioning as a rehabilitation goal will be discussed 
further in the prehabilitation section. Given the prospect of functional deteriora-
tion that can occur at an accelerated rate in the bariatric population due to inherent 
difficulties in mobilisation, special attention should be given to addressing factors 
that negate upright sitting and to promote lower limb weight bearing in cases 
that permit them as soon as possible. These include identifying at risk bariatric 
individuals with hip and knee replacements, paralysis, amputations, contractures, 
osteoporosis, respiratory and cardiac conditions, and skin conditions such as 
pressure ulcers. Availability of bariatric mobility aids such as hoists, tilt tables, 
chairs or wheelchairs and walking aids greatly assist in preventing the ill effects on 
deconditioning and translates to better cost-efficiency to prevent such deleterious 
complications rather than treatment of the aforementioned complications.

Various models of bariatric rehabilitation exists to generally addresses 5 key fac-
tors: knowledge to empower action, goal-setting and self-care; beliefs surrounding 
causes and solutions to obesity; behavioural adaptation focusing on diet and physi-
cal activity, psychological coping strategies and adjustments of physical activity 
to include exercise, current functional capacity and that expected after bariatric 
surgery. A holistic model such as bio-psycho-social model explained via ICF helps to 
provide a multi-dimensional framework to evaluate the needs, identify the barriers 
and provide intervention or solutions to improve independence. Selection of the 
model to address such an individualistic experience such as function is paramount 
as the different considerations of the desired rehabilitation goals and outcomes 
of interest are given priority by different models [6]. The lack of obesity-specific 
outcome measures to quantify physical impairments and ADL limitations prevents 
stratification of bariatric individuals based on the magnitude of disability [7]. This 
is useful to establish as a threshold value for inpatient rehabilitation admission, 
and serves as an objective severity identification tool that impacts on the decision 
of appropriate rehabilitation setting and chart progress during rehabilitation. An 
example of such tool is the Obesity-related Disability Test (TSD.OC) developed by 
Donini et al. that aims to evaluate pertinent obesity- specific functional dimensions 
[8]. The main targets for bariatric rehabilitation are the cardiorespiratory, musculo-
skeletal and multi-systemic effects of deconditioning as described above. Strategies 
that reduce pain, increases strength and mobility as well as optimise functions 
can be delivered in various settings depending on the severity of obesity-induced 
disability. Inpatient rehabilitation facility offers an opportunity for more intensive 
rehabilitation input and caters well to bariatric clients admitted acutely for MSK or 
CVD that often runs a prolonged hospital stay and poorer functional recovery if 
left without rehabilitation input. The goals of inpatient rehabilitation are focused 
on attaining maximal functional independence for safe home discharge through 
improvements in strength, balance, and endurance coupled with initiation of CVD 
risk factor control and body weight reduction through dietary and physical activity 
prescription. An outpatient program may provide significant functional improve-
ments in clients who can access both the centres and their lodging with appropriate 
means of transportation between them. This is attained by promoting increased 
pain-free joint range of motion, increasing muscle strength and cardiopulmonary 
endurance during functional activities. Concurrent efforts to optimise CVD risk 
factor and improve lean-to-fat mass ratio are also continued in the outpatient setting 
through education and individualised counselling on dietary and physical activity 
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plan to maximise functional capacity despite excessive weight. Capodaglio et al. 
conducted a prospective 4-week inpatient bariatric rehabilitation with orthopaedic 
conditions consisting of strengthening and aerobic exercises adapted to the patient’s 
mobility; caloric restriction and nutritional education with psychological counsel-
ling [7]. The results exemplified that mild and severely disabled bariatric individuals 
with orthopaedic comorbidities can significantly experience functional improve-
ments independent of the weight loss sustained; with the higher BMI and younger 
individuals showing the most functional gains. Similarly, Hanapi et al. employed an 
approach based on the cardiac rehabilitation model and resources for inpatient bar-
iatric clients with CVD risk factors and orthopaedic comorbidities [9]. Employing 
adapted physical activity and exercise prescription, dietary modification, provision 
of psychological and social support, their approach successfully addressed weight, 
cardiometabolic profile optimisation prior to bariatric surgical intervention and 
conferring postoperative improvement in mood, dependency level, perceived physi-
cal and mental health during the postoperative phase with sustained functional 
capacity, endurance and quality of life up to 3 months post operatively.

Admission planning for an inpatient rehabilitation stay is crucial to ensure 
logistic requirements, staffing ratio, bariatric-compliant equipment, administrative 
support and a mobilisation plan is developed as part of a function-centric rehabili-
tation plan. By definition, bariatric individuals include individuals whose weight 
exceeds or appears to exceed the identified safe working loads for equipment, lacks 
mobility or presents with challenges in manual handling [10, 11]. Moving and 
handling of bariatric clients can accentuate the risks of musculoskeletal injuries 
and excessive spinal loading in health care workers. Planning of staff and equip-
ment reduces the risks associated with the care of bariatric patients. Safety of 
patients and health care workers can be enhanced by developing a movement and 
handling plan as each bariatric admission often presents with unique issues that 
require problem solving and an understanding of equipment or patient transfer 
procedures. Involvement of occupational health and safety representatives as 
well as risk reduction efforts can minimise unplanned situations that may differ 
between patients due to individuals’ risks, goals and resources available. Every 
aspect of patient- HCW interaction should be therapeutic from rehabilitation per-
spective including communication. Open discussion on equipment use and transfer 
techniques can lead the way to more serious discussions on dietary habits, adapting 
lifestyles and long-term functional goals. Education on the importance of physical 
activity and dietary management to aid weight loss and maintain functional inde-
pendence helps boost motivation and compliance [9]. Discharge planning should 
include not just physical preparation of the destination. Consideration should be 
given to post-rehabilitation functional limitations that may require physical help 
or adaptive equipment as functional goals attainment may require repeated cycles 
of rehabilitation. Potential home modifications and long-term plans for adapted 
physical activity, dietary maintenance, psychological support, surveillance for 
relapses and complications as well as plans for higher functions such as return to 
work and driving should be discussed with the patients and their social support.

Outpatient bariatric rehabilitation continues the inpatient gains made with 
focus on long-term prevention of function and weight- gain relapse. The common 
impairments addressed are osteoarticular pain especially of the lower back and 
knees as well as joint malalignment. The effects of excessive weight on systemic 
inflammation, joint compression and premature degenerative disease of the joint 
can be offset by the role of adapted physical activity which is more pronounced in 
this setting to maintain compliance to caloric expenditure, CVD prevention and 
positive psychosocial reinforcement. A combination of both aerobic, resistance and 
flexibility exercises adapted to individual MSK conditions working on large muscle 
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groups alongside dietary modification has led to improvement in CV biomarkers, 
fat loss and skeletal muscle gains conferring enhanced functional improvements in 
programs that include resistance exercises [12, 13]. In comparison to diet modifica-
tion intervention alone, multimodal exercises program combined with diet inter-
ventions conferred lean mass sparing effect [14]. This is also evident in a systematic 
review of sarcopenic obesity treatment whereby excess fat mass and reduced 
lean mass impairs physical performance in which weight loss attained through 
exercise in combination with dietary intervention is the best treatment strategy 
that improves metabolic consequences of excess fat mass while preserving lean 
muscle mass and promotes functional recovery [15]. Aerobic exercises for caloric 
expenditure, reducing joint pain and controlling weight which is a risk factor of 
osteoarthritis as well as resistance exercise for strengthening of the joint supporting 
musculature and cartilage health reduces obesity-related joint conditions [16, 17]. 
As the client returns to the community, psychological support to sustain weight 
loss motivation and purpose as well as addressing stigma associated with excessive 
weight is equally important to ensure sustained functional and weight loss gains are 
maintained. Chronic pain and its effect on gait, psychical activity, participation and 
quality of life also needs to be addressed.

In conclusion, bariatric rehabilitation addresses common medical comorbidi-
ties and obesity related MSK complications through multimodal rehabilitative and 
allied health interventions, including prescription exercises and diet modification 
to increase cardiopulmonary endurance and caloric expenditure while minimis-
ing fear of movement and joint pain. This in turn leads to progressive body weight 
reduction and improved comorbidities profile leading to better body composition 
and physical function capacity.

3. Prehabilitation: Maximising post-operative outcomes

Bariatric individuals often present with medical comorbidities arising from 
obesity-related changes or complications sustained from hospitalisation- related 
bedrest for acute medical crises. Functional impairments evident pre-operatively 
should be addressed to improve postoperative results and functional independence. 
The concept of deconditioning is discussed above- the bariatric individual runs a 
higher risk of developing deconditioning due to delayed weight bearing or resump-
tion of an upright position. This is often multifactorial: common patient related 
factors such as sarcopenia, kinesiophobia, osteoarticular joint pain and exertional 
dyspnoea; logistic issues i.e. lack bariatric-safe equipment or staffs’ lack of ergo-
nomic awareness are among easily amenable factors [18]. Deconditioning impacts 
the geriatric age group more [19]. Adapted exercises have been successful to prevent 
multisystem deconditioning from zero-gravity environment or from prolonged bed 
rest [20, 21]. Hanapi et al. demonstrated a 6-weeks bariatric surgery prehabilita-
tion [9] consisting of patient education and prescription of therapeutic exercises, 
dietary modification and nutritional-behavioural counselling, the use of techno-
logical advancement to facilitate early non-weight bearing aerobic and resistance 
exercises that had successfully prepared the bariatric patients for the demands of 
the surgery as well as facilitated early post-operative mobilisation that has been pur-
ported to reduce post-surgical morbidity [22, 23]. This model adapted the principles 
of cardiac rehabilitation in formulating the evaluation, intervention and outcomes 
including risk-stratifying the bariatric surgery candidates for cardiovascular risk 
during exercise participation, quantifying exercise capacity for exercise prescrip-
tion and addressing CVD risk factors that can complicate anaesthetic and post-
operative care. Priorities were given to utilising adapted physical activity and early 
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mobilisation to translate cardiorespiratory and musculoskeletal reserve improve-
ments into functional mobility and independence in basic activities of daily living. 
This model along with other bio-psycho-social approaches have shown positive 
impact on long term functional capacity, endurance, dietary habits, weight loss and 
quality of life up between 3 to 12-month post-surgery [24].

In the management of a complex, chronic condition such as obesity a multidis-
ciplinary approach has consistently shown the best outcomes [25]. This approach 
however must be integrated into individual clinical complexity of each individual 
bariatric patient. An approach that entail evaluation with the intent to individualise 
treatment plan utilising multimodal treatment strategies i.e. diet, physical activity 
and functional rehabilitation, educational therapy, cognitive-behaviour therapy, drug 
therapy, and bariatric surgery will most likely ensure quality of weight loss, address-
ing the medical and psychiatric comorbidities together, psychosocial problems and 
physical disability [26]. Older bariatric patients may face a more challenging rehabili-
tation course due to age-related changes such as sarcopenia, muscular fatty infiltra-
tion which leads to strength reduction and diminishing exercise capacity; as well as 
external factors such as increased inertia from excessive mass causing imbalance, 
longer exposure to effects of obesity causing pronounced musculoskeletal degenera-
tion and pain as well as more damage in the peripheral tissues [7]. Sarcopenic obesity 
in advanced age contributes to more dependence in ADL [27]. Muscular and mobil-
ity deterioration in combination contributes to exacerbate physiological changes 
associated with ageing. Thus, identification of such patients earlier prior to surgery is 
paramount to ensure successful outcomes following bariatric surgery.

The economics of bariatric rehabilitation can be seen from 2 angles- in respect 
to functional restoration and from a long-term preventive viewpoint. Bariatric 
individuals who have undergone rehabilitation have shown functional improvement 
independent of the amount of weight lost, with more pronounced improvement in 
function observed in the severely disabled individuals [7]. This translates to earlier 
weight bearing, resumption of mobility and independence in self-care which in 
turns minimises the risk post-operative complications. Alongside improvement in 
muscular strength and lean mass, individuals who have undergone rehabilitation also 
had controlled CVD risk profiles, joint pain and reduced sedentary time conferring 
protection to future CVD in this high-risk group. However, to truly understand the 
cost–benefit effect of bariatric rehabilitation, long term outcomes expressed in mul-
tiple domains of function are needed to allow better understanding of the effect of 
different rehab interventions, optimal intensity and duration to therapeutic effect.

Capacity building in an organisation that caters for bariatric rehabilitation is 
essential to reduce personal risks to patients and staff as well as minimise disruption 
of bariatric rehabilitation services. This includes developing a bariatric rehabilita-
tion pathway, continuous staff education and training and an audit of the outcomes 
from the pathway. A bariatric rehabilitation pathway details the appropriate 
facilities, staff and equipment are available at each stage of the bariatric individuals’ 
rehabilitation process from admission to outpatient facilities. Although this may 
incur short term increase in expenditure, the long term return of investment can 
be quantified through better morbidity and mortality reduction of the bariatric 
population regardless of conservative or surgical management approach chosen to 
suit individual medical and functional needs.

4. Rehabilitation following bariatric surgery

Formulation of an individually-tailored rehabilitation program based on each 
bariatric patients’ clinical complexity should be the priority to holistically manage 
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such clients using a multidisciplinary team approach. Multidisciplinary teams offer 
the best post-operative outcomes [28], addressing quality of weight loss, medi-
cal and psychiatric comorbidities, psychosocial problems and physical disability 
[29]. To ensure a smooth transition from prehabilitation through postoperative 
rehabilitation, the physical, biopsychosocial model continues to be relevant and 
emphasis should be placed on preventing surgical-related complications, second-
ary prevention of CVD, addressing bariatric-related disabilities, psychological 
and socio-environmental barriers, enhancing physical function through adapted 
physical activities, education on nutritional management as well as implementation 
of sustainable weight management strategies.

The post-bariatric surgery management will require coordinated care from a 
multidisciplinary team of healthcare providers starting from immediate post-op 
followed by long-term management. The integration of several medical specialties 
including clinical nutrition, endocrinology, psychiatry [1], rehabilitation medicine, 
as well as allied health professionals including physiotherapy, occupational therapy, 
and nursing should be included as part of the core management team. Each team 
member should provide detailed assessment of impairments, outline prevention 
strategies and provide solutions for disease management alongside implementa-
tion of a functional restoration program. A functional restoration program post-
operatively should aim to not only achieve marked weight loss, but also prevention 
of weight regain, progression of obesity-associated comorbidities, restoration of 
physical functioning and increase health-related quality of life.

A post-op functional restoration program can be broadly grouped into two 
categories:

1. Medical

i. Nutritional management

ii. Weight management

iii. Comorbidities

2. Rehabilitation

i. Physical activity and exercise training

ii. Psychosocial

4.1 Medical

4.1.1 Nutritional management

The goal of weight loss procedures in general is to either reduce the amount of 
consumed calories (restrictive) per day or to alter the absorption of the fat (mal-
absorption) in the food one consumes. For restrictive procedures such as vertical 
banded gastroplasty (VBG) or laparoscopic adjustable gastric banding (LAGB), 
that has no malabsorption effect, the volume of food intake will be reduced overall, 
hence, some nutritional deficiencies may occur. Malabsorptive surgeries such as or 
biliopancreatic diversion (BPD), gastric sleeve (GS) or Roux-en-Y gastric bypass 
(RYGB) causes alterations in the intestinal tract and creates challenges in maintaining 
healthy levels of nutrients including proteins, vitamins and minerals as well as reduc-
tion in the absorption of calcium and iron [30].
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Management of these potential nutritional deficiencies is therefore paramount 
for patients undergoing bariatric surgery and strategies should be employed to 
compensate for food reduction or food intolerance to reduce the risk for clinically 
important nutritional deficiencies. Signs and symptoms of protein deficiency such 
as hair loss, fatigue and leg swelling should be monitored. Heber et al. recom-
mended the nutritional management should include: an average of 60 – 120 g of 
protein daily in all patients to maintain a lean body mass during the weight loss and 
for the long term to prevent protein malnutrition and its effects, and this is espe-
cially important in those treated with malabsorptive procedures to prevent protein 
malnutrition and its effects [28].

Long-term vitamin and mineral supplementation is recommended in all patients 
undergoing bariatric surgery with those who have had malabsorptive procedures 
requiring potentially more extensive replacement therapy to prevent nutritional 
deficiencies [28]. Specific signs and symptoms of common vitamin and mineral 
deficiencies include bone pain (calcium), fatigue (iron, vitamin B12), brittle nails 
(zinc), poor wound healing (vitamin E), easy bruising (vitamin K), numbness and 
tingling in the hands and feet (vitamin B1). Deficiencies in fat-soluble vitamins 
A, D, E and K is expected therefore, it is essential for patients to take specially 
formulated vitamins (A, D, E, and K in water-soluble form). B-complex vitamins, 
iron, and calcium must also be supplemented at higher than daily recommended 
levels, because of the impact of the gastric bypass procedure on their absorption. 
Due to the body’s limited ability to a absorb calcium postoperatively and the acidic 
environment needed for absorption, a citrated form of calcium is recommended and 
taken in amounts that meet or exceed daily recommended levels [30]. For maximal 
absorption, elemental calcium supplements should be taken in divided doses not 
to exceed 500 mg, three times daily [30]. Iron deficiency is also very common after 
malabsorptive procedures and iron-fortified foods such as leafy greens, legumes, 
seafood, iron-fortified grains, red meat and poultry should be consumed on a 
regular basis. Routine laboratory testing of the iron stores postoperatively may 
be required with iron supplementation either orally or parenterally administered 
accordingly by the healthcare provider.

Dumping syndrome may occur as a result of malabsorptive procedures such as 
RYGB where the food content empties into the small intestine faster than usual. 
Patients may experience symptoms such as abdominal cramping, nausea and 
vomiting due to the small intestine being unable to absorb the nutrients from food 
that have not been fully digested in the stomach. Reactive hypoglycaemia may 
also occur due to the large surge of insulin after “dumping”. Dietary changes is the 
mainstay of treatment for dumping syndrome. Avoidance of simple carbohydrates 
such as white flour and sugar, consumption of more complex carbohydrates such as 
whole grain and sources of protein such as fish, meat, beans, legumes and soy are 
recommended. Frequent loose stools is also a potential side-effect of malabsorp-
tive procedures. It is critical that patients stay adequately hydrated to reduce the 
risk of dehydration. Lack of mobility may also predispose patients with regular 
soiling of the perineum to skin pathologies including development of pressure 
areas. Nutritional education is vital to the success of the surgery and prevention of 
complications. Regular follow-up and periodic monitoring of nutritional deficien-
cies postoperatively will be required for detection and correction. Lifelong supple-
mentation of daily mineral, multivitamin and micronutrients must be considered.

4.1.2 Weight management

Following weight loss surgery, patients may lose weight fairly rapidly at first, 
and then as time passes the weight loss becomes more gradual. Commonly, weight 
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will stabilise at about 18 months after RYGB [30]. During these 18 months, weight 
loss can be erratic with alternating periods of significant weight loss followed by 
a plateau. Other than the loss of fat mass, there are many other factors that may 
contribute to the fluctuations in weight loss during the initial phase. This includes 
variations in water weight which is dependent upon the individuals’ hydration 
status, contents of the gastrointestinal tract, gain of muscle mass, or menstrual 
cycles [30].

Sustainable weight loss strategies should include tailored exercise programs 
with monitoring of the exercise frequency and intensity to boost metabolic rate 
for a more rapid weight loss. A generic exercise program with lack of progressive 
targeted goals may lead to weight loss plateaus. Increase in physical activity and 
strength training will cause slower weight loss as the fat is replaced by muscle mass, 
which are denser tissues. This should not be perceived as a deterrent, but rather a 
positive trend that will lead to a leaner frame and stronger body. The recommended 
nutritional plan should be adhered to diligently to ensure adequate nutrition and 
muscle mass is maintained. Most weight regain or plateaus in weight loss boils down 
to eating habits. It is recommended that a patient eat several small meals a day with 
the ultimate goal of eating a regular diet in smaller amounts. Binge eating, snacking 
or grazing should be avoided as the extra calories will add up to the weight gain.

Several anatomic factors may influence weight loss, and this include the size 
of the gastric pouch which may change over time with the RYGB. As it enlarges 
over time, it will accommodate larger meals, causing a reduction in weight loss. 
Anostomotic dilatation between the stomach pouch and the intestine may also 
occur and this allows quicker emptying of the pouch, reducing its effect on satiety 
and potential weight loss [30]. This is also the underlying reason why one should 
not drink during meals after gastric bypass as it will result in a more rapid transi-
tion of solid food from the gastric pouch, eliminating the effect on satiety resulting 
in ingestion of larger portions. The resultant change in anatomic structure after 
malabsorptive procedures such as the RYGB also alters the absorption of food with 
higher absorption of fats, thus reducing the benefit of the surgery [30]. Eating 
small meals high in protein may help mitigate this effect.

Plateaus and fluctuations in weight loss are to be expected throughout various 
phases post-surgery. Constant reassurance, providing patient education on the 
expected outcomes and exploring together the underlying causes of weight plateaus 
can increase understanding, avoid miscommunication, avert patient depression or 
frustration with the surgery. A regular exercise regimen and adherence to correct 
eating behaviour and nutritional intake may lead to greater outcome and a more 
sustainable long-term weight loss.

4.1.3 Comorbidities

Frequently, patients undergoing bariatric surgery have associated comorbidities 
including Type 2 Diabetes Mellitus, cardiovascular disease, lipid abnormalities, fatty 
liver, degenerative joint disease, hypertension, gastroesophageal reflux disease, and 
obstructive sleep apnea with considerable impact on disability and quality of life. To 
reduce the likelihood of weight regain and to ensure that comorbid conditions are 
adequately managed, all patients should receive careful medical follow-up postop-
eratively. Monitoring postoperative glycaemic control should consist of achieving 
glycated HBA1c of 7% or less with fasting blood glucose no greater than 110 mg/dl 
and postprandial glucose no greater than 180 mg/dl [28]. Lipid abnormalities should 
be monitored and treated with lipid-lowering therapy that remain above desired 
goals should be continued. However due to the dramatic reductions in lipid levels, 
the doses of lipid-lowering drugs should be periodically evaluated [28]. Ideally, a 
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multidisciplinary team should be in place before the operation is performed. The 
bariatric surgeon should be part of this comprehensive team that provides pre- and 
postoperative care. The inclusion of other medical specialties in the team including 
endocrinologists, gastroenterologists and rehabilitation physicians allow a more 
holistic approach for the treatment of patients with multiple comorbidities and 
associated impairments and disabilities.

4.2 Rehabilitation

4.2.1 Physical activity and exercise

Surgery-induced weight loss by itself was associated with a series of beneficial 
health effects, including increased objectively measured habitual physical activity 
and cardiorespiratory fitness [29]. Using a cardiac rehabilitation model is effective 
to cause significant improvement in bariatric individuals’ cardio-metabolic profile 
[31]. Hanapi et al. demonstrates the application of cardiac rehabilitation principle 
for post-bariatric surgery patients which include risk stratification through the use 
of submaximal exercise stress testing to objectively quantify the patient’s cardio-
vascular capacity for exercise participation, subsequent exercise prescription based 
on the individuals’ physical impairments and cardiovascular functioning, lifestyle 
modification to manage cardiovascular risk factors and translating the gains of 
cardiorespiratory and musculoskeletal fitness into more functional activities [9].

Postoperative exercise is imperative and remains the most important factor 
that can help a patient achieve long-standing and successful weight loss. Exercises 
can begin as early as day one postoperatively and short term and long term goals 
should be set early on and revised as activity and exercise capacity increases. The 
exercise program should incorporate muscle strengthening, physical endurance or 
aerobic exercises to improve cardiorespiratory fitness, balance training, functional 
mobility, musculoskeletal reconditioning, joint protection as well activity of daily 
living (ADL) training, tailored individually within the limit of patients’ cardiovas-
cular capacity.

To sustain weight loss, effective behaviour changes towards increasing energy 
expenditure through occupational, leisure time and planned physical activity needs 
to occur alongside dietary management [32]. Physical activity can be incorporated 
to daily activities which helps with caloric expenditure or decreasing the amount of 
sitting time or sedentary leisure activities. Education on the importance of physi-
cal activities to aid weight loss and maintain functional independence helps boost 
motivation and compliance. This ultimately affects their level of independence, 
quality of life and self-efficacy [9].

In addition to loss of fat mass, there are other numerous benefits to exercise. 
These benefits include prevention of loss of muscle mass when losing weight rapidly 
after surgery, and improved overall weight loss. Exercise may also reduce a person’s 
appetite, increases immunity and reduces fatigue which may lead to improved self-
confidence, and overall improved sense of well-being.

4.2.2 Psychosocial

A substantial number of patients experience poor long-term outcomes following 
bariatric surgery which may be contributed by difficulty in making and sustaining 
changes in dietary intake and physical activity as well as post-surgery binge eating, 
which has also been associated with poorer weight outcomes [33]. A thorough pre-
operative assessment to evaluate patients’ understanding of the disease condition, 
identifying any misconceptions, assessing readiness and commitment to undergo 
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a radical change in lifestyle and behaviour modification, as well identifying issues 
that may pose as barriers may be the key to a successful and sustainable weight 
management postoperatively. Sheets et al. recommend that preoperative assessment 
should include identifying patients strengths and weaknesses, educating patients 
thoroughly about postoperative changes including dietary intake and physical 
activity, coaching on lifestyle change strategies as well as offering specific recom-
mendations to address any areas of concern [34]. The period post bariatric surgery 
is still a vulnerable time for most individuals as the reality sinks in as adjustment of 
behaviours and new habits take place. The need for continuous care and screening 
of psychosocial issues throughout both pre-and postoperative periods cannot be 
undermined. Screening for aberrant eating behaviours and depressive symptoms 
should be assessed whilst administering interventions to address emotional and 
psychological issues, behavioural modification strategies, increase compliance, 
and provide support [34]. It is the responsibility of each team member to detect 
or identify the presence of any psychological issues, and administer interventions 
through early referral to mental health professionals to improve outcomes of these 
individuals.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
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