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Preface

Obesity is a complex and chronic disease with an increasing prevalence [1]. Bariatric 
surgery produces successful results in cases where physical activity, diet, and other 
medical treatments have failed. All types of bariatric surgery have their own advantages 
and disadvantages.

The word bariatrics is formed by the combination of the Greek word “-bar,” which 
expresses weight, and “-iatria,” which expresses treatment [2]. According to historical 
records, the first bariatric surgery was performed in Spain in the 10th century. The 
king of Leon, Sacho, was operated on by Ibn Shaprut, the doctor of the time, to lose 
weight. His method was quite simple and interesting. Sharput pricked the king’s lips 
and left only enough space to drink soup and other liquids with a straw, helping the 
king to lose weight. This is the first bariatric surgery recorded in history [3].

Metabolic surgery was first introduced by Dr. Arnold Kremen in 1954 who performed 
jejunoileal bypass on dogs [4]. In 1966, University of Iowa’s Dr. Edward E. Mason 
noted that patients who underwent subtotal gastrectomy for cancer lost significant 
weight. Dr. Mason suggested the first “bariatric surgery” and performed the first 
gastric bypass [5].

In 1976, Dr. Nicola Scopinaro developed biliopancreatic diversion [BPD], a maladaptive 
procedure to treat obesity [6]. Later, Dr. Picard Marceau reported duodenal switch as 
an alternative to BPD [7].

In the 1980s, Dr. Mason began to use vertical banded gastroplasty [VBG] [8]. In 1986, 
Dr. Lubomyr Kuzmak developed a horizontal gastric band [9]. In 1992, Dr. Guy-Bernard 
Cadière placed a laparoscopic gastric band [10]. The number of surgeries performed 
with the laparoscopic technique has increased steadily since its inception.

Sleeve gastrectomy is another bariatric surgery technique that has become widespread 
in recent years. It was developed in the late 1990s by Dr. Michel Gagner who showed 
that sufficient weight can be lost with sleeve gastrectomy [11].

This book presents a history of bariatric surgery, examines current bariatric techniques, 
and discusses the exciting future of this procedure, including surgical robots, robotic 
coding, gene therapy, and more.

I wish to thank to my co-editors Dr. Nizamettin Kutluer and Dr. Serhat Doğan.
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Chapter 1

Do All Bariatric Surgery Methods 
Have the Same Effects on the Gut 
Microbiota?
Elham Foroudi Pourdeh and Izzet Ulker

Abstract

Despite the various treatment methods that exist for obesity, the most effective 
treatment for long-term weight control is bariatric surgery. Different surgical methods 
affect different mechanisms, such as appetite change, restriction of intake, and control 
of hunger. Divert food from the proximal part of the small intestine, food aversion, 
increased energy expenditure, malabsorption of macronutrients, and modifications 
of bile aside profiles and the gut microbiota. Gut microbiota plays an important role 
in maintaining human health. Dysbiosis usually has detrimental effects and may 
also have long-term consequences that lead to diseases or disorders, such as diabetes, 
obesity, and inflammatory bowel disease. While Firmicutes are abundant in the gut 
microbiota of obese individuals, Bacteroidetes are more abundant in individuals with 
normal weight. Thus, specific changes in the gut microbial composition are associ-
ated with obesity. The suggestion of growing evidence of bariatric surgery’s success 
is because of the procedure’s effect on the gut microbiota. Bariatric surgery changes 
the short-chain fatty acids composition by certain changes in the gut microbiota, thus 
affecting host metabolism, including intestinal hormone secretion and insulin sensi-
tivity. Different methods of bariatric surgery alter the gut microbiota differently.

Keywords: bariatric surgery, gut microbiota

1. Introduction

Bariatric surgery is the name given to surgical methods to control obesity [1]. 
There are varying treatment methods for obesity, such as lifestyle modification (which 
includes behavioral modification, increased physical activity, and caloric restriction), 
pharmacotherapy, and bariatric surgery [2]. The main obesity treatment method 
is weight loss through lifestyle interventions. These interventions include diet and 
exercise. However, in most cases, with these measures, sufficient weight loss is not 
achieved, and gaining weight is common and does not lead to a significant and lasting 
solution. The use of medications is another possible approach, although their effective-
ness may seem limited [3]. There are few effective treatment options for severe obesity. 
For severe obesity, the most effective treatment for long-term weight control in adults 
is bariatric surgery [3, 4]. Bariatric surgery methods in general are considered safe. The 
average preoperative mortality is less than 3% [5]. Bariatric surgery is recommended for 
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adults with excessive obesity (BMI ≥ 40 kg/m2) or those obese with BMI ≥ 35 kg/m2 
in attendance of at least one significant comorbidity caused by obesity. The health risks 
that interact with obesity are hypertension, type 2 diabetes mellitus, stroke, coronary 
heart disease, asthma, obstructive sleep apnea, and osteoarthritis, among other health 
complications [2]. The different surgeries methods effects assorted mechanisms, 
including change of appetite, restriction of intake, control of hunger, divert food from 
the proximal part of the small intestine, food aversion, increased energy expenditure, 
malabsorption of macronutrients, and modifications of bile aside profiles and the gut 
microbiota. Choosing the surgical methods depends on the surgeon or patient prefer-
ence, permanent anatomical change, and accessibility for proper aftercare. Nowadays, 
bariatric surgery contains three main types of methods. They are categorized according 
to their mechanism: A) Restrictive methods, aimed at reducing the size of the stomach 
to restrict solids consumption include gastric imbrication, sleeve gastrectomy (SG), and 
adjustable gastric banding (LAGB) B) Malabsorptive methods, by shortening the small 
intestine, thus surface area exposed to food is reduced and the absorption of nutrients 
is reduced, include jejunoileal bypass (JIB) C) Combined malabsorptive and respective 
methods include the Biliopancreatic diversion (BPD) [3]. The most common bariatric 
surgery methods are laparoscopic, which include sleeve gastrectomy (SG) and Roux-
en-Y gastric bypass (RYGB). In terms of popularity, sleeve gastrectomy has surpassed 
Roux-en-Y gastric bypass in the last few years [2].

2. Bariatric surgery methods

2.1 Roux-en-Y gastric bypass (RYGB)

The surgical treatment that is still considered a standard technique and widely 
used for the treatment of morbid obesity is RYGB [6, 7]. In RYGB, a small gastric 
pouch attaches to the small intestine and bypasses the stomach, duodenum, and 
proximal jejunum [8]. Recently, RYGB is the second most common operation 
worldwide, sleeve gastrectomy (SG) preceded that [9]. Although RYGB frequency is 
surpassed worldwide by sleeve gastrectomy (SG), long-term results in weight reduc-
tion, remission of comorbidities also changing quality of life, are well documented 
and make the RYGB a common bariatric procedure [6, 7, 10]. For these good results, 
identifiable factors are mostly a combination of mechanisms of action, which include 
mild malabsorption by bypassing a reasonable part of the jejunum, mechanical 
restriction of calorie intake due to the small gastric pouch, and hormonal changes 
like a decrease in the production of ghrelin, early secretion of PYY and changes in 
various incretin levels, such as GLP1 [11]. For patients with gastroesophageal reflux 
disease, many are seen as the gold standard treatment and it is recommended as 
the first method of choice for patients with type 2 diabetes mellitus [12]. Hepatic 
hypersensitivity to insulin has been shown to improve within a week after RYGB, and 
after months, after major weight loss, insulin sensitivity in adipose tissue and skel-
etal muscle also improves [13]. However, due to changes in intestinal anatomy after 
LRYGB, the internal hernia can occur through the Petersen space mesenteric defect 
or the mesenteric jejunojonostomy defect during follow-up [10]. After LRYGB, a 
frequent complication is small bowel obstruction [14]. Fasting bile acid levels increase 
after RYGB but do not increase after SG [15]. Long-term complications may occur. 
Re-interventions are sometimes needed. In very rare cases, a return to normal anat-
omy may be due to severe dumping syndrome, gastric bypass malnutrition, excessive 
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weight loss, postprandial hypoglycemia, or recurrent marginal ulcers [9]. Long-term 
complications, such as anemia, may not be diagnosed by non-bariatric specialists. 
Anemia causes include folate, iron, and B12 deficiency. Bleeding marginal ulcers, and 
selenium, copper, and vitamin A deficiency are the less common causes [16].

2.2 Laparoscopic sleeve gastrectomy (LSG)

The most common bariatric surgery, which is performed is sleeve gastrectomy (SG) 
[17]. Some advantages include intact and normal intestinal absorption, preservation 
of pylorus preventing dumping syndrome, technical efficiency, and the first appropri-
ate step for extremely obese patients [18]. Additional benefits, such as maintaining 
gastrointestinal integrity and preventing malabsorption [19]. The extreme objective of 
the method is to evacuate between 60 and 70% of the stomach, counting the fundus, 
leaving a long, thin banana-shaped stomach [17, 18]. Narrowing of the gastric leads 
to significant limitations of stomach capacity also in other metabolic modifications. 
Ghrelin is one of the hormones that increments and stimulates the patient’s appetite. 
It is produced by cells found within the fundus. Resection of the fundus significantly 
diminished the basal level of ghrelin, diminishing appetite in patients who experienced 
LSG [18]. PYY increased postoperatively and leptin, insulin and ghrelin decreased. 
Probably due to improved beta-cell function and improved insulin sensitivity, insulin 
levels decreased following LSG. Also, decreased postoperative leptin levels may be 
related to decreased leptin resistance or improved leptin sensitivity [20]. LSG has 
illustrated its effectiveness in accomplishing weight loss and determination of obesity-
related comorbidities; the concept of SG is simple, but performing incorrectly some 
components can cause serious complications [18]. Bleeding, staple line leak, stenosis, 
venous thromboembolism, intra-abdominal abscess, gastroesophageal reflux, and 
strictures are complications associated with LSG [17]. Staple line leakage and bleed-
ing are the major complications in the early postoperative period. The most common 
complication, which occurs in about 1.1–8.7% of cases, is staple line bleeding. The most 
life-threatening and dangerous complication is leakage of staple line with 0.5%-2.7 
incidence ranging [21]. The potential causes of leakage are a technical failure, a stapler’s 
mechanical failure, functionality and the shape of the sleeve, high intraluminal pres-
sure, incisura angularis obstruction, or poor wound healing [19]. Primary subphrenic 
abscess and secondary rupture of the diaphragm, which can rarely be caused by gastric 
leakage, eventually will lead to gastrobronchial fistula. Gastrobronchial fistula is a 
chronic gastric leakage late complication located above the staple line [22]. Compared to 
laparoscopic adjustable gastric banding (LAGB), a very popular method over a decade 
before, sleeve gastrectomy is a simple yet powerful metabolic operation that changes the 
eating behavior, gut functions, and glycemic control by activating hormonal pathways, 
and the procedure needs no foreign implant. And compared to RYGB, it is technically 
easier and does not require intestinal anastomosis. The LSG is limited to the stomach 
and prevents the presence of an internal hernia in postoperative follow-up [23].

2.3 Laparoscopic adjustable gastric banding (LAGB)

One of the most secure surgical methods used to treat obesity is LAGB [24]. Firstly, 
in 1993, laparoscopic adjustable gastric banding was described by Belachew. Since 
then, the LAGB has undergone many changes, revisions, and corrections to become 
the way it is now defined. These changes influenced both surgical and technological 
techniques, but most importantly, the management of pre-and postoperative [25]. 
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In LAGB, a silicone ring is placed around the gastric to create a little upper stomach 
pouch under the esophagus. Within the 1970s, this method was introduced and 
remains secure, well endured, and effective with a relatively low risk of complica-
tions. Increasing the effect of weight loss without compromising safety by adjusting 
the band is another benefit of this method. An option that makes LAGB attractive to 
most patients is that it is a reversible form of laparoscopic surgery, although it is not 
touted as a temporary method due to the considerable risk of regaining weight after 
removal [24]. LAGB at first accounted for most methods and affected weight loss by a 
restrictive mechanism [26]. And indeed even though its popularity has been diminish-
ing over time, it remains a choice for a specific group of patients, creating significant 
weight loss and improving obesity-associated comorbidities [24]. Due to the lack of 
any resection or anastomosis, reversibility, low life-threatening complications, and 
a minimally invasive intervention, LAGB surgical procedure seems to be useful [27]. 
Obesity to a lower degree, at a younger age, and at the time of surgery, the lesser sever-
ity of comorbidities for successful weight loss can be an important indicator, making 
these patients the perfect candidate for LAGB [24]. LAGB is the simplest form of 
minimally invasive or surgical method performed for obesity, but it is less commonly 
used due to the high rate of secondary revision to complications and late weight gain. 
Weight loss was promising in the initial results but in the long-term, the result is less 
encouraging [28]. LAGB has some minor complications, such as port slippage, port 
tube separation, and port infection, and major complications, such as band intoler-
ance, band erosion, band migration, pouch enlargement, band slippage, and band 
opening [27]. One of the less common late-onset complications is digestive lumen 
band erosion/migration, which occurs after LAGB. Late complications after LAGB are 
more than the initial complications and include band slippage, device-related com-
plications, band erosion, and pouch dilation. Major life-threatening complications, 
manifesting as severe gastrointestinal hemorrhage, perforation, or obstruction are rare 
and require immediate surgical intervention [28].

2.4 Biliopancreatic diversion (BPD)

One of the most effective surgical methods for obesity is BPD, which generally 
loses more than 72% of excess body weight in 5 years. Firstly, Scopinaro described 
BPD, done over the past 25 years, and lead to sustainable and effective long-term 
weight loss [29]. Among the existing bariatric methods, biliopancreatic diversion 
(BPD) was common in prior decades. It is a combination of a Roux-en-Y construc-
tion with a distal gastrectomy [30]. Biliary and pancreatic juices are transported by 
the biliopancreatic limb to the common limb, while ingested food is transferred to 
the common limb by the alimentary limb [30]. One of the most effective methods in 
decreasing comorbidities of obesity and weight loss with minimal long-term weight 
regain is biliopancreatic diversion (BPD) [30, 31]. Patients lose weight because of the 
reduction in the area of absorption by bypassing most of the intestines with nutrients, 
also because of reduced absorption and digestion by the attachment of nutrients to 
the biliopancreatic enzymes and secretions distally [32]. BPD leads to many metabolic 
syndrome complications remission [29]. BPD has a positive effect on T2DM and other 
complications of metabolic syndrome in the short-term and long-term. After surgery, 
triglycerides, total cholesterol, and LDL decrease, while HDL levels increase. HTN 
improvement or resolution is observed. Before surgery, the HTN incidence was 56.7%. 
After surgery, approximately 50% of hypertensive patients improved or recovered 
after a one-year follow-up [31]. Signaling of bile acid, increased secretion of intestinal 
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hormones (oxyntomodulin, PYY, and GLP-1), Gut microbiota changing and intesti-
nal glucose transport reduction through circulating branched-chain amino acids and 
SGLT1, improved initial sensitivity and secretion of insulin, and increased satiety, is 
thought to cause these effects [29]. However, BPD is not widespread due to it is associ-
ated with long-term side effects, such as vitamin deficiency and protein malnutrition 
due to malabsorption [29, 31]. BPD anatomical late complications were reported to a 
less frequent [29]. Protein malnutrition is a common and frightening aspect of bar-
iatric surgery [31]. In 7.7–11.9% of patients with BPD, protein malnutrition can occur; 
when the gastric pouch is less than 200 MLS, this reaches even in 17.8%. To minimize 
this risk, the common limb’s length and the gastric pouch’s size can be adapted 
(increase from 50 cm to 100 cm). In 60% of BPD patients, iron deficiency anemia 
will occur due to exclusion of the proximal jejunum and duodenum and decreased 
gastric acid secretion [29]. Especially, according to the fat-soluble vitamins in malab-
sorptive bariatric methods, multiple vitamin supplements will be required. Calcium 
metabolism changes significantly, usually due to vitamin D deficiency. Weight loss, 
even before surgery, reduces bone density because of mechanical disorders of load 
on bones and usually, secondary hyperparathyroidism is established. Vitamin D and 
calcium deficiency occur more often after malabsorptive methods than in restrictive 
methods [31]. BPD, which is surgically challenging, is rarely performed today due 
to the high risk of lifelong needs and nutritional complications for follow-up [29]. 
Presently, late complications are frequently observed in elderly patients [30].

3. Gut microbiota

There are trillions of microorganisms in the human body and the coordinated 
function of these microorganisms is important for the host life. The population of 
microorganisms in the intestine reaches its highest density. This complex microbial 
community that forms in the intestinal is the gut microbiota [33]. There are 100 
trillion microorganisms in the human intestine. The gut microbiota is mainly formed 
by five phyla and populations, while the intestine is dominated by bacterial species 
(phyla Firmicutes and Bacteriodetes). There are also viruses, bacteria, archaea, fungi, 
phages, nematodes, and protists. There is a symbiotic relationship between microor-
ganisms and their human hosts. Through this symbiotic relationship, microorganisms 
protect and support the structure of the intestinal mucosa during their evolution. 
There are at least 150 times more genes in the gut microbiota than in the human 
genome. And it weighs approximately 1 to 2 kg [34–36]. After birth, the ecosystem 
of gut microbiota is created by the transfer of maternal bacteria and environmental 
bacteria and continues to expand until adulthood [36]. Bacteria’s quantity in the 
gastrointestinal tract increases from the proximal part to the distal parts. More than 
70% of all body microorganisms are located in the large intestine, which is usually 
associated with host health and disease. In addition, the lumen has a higher bacterial 
diversity and the mucosal layer has a lower bacterial diversity [35]. Some environ-
mental parameters that may affect the composition of the gastrointestinal microbiota 
are water activity, PH, availability of nutrients, oxygen levels, and temperature. 
The diverse and abundant members of the gut microbiota play an important role in 
maintaining human health by promoting host cell differentiation, by breaking down 
food to release nutrients that otherwise would be inaccessible to the host, modulat-
ing/stimulating the immune system, and preventing colonization by pathogens they 
protect the host [33]. The presence of large numbers of bacteria in the gastrointestinal 
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tract causes metabolic activity and biochemical diversity that have interactions with 
the host physiology [35]. Many factors can shift the balance of gut microbiota, and 
thus, disrupt gut microbial homeostasis and cause dysbiosis. Dysbiosis usually has 
detrimental effects and may also have long-term consequences that lead to diseases or 
disorders, such as diabetes, obesity, and inflammatory bowel disease [33]. Dysbiosis is 
associated with three different phenomena that can occur simultaneously: losing ben-
eficial organisms, potentially harmful bacteria overgrowth, and losing overall micro-
bial diversity [34]. Bacteriocins, which inhibit the bacterial pathogens growing that 
cause dysbiosis by their antibacterial action are produced by Lactobacillus Plantarum 
and Lactobacillus para case [37]. For homeostasis and proper metabolic function gut 
microbiota’s health is crucial. Changes in microbiota composition may lead to diabetes 
and obesity by affecting homeostasis and substantially altering host metabolism and 
affecting central appetite mechanisms [36]. Proteobacteria lead to metabolic diseases, 
such as obesity, because it is associated with dysbiosis [37]. Therefore, potentially 
new anti-obesity strategies may be proposed by modulating intestinal microbiota 
with fecal microbiota transplantation or dietary interventions, including probiotics 
and prebiotics. The suggestion of growing evidence of bariatric surgery’s success is 
because of the procedure’s effect on the gut microbiota. Bariatric surgery changes the 
short-chain fatty acids composition by particular changes in the gut microbiota. Thus, 
affecting host metabolism, including intestinal hormone secretion and sensitivity 
of insulin. While Firmicutes are abundant in the gut microbiota of obese individu-
als. Bacteroidetes are more abundant in individuals with normal BMI, which break 
down plant starches and plant fibers for energy, thus specific changes in the gut 
microbial composition are associated with obesity [36]. The increase in the genus 
Lactobacillus, which belongs to the Firmicutes phylum was associated with obesity [37]. 
For metabolic syndrome and obesity, the gut microbiota is an effective and potential 
factor. Gut microbiota can also affect insulin resistance and hyperglycemia, which 
are associated with obesity. The effect of intestinal microbiota on insulin and glucose 
homeostasis may be due to its effect on changing the relative abundance and compo-
sition of bile acid species [36]. Bacteria can produce major neurotransmitters. The 
microbiota also has the potential to affect other levels of neurotransmitters, including 
gasotransmitters, steroids, neuropeptides, endocannabinoids, and histamine among 
others [38]. Gut bacteria are involved in the production of neuroactive metabolites, 
including γ-aminobutyric acid (GABA) and serotonin, thereby affecting central appe-
tite control. And by the effect on serotonin metabolism, which might also influence 
glucose homeostasis. The gut microbiota also may affect hepatic lipid metabolism, 
fat storage, and hepatic triglyceride storage. Some bacterial strains affect satiety and 
appetite by altering the secretion of gut hormones, including ghrelin, leptin, GLP-1, 
and PYY, through the hypothalamic neuroendocrine pathways. Gut microbiota by 
altering mood and modulating reward pathways might also affect feeding behavior. 
The main factor affecting the activity and composition of the microbiota is diet. The 
gut microbiota is directly shaped by the various components of the diet [36].

4. Effects of bariatric surgery methods on gut microbiota

4.1 Roux-en-Y gastric bypass (RYGB)-gut microbiota

Bariatric surgery modifies the gut microbiota. Bariatric surgery also affects 
the physiology of the distal intestine and has a great influence on activity and the 



9

Do All Bariatric Surgery Methods Have the Same Effects on the Gut Microbiota?
DOI: http://dx.doi.org/10.5772/intechopen.107176

composition of the gut microbiota. Different methods of bariatric surgery alter the 
intestinal microbiota differently [39]. Bacterial diversity and richness are restored by 
RYGB surgery, and the frequency of several groups of bacteria is significantly altered 
[40]. These changes after surgery may affect weight loss, weight maintenance, and 
metabolic improvement. They may also cause weight gain [40, 41]. Patients who lost 
weight successfully after RYGB surgery had a significant difference in gut microbiota 
compared to patients who showed weight regain [41]. Patient preferences for high-fat 
and high-carbohydrate foods decrease after RYGB surgery. Patients have reportedly 
lost motivation to eat. Another common effect of RYGB surgery is to alter the gut 
microbiota and its related metabolites. Escherichia Coli, Streptococcus, pneumonia, 
Klebsiella, Akkermansia muciniphila, Dentium, and Bifidobacterium in the feces of 
patients increased after RYGB surgery [42]. After RYGB surgery, there is a decrease 
in Firmicutes and an increase in the frequency of Verrucomicrobia (Akkermansia) 
and proteobacteria in patients. After surgery, the phylum Bacteroidetes abundance 
decreases. Also, there is a decrease in the genus Clostridium and abundance of the 
Fusobacteriaceae family. Gammaproteobacteria (including Enterobacteriaceae), and 
the genus Succinivibrio increased following RYGB. Also, after surgery in animals and 
humans, an increase in Enterococcus was observed. This genus competes for intestinal 
epithelium adherence, and hereby, prevents the colonization of pathogenic bacteria 
and also has anti-inflammatory effects by producing butyrate [41]. After RYGB, the 
pH of the intestinal is lower compared to SG. Excluded parts of digestive transit in 
RYGB are the distal stomach and small intestine. Therefore, avoided stomach acidity 
and in the intestine, hydrochloric acid is reduced. Some studies have shown the pH 
reduction effect in inhibiting Bacteroidetes growth in bacterial culture. pH is impor-
tant in the distribution of fermentation end-products [39]. After RYGB, a decrease in 
gastric acid secretion causes the incompletely digested proteins to increment in the 
gut and this results in the production of putrescine. Bacteria of the genus Klebsiella 
that has increased after RYGB. Also, can produce putrescine. This polyamine is 
metabolized to GABA, which stimulates the GLP-1 levels increments and improves 
insulin resistance. Similarly, the genus Lachnobacterium, which increased after RYGB 
improves glucose homeostasis and insulin resistance via short-chain fatty acids [41]. 
Metabolites like short-chain fatty acids produced by the intestinal microbiota have 
a beneficial effect on health and they have been linked to glycemic improvement, 
food intake regulation, and weight loss [43]. When the obese diabetic patients’ fecal 
microbiota is evaluated before and after RYGB surgery, and preoperatively increase 
in desulfovibrio levels is seen in patients who have no postoperative T2DM remis-
sion compared with patients who have metabolic improvement [44]. Species, such 
as pneumonia, Klebsiella, Alistipes, muciniphila, and Akkermansia, are species that 
are augmented after RYGB and their relative abundance is associated with reduced 
adiposity [45]. There is Streptococcus and villanelle increment and Claudia decrement 
(all belong to the Firmicutes phylum). These changes can have important clinical con-
sequences after surgery. For example, Streptococcus and Veillonella metabolize lactate, 
which in turn affects butyrate metabolism and epithelial barrier integrity. Increasing 
the integrity of the intestinal epithelium can improve metabolic disorders and reduce 
low-grade systemic inflammation. Akkermensia contains mucin-destroying microbes 
and in several studies has been shown increment after bariatric surgery. According to 
previous animal studies, Akkermensia muciniphila has been shown to protect against 
diabetes and obesity by potentially reducing low-grade inflammation and endo-
toxemia, as well as enhancing the barrier of the intestinal epithelium. Akkermensia 
muciniphila in humans also was associated with improved insulin sensitivity markers. 
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A negative correlation has previously been reported between serum leptin and E. Coli 
after RYGB [43]. Reducing stomach volume, which is included in RYGB, dramatically 
reduces the amount of food intake. Individual changes in diet can alter gut micro-
biota and it should be considered when considering changes in gut microbiota after 
bariatric surgery procedures [44]. Hospital-associated pathogens, such as pneumonia, 
Klebsiella, and clostridium, perfringens have also been shown to increase after RYGB. 
After surgery, one of the reasons for opportunistic pathogens increments is the 
routine administration of operative prophylactic antibiotics and alternation of the 
gastrointestinal environment [43]. RYGB surgery procedure resulted in a significant 
reduction in estimated and observed fungal diversity and richness. This contradicts 
many reports of bacterial alpha diversity increments. Despite the unidirectional 
changes observed in bacterial microbiota, changes in fungal microbiota after RYGB 
are individual [40].

4.2 Laparoscopic sleeve gastrectomy (LSG)-gut microbiota

Changes in the composition of the gut microbial community after surgery 
can affect metabolic outcomes. In particular, SG alters certain gut bacteria’s rela-
tive abundance. It leads to increases in the species that improve the phenotypes 
of diabetes and obesity, abundance. For obese mice, fecal transplantation from 
mice and human patients post-bariatric surgery has metabolic benefits, such as 
improved insulin sensitivity, glucose tolerance, and weight loss. Importantly, in 
mice, antibiotics abolish the SG effectiveness due to gut microbiota disruption. 
These findings increase the possibility that after SG in metabolic changes gut 
bacteria are involved. Gut bacteria communicate through the portal vein by trans-
porting a bacterial-derived molecule from the intestine to the liver [46]. SG leads 
to persistent changes in the intestinal microbiome by decreasing dysbiosis due to an 
increase in Bacteroidetes and a decrease in Firmicutes. SG improves diurnal oscilla-
tion and dysbiosis and increases microbial richness [47]. Compared to before LSG 
the percentage of Phylum Verrucomicrobia significantly increased after 1 month and 
6 months. Percentages for the Streptococcaceae family also significantly increased. 
Also, Christensenellaceae increased after 1 month and 3 months, Verrucomicrobiaceae 
increased after 1 month and 6 months, Rikenellaceae increased after 6 months, and 
Fusobacteriaceae increased after 2 weeks, A. muciniphila significantly increased after 
1 month and 6 months. For gut microbiota, the diversity indices OS, PD, and Chao1 
were significantly increased after 6 months. The percentage of Mogibacteriaceae 
family after 3 months and 6 months were significantly decreased than before LSG 
[48]. SG surgery does not affect the presence of F. Prausnitzii, a butyrate producer 
in feces. LRYGB resulted in a greater increase in oral colonizers (genus Veillonela 
and Streptococcus) than in SG. A. Muciniphila, which negatively correlated with 
inflammation, increases in a similar proportion in patients after LRYGB or SG. E. 
Coli increment may reflect gut and host adaptation to energy harvest maximiza-
tion in the post-bariatric surgery starvation-like condition [49]. In a rodent model, 
it was shown that A. Muciniphila inhibited metabolic abnormalities and body fat 
accumulation. However, with decreasing biological parameters related to obesity, 
increasing diversity of α and other taxa like the Rikenellaceae family is more associ-
ated. Although not much attention has been paid to Rikenellaceae, the results suggest 
that the Rikenellaceae taxon may play a role in the metabolic benefits of LSG and 
weight loss [48]. Changes in the microbiome after SG, particularly the reduction of 
Clostridia, lead to a decrease in lithocholic acid (LCA) production, which ultimately 
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leads to increased glucoregulatory compound CA7S production. Lithocolicacid 
(LCA) by inducing CA7S synthesis in murine liver and human hepatocytes affects 
host metabolism. After SG, the amount of lithocholic acid (LCA) that is transported 
from the intestine to the liver through the portal vein increases. LCA induces colonic 
acid sulfonation and activates vitamin D receptors both in vivo in mice and in vitro in 
human hepatocytes. CA7S synthesized by LCA in human hepatocytes can induce the 
secretion of GLP-1 in enteroendocrine cells and provides a link between the changes 
in BA observed after SG and the surgery’s metabolic benefits [46]. After LSG, 
Fusobacteriaceae and Streptococcaceae families relative abundance increased. These 
species are thought to have a pathogenic property, such as colorectal carcinogenic 
risk. They may be high due to reduced gastric passage time and decreased gastric 
juice secretion by LSG. After LSG, although the α diversity index is restored, the 
total number of gut microbiota remains lower than in healthy individuals. Disorders, 
such as Parkinson’s disease, colorectal cancer, and inflammatory bowel disease, are 
associated with decreased total microbiota [48]. Pseudobutyrivibrio and Prevotella 
sp. increase after SG, they can inhibit colon cancer cell formation [50]. Clostridium 
species became enriched after SG, while LRYGB harmed them, which suggests 
the intestine is still largely anaerobic after SG. In this regard, a higher ferredoxin 
oxidoreductase relative abundance was observed post-LRYGB compared to SG, 
which is associated generally with aerobic respiration [49]. After SG Microbiome 
changes may protect from progressive hypertension related to multiple strains of 
Lactobacillus [51]. After 9 years postoperatively, changes in gut microbiota are less 
pronounced in LSG patients versus RYGB patients [52].

4.3 Laparoscopic adjustable gastric banding (LAGB)-gut microbiota

To our knowledge gut microbiota changes, have not been studied after LAGB 
surgery [53].

4.4 Biliopancreatic diversion (BPD)-gut microbiota

BPD/DS rats have significantly different microbiota than SHAM animals. 
Decreased gut microbiota richness and diversity were observed in BPD/DS rats. 
Microbial profile analysis showed a major shift from presurgical Clostridiales-
dominated microbiota to high-concentration microbiota in Bifidobacteriales soon 
after surgery. After BPD/SD, the gut is divided into three functional segments: 
the alimentary limb, biliopancreatic limb, and common limb. Bifidobacteriales 
have a high content in the alimentary limb and common limb. But because the 
biliopancreatic limb contains a significant amount of Actinomycetales, it is dif-
ferent from the other two limbs. In BPD/DS, unlike RYGB, it was shown that 
Bifidobacteriales elevated significantly as represented by the increasing abundance 
of the Bifidobacterium genus. In the lower part of the intestine, the presence of 
nutrients, which is digestible, but undigested can change the microbiota. In BPD/
SD rats, changes in the gut microbiota were associated with the beneficial influence 
of malabsorption procedures. Increasing the proportion of Bifidobacteriales bacteria 
associated with the genus Bifidobacterium may have health benefits for the host. 
Bifidobacterium predominance in the microbiota can reduce low-grade inflamma-
tion. The positive outcomes of surgery may be because of gut microbiota modulation 
and more specifically increase in Bifidobacterium abundance throughout the gastro-
intestinal tract [54].
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5. Conclusions

Although various surgical methods may have long-term side effects, they can lead 
to the improvement of obesity and its related disorders, and changes in the micro-
biota and related metabolites are effective in this matter. For example, bacteria of 
the genus Klebsiella, which has increased after RYGB, by producing putrescine and 
metabolizing This polyamine into GABA can increase the GLP-1 levels and improve 
insulin resistance. Similarly, the genus Lachnobacterium, which increased after RYGB 
improves glucose homeostasis and insulin resistance via short-chain fatty acids. 
Species, such as pneumonia, Klebsiella, Alistipes, muciniphila, and Akkermansia, 
are species that are augmented after RYGB and their relative abundance is associated 
with reduced adiposity. Also, SG leads to persistent changes in the intestinal micro-
biome by decreasing dysbiosis due to an increase in Bacteroidetes and a decrease in 
Firmicutes. Changes in gut microbiota are less pronounced in LSG patients versus 
RYGB patients. Also, The positive outcomes of BPD/SD surgery may be because of gut 
microbiota modulation and more specifically increase in Bifidobacterium abundance 
throughout the gastrointestinal tract. In BPD/DS, unlike RYGB, it was shown that 
Bifidobacteriales elevated significantly as represented by the increasing abundance of 
the Bifidobacterium genus.
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Revisional Bariatric Surgery
Awadh Alqahtani and Mohammad Almayouf

Abstract

Metabolic surgery is considered a valuable tool in treating obesity compared to 
the non-surgical approach. Its effectiveness is evident in the form of weight loss, 
eliminating obesity-related comorbidities, and improving quality of life. Hence, the 
rate of metabolic surgery conducted worldwide has risen dramatically, parallel to the 
increasing rates of obesity. Unfortunately, there are drawbacks to metabolic surgeries. 
Weight regain/insufficient weight loss is feared by the patient and bariatric surgeon 
and can occur with nonadherence to a healthy lifestyle and dietary habits. Long-term 
complications related to metabolic surgery are possible following any metabolic 
surgery (e.g., chronic reflux, malnutrition, and fistula). Revisional surgery is the 
most effective approach to combat these drawbacks, and therefore a bariatric surgeon 
should be familiar with it. This chapter will discuss the indication of revisional sur-
gery, the preoperative workup, the surgical techniques, and the outcome of revisional 
surgery. The chapter will focus on the most commonly performed metabolic surgery, 
that is, laparoscopic adjustable gastric band, laparoscopic sleeve gastrectomy, lapa-
roscopic Roux-en-Y gastric bypass, and laparoscopic one anastomosis gastric bypass. 
By the end of this chapter, the reader will be able to: (1) Define metabolic surgery failure 
and indications of the revision. (2) Be able to approach the patient preoperatively and 
formulate a plan. (3) Be knowledgeable about the main operative steps. (4) Be aware of 
the predicted outcome of revisional surgery.

Keywords: revisional surgery, adjustable gastric band, sleeve gastrectomy,  
Roux-en-Y gastrectomy, one anastomosis gastric bypass, laparoscopy

1. Introduction

Obesity is now considered an epidemic worldwide and rising at an alarming rate. 
Not only does obesity increase the chance of developing debilitating comorbidi-
ties and affects the quality of life, but also has a major load on health systems and 
increases costs [1]. One of the most effective tools to tackle obesity is bariatric surgery. 
It showed remarkable and durable results compared to other means, such as lifestyle 
changes and intensive medical management [2]. Despite its effectiveness, due to the 
sedentary lifestyle and the availability of calorie-dense foods, in addition to other 
factors, weight regain or failure to lose is becoming more prevalent. Other issues of 
surgical intervention, in general, are the possible occurrence of surgery-related spe-
cific complications. Hence, revisional surgery is becoming more popular recently to 
address these inconveniences. This chapter will address the most common revisional 
bariatric surgeries practiced.
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2. Revision of laparoscopic adjustable gastric band

The laparoscopic adjustable gastric band (LAGB) was introduced in the 1970s 
with a simple weight loss mechanism for restricting food intake [3]. Since its imple-
mentation in the surgical practice, LAGB has shown promising results and gained 
popularity [4–6]. One of its attractiveness is its reversibility and less-invasive nature 
than other metabolic procedures [7]. Despite these remarks, LAGB has fallen behind 
other metabolic procedures. In the most recent IFSO data, LAGB is the fourth most 
common procedure behind the laparoscopic sleeve gastrectomy (LSG), laparoscopic 
Roux-en-Y gastric bypass (RYGB), and the one anastomosis gastric bypass (OAGB).

2.1 Indication for revision

With the development of other types of metabolic surgery, the efficacy and results 
sustainability of LAGB was questioned [8–10]. Another reason for the LAGB decline 
is the nature of the procedure of inserting a foreign body. This can lead to various 
complications like band intolerance (slippage, reflux, and esophageal dilatation], 
port/tube complications (bowel obstruction and infection), or even band erosion 
through the stomach wall [11]. Hence, band removal is probably inevitable due to 
different indications. These indications for revision vary in the literature (Table 1).

2.2 Preoperative workup

Before the operation, interviewing the patient by the managing team is crucial 
to accomplish the desired goals. Symptoms of band intolerance should be carefully 
assessed, such as epigastric pain, dysphagia, and regurgitation. Band deflation should 
be considered preoperatively. All patients should undergo an upper contrast study to 
evaluate the anatomy, assess for reflux/hiatal hernia, and assess if there is neo-pouch 
development or any signs of band slippage. Band erosion symptoms can vary signifi-
cantly from being asymptomatic to port infection. Esophagogastroduodenoscopy 
(EGD) is a valuable tool that should be used if there is any suspicion of band erosion 
or significant reflux disease [17]. Figure 1 provides a suggested pathway for AGB 
management.

Author Number of 
patients

Band 
intolerance

Reflux Band failure Port/tube 
complications

Erosion

Emous 
et al. [12]

257 32.2% NA 64.2% 0.5% 5.4%

Yeung et al. 
[13]

104 14% 12% 71% 3% NA

Falk et al. 
[14]

211 60% 4.9% 20.5% 4.9% 4.3%

Jaber et al. 
[15]

85 63.5% NA 22.4% NA 1.2%

Kirshtein 
et al. [16]

214 61.6% NA 9.8% 7% 13.1%

Table 1. 
Indications of laparoscopic adjustable gastric band revision in selected studies.
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2.3 The operation

All patients should receive preoperative antibiotics and prophylaxis for the venous 
thromboembolic event (VTE). After anesthesia induction, the site of the port should 
be marked. The abdomen is accessed using a 5 mm visiport at the left upper quadrant 
5 cm from the umbilicus. Another 5 mm port in the left upper quadrant is placed 
at a planned incision site for port removal. A superior epigastric incision is used 
for Nathanson’s retractor to assist with left hepatic lobe retraction. A 12 mm port is 
placed 5 cm to the right and superior to the umbilicus. Another 5 mm port is placed in 
the right upper quadrant. The adhesions of the band should be dissected thoroughly, 
making sure not to injure the stomach. Complete circumferential dissection is needed 
to remove the band (Figure 2). Then the tube can be divided near its insertion into 
the band. It is advisable to separate any fibrous tissue adherent to the stomach wall to 

Figure 1. 
Suggested pathway decision for adjustable gastric band revision.

Figure 2. 
Circumferential dissection around the band.
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apply the stapler safely (Figures 3 and 4). Then laparoscopic sleeve gastrectomy is 
done by dividing the greater omentum to the gastroesophageal junction. It is crucial 
to assess for hiatal hernia. If present, complete mobilization of 2–3 cm intraabdomi-
nal esophagus should be accomplished with a posterior and anterior nonabsorbable 
suture repair (Figures 5 and 6). Creating the sleeve is started by applying staplers 
along a 36Fr bougie. We prefer to apply clips long the sleeve but not a full deployment 
to control bleeding. Reinforcement of the staple line with sutures is advisable. The 
procedure is completed by exteriorizing the band and the resected stomach,  removing 
the port, and closing the skin.

Figure 4. 
Fine dissection of reactive tissue caused by the band before applying the stapler.

Figure 3. 
Resection of fibrous tissue.
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2.4 Postoperative care

Patients are encouraged to ambulate and use incentive spirometry. Intravenous 
fluid is kept until the next day, and the VTE prophylaxis is started 12 h from surgery. 
A contrast study is done to assess for any leaks or obstructions. If the contrast study 
is unremarkable, feeding with clear liquids is resumed. A clear discharge plan sum-
marizing the diet program, medications, and follow-up appointments are described 
to the patient before leaving the hospital.

Figure 5. 
Hiatal hernia dissection.

Figure 6. 
Repaired hiatal hernia.
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2.5 Outcome

As mentioned previously, revision of AGB is inevitable due to different indications. 
Even if the revision indication was band intolerance or slippage, removing the band only 
and not conducting another revisional surgery will likely lead to regaining weight. This 
observation was evident even in patients who follow a healthy diet and perform adequate 
exercises [16, 18]. Close follow-up for patients who underwent AGB removal and did not 
have weight regain/insufficient weight loss is crucial to prevent weight regain. There are 
diverse definitions of bariatric surgery failures from a weight loss perspective that can 
be used to indicate revision [19]. In the case of weight regain or insufficient weight loss, 
the type of revisional surgery is debated in the literature, with LSG and RYGB showing 
comparable results from excessive weight loss and resolution of comorbidities [20, 21]. 
Various factors can influence the decision on what kind of revision be conducted, includ-
ing the patient’s preference. Since LSG is undoubtfully less demanding from a technical 
point of view, we suggest choosing it as the revisional surgery for AGB as long as it is 
safe to be performed and there are no concerns of postoperative issues (severe reflux or 
band erosion). If severe reflux is evident by EGD (LA classification grade B/C) or band 
erosion was discovered preoperatively, the choice of RYGB is more appropriate than 
LSG. Performing the revision as one-stage versus two-stage is also an area of debate, 
especially with regards to anastomotic/staple line leak. Thickening of the stomach wall 
and the adherent capsule associated with the band are possible reasons behind the fear 
of performing the revision in one-stage. Staple line leak rate in one stage revision to LSG 
ranged from 0 to 6% in selected reports [22–24]. As for revision to RYGB in one-stage, the 
anastomotic leak rate was around 1% [25, 26]. The decision of one-stage versus two-stage 
procedure should be taken carefully. A patient’s medical background is an important 
determinant factor. The condition and healthiness of the stomach after band removal 
should be assessed judiciously. In case of the diseased stomach wall or band erosion, a 
two-stage procedure might be the safer option [27].

3. Revision of laparoscopic sleeve gastrectomy

Laparoscopic sleeve gastrectomy (LSG) became one of the most common proce-
dures conducted worldwide to combat obesity. Initially, it was introduced as the first-
stage of a management plan for highly morbid patients with obesity, where another 
bariatric surgery is planned after weight loss [28]. Since it is increasing in popularity, 
an international expert panel consensus was introduced to clarify the indications and 
standardize the technique. The efficacy of LSG compared to other procedures was 
evident in the literature on weight loss and treating obesity-related diseases [29, 30]. 
Recently, the literature began to evaluate the long-term effectiveness (>10 years) of 
LSG, and it showed promising results [31]. With its relative ease compared to other 
bariatric surgery and the excellent outcomes, LSG became the most common bariatric 
procedure conducted worldwide. The exploding number of LSGs conducted will 
undoubtedly lead to an increased revision rate due to complications or weight loss 
issues, which are becoming more prevalent in the surgical practice.

3.1 Indication of revision

The failure of LSG from a weight-loss standpoint is multifactorial, including the 
technique implemented, lifestyle behaviors, and possible sleeve dilatation. The rate 
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of weight regain ranges from 530% [32]. Those who gained weight after an effective 
restrictive procedure will benefit from the addition of a malabsorptive feature. Reflux 
disease is a theoretical consequence of LSG. Since the stomach’s lumen decreases in 
size following the procedure, intraluminal pressure increases, leading to a higher 
chance of gastric secretions backflow to the esophagus [33]. This phenomenon 
translates to what is known as de novo reflux disease, and it can be significant to the 
extent of intolerability affecting a patient’s quality of life. Following LSG, the chance 
of hiatal hernia development is noteworthy and can potentiate reflux, which needs to 
be ruled out by EGD [34]. If the fundus is not resected while conducting LSG, it can 
also be a culprit in post LSG reflux disease, which an upper contrast study or EGD 
can discover (Table 2) [40]. In case of a twist or a stricture of the sleeve that is not 
amenable to stent or dilation, conversion to bypass is the best option (Figure 7).

3.2 Preoperative workup

It is essential to evaluate the pre-LSG weight and how much weight was lost during 
the patient’s interview. Evaluating a patient’s perspective about the reasons for bariatric 
surgery failure is crucial. If bad dietary habits were the main reason, consulting a dieti-
cian for education will help lose weight and maintain the loss after revisional surgery. 

Author Number 
of patients

Weight regain/insufficient 
weight loss

Reflux Weight regain/insufficient 
weight loss + reflux

others

Chang et al. 
[35]

69 28% 68% 0 10%

Poghosyan 
et al. [36]

72 100% 0 0 0

Mandeville 
et al. [37]

26 73.1% 7.7% 7.7% 0

Gadiot et al. 
[38]

44 86.3% 13.6% 0 0

Felsenreich 
et al. [39]

33 65.6% 34.3% 0 0

Table 2. 
Indication of laparoscopic sleeve gastrectomy revision in selected studies.

Figure 7. 
Suggested pathway decision for sleeve gastrectomy revision.
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All patients should undergo an upper GI contrast study to evaluate the status of the 
sleeve, if dilatation is present, remnant fundus or if there is a twist. Reflux symptoms 
(heartburn, frequent cough/choking, and using proton pump inhibitors) will require 
EGD. If there is a consequence of the reflux in the form of esophagitis, then offering 
RYGB is a safe option. In case of hiatal hernia discovery that can explain the reflux, 
OAGB can be offered but with a risk of reflux up to 30% in the postoperative period. 
If the patient is eligible for OAGB, it is essential to mention that reflux can occur after 
OAGB that can be controlled by avoiding reflux aggravators (large meals, spicy foods, 
and lying down after meals) and healthy eating habits. In case of biliary reflux, the safest 
option is RYGB. Figure 5 provides a suggested management plan for the revision of LSG.

3.3 The operation

Preoperative preparations are followed similar to the previous section. After safe 
entry to the abdomen, we start counting the bowel, first starting from the duode-
nojejunal junction. If the patient’s BMI is less than 40 kg/m2, 150 cm of the bowel is 
bypassed. If the BMI is more than 40 kg/m2, 180 cm of the bowel is bypassed. That 
point is labeled with clips. Adhesions are released from the area of previous stapling 
till the GEJ. The assessment for any hiatal hernia is critical. Repair of hiatal hernia 
is accomplished by anterior and posterior nonabsorbable monofilament sutures. At 
the incisura and below the crow’s feet, we recommend the horizontal transection of 
the stomach with the highest stapling available (i.e., black reload) (Figure 8). A 36F 
bougie is introduced, and the pouch should be resized when applicable, avoiding nar-
rowing the lumen (Figure 9). In preparation for the anastomosis, an enterotomy and 
gastrotomy are made. The gastrotomy should be made at the posterior aspect of the 
stomach to prevent bile reflux (Figure 10). An ante-colic gastrojejunostomy is con-
structed by a stapler fired at the 3 cm point joining the two lumens, then closing the 
defect with a 3-0 continuous absorbable suture in a double layer fashion (Figure 11). 
We highly recommend fixing the gastric pouch by omentopexy. Alignment stitches 
should be utilized to align and fix the anastomosis to prevent any kink or twist.

Figure 8. 
Horizontal division of the sleeved stomach.
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If the decision is to convert to RYGB, we highly recommend counting the 
whole bowel first. After forming the gastric pouch, a 120 cm alimentary limb is 
anastomosed to the pouch with a gastrojejunostomy technique similar to what was 
mentioned previously. A side-to-side jejunojejunostomy is made with 80–100 cm 
biliopancreatic limb. It is vital to allow an adequate common channel length to lower 
the risk of malabsorption. All mesenteric defects must be closed to prevent internal 
hernias. In case of a twist or stricture, and the decision to go for a bypass, it is impor-
tant to make the GJ anastomosis above the stricture because the blood supply to 
that segment might be insufficient, which might threaten the anastomosis  viability 
(Figures 12 and 13).

Figure 9. 
Resizing the gastric pouch under the guidance of 36Fr bougie.

Figure 10. 
A gastrotomy is made at the posterior aspect of the gastric pouch.
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3.4 Postoperative care

Intravenous fluid should be kept on the first day until the upper GI study confirms 
free-flowing contrast through the anastomosis, with no interruption or delay of the 
flow. This is critical, especially after concomitant hiatal hernia repair. Ambulation 
and incentive spirometry use are necessary to be reminded by the managing team. 
Anticoagulant medications should be resumed based on the guidelines followed. 
Before discharge, instructions about diet progression, activity, and specific ominous 
symptoms requiring attention are explained to the patient.

Figure 12. 
Twist of the stomach after sleeve gastrectomy.

Figure 11. 
A gastrojejunostomy is constructed at the 30 mm mark using a 60 mm stapler.
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3.5 Outcome

The success of LSG in weight loss depends on several factors. Some are related 
to the technique conducted, like the size of the bougie used and the distance from 
the pylorus where the first stapler is applied [41]. Restricting oral intake is not only 
the reason for weight loss, but also LSG affects the hormones of interest involved in 
weight and hunger. The ghrelin level drops significantly postoperatively by removing 
the fundus, and the peptide YY (PYY) gets considerable elevation after the surgery. 
This observation probably explains the rapid satiety and hunger reduction during the 
early years after LSG [42]. Following dietary instructions and avoiding a sedentary 
lifestyle are key components of success [43]. As long as the procedure is done prop-
erly, predictors of weight regain/insufficient weight loss following LSG can be related 
mainly to dietary misbehavior and nonadherence to instructions [44]. Since restric-
tion has failed in patients with WR/IWL following LSG, a rational strategy is adding 
a malabsorptive element in the surgical management. The classic revision of LSG is to 
convert to RYGB, but the OAGB seems to be a strong contender for two main reasons 
(Table 3). First, OAGB showed a comparative efficacy to RYGB as a rescue procedure, 
with less operative time and fewer complications [49]. Second, more options for man-
aging weight recidivism can be achieved by adding a procedure before RYGB, which is 
the OAGB. In case OAGB fails, it can be converted smoothly to RYGB.

There are critiques mentioned in the literature expressing the disapproval of 
OAGB in some aspects. One of these remarks is the fear of bile reflux and the sub-
sequent continuous esophageal irritation, which is worrisome. This is possible if the 
gastric pouch is short, increasing the chance of bile backflow to the stomach and 
ultimately in the esophagus. Keeping the gastric pouch long is critical to prevent the 
feared bile reflux, and being liberal in using “alignment stitches” or the so called 
“anti-reflux stitches” to prevent kinks or twists are critical elements in the procedure 
(Figure 10) [50, 51]. After improving the technique of the OAGB procedure, the rate 
of bile reflux following OAGB is reported to be around 0.7–2% [52, 53].

Figure 13. 
Twisted sleeve. The dashed line illustrates the unequal stapling.
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A large portion of the bariatric community classifies OAGB as a malabsorptive 
procedure. Malnutrition became an issue because the bypassed BPL can be as long as 
300 cm in some practices. Reports showed severe nutritional deficiencies, hypoalbu-
minemia, and liver failure [54, 55]. In a survey conducted targeting IFSO members, 
all revisions due to malnutrition occurred when the BPL was 200 cm or more [56]. 
Because of OAGB’s simplicity, the length of BPL is the only possible reason for this 
outcome. It seems that elongating the BPL is not beneficial from a weight-loss stand-
point and endangers the patient with malnutrition and its dreadful consequences. 
Recently, it has been highly recommended not to exceed 180 cm of BPL length in 
order to prevent malnutrition, and at the same time, this limit will not compromise 
weight loss [55, 57].

The rate of reported GERD development after LSG ranged from 7.8 to 20%. It 
could be the consequence of fibers/ligaments division near the gastroesophageal 
junction, which alters and nullifies the angle of his features in protecting from reflux. 
Other factors include increased pressure because of the lumen narrowing or missing 
a hiatal hernia [58]. Unfortunately, when reflux develops after LSG due to a hiatal 
hernia, simply repairing the hiatal hernia showed disappointing results [59]. The 
applicability of OAGB in the treatment of reflux is a valid option in certain situations. 
If there is no severe reflux or Barret’s esophagus on endoscopy, OAGB is a suitable 
option [60]. Clear communication with the patient about the possible recurrence of 
manageable reflux postoperatively is necessary.

4. Revision of Roux-en-Y gastric bypass

Since several decades ago, laparoscopic Roux-en-Y gastric bypass (RYGB) is still 
a valuable tool in the bariatric surgeon’s arsenal. It has a unique configuration where 
it implements a restrictive mechanism by dividing the stomach and forming a small 
gastric pouch. Secondly, RYGB involves bypassing some of the small bowels by 
constructing the Roux limb/alimentary limb delivering the food and a biliopancreatic 
limb delivering the pancreaticobiliary juices and meeting at the start of the common 
channel where most of the absorption takes place. (Wolfe) The length of each limb is 
variable, and there is no clear consensus about the perfect measurements. However, 
what is agreed on is the efficacy of RYGB in weight reduction by several other 

Author Number of 
patients

Indication of 
revision

Time until 
revision (years)

Follow-up 
rate

Excessive 
weight loss

Length of 
BPL

Poghosyan 
et al [36]

72 IWL
WR

NA 65% (5 year) 60% 
(1 year)

150, 
200 cm

Gregs et al 
[45]

28 IWL 53%
WR 46%

2 years 100% 
(1 year)

79% 
(1 year)

200 cm

Pizza et al 
[46]

59 IWL 20%
WR 79%

2 years NA 69% 200– 
220 cm

Poublon et al 
[47]

65 IWL 30%
WR 56%

NA 83% (1 year) NA 180 cm

Rayman et al 
[48]

144 IWL 79%
WR 20%

5 years NA 58% NA

Table 3. 
Outcome following revision of sleeve gastrectomy to one anastomosis gastric bypass.
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mechanisms, including changes in eating behavior, the favorable elevation of gut hor-
mones (GLP1 and PPY), and likely beneficial changes in energy expenditure [61]. The 
efficacy of RYGB was pronounced in the literature. With effective and sustainable 
weight loss and resolution of comorbidities, it is regarded as one of the most effective 
procedures to combat obesity and obesity-related diseases [2, 62].

4.1 Indication of revision

Despite the effectiveness of RYGB, sadly, it is not immune to the possibility of 
revisions. The most typical indication of revision after RYGB is the weight regain. 
We cannot stress enough the importance of interviewing the patient and evaluating 
one of the most critical factors contributing to weight-regain: dietary habits and 
lifestyle. Other possible anatomical causes of weight regain need further evaluation. 
Additional indications for revisions are bile reflux, which can happen in the case of 
a short alimentary limb [63]. Patients can complain of GERD symptoms post-RYGB, 
and the presence of a hiatal hernia; a large gastric pouch producing acid can explain 
this presentation.

4.2 Preoperative workup

Binge eating and loss of self-control can be significant contributing factors to 
weight regain following bariatric surgery. This issue can be ameliorated with a behav-
ioral therapist and a qualified dietician [64]. Other aspects contributing to weight 
regain that are related to surgical factors include the diameter of GJ anastomosis, a 
gastro-gastric (GG) fistula, or a dilated gastric pouch [65–67]. It is an excellent prac-
tice to start with an upper contrast study to evaluate the aforementioned anatomical 
features. If a suspicion of wide GJ anastomosis or a GG fistula is present, an EGD is 
recommended [68]. Preoperative nutritional assessment and vitamin level could be 
valuable (Figure 14).

4.3 The operation

The procedure starts with proper and secure patient positioning. Access to the 
abdomen is achieved using a visiport at 5 cm above and to the left of the umbilicus. 
Other ports and liver retractors are inserted in a controlled manner. Counting the 

Figure 14. 
Suggested pathway decision for revision of Roux-en-Y gastric bypass.
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whole bowel at the beginning of the procedure and writing down the measurements 
is very helpful in formulating a plan. In case of weight regain, our practice dictates 
shortening the common channel to not less than five meters. The biliary limb is the 
one getting elongated. The jejunojejunostomy (JJ) will be divided at the distal end of 
the alimentary limb and brought down to the marked point of the new anastomosis. 
Enterotomies are made on the antimesenteric side, and a side-to-side anastomosis is 
made (Figure 15). Closure of the enterotomies is achieved using a double monofila-
ment layer. The mesenteric defects need to be sought out and closed.

Resizing the gastric pouch when applicable is advantageous. In case of extensive 
adhesions near the gastrojejunostomy, we tend to avoid resizing the pouch if dis-
section is needed, which might jeopardize blood supply to the GJ anastomosis. It 

Figure 16. 
A nonadjustable gastric band application around the gastric pouch above the gastrojejunostomy.

Figure 15. 
Constructing a side-to-side jejunojejunostomy.
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is essential to investigate the presence of hiatal hernia intra-operatively even if the 
preoperative scope did not show any signs of hiatal hernia. If present, the release 
of adhesions and mobilization of a 2–3 cm intrabdominal esophagus is needed. The 
hernia is closed using an anterior and posterior monofilament sutures. If the com-
mon channel is short and does not allow for JJ distalization, applying a nonadjustable 
restrictive ring might be applicable. Careful dissection proximal to the GJ anastomosis 
is needed, and it should be snugly applied with no constriction (Figures 16 and 17).

4.4 Postoperative care

According to the protocol, we tend to delay oral intake until oral contrast assures 
normal flowing contrast with no delays or leakage. After that, clear liquids can be 
started. Ambulation and respiratory exercise are crucial. Resumption of anticoagu-
lants is started around 12 h after surgery and continued for 2–3 weeks after surgery. 
Instructions and education before discharge are given, with follow-up appointments 
and contact numbers in case of emergency.

4.5 Outcome

Since its introduction, RYGB has helped patients with obesity to lose weight and 
control their comorbidities. Changes in eating habits, food preferences, and hor-
monal changes are some of the mechanisms explaining the procedure’s efficacy [69]. 
Although less technically demanding procedures are available, RYGB is still consid-
ered the preferable procedure in some areas worldwide. Several reports demonstrated 
the efficacy of RYGB and its durability from a weight-loss standpoint over 10 years, 
with a total weight reduction of >25% in 61–71% of patients [70–72]. Despite that, 
weight regain can happen regardless of the type of weight-reducing surgery. Around 
30% of patients with obesity subjected to LRYGB had weight regain, and the cause 
seems multifactorial, including patient-related causes (binge eating and sedentary 
lifestyle) and elapsed time since surgery [73, 74].

Figure 17. 
A nonadjustable band is applied and sutured to the gastric pouch.
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Different approaches can be employed when revising the RYGB after weight-regain 
or insufficient weight loss. These include modification of bowel length, resizing the 
gastric pouch, applying a restrictive band, or a combination of these interventions.

4.5.1 Bowel length adjustments

Shortening the common channel to augment the malabsorptive component of 
RYGB is an intuitive option. Since the configuration of RYGB results in a different 
type of bowel based on what they deliver, two options arise that leads to shortening 
the common channel. Firstly, is elongating the Roux limb that ends with shortening of 
the common channel, and the biliary limb is not affected [75]. Although excess weight 
loss was excellent with this technique, the risk of nutritional deficiency and protein 
malabsorption was frequent [76]. The second option is elongating the biliary limb by 
shortening the common channel [77, 78]. This results in less but effective weight loss, 
with less risk of malnutrition. There is no consensus on which procedure is optimal, 
and both procedures are adequate. However, what is essential is to avoid detrimental 
nutritional deficiency and malnutrition. This can be achieved by measuring the bowel 
length and ensuring adequate bowel length for nutrient absorption. A total alimen-
tary limb (the sum of Roux limb and common channel) of more than four to five 
meters is adequate to avoid malnutrition [79].

4.5.2 Resizing the gastric pouch only

Focusing on enhancing the restrictive part of RYGB seems a safe and valid decision 
for the management of weight regain. The option includes either stapling the gastric 
pouch, the GJ anastomosis or both, to reduce the volume [80]. The other method is 
the plication of the gastric pouch under the guidance of a bougie [81]. It is crucial to 
evaluate the effect of remnant candy cane that might increase the volume of the oral 
intake. Resizing the gastric pouch not only augments the restrictive nature of RYGB 
but also reduces GERD by eliminating more of the acid-producing cells [82].

4.5.3 Application of restrictive band

Bad eating habits can ensue after RYGB, probably due to the direct flow of food to 
the bowel. The size of the GJ anastomosis could be implicated in this phenomenon. 
Applying a band around the gastric pouch can prevent this hyperphagia through a 
simple restriction. Both types of band, that is, adjustable and nonadjustable, were 
examined and showed varying degrees of weight loss. In our opinion, band applica-
tion seems less attractive compared to the remaining options because of the possible 
band complications (erosion and slippage) [83, 84].

Other available options include endoluminal revision, which has the lowest 
weight reduction compared to the other means [85, 86]. A combination of the options 
mentioned above is potentially valuable to maximize the chance of weight reduction. 
Careful patient selection and patient commitment are crucial to success.

5. Patient’s compliance

Resolving obesity can be achieved by constructing a management plan between 
the surgeon and the patient. This plan includes several elements: the surgery, 
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the follow-up appointments, and compliance with the instructions. These ele-
ments collectively contribute to weight loss and sustain the loss most of the time. 
Unfortunately, some patients fail to follow the plan recommended and end up with 
weight regain. Patients compliant with the follow-up appointment have better 
outcomes and more sustainability of weight loss. This is true because the surgeon can 
keep up with the patient’s progress, catch any derails from the management plan, and 
correct any mistakes that might hinder achieving the goals [87].

The managing team should seek the possibility of the patient’s noncompliance 
during the preoperative interview. Any indication of an eating disorder (binge eat-
ing and anorexia nervosa) should trigger a referral to a behavioral therapist before 
surgery. Patients with eating disorders have a high chance of failure if not addressed 
and managed preoperatively [88]. It is crucial to clarify to the patient that bariatric 
surgeries are a tool to help in weight loss with excellent efficacy. However, keeping a 
healthy lifestyle and good dietary habits is vital and should not be undermined.

6. Conclusion

Bariatric surgery is an effective tool to manage obesity, reverse obesity-related 
comorbidities, and improve quality of life. Weight regain or surgical complication 
following bariatric surgery is not uncommon. The appropriate approach for those 
patients who were unfortunate with their results should be thorough and systematic. 
A multidisciplinary team comprising the surgeon, an internist, a behavioral thera-
pist, and a qualified dietician is highly recommended. These patients need complete 
investigation to assess their suitability for any potential surgical intervention. Patient 
participation in the management plan by following the instruction and changing 
lifestyle habits is crucial.

© 2022 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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Abstract

Today, bariatric surgery is the most effective treatment for obesity, and the 
techniques continue to evolve. Laparoscopic sleeve gastrectomy, which is only 
one step of biliopancreatic diversion/duodenal switch surgery, has become the 
most common bariatric procedure due to its efficacy when performed alone. 
Additionally, the rate of complications has decreased as a result of increased 
technical experience and the development of stapler technology. The widespread 
adoption of laparoscopic sleeve gastrectomy is also attributable to its technical sim-
plicity. Although it is assumed to be a simple procedure, mistakes at specific stages 
significantly increase the risk of complications. We focus on our method in detail, 
including all operative steps, which we believe is the simplest and most effective 
technique after performing over 5000 surgeries at our institution. Paying atten-
tion to the sleeve size, selecting the appropriate stapler, not narrowing the incisura 
angularis, resecting the fundus without getting too close to the esophagus, creating 
a smooth, non-rotating staple line, and suturing the staple line are highlighted.

Keywords: obesity, bariatric surgery, gastrectomy, stomach stapling

1. Introduction

Gastrectomy for weight loss was first described by Marceau et al. in 1993 as a 
restrictive component of biliopancreatic diversion [1]. Then they described the 
vertical sleeve gastrectomy as the first step of the biliopancreatic diversion-duodenal 
switch procedure in 1998 [2].

Unfortunately, the laparoscopic duodenal switch was associated with significant 
complications, especially in patients with high body mass index [3]. Thus, Gagner 
et al. performed laparoscopic sleeve gastrectomy (LSG) as the initial stage of a two-
staged approach before BPD/DS and Roux-en-Y gastric bypass to optimize the perfor-
mance status of patients at high surgical risk or extremely obese [4, 5]. Many of these 
patients achieved adequate weight loss and improvement in medical comorbidities 
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after the first sleeve gastrectomy, and the second stage was rarely required. Therefore, 
LSG has evolved into a stand-alone weight loss procedure over time.

Long-term data show that LSG is as similar in weight loss and comorbidity resolu-
tion as the Roux-en-Y gastric bypass and has similar mortality and morbidity rates [6]. 
It is now the most commonly performed bariatric procedure worldwide, owing to its 
technical simplicity, short learning curve, and effectiveness [7].

The procedure has not been standardized yet. Different technical nuances can be 
seen at various points throughout the process. In this section, we focus on our method 
in detail, including all operative steps, which we believe is the simplest and most 
effective technique after performing over 5000 surgeries at our institution.

2. Mechanism of action

The efficacy of the laparoscopic sleeve gastrectomy leading to sustained weight 
loss and improvement in comorbidities results from various mechanisms. First, 
owing to the reduction in stomach volume, there is a dramatic decrease in alimentary 
intake. Second, the orexigenic hormone ghrelin, which stimulates food intake, fat 
deposition, and the release of growth hormone, has dropped significantly. One of 
the primary goals of LSG is to eliminate the fundus, which is the primary source of 
ghrelin. Moreover, Glucagon-like-peptide-1, Peptide YY, and pancreatic polypeptide 
may also be factors involved in the mechanism of weight loss [8, 9]. Apparently, this 
mechanism is most likely multifactorial and still not fully clarified.

2.1 Preoperative considerations

LSG surgery is recommended for patients with a BMI greater than 40 kg/m2 or a 
BMI greater than 35 kg/m2 and co-morbid diseases such as type II diabetes, hyperten-
sion, obstructive sleep apnea (OSA), non-alcoholic fatty liver disease, osteoarthritis, 
hyperlipidemia, or heart disease.

All patients considering bariatric surgery should undergo an adequate preopera-
tive evaluation and workup including lab tests (complete blood count, basic metabolic 
panel, coagulation panel, HgA1C, thyroid function tests, vitamins, B-HCG for 
women), chest X-ray, and ECG [10].

Although upper GI endoscopy and abdominal ultrasonography are not routinely 
recommended, they contain important information that may affect the surgical plan. 
Concomitant hiatal hernia, esophagitis, H. pylori, and occult malignancies can all be 
evaluated using esophagogastroduodenoscopy. On the other hand, ultrasonography 
provides information about cholelithiasis, steatohepatitis, and other abdominal 
pathologies.

The evaluation of patients with gastroesophageal reflux preoperatively is controversial 
due to the conflicting results of LSG on reflux symptoms. There are studies in the literature 
claiming that LSG either improves or worsens reflux [11, 12]. Due to the risk of worsening 
the current situation and the need for revisional surgery, LSG is not the best option for 
patients with significant gastroesophageal reflux disease (GERD). The ASMBS released 
a statement declaring that severe GERD symptoms and Barrett’s esophagus are relative 
contraindications to LSG [13]. Roux en Y gastric bypass, which has long been used as an 
anti-reflux procedure, should be recommended for this population.

Increased reflux symptoms after LSG can be associated with a concomitant hiatal 
hernia. There is an emerging consensus on concomitant hiatal repair [14]. According 



45

Laparoscopic Sleeve Gastrectomy – Technical Tips and Pitfalls
DOI: http://dx.doi.org/10.5772/intechopen.108997

to the International Consensus Conference on Sleeve Gastrectomy, 84% of bariatric 
surgeons believe it should be repaired if present [15].

Smoking cessation and OSA management are critical for preventing respiratory com-
plications in bariatric patients whose oxygen delivery to tissues may be compromised.

Furthermore, the following elements must be addressed: evaluation and optimiza-
tion of comorbidities; consultation with a dietician, psychiatrist, and endocrinolo-
gist; and informed consent and thorough education regarding expectations [7].

2.2 Anesthesia

The procedure requires general endotracheal tube anesthesia. The anesthesiologist 
should be prepared for the possibility of difficult intubation, which is common in 
obese patients, and should have a flexible bronchoscope to assist with endotracheal 
tube placement.

3. Patient positioning and operative field

The patient is positioned in reverse Trendelenburg and supine with both arms 
abducted and the legs split (French position). The patient is fixed to the operation 
table from both legs and the infraumblical site. The surgical covers and instruments 
are placed after the iodine wash of the abdominal skin. A 5-mm vessel sealer is pre-
pared for dissection. A urinary catheter is not routinely placed. Patients are adminis-
tered antithrombotic medication (enoxaparin) 12 hours before surgery in addition to 
sequential pneumatic compression stockings and prophylactic antibiotics.

The surgeon starts on the patient’s right during trocar placement and then stands 
between the legs at the center. The assistant holds the camera with the left hand and 
uses grasper with the right hand on the patient’s left and a nurse on the patient’s 
right (Figure 1).

Figure 1. 
Operative positioning.



Bariatric Surgery - Past and Present

46

3.1 Surgical technique

3.1.1 Trocar placement and Pneumoperitoneum

Pneumoperitoneum can be established with a variety of techniques (open, visual-
izing trocars or Veress needle), but we prefer the direct entry method. Although the 
direct entry method has a long learning curve and requires experience, it is a fast 
and safe method when performed by experienced surgeons. Only five patients in 
our series had lacerations in the gastric serosa, and one patient with extensive intra-
abdominal adhesions had full-thickness colon injury, which was noticed and repaired 
during the surgery (Figure 2).

The first trocar for a 10-mm camera is placed 10–12 cm below the xiphoid, and 
CO2 is insufflated up to 14–16 mm Hg. A laparoscope with 30° camera is introduced, 
and the abdominal cavity is inspected to rule out injury from the trocar and any other 
anatomic abnormalities such as adhesions. Three more trocars and a retractor are 
placed as shown in Figure 3:

1. A 15-mm trocar in the right upper quadrant provides passage of the black staple 
load. The remainder of the cartridges (purple) fit through a 12-mm port. This is 
also used for the left-hand working port.

2. A 5-mm trocar in the left upper quadrant on the midclavicular line. This working 
port is for the surgeon’s right hand.

3. A 5-mm trocar in the lateral left upper quadrant on the anterior axillary line. It is 
used by the first assistant for retraction.

4. The Nathanson® liver retractor is placed via an additional 5-mm incision in the 
superior epigastrium.

Figure 2. 
Direct entry of the camera trocar (left-handed surgeon). The surgeon grasps the fascia with a towel clamp and 
lifts it upward to avoid any intraabdominal injury.
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With the surgeon’s command, the orogastric tube is placed to evacuate the stomach 
and should be taken to 30–35 cm of the esophagus.

Tip: The entry point of the camera trocar should not be adjusted to the umbilicus, 
but to the xiphoid, which is a more reliable and stable mark. The location of the 
umbilicus may vary depending on the patient’s BMI and anatomical features. Also, 
the location of the umbilicus has changed in patients who have undergone abdomino-
plasty. If the camera trocar is inserted lower than it should be, fundus dissection will 
be difficult, especially in patients with high BMI.

Tip: Adequate aspiration of the stomach provides serious convenience, especially 
during fundus and left crus dissection. Dissection can be difficult while the tube is in 
the stomach.

Pitfall: To avoid any injury, a nasogastric or orogastric tube should not be inserted 
without the knowledge of the surgeon. In case of carelessness or miscommunication, 
the tube is fired between the staplers.

3.1.2 Gastrocolic omentum dissection

Dissection begins from the corpus-antrum junction of the greater curvature. The 
gastrocolic omentum is divided off the greater curvature of the stomach with the 
energy device on the surgeon’s right hand, beginning approximately 3–4 cm proximal 
to the pylorus and proceeding to the angle of His, completely mobilizing the greater 
curve (Figure 4).

Tip: The surgeon’s left hand pulls the stomach to the upside while the assistant 
catches the gastrocolic ligament and pulls gently to the downside. It allows working 
close to the great curvature, which reduces the risk of bleeding from gastroepiploic 
vessels and facilitates specimen extraction at the end of the operation (Figure 5).

Pitfall: If a dissection close to the stomach is not performed, bleeding from the 
gastroepiploic vessels may occur and take time to stop .

3.1.3 Posterior adhesions dissection

All posterior attachments to the pancreas must be divided, taking care not to injure 
the lesser curvature and left gastric vessels because the blood supply to the sleeve 
originates solely from the lesser curvature vasculature.

Figure 3. 
(a, b) Trocar placement.
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Tip: The most efficient maneuver to achieve adequate exposure for the posterior 
dissection is to retract the posterior aspect of the stomach upward with two graspers.

Pitfall: It is important to divide these attachments before stapling because these 
attachments can tear and create bleeding. However, left gastric and splenic vessels 
should be preserved (Figure 6).

Figure 4. 
(a-c) Gastrocolic Omentum Dissection (a) shows the first movement to enter the lesser sac via stomach traction 
and omentum contra-traction. Surgeon separates the omentum up to 3 cm proximal to the pylorus in (b). 
Dissection is continued close to the stomach, along the greater curvature to the angle of His in (c).
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3.1.4 Fundus dissection

The entire fundus should be freed posteriorly from the left crus. In order to 
properly diagnose a hiatal hernia and ensure that no fundus tissue is left behind, 
the left crus and gastroesophageal junction must be fully exposed. A gastric fat pad 
(especially if it is large and complicates the resection) can be resected.

Tip: The surgeon pulls the stomach slightly to the right-downward via the left 
hand, and the first assistant gently performs various maneuvers, such as pulling the 
fundus up or to the right to provide the best visualization. This is the most efficient 
maneuver to achieve adequate exposure for the fundus dissection.

Pitfall: During this portion of the procedure, care should be taken to avoid exces-
sive traction and bleeding from short gastric and splenic vessels. Possible bleeding in 

Figure 5. 
Bleeding from the gastrocolic omentum.

Figure 6. 
Posterior Dissection (Retracting the stomach upwards with two graspers provides an adequate exposure).
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this splenic region can be difficult to control, especially in patients with a higher BMI. 
A sponge can be placed in this area to control the bleeding (Figure 7).

3.1.5 Orogastric tube insertion

Although the preferred orogastric tube size varies between 32 Fr and 42 Fr, the 
average bougie size used by experts today is 36–37 French [6].

Before the first staple firing, a 36 French orogastric tube is placed by the anesthesia 
team. The surgeon can guide the bougie using graspers for proper placement. The tube is 
positioned in the antrum along the lesser curvature and not passed through the pylorus.

Tip: The stomach should be placed in its anatomical position, and the orogastric 
tube should stay parallel to lesser curvature. Also, stretching the stomach by excessive 
pushing of the tube compromises the straightness of the stapler line (Figure 8).

3.1.6 Transection

Transection of the stomach begins on the antrum 3–4 cm proximal to the pylorus 
with a black 60-mm-long cartridge with an articulating stapler. Transection of the 

Figure 8. 
Orogastric tube insertion (No excessive stretching of the stomach).

Figure 7. 
(a, b) Traction of the fundus (The surgeon pulls the stomach slightly to the right-downward, and the assistant 
does the active maneuvers).
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stomach should begin no less than 3 cm proximal to the pylorus [7]. Then purple 
60-mm-long cartridges are used for the remainder. The thickness of the stomach tissue 
becomes thinner from the antrum to the fundus. Therefore, surgeons choose the tallest 
cartridges (black, green) at the antrum level, and while going proximal in the stom-
ach, shorter (purple, blue, and golden) cartridges are chosen. It is crucial to ensure 
adequate resection of the fundus. Approximately 75–80% of the stomach is resected.

Tip: The incisura angularis should not be narrowed during stapler placement, the 
stomach should be laid in its anatomical position with equal apposition of the anterior 
and posterior aspects of the sleeve, and the orogastric tube should not be approached 
with excessive traction. This technique creates a straight staple line resistant to 
strictures, kinks, twists, and leaks.

Figure 9. 
a-c Staplings (Surgeon avoids narrowing the incisura angularis during the first stapling as shown in (a) and 
makes control with a clamp to be sure during the second stapling in (b). Last staple that is not adjacent to the 
esophagus is shown in (c)).



Bariatric Surgery - Past and Present

52

Tip: Gastric tissue thickens due to contractions in some cases, making transec-
tion difficult. In our experience, administering intravenous Hyoscine butylbromide 
(Scopolamine) before transection, which reduces contractions with its anticholinergic 
effect, may result in a straighter and smoother staple line in these patients. However, 
there are no clinical studies to back up this assertion (Figure 9).

Pitfall: The last fire has to be done 0.5–1 cm lateral to the His angle to avoid the 
risk of ischemia-related leak and fistulas (Figure 10).

3.1.7 Bleeding control and staple line reinforcement

Staple line bleeding (SLB) is a common intraoperative complication following 
resection in LSG [16]. A hemostatic clip (10 mm) is a quick and simple tool for con-
trolling bleeding, particularly oozing. Clips are also used at stapler transition points as 
they are considered potentially vulnerable areas, though this has not been proven.

Figure 10. 
(a, b) (a) shows a straight and smooth staple line that should be aimed. The false stapling technique results in an 
irregular staple line that is prone to complications (b).
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Staple line reinforcement is a controversial step of the procedure. Although it has 
not been demonstrated that routine reinforcement of the staple line is necessary, we 
usually reinforce the staple line with sutures in our practice. During this process, we 
prefer to sew the dissected omentum majus line to the stapler line. With this rein-
forcement, we hope to reduce complications including leakage and stenosis (due to 
the formation of a twist or kink) and most notably, bleeding. The decision to reinforce 
should be based on the stapler used and the patient’s condition. According to recent 
studies on bariatric surgery, the following risk factors for postoperative bleeding 
are stated: male sex, >45 years of age, body mass index <40 kg/m2, cardiovascular 
disease, and current procedure of LSG, bougie size, prior cardiac procedure, hyper-
tension, renal insufficiency, therapeutic anticoagulation, diabetes, obstructive sleep 
apnea, and operative length [17, 18].

Perioperative control of blood pressure is another important measure to prevent 
bleeding. Because it is assumed that some of the bleeding is due to the sudden 
increase in blood pressure during the operation or in the post-anesthesia care unit 
[19] (Figure 11). It should be ensured that the blood pressure is kept below a certain 
level, especially from the firing stage to the early postoperative period. Karaman 
et al. found that keeping the systolic blood pressure below 120 mm Hg during 
surgery reduced staple line bleeding [9]. In our practice, we keep our systolic blood 
pressure target around 100–110 mm Hg throughout the surgery. Blood pressure 
control is achieved by titration of remifentanil infusion and, if necessary, glyceryl 
trinitrate infusion is started (Figure 12).

3.1.8 Drain placement

We routinely place a soft drain to take early measures for bleeding, but it is known 
that many surgeons have recently abandoned the use of drains (Figure 13).

3.1.9 Resected stomach (specimen) extraction

The specimen is extracted with jaws grasper through the-15 mm trocar incision 
under direct visualization.

Pitfall: Specimen removal can be quite difficult, especially in large stomachs, and 
will result in a rupture if the correct gentle maneuvers are not performed with patience.

Tip: To prevent this situation, the specimen should be removed by pulling the 
greater curvature, not the staple line, because the staple line is weaker (Figure 14).

Figure 11. 
a,b Clips to the staple line. A hemostatic clip is a straightforward tool for bleeding and also can be used at staple 
transition points for reinforcement.
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3.1.10 Closure of Trocar sites

The 15- and 10-mm trocar fascial defects are closed with a suture passer.
Pitfall: If not repaired, trocar site hernias may occur, mainly due to 15-mm fascial 

defects (Figure 15).

Figure 12. 
Omentopexy and sewing.

Figure 13. 
Drain.

Figure 14. 
Specimen removal with a jaws grasper.



55

Laparoscopic Sleeve Gastrectomy – Technical Tips and Pitfalls
DOI: http://dx.doi.org/10.5772/intechopen.108997

3.2 Early postoperative care

It is critical to resume analgesics and antiemetics in the recovery unit. To prevent 
vomiting or retching, aggressive nausea prevention and early mobilization are pro-
vided. The combination of antiemetics such as ondansetron and metoclopramide with 
multimodal analgesia is effective.

In our practice, patients are mobilized 2–4 hours after surgery. After the anesthetic 
drugs have worn off, small sips of water are taken. Clear liquids are usually started on 
the first postoperative day, followed by a high-protein liquid diet on the second day. 
The majority of patients are ready for discharge home on the second day. Daily micro-
nutrient supplements are required due to inadequate dietary intake. Anticoagulation 
prophylaxis is provided for 2 weeks after discharge. A proton pump inhibitor is 
recommended for 3 months.

Many obese patients have OSA, and if their personal device is present, it is safe 
and preferred. However, some may require continuous pulse oximetry and positive 
airway pressure in the ICU following surgery.

CRP levels and complete blood count are highly correlated with postoperative 
complications and can be taken every 24 hours.

The postoperative diet is varied. Usually, practices begin with clear liquids, 
increasing the volume gradually. Intake should be in small portions. The daily intake 
goal is 2 L. If the patient tolerates this, liquid foods such as milk and yogurt can be 
safely started without delay. After 1–2 weeks, patients progress to a mashed or pure 
diet. It is recommended to separate liquids from solids. After 2 weeks, patients can 
start a soft diet. The solid foods are started at 1 month [7].

4. Summary

Although LSG can be performed with different technical methods at various 
stages, to avoid postoperative complications and obtain the best weight loss results, it 
is necessary to pay attention to the following key points:

Figure 15. 
Fascial closure with a suture passer device.
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1. Pay attention to the sleeve size, which determines the weight loss results.

2. Choose the stapler suitable for tissue thickness.

3. Avoid narrowing the incisura angularis.

4. Resect the fundus as much as possible without getting too close to the esophagus.

5. Create a smooth non-rotating staple line.

6. Reinforce the staple line.
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Chapter 4

Predicting Factors for Weight 
Regain after Bariatric Surgery
Ivaylo Tzvetkov

Abstract

Weight regain (WR) after bariatric surgery (BS) is emerging as a common clinical 
problem due to the increase in the number of procedures performed worldwide. 
Weight regain is defined as regain of weight that occurs few years after the bariatric 
procedure and successful achievement of the initial weight loss. Causes of WR 
following BS are multifactorial and can be categorized into two main groups: patient 
and surgical-specific causes. Several mechanisms contribute to WR following BS. 
These include hormonal mechanisms, nutritional non-adherence, physical inactiv-
ity, mental health causes, maladaptive eating, surgical techniques, and the selection 
criteria for the weight loss procedure. Higher preoperative BMI seems to be associ-
ated with WR and worse weight loss results in a long term. Patients with baseline 
BMI ≥ 50 kg/m2 are more likely to have significant WR, while those with BMI < 50 
are likely to continue losing weight at 12 months post-surgery. The aim of the chapter 
is to discuss and reveal all main factors, which may contribute to weight regain after 
bariatric surgery and emphasize how multifactorial assessment and long-term sup-
port/follow-up of patients by key medical professionals can diminish the side effects 
of weight regain.

Keywords: bariatric surgery, weight loss, weight regain, excessive weight loss, eating 
disorders, gastric bypass, sleeve gastrectomy, one anastomosis gastric bypass

1. Introduction

There are several definitions of Obesity worldwide [1]. Interestingly, it is consid-
ered as a kind of malnutrition nowadays. Morbid Obesity is mostly a problem in high-
income countries, according to statistical data with prevalence of countries in North 
America. However, overweight and obesity are a socially significant growing problem 
in low- and middle-income countries also. The estimated increase of Obesity among 
children is more than 30% higher in those countries than in developed countries in 
the last 10 years. The data confirm that 1.9 billion adults worldwide were overweight 
in 2016, with 650 million being Obese. People who are obese have much higher risks 
of many serious health problems than nonobese people [2, 3]. Obesity affects every 
system of the body. The results of outcome of bariatric surgery (BS) confirm the posi-
tive effects of surgery over such conditions as Diabetes type 2 (DT2), fatty liver dis-
ease, cancer. There is evidence for improvement of thyroid function, heart function, 
fertility, and sexual function in patients who have had weight loss surgery. More than 
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50 bariatric procedures have been proposed and implemented so far. As a result of 
time and trial, several procedures have been established as standards. The final goal of 
those procedures is for the Morbid Obese patient to achieve at least a loss of 50–70% 
of excess weight [EWL] or about 20–30% loss of his initial weight. Some authors 
consider a successful outcome, when achieving a Body Mass Index [BMI] < 35 kg/m2 
2 years after surgery in those patients. However, the BMI as a criterion for a successful 
outcome after B/M surgery is under debate due to several reports that even patients 
with BMI of 32.0 can benefit from Metabolic surgery. So, we think that the quality 
benchmark for outcome of any M/B surgical procedure should be a combination of 
percentage of EWL in short and mid-term, extrapolated with percentage of WR in 
a long term—about 10 years after surgery. We support the suggestion of SOS study 
[4, 5] that patients should not regain more than 20–25% of their lost weight within 
10 years after the primary procedure. Several studies confirm average weight regain 
of 12% of total body weight in patients who underwent Roux en Y Gastric bypass 
(RYGB), while those reported for Sleeve Gastrectomy (SG) were variable, ranging 
from 6% at as early as 2 years post-surgery to 76% at 6 years post-surgery [6–8]. 
Morbid Obesity, like other chronic diseases, persists for prolonged durations and 
requires a continuous close follow-up to reassess the efficacy of treatments, including 
Bariatric/Metabolic surgery. Most of the reports for very good and excellent results 
after weight loss surgery [WLS] are short or mid-long term up to 5 years’ studies. 
Unfortunately, the studies, reporting results for more than 5 years after surgery, 
revealed a significant rate of WR in patients with Body Mass Index over 50 or history 
of comorbidity of more than 5 years [6, 9].

2. Definition of weight regain

The general metrics to assess the success of the surgeries includes calculating % of 
excessive weight loss (EWL) (>50%), % of total weight loss (TWL), and % of weight 
regain (WR) post-surgery. Different studies have shown a large amount of variability 
within these values, which have been attributed to the type of surgery, the preopera-
tive BMI, and to the race and ethnicity that the patients belong to [2–4, 10]. Literature 
review studies have revealed that only a limited number of them have looked at 
differences in weight loss patterns across different populations and specifically in the 
European population, where Bariatric/Metabolic procedures are performed routinely 
in nowadays. However, the sustained health improvements following bariatric surgery 
are dependent on the individual’s adherence to long-term changes in lifestyle habits 
[11, 12]. As a result, despite its effectiveness, weight regain after bariatric surgery is a 
persistent problematic issue!

The first group of patients are those who do not lose the expected or anticipated 
average percentage of weight following surgery, while the second group are patients 
who lose a successful amount of weight after Bariatric/Metabolic Surgery (B/MS), but 
they regain some or most of the weight 5 or more years after the initial procedure [10].

According to several authors and publications about weight loss surgery, we must 
make a distinction between two types of WL failure post (B/MS). The first is known 
as insufficient WL (IWL). The second is known as weight regain (WR). IWL is 
defined as excess weight loss (EWL%) of <50% at 18 months after BS. Weight regain 
is defined as regain of weight that occurs few years after the Bariatric procedure and 
successful achievement of the initial weight loss. Literature review found several 
definitions for WR [13–15] as:
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• regaining weight reaching a body mass index (BMI) >35 after successful WL;

• an increase in BMI of ≥5 kg/m2 above the nadir weight; >

• 25% EWL% regain from nadir; increase in weight of >10 kg from nadir;

• any WR or any WR after Diabetes Mellitus type 2 (DT2) remission;

• an increase of >15% of total body weight from nadir.

All those definitions describe one and the same problem: WR several years after 
B/MS. A robust review of the main causes, leading to that problem, is mandatory 
in order to answer to significant health and social issues about application of B/MS 
worldwide.

3. Factors for weight regain after bariatric surgery

It is difficult to outline current factors, leading to WR after B/MS. The role of 
those factors and their influence on patient’s behavior, eating habits, and ability to 
keep his weight under control after the primary procedure are not well understood or 
investigated robustly. However, most of the published reviews confirm that they have 
been attributed to several surgical, biological, and behavioral factors [2, 16]. We can 
identify two groups of factors nowadays. The first group is of so-called non- modifi-
able factors as hormonal, metabolic, surgery-related [14, 17]. The second group is of 
so-called “modifiable behaviors,” where patients should receive more support and care 
within 5 years after surgery by healthcare professionals. WR remains a major challenge 
in relation to the long-term success of B/MS [7, 8]. Although weight regain is a con-
sistent finding among studies, there are considerable variations in the magnitude and 
rate of weight regain depending on factors ranging from behavioral, dietary, lifestyle, 
psychological, ethnic, and racial differences. Interestingly, there are studies that report 
an average of 56% WR weight within 10 years after primary surgery [10, 18]. A poor 
prognostic indicator for WR after B/MS is the slow weight loss in the first two postop-
erative years. Medical based evidence confirms that patients, who achieve 20–30% of 
total weight loss at one to 2 years postoperatively, can regain an average of 7% of their 
total body weight from their lowest postoperative weight over the course of 10 years 
[6–7, 9, 19, 20]. According to those studies, the estimated average WR is about 15% 
(between 2 and 5% of weight from their lowest reported postoperative nadir weight) 
within 2 years after Roux en Y Gastric bypass. Those studies have reported an increase 
to 70% of patients between 2 and 5 years after Sleeve Gastrectomy, and 85% increase 
of WR at over 5 years post-surgery [10, 21] after that procedure. The high prevalence 
of weight regain after B/MS has resulted in a significant increase in revisional bariatric 
surgery [2, 6], which is a cause for increase in surgical risk and adverse outcomes 
to the patient [22, 23]. Causes of WR following B/MS are multifactorial and can be cat-
egorized into patient and surgical-specific causes. The summary of all aforementioned 
factors could outline the importance of following about weight regain:

1. Gastrointestinal, hormonal, and genetics factors

2. Gender, ethnic, and racial factors
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3. Behavioral, dietary, lifestyle, and psychological factors

4. Performed Weight loss procedure as a technique and individual needs of the 
patient.

4. Gastrointestinal, hormonal, and Genetics factors for weight regain

There are known more than 30 gut hormone genes expressed and more than 
100 bioactive peptides distributed in the gastrointestinal tract, which makes it the 
largest endocrine organ in the body [15, 17]. Several hormones in Gastrointestinal 
tract, which contribute to increase or decrease of food intake and in experimental 
studies, are directly associated with nutrition and body weight. That is the family 
of so-called PP-Fold Proteins. They consist of neuropeptide Y (NPY), peptide YY 
(PYY), and pancreatic polypeptide (PP). PYY and PP are secreted from gastroin-
testinal tract, whereas NPY is predominantly distributed within central nervous 
system [23]. Circulating PYY concentrations are low in fasted state and rise rapidly 
following a meal with a peak at 1–2 hours and remain elevated for several hours 
[24]. In both lean and obese humans, intravenous injection of PYY reduces appetite 
and food intake, suggesting that, unlike leptin, the sensitivity of PYY is preserved 
in obese subjects. Pancreatic Polypeptide (PP). PP is secreted from PP cells in the 
pancreatic islets of Langerhans. The anorectic effects of PP have been demonstrated 
in several experimental models. In leptin-deficient mice, repeated intraperitoneal 
injection of PP decreases body weight gain and ameliorates insulin resistance and 
hyperlipidemia [15]. GLP-1R is widely distributed particularly in the brain, GI tract, 
and pancreas [10]. It is known from experimental studies that circulating GLP-1 
levels rise after a meal and fall in the fasted state. GLP-1 is associated with reduced 
food intake, and it can suppress glucagon secretion, leading to delayed gastric 
emptying [21]. Clinical trials in normal weight and obese subjects have also shown 
a reduction of food intake after a dose-dependent intravenous infusion of GLP-1. 
It is also known that Morbid obese patients have a blunted postprandial GLP-1 
response compared to normal weight patients. GLP-1 is investigated about its potent 
incretin effect in addition to its anorectic action. That means that it can stimulate 
insulin secretion in a glucose-dependent manner following ingestion of carbohy-
drate. Experimental studies about application of Ozempic in clinical practice have 
confirmed positive effect of continuous subcutaneous infusion of GLP-1 to patients 
with type 2 diabetes for 6 weeks. GLP-1 infusion reduces appetite, body weight 
and improves glycemic control [25]. Research studies about the effect of Ozempic 
and Trulicity as Once-weekly subcutaneous injection have demonstrated greater 
improvements in glycemic control and weight loss in patients with Diabetes type 2 
(DT2) and Obesity. On the other hand, Ghrelin is the only known orexigenic gut 
hormone involved in the mechanism of Morbid Obesity. Levels of circulating ghrelin 
increase before meal and fall rapidly in after meal period [25]. Fasting plasma levels 
of ghrelin are high in patients with anorexia nervosa [21] and in subjects with diet-
induced weight loss. By contrast, obese patients have a less marked drop in plasma 
ghrelin after meal injection [25]. Dysregulation of ghrelin secretion is also impli-
cated in the mechanism through which sleep disturbance contributes to Obesity. 
Subjects with short sleep duration have elevated ghrelin levels, reduced leptin, and 
high Body Mass Index (BMI) compared with patients with normal BMI and normal 
sleep duration [21].
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Some authors as De Silva et al. [15] have investigated the brain function of 
obese patients during exposure to food pictures and intravenous infusion of 
Ghrelin with so-called functional magnetic resonance imaging. The investigations 
have revealed increased activation in the amygdala, orbitofrontal cortex, anterior 
insula, and striatum Furthermore, there are hypotheses that suggest that effects of 
ghrelin on the response of amygdala and orbitofrontal cortex are correlated with 
self-rated hunger ratings. Cholecystokinin (CCK) is another known gut hormone, 
which plays a role in food intake [25]. The experimental model confirms that CCK 
is secreted postprandially by the I cell of the small intestine into circulation, and 
it has a short plasma half-life of a few minutes. The investigations and studies into 
the function of Gastrointestinal hormones reveal that they play a significant role 
as mediators and triggering factors of weight regain in each patient. The process of 
investigation and adaptation of appropriate laboratory or Clinical tests to confirm 
that in clinical practice is too far now! However, the understanding and knowledge 
about secretion and expression of Gastrointestinal hormones can give us the basic 
selection criteria of Bariatric/Metabolic procedures in candidates of weight loss 
surgery and predict the long-term results of achieved or expected weight loss or 
weight regain.

The weight loss response after B/MS varies widely between individuals [6]. 
A part of this variation is probably due to genetic factors, as close biological 
 relatives tend to have quite similar responses to weight loss interventions [19]. 
Several studies have tried with limited success to explore the significance of 
potential specific genetic determinants of the individual variation in weight loss 
after B/MS [2, 4, 5, 7, 8]. Reported studies of patients undergoing weight loss 
surgery have also pointed out a relationship between weight loss and genetic 
 markers, associated with abdominal obesity. Anatomy and physiology of human 
body are individual; however, the polymorphisms of body fat distribution have 
been suggested to control the growth of human adipose tissue in three main 
pathways. The first one is so-called Adipogenesis. The second one is known as 
angiogenesis, and the third one is named as non-specified transcriptional regula-
tion [26]. The first two pathways are responsible for adipose tissue function and 
expansion. The impairment of those two mechanisms can lead to metabolic dis-
turbances through induction of hypoxia, inflammation, and fibrosis in the tissue 
[10]. The effects of fibrosis and reduced angiogenesis in adipose tissue are alert-
ing factors for organ dysfunction in Morbid obese patients. Furthermore, fibrosis 
of adipose tissue may attenuate weight loss response after gastric bypass [1, 27]. 
Several hypotheses suggest that various genetic factors determinant for abdomi-
nal obesity and for weight loss responsiveness following surgical interventions 
may work via common pathways in adipogenesis and angiogenesis. One study has 
revealed that the association between Genetic Risk Score (GRS) and weight loss 
response to B/MS might be explained by the association between specific genetic 
markers and baseline anthropometrics, especially BMI [28]. Baseline BMI is 
known as a predicting factor for response to weight loss interventions. The choice 
of weight loss phenotype is therefore of great importance in this type of stud-
ies,  investigating the association of weight loss and weight regain due to Genetic 
Factors. The same authors suggest that for mathematical reasons, the achieved 
BMI and excess weight loss variables are inversely associated with baseline BMI 
in B/MS cohorts [28]. Angiogenesis may be one of the mechanisms that govern 
the individual variation in response to weight loss treatment by possibly affecting 
adipose tissue flexibility.



Bariatric Surgery - Past and Present

66

Those studies open new horizons for surgical management of Morbid Obesity in 
patients with lower BMI but significant abdominal obesity and adipose tissue there. 
The studies also give the possibility to predict which procedures are most appropriate 
in such patients and what is the risk of WR on a long-term basis.

5.  Gender, ethnic, and racial factors for weight regain after  
bariatric/metabolic surgery

Despite the overall success of bariatric surgery, weight loss and comorbidity 
remission appear to vary considerably across patients and procedures [2, 4, 5, 7, 8, 
19, 29, 30]. Several studies, including a recent meta-analysis [31], have suggested 
that race is an important factor associated with weight loss and possibly comorbidity 
remission after BS [14, 24]. However, many of those reports represent single-center 
series with small numbers of patients. Furthermore, few of those studies have Data 
on the procedures such as: Sleeve Gastrectomy, Roux en Y Gastric bypass or one anas-
tomosis Gastric bypass, comorbidity remission, or the effect of other socioeconomic 
variables.

The different aspects of social environment in Morbid Obese patients may also 
contribute to outcome after B/MS. Some studies have made efforts to allocate the 
spatial distribution of fast-food restaurants and supermarkets in connection to the 
residence of patients who have had weight loss surgery. The main conclusion of those 
studies is that access to foods meeting recommended dietary standards is an indepen-
dent indicator for WR. They have also revealed a race difference despite the incomes 
of the population. Areas, predominantly inhabited by black people, regardless of 
income, have not had an adequate access to good-quality foods, compared to pre-
dominantly white, higher-income communities [32]. The infrastructure of the urban 
or non-urban areas also appears to contribute to the spread of Morbid Obesity in 
different living environments as indicator for WR. Transport links for commuters 
and access to nearby recreation centers are also contributing benchmarks, which can 
predict weight regain after B/MS. Lack of such facilities and transportation is isolat-
ing patients after surgery of effective postoperative follow-up and access to healthy 
lifestyle environment. There are also racial differences in understanding of good-
looking body size. Review of surveys for body size outlines the prevalence of white 
obese women, who are looking for options of weight loss surgery or Gastric bypass 
due to impairment in quality of life, despite having lower body mass index values 
than the other race and sex groups [23]. The black men with Morbid Obesity are on 
the other pole of those surveys—they have the least social impairment with Obesity. 
The summary of those surveys reveals that ideal body size for themselves and the 
opposite sex are larger for black individuals than for white individuals [26, 33]. 
Morbid obese individuals in the black population have less social pressure to lose 
weight, but they can have pressure to lose less weight after B/MS by relatives and 
community [23]. Discrepancy between achieved and expected weight loss is the most 
listed common reason for dissatisfaction with surgery for both black patients (84%) 
and white patients (76%). The suggestion is that it might happen when there is 
patient–clinician discordance in racial identity [34]. Goleman et al. have revealed in 
their study that: “Gender and racial/ethnic background predict weight loss after 
Roux-en-Y gastric bypass independent of health and lifestyle behaviors” [35]. 
According to the authors: “non-Hispanic black men had significantly greater weight 
loss compared to non-Hispanic white men (p < .05).” The opposite, other studies do 
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not reveal any difference in weight outcome between racial/ethnic groups of women, 
living in one and the same area. It means that socioeconomic factors and eating 
behaviors are more important predicting factors for WR than race and sex. However, 
it is known that patients with B/MS, who drink more diet soda than mineral water, 
have a higher percent of WR after surgery, independently of health status and 
lifestyle behaviors, age, and weight at the time of surgery. Another study has shown 
that blacks but not Hispanics have had a lower %EWL, compared to whites at 
6 months after weight loss surgery. An interesting finding is that blacks have had a 
lower %EWL than Hispanics at every time point during the follow-up of patients 
[20]. The weight regain among different races varies, and it is evident even from the 
criteria for Bariatric/Metabolic Surgery in Europe, Asia, and the United States about 
BMI. Data suggest that there are significant differences in the prevalence of weight 
regain among patients post B/MS on different continents. Some of the published 
longest follow-up reviews have shown mean weight regain of about 4% after Roux-
en-Y gastric bypass (RYGB) 3–7 years after surgery [32]. It contrasts with other 
studies, predominantly from Europe, which have reported that every fourth patient 
after RYGB or Sleeve Gastrectomy surgery can regain more than 15% of their body 
weight 5 years after the primary procedure [4, 5, 14]. It is also well-known that Asians 
are more prone to Diabetes Mellitus than white people with the same degree of BMI. 
Interestingly, there are significant differences in the algorithm for weight loss surgery 
in Asia and Europe, for example. The inclusion criteria for B/MS in Asia are lower 
with 2.5 kg/m2 in each category of BMI. Surgery is also highly recommended for 
patients with Diabetes type 2 and cutoff BMI of 37.5 kg/m2 compared to BMI over 
40.0 kg/m2 in Europe. The recommendations in Asia for Metabolic surgery suggest 
that patients with DT2 and BMI between 32.5 and 37.0 kg/m2 should also be consid-
ered as candidates for Metabolic surgery, if their DT2 is poorly controlled. The 
review of data suggests that Asian patients will have lower WR up to 5 years after 
surgery due to lower threshold inclusion criteria for surgery as lower BMI. Because of 
differences in the baseline body height and weight, and body composition, it is not 
completely grounded to interpret the weight loss on the Asian communities accord-
ing to Westerner physical standards. That is another evidence that WR on different 
continents and in different races is variable and individual approach and assessment 
of patients before or after BS are mandatory. The gender of the patient is another 
main contributing factor for WR after Bariatric/Metabolic Surgery. Several meta-
analyses have revealed higher relative weight loss in men compared to women. 
Weight loss surgical outcome appears to be in favor of WL in men. That conclusion is 
based on data from two meta-analyses. Our experience can confirm the results of the 
one of those meta-analyses that female Obese patients are twice more likely to 
investigate and seek ways to lose weight than male patients. However, male patients 
can lose effectively more weight than female patients, and it can be up to 40% more 
likely successful [10]. There is a discrepancy on studies about influence of gender on 
weight loss and WR after B/MS. Some of them highlight male gender as an indepen-
dent factor. On the other hand, other studies emphasize the role of exercise, diet, and 
eating behaviors as important factors for induced weight loss and deny the role of 
gender as indicator for WR [10, 36]. We are in favor of the second group of studies, 
because literature review of outcome after Bariatric/Metabolic Surgery in English 
and German language has shown no distinct difference in gender. That criterion is 
not reliable to give a definite answer, if a male or a female Morbid Obese patient with 
one and the same BMI is a better candidate for any weight loss procedure. Those six 
studies [37–42], which have detected better outcomes for male patients B/MS, are 
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probably focused on gender mostly, rather than of type of procedure, BMI at time of 
surgery, and type of the procedure. It is known that female patients are seeking more 
often Sleeve Gastrectomy as option for weight loss or even Gastric Balloon. Male 
patients, due to higher BMI, are probably more open to Gastric bypass options than to 
Gastric Balloons or Sleeve Gastrectomy. The dilemma with gender is observed in the 
reviewed nonsurgical studies about the association between weight loss and gender. 
We have found 16 studies, which report no gender differences. The opposite, another 
16 studies have pointed better weight loss in men compared to women. 
Unfortunately, most of the reviewed studies report gender difference in absolute 
weight loss. Although, it is known that relative weight loss is a more accurate crite-
rion of measurement about detecting gender differences. Overall, systematic reviews 
confirm that women more likely not to achieve better weight loss than men. We have 
a worse situation, looking at studies and reports for WR after B/MS. The data are less 
conclusive about gender difference as predicting factor for WR. Most of all reviewed 
studies, mentioning WR, are in favor of no gender difference. There are three studies 
that have reported less WR in men, and other two studies have reported better weight 
loss maintenance in women. We would suggest that mandatory next step is to be 
initiated a conduct in Europe, Asia, and America with focus on gender differences in 
weight loss and WR, in particular to provide additional information and knowledge 
about potential reasons and solutions for treatment outcome in female and male 
bariatric patients.

6. Behavioral, dietary, lifestyle, and psychological factors

According to different authors [10, 23, 36, 43], there are four eating and lifestyle 
habits, independently associated with greater probability of post-surgical WR - 
Table 1. Those four types of post-bariatric surgery patients are called: a “sweet-eater,” 
a “grazer,” lifestyle habit as sedentarism, and patients consuming more daily calories 
or alcohol. A “sweet-eater” is someone who eats 50% or more of carbohydrates or 
consumes only simple carbohydrates. A “night eater” is defined as someone who 
three or more times per week consumes ≥50% of daily calories after 7 PM, who 
had difficulty sleeping, and who reports not being hungry at breakfast. Alcohol 
consumption is important and has been determined as independent factor for weight 
regain. Those patients are categorized in two groups: those drinking alcohol ≥2 times 
per week vs < 2 times per week. Sedentarism as definition describes the habits related 
to an inactive lifestyle, which can cause health problems such as Obesity in some 
people. There is another disorder, known as Binge eating Disorder (BED). That type 
of disorder led to implementation of one anastomosis Gastric bypass in Asia first 
and then on other continents, and it is associated with food culture of population in 
different countries. One of the definitions of BED describes it as eating substantially 
large amounts of food within short periods of time, accompanied by a sense of loss 
of control and feelings of disgust, guilt, and/or depression after binge episodes 
[34]. Approval of one anastomosis gastric bypass as accepted by IFSO standard 
weight loss surgical procedure significantly increased the number of patients with 
binge food disorders as candidates for B/MS. Their number varies from 10 to 40% 
according to available published officially results on Bariatric Registers. However, 
that inclusion criterion did not increase or propose an algorithm for a robust pre-
operative investigation of those patients or adequate screening results for outcome 
after bariatric surgery. Therefore, we “branded” a proportionally huge number of 
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patients as those with “binge food disorder,” who qualify for a weight loss procedure. 
But those patients aren’t diagnosed or treated for BED before surgery. They probably 
have certain aspects of the disorder (e.g., loss of control about food and eating), and 
they may emerge post-surgery, potentially resulting in negative long-term weight loss 
outcomes or weight regain [36]. The conclusion is that we need beforehand preopera-
tive assessment of patients with BED by experienced behavioral health professionals. 
The process of diagnosis and management of patients with BED, candidates for B/
MS is critical, as the underlying dynamics of the disorder usually will persist after 
surgery [27]. Effective treatment for BED or maladaptive eating before surgery 
potentially will predict outcome of surgery. Such treatment will help the patient to 
cope successfully with depression, anxiety, or trauma after weight loss surgery. The 
process of long-term management must include nutrition counseling, medical care, 
and follow-up to 5 years after surgery. Outcome of patient’s treatment as individual 
or in a group with similar patients plus involvement of family therapy is a significant 
predicting factor for WR after one anastomosis gastric bypass [44]. The absence 
of such a multidisciplinary approach to treatment is a potential risk for the eating dis-
order to persist or morph into another form of eating disorder as grazing. According 
to most definitions, available on Intranet, “grazer” is a person who eats snacks or 
small food portions several times a day, without consuming a primary meal. Grazing 

Type of 
eating 
disorder

A “sweet-eater” Grazer Sedentarism Night eater

Definition Someone, who eats 
50% or more of 
carbohydrates or 
consumes only simple 
carbohydrates

Eating frequently 
at irregular 
intervals’ – not 
quite the same 
as snacking, but 
probably more 
frequent.

The habits 
related to an 
inactive lifestyle 
which can cause 
health problems

Someone, who 3 
or more times per 
week consumes 
≥50% of daily 
calories after 
7 PM, who had 
difficulty sleeping 
and who reports 
not being hungry 
at breakfast.

Psychological 
Factors

Depression and 
anxiety, self esteem

Triggered by 
stress, boredom, 
and emotional 
distress and 
worsens with 
“mindless eating” 
while watching 
television, surfing 
the internet, 
attending social 
meetings, or 
working in 
foodservice 
settings.

Generally 
inactive with 
mental and 
health problems, 
family history 
psychological 
disorders

Sleeping 
disorders, alcohol 
problems, 
depression, 
anxiety

Weight 
regain after 
B/M Surgery

Regain of 10–25% of 
EWL

Regain of 45–60% 
of EWL

Regain of 
25–30% of EWL

Regain of 15–40% 
of EWL

Table 1. 
Morbid obese patients with known eating and lifestyle habits and WR.
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is a more serious behavioral health disorder, as it can develop a higher risk of vomit-
ing and gastrointestinal symptoms. According to some Bariatric surgeons, dysphagia 
and dumping after weight loss surgery can teach the patients to change their eating 
habits. Unfortunately, that statement is wrong. Regular vomiting postoperatively 
can cause nutritional deficiencies, dental caries, esophagitis, and gastric ulcers, all 
of which can further impact food choices and intake [43]. The misperception among 
some patients that frequent vomiting helps to prevent WR should be corrected and 
noticed by responsible Dietitian and surgeon on follow-up clinic reviews immediately 
and negative effects of the condition to be explained and treated accordingly. Even 
patients who lack a formally diagnosed eating disorder can lose control over their 
eating habits after B/MS and that loss of control might increase around the 2-year 
point [26, 33]. Literature review confirms that loss of control overeating or appear-
ance of grazing after surgery is associated with less excess weight loss, greater WR, 
and decreased perceived quality of life [23]. It is known that patients who engage in 
grazing behaviors two or fewer times per week after surgery have poorer percentage 
of excess weight loss and larger weight regain than those who had not has such a 
problem.

There are also so-called: “Other Maladaptive Eating Behaviors.” Dietitians and 
Nutritional specialists have found that maladaptive eating behaviors may also develop 
in some patients. It is explained that attempts to avoid vomiting after B/MS are linked 
to the development of food aversion, protein malnutrition, and micronutrient defi-
ciencies. Unfortunately, those maladaptive disorders also influence long-term weight 
loss outcomes and quality of life [45]. There is another group of patients with eating 
disorders. They generally avoid solid foods and eat softer, high-calorie foods such as 
chocolate, candy, and ice cream. The consumption of excess calories, particularly 
from refined carbohydrates and saturated fats, is another objective predictor of WR 
in such patients. Maladaptive eaters among patients with weight loss surgery consider 
easier to swallow soups, crackers, and cheese than solid foods. Overconsumption of 
softer, calorie-dense foods (“soft food syndrome”) provides inadequate nutrition 
and decreased satiety. Another condition, which ultimately contributes to excessive 
energy intake and weight gain. There is also another group of patients who prefer 
fully to engage in restrictive model of eating, failing to consume adequate calories 
due to an intense fear of stretching the stomach pouch and regaining weight. There is 
a psychological factor in those patients: preoccupation with weight and body image, 
but that condition can lead to macro- and micronutrient deficiencies and eventual 
WR [33]. Bariatric surgery developed another restrictive eating disorder. It is known 
as: “post-surgical eating avoidance disorder” or PSEAD. The disorder is described as 
eating very little to avoid WR or experience of an almost “phobic” reaction to food. 
Healthful eating habits should be reinforced months before surgery. Active role of 
Dietitian and engagement of patient are mandatory to prevent the onset of maladap-
tive eating patterns, gastrointestinal distress, and WR. The Dietitian should be certain 
that candidates for weight loss surgery have made significant behavioral changes 
involving nutrition and food as eating slowly and exercising portion control. The use 
of cognitive behavioral strategies to encourage mindful eating and appropriate food 
choices is another successful part of the game about the process of teaching [26]. The 
regular follow-up from multidisciplinary team members will recognize early mal-
adaptive eating behaviors or food aversions, expressed by patient, and will encourage 
him to maintain adequate lifelong nutrition, and not rely on BS alone to improve their 
weight loss outcomes and health benefits. The early changes in total energy intake and 
macronutrient composition during the first 6 months after surgery are found to be 
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a predictor of long-term success with 10 years follow-up [21, 25]. Data confirm that 
eating 100 additional daily calories is associated with a 30% increase in odds of WR 
3–4 years after BS.

It is known that preoperative physical activity levels and eating style do not cor-
relate with maximum weight loss. However, there is a negative correlation between 
preoperative physical activity levels and external eating and a positive correlation 
between physical activity levels and restrained eating [22]. According to a paper, 
presented at IFSO 22nd World Congress; August 29–September 2, 2017, in London: 
“There was a less weight regain in patients who reported more [physical activity] 
after RYGB. Eating style does not seem to affect weight regain” [3]. A study from 
2021 confirms that low level of physical activity and longer sedentary time have 
occurred more frequently in those with high WR and longer time since weight 
loss surgery [28]. Mental health conditions are common among bariatric surgery 
patients. Abnormal eating patterns, binge eating disorder in particular: depression, 
alcohol and drug addiction are reported as predictive factors of weight regain after 
BS [23, 24]. Psychological assessment and identification of those patients preop-
eratively are a major contributing factor for good long-term results after Bariatric/
Metabolic Surgery. Unfortunately, the limitations of funding for weight loss surgery 
and the whole process of preparation of a patient for such type of treatment are an 
ongoing problem in Europe and all over the world. Patients who choose BS must be 
educated to understand that Obesity is a chronic disease! Bariatric/Metabolic surgery 
is only one of the tools, which can effectively help the patient to achieve significant 
weight loss, but inadequate postoperative adherence to recommendations can over-
ride that tools’ efficacy, leading to weight regain.

7.  Weight loss procedure as a technique and selection of type of operation 
as a factor for weight regain after bariatric surgery

The data review of different search engines about WR after well-known weight 
loss procedures worldwide is presented in Table 2. The data represent current esti-
mated success of those procedures on a long-term follow-up. However, they do not 
represent the spread of different procedures and their popularity around the globe.

Sleeve Gastrectomy is the most common weight loss procedure all over the 
world so far. Its prevalence in United States and parts of Asia can be explained with 
eating habits or preferences of the patients there. For example, India’s population 
is more than 50% vegetarian. Malabsorptive procedures such as Roux en Y or one 
anastomosis Gastric bypass have significant side effects on vegetarian patients and 
they struggle to compensate their protein and nutrient balance. So, the practice 
and experience reversed the type of weight loss procedures to Sleeve Gastrectomy 
(SLG) there. The growing number of weight loss operations all over the world, 
according to IFSO survey in 2016 total number of procedure, was 700,000 [46], 
provide enormous data about Bariatric procedures and patients. However, weight 
regain after bariatric surgery is one of the related topics with a relatively limited 
number of publications [47]. Long-term results of bariatric patient series reveal that 
after 2 years postoperatively, patients’ rate of losing weight tends to decelerate [48]. 
Despite those results, Sleeve Gastrectomy is still the preferable operation for weight 
loss for patients and surgeons around the world. The numbers of Sleeve procedures 
are significantly higher than bypass procedures, according to data from IFSO 
Register and explanations of that status are not associated with long-term outcome 
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and probability for WR [22]. Long-term results have shown that Sleeve Gastrectomy 
procedure is associated with significant WR within 10 years after surgery. The other 
main problem with that weight loss procedure is about development of a restrictive 
eating pattern and intractable gastroesophageal reflux, requiring revisional surgery 
in up to 20% of patients after primary procedure. The aspects of weight regain 
after SLG have been discussed in several publications; however, there are no sys-
tematic reviews, encompassing all surgical issues about the procedure. Anatomical/
surgical factors of weight regain after LSG are identified as: an initial large sleeve, 
incompletely resected fundus, and a large remnant antrum. We think there are three 
other issues about WR after Sleeve Gastrectomy as a technique and patient selec-
tion: Medical tourism as a factor for spread of the procedure, applicable to different 
Body Mass Index, even in super Obese patients as a first-stage procedure, the grow-
ing number of weight loss procedures performed privately, rather than in public 
Hospitals. The use of different bougies or dissection of the stomach to 2 or 4 cm 
above the pylorus has been investigated, and there are no standards about impact 
of that on weight regain. Several studies have showed no difference in dissection of 
the antrum as a predicting factor for weight regain after SLG. The learning curve of 
the surgeon and dissection around the short gastric vessels and left crura are also 
factors contributing to WR after LSG, according to different studies [2, 4, 5, 7, 8, 
49, 50]. Medical tourism and offer of the SLG in private are another contributing 
factor for WR. Interestingly, there is a growing amount of data for patients, admitted 
to UK NHS hospitals in emergency after SLG abroad. One such example is about a 
case of our practice: a 45-year-old lady, who had a SLG in Turkey. She has developed 
bleeding from staple line, she has been transfused with 2 Units of blood there and 
sent home back on a commercial flight. The lady has been admitted from Airport 
to our Hospital with a HB of 89.0 g/l and urgent CT scan showed a big hematoma 
around the greater curvature of the stomach and spleen. Her management has been 
conservative, and outcome has been uneventful. However, she has been followed 

Type of 
procedure

WR after 2 
years

WR after 3 
years

WR after 4 
years

WR after 5 
years

WR after 10 
years

Lap band 
procedure

5% with >20% 
of EWL

25% with 
>50% of EWL

38% with 
>40% of 

EWL

Over 60% 
regained >50% 

of EWL

No data, 
most bands 

removed

Sleeve 
gastrectomy

2% with up to 
5% of EWL

12% with 
>20% of EWL

18% with 
>35% of 

EWL

25% with 
>40% of EWL

40% with 
>40% of EWL

Roux en 
Y gastric 
bypass

1% with up to 
5% of EWL

2% with up to 
5% of EWL

3.5% with 
10% of 
EWL

3.9 to 4.0% 
>10% of EWL

4.5% >10% of 
EWL

One 
anastomosis 
gastric 
bypass

0.2% with up 
to 5% of EWL

1.0% with up 
to 5% of EWL

3.0% with 
up to 5% of 

EWL

3.5% with 
>10% of EWL

5% with >5% 
of EWL

Duodenal 
switch

0% 0.8% with up 
to 2% of EWL

1.5% with 
up to 5% of 

EWL

2.0% with >5% 
of EWL

2.5% with 
>5% of EWL

Table 2. 
Weight regain due to type of weight loss procedure: (electronic database data, including PubMed, MEDLINE, 
Embase, CINAHL, Web of Science and Scopus).



73

Predicting Factors for Weight Regain after Bariatric Surgery
DOI: http://dx.doi.org/10.5772/intechopen.108715

for 6 months only after surgery and her BMI at time of admission was 52.0. There 
are several other reports for admission of patients 1–2 weeks after SLG abroad, due 
to severe nausea, vomiting, or even dehydration and motility problems. It is known 
that about 15% of population in the United Kingdom has motility disorders of the 
esophagus. As we mentioned above, those disorders plus reflux after SLG are impor-
tant factors for WR in those patients. The robust pre-operative investigations of 
bariatric patients and selection of the appropriate type of weight loss procedure are 
the key for long-term good results and prevention of substantial WR. Unfortunately, 
the economy recession and restrictions of funding about weight loss surgery are 
a serious concern about the increase of Bariatric procedures in NHS and the right 
of more Morbid Obese patients to have a proper selection and access to weight loss 
surgery. The other main issue is that in some parts of the United Kingdom, the only 
offered bariatric surgery in NHS is the Sleeve Gastrectomy. The patients with BMI 
over 50.0 are struggling to get an access for a bypass procedure, funded by NHS, in 
another Bariatric Center due to administrative problems. Weight regain after Roux 
en Y or one anastomosis Gastric bypass is also reported and documented. The WR 
after those two procedures is less than SLG, and the main reasons are associated with 
the volume and shape of the Gastric pouch, the diameter of gastro-jejunal anasto-
mosis, and the length of biliary limb. The Surgeon, who first proposed mini-gastric 
bypass–Rutledge, describes his vision that dumping, as outcome of the procedure, 
contributes significantly to weight loss after surgery. Unfortunately, the motility 
of esophagus as a factor for WR after mini or one anastomosis gastric bypass is not 
investigated robustly so far. The quick transit of food from esophagus to stomach 
can accelerate appearance of eating disorders and minimize the effect of restriction. 
Most of the experts in bariatric surgery recommend the pouch-jejunal anastomosis 
not to be created immediately under esophago-gastric junction as the pouch will not 
be functioning optimally in terms of weight loss and long results can be disappoint-
ing. They also recommend the anastomosis between the pouch and jejunum to be 
on the side of the greater curvature and a length of 2–4 cm of the lesser curve of the 
stomach to be incorporated in the pouch.

It is known that Poiseuille’s Law in physics postulates that the flow rate through 
a tube is inversely proportional to its length. Slow flow or emptying of the pouch is 
desirable after gastric bypass and contributes to the restriction [45, 51]. According to 
that law seems that the shape (length and diameter) may be rather more important 
than the size itself [52]. Another law in physics, known as LaPlace Law, postulates 
that the pressure required to distend a structure (tube) is inversely proportional to 
its radius. Interestingly, those two laws in physics have their application in creation of 
gastric pouch during bypass surgery. The shape and form of the pouch plus diameter 
of anastomosis with jejunum are mandatory for the optimal function of the gastric 
bypass. Literature review has confirmed that longer and narrower gastric pouch has a 
less dilatation in time after gastric bypass surgery. It combines slower emptying of the 
pouch, less probability for dumping syndrome, and less stretching 2 years after sur-
gery. The Fobi Pouch Gastric bypass is an example for such a gastric pouch; however, 
evidence of long-term results is necessary to completely implement the postulate of 
the mentioned above physics law in Bariatric surgical practice [50]. WR, which is seen 
3–5 years following laparoscopic gastric bypass surgery, is often explained because 
of enlargement of the pouch [22]. For durable restriction and therefore weight loss, 
a long narrow pouch is recommended. The length of pouch after one anastomosis 
gastric bypass (OAGB) is important about bile reflux and its complication also can 
contribute to WR.
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There are still many debates about postoperative bile reflux after mini or one 
anastomosis gastric bypass and its significance about quality of life of patients and 
WR. The accepted standard in the technique is length of the sleeve—more than 16 cm. 
However, there are also different “tips” for avoiding the bile reflux and hence weight 
regain 5 years after the procedure. There are no statistically significant data to confirm 
the importance of the proposed “tips.” The BMI over 50.0 kg/m2 before surgery, age of 
the patient at time of surgery, concurrent eating and metabolic disorders, length of the 
biliary limb, and diameter of the anastomosis are probably the predicting factors for 
outcome and WR after gastric bypass surgery [51, 53]. Innovations and suggestions as 
Fundo-Ring OAGB, wherein one anastomosis gastric bypass the proximal part of the 
pouch is wrapped with a fundus of the excluded part of the stomach to treat bile reflux 
and WR, are promising and interesting. However, long-term results are needed. The 
banding of Gastric pouch or the Gastric Sleeve with Fobi ring is another promising 
technique for surgical management of weight regain, and the long-term results will 
reveal more detailed information about feasibility and effectiveness of that proposed 
technique. The size of gastro-jejunal anastomosis is another important factor for 
WR. The recommendations are about a diameter of the anastomosis of 1.5–2.0 cm. 
Unfortunately, such diameter of anastomosis is a significant problem in the United 
Kingdom, whereas patients have esophageal dysmotility problems and their eating hab-
its are different of those in patients from Europe and Middle East. Due to prevention of 
early complications with stricture and vomiting after Roux en Y Gastric bypass surgery, 
most Bariatric Centers in the United Kingdom prefer to do a stapled gastro-jejunal anas-
tomosis with 45 mm reload. The short-term results and outcome of those patients are 
excellent; however, about 40% of them have a risk to develop significant WR 3–5 years 
after surgery. Unfortunately, the International Bariatric Registers are not giving 
adequate and exact information about the association between WR and the diameter of 
Gastro-jejunal anastomosis. Endoscopic management of the gastro-jejunal anastomosis 
as a size is effective and safe option in experienced hands as a first step for management 
of WR after Roux en Y Gastric bypass [54]. It allows several attempts in first instance 
to treat wide anastomosis or even peptic ulcers and is highly recommended opposite 
revisional surgery for management of WR in high-volume centers [51].

The length of biliary-pancreatic limb (BPL) has been the subject of several investi-
gations about its effect on weight loss and hence WR after Gastric bypass surgery. The 
distalization of the biliopancreatic limb is associated with greater weight loss even 
in revisional surgery. The suggestion is based on data that patients with short biliary 
limb—between 50 and 60 cm, achieve less weight loss and regain a higher percentage 
of EXL within 5 years after surgery [14, 35]. However, the lessons of human anatomy 
should not be forgotten. The length of a small bowel in a human body is proportional 
to his height. The longer biliary limb in a bariatric patient postulates measurement of 
total small bowel length or at least of the common channel in order to avoid serious 
postoperative complications such as protein malnutrition and diarrhea [40, 55]. A 
study from the USA describes a racial difference in patients with distal biliary limb. 
According to Khattab et al. [34], patients with Afro-American and Asian origin do 
not tolerate the distal gastric bypass as well as white patients. There are other authors, 
who have several arguments toward the significance of the biliary limb length [35]. 
They think that reduction of common channel length should be tailored individually 
and there are other concomitant factors, which are responsible for weight loss and 
WR in every patient [35]. That factor, plus discrepancies in small bowel measurement 
during surgery, can play a significant role in mechanisms of weight regain after B/M 
Surgery.
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Several experimental studies have tried to interpret the presence of undiluted 
bile acids in the distal small bowel. They suggest that there are specific receptors, 
which are triggered by undiluted bile acids in the L cells in ileum, and those cells are 
responsible for enhanced release of GLP-1 and PYY hormones in the small bowel. 
Their theory explains why serum bile acid concentration is after Roux en Y Gastric 
bypass and that can lead to increased energy expenditure [17, 51]. Modern theories 
about better weight loss after malabsorptive procedures are based on hormonal 
mechanisms and interactions, which at the end achieve lower HbA1C levels, found 
among the group with longer biliary limb. Therefore, nutritional disturbances are 
more pronounced, and the diarrhea score significantly increased in the longer BPL 
group due to eating habits of the patient [24]. It is likely that these side effects will 
be observed in future reports on the patients with a longer BPL. So, the BPL length 
as a factor for WR is still in debate, and more randomized and long-term studies 
are required to obtain medical-based evidence for importance and influence of 
BPL over WR after Roux en Y Gastric bypass or one anastomosis bypass surgery. 
The length of BPL is in direct correlation with BMI of the patient nowadays. The 
standard length of BPL is 100 cm in length in patients with BMI between 40.0 and 
48.0. When BMI is more than 48.0 and height of the patient is over 170 cm, BPL 
length is recommended to be 120–150 cm in length and the patient to have a com-
mon channel at least of 250 cm to avoid severe malnutrition, diarrhea, and vitamin 
deficiency.

Bariatric/Metabolic procedures, proposed for management of WR as SADI-S 
procedure, biliopancreatic diversion, and duodenal switch have been well investigated 
and documented, and their routine use has been largely abandoned due to abovemen-
tioned possibilities for complications and nutritional problems. Those patients need 
very close review and support by specialized Clinics and Hospitals for management of 
such nutritional and malabsorptive issues more than 2 years after primary procedure. 
However, the data of medical-based evidence and Guidelines of Bariatric Surgical 
Societies around the world are in a discrepancy about follow-up of patients after 
weight loss surgery. Data suggest that all B/MS patients to be reviewed and followed 
almost 5 years after surgery, but Guidelines recommend a cutoff up to 2 years after 
primary procedures, leaving a significant and not relevant burden of follow-up to 
General Practitioners.

8. Summary

Most Morbid obese patients emphasize on importance of having someone, 
who can give them support in a way that they have felt understood. Most of them 
also expect bariatric surgery to end their struggle with weight and eating [56]. 
Unfortunately, Bariatric patients are often unprepared for weight regain and react 
with emotional distress, i.e., hopelessness, discouragement, shame, and frustra-
tion. Regaining weight might be a devastating experience that contribute to a 
negative spiral in weight management. Negative self-image, maladaptive eating 
behaviors, substance’s use, and overall impaired psychosocial functioning in turn 
have been associated with internalized weight bias and further weight manage-
ment difficulties [10, 14, 23, 24, 26, 28, 33]. Postoperative alcohol use has been 
identified as a predictor for weight regain and even severe episodes of pancreati-
tis, which unfortunately caused death in two of our cases on 10 years’ follow-up 
after BS. Addiction transfer refers to a shift, where food rewards are replaced 
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with other substances post-surgically, which may also contribute to weight 
regain [24]. Procedures, perioperative protocols, and post operative management 
for bariatric surgery will evolve over time. Solution of those complex problems 
and management of WR require a longer follow-up and support of experienced 
multidisciplinary teams. Most of the contributing factors of WR are summarized 
on Table 3. However, the discussion for a funded and patient-oriented routine 
review by experts and specialists in Bariatric/Metabolic Surgery up to 5 years after 
the primary procedure is still open. We need a more serious and honest debate 
about extended funding of those activities by Governments and Health Insurance 
Funds.

Psychological 
background of 
patient

Body Mass 
Index 
and waist 
circumference 
at time of 
surgery and

Race and social 
status

Is procedure 
relevant to BMI 
and co-morbidity

Post op support 
and follow up

Anxiety and 
depression 
not treated 
effectively 
before surgery

BMI over 50 
or 55

Poor social 
status, Lives in a 
community, where 
obesity is not a 
health issue

Lap Band or Sleeve 
Gastrectomy in 
patients with BMI 
between 42 and 50

Surgery done 
privately

Eating and binge 
eating disorders

minimal or 
no weight loss 
before surgery

Female patients with 
Hispanic or Afro 
American origin

Anastomosis of 
more than 2.5 cm 
and larger pouch

No national 
system for regular 
follow up

Mobility and 
physical activity

<50% of 
required 
weight loss on 
second year 
after surgery

Lack of healthcare 
system for tackling 
of Obesity

Biliary limb less 
than 100 cm

Lack of Dietitian 
review in the 
first 3 years after 
surgery

Alcohol intake. 
Self-control 
and feeling of 
disgust

Waist 
circumference 
more than 
115 cm in 
female patients

Family support and 
community support

History of DT2 
and Sleep Apnoea 
more than 5 years

Lack of regular 
psychological 
support after 
surgery

Table 3. 
Summarized predicting factors for weight regain.
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Chapter 5

Long Term Success and Follow-Up 
after Bariatric Surgery
Juaquito M. Jorge and Frederick M. Tiesenga

Abstract

Obesity is a multifactorial, chronic, and progressive disease whose pathogenesis 
is tied to a strong genetic component as well as a multitude of hormonal, metabolic, 
psychological, cultural and behavioral factors. Understanding the role these factors 
play, screening for them, and managing them appropriately, is important for effec-
tive weight loss. Psychology and behavior have profound implications on a patient’s 
willingness and ability to engage in treatment and to follow up after bariatric surgery. 
Dietary education, presence of clear expectations, patient adherence to recommen-
dations, and follow-up, directly impact bariatric surgery outcomes. Understanding 
postsurgical outcome success and failure and identifying best clinical practices for 
optimizing and maintaining results after bariatric surgery continues to be a work in 
process.

Keywords: obesity, behavioral modification, dietary adherence, long-term follow-up, 
long-term success

1. Introduction

Obesity perception and management has undergone a paradigm shift in the last 
few decades. Our understanding of the complex factors and etiologies of obesity as a 
chronic illness, improvements in medical and surgical treatment options, and access 
to care have all made this possible. There are tremendous implications of obesity 
on individuals and society, including health systems and financial costs. Obesity 
alone accounts for nearly half of the $3.3 trillion spent annually on medical care for 
chronic conditions. Obesity prevalence continues to increase globally. According to 
the Centers for Disease Control and Prevention (CDC), the prevalence in the United 
States was 42.4% in 2017–2018 [1]. Worldwide, 39% of adults were overweight in 
2016, and 13% were obese [2]. Notably, the worldwide obesity rate has tripled over the 
last 40 years. Obesity disproportionately affects different ethnic groups; nearly 50% 
of African American adults are obese.

2. Defining obesity as a chronic illness

Obesity is recognized as a complex, chronic and progressive disease by the World 
Health Organization (WHO) as well as multiple international medical and scientific 
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societies, requiring lifelong treatment, monitoring, and control [3]. The CDC defines 
chronic disease as conditions lasting greater than one year that require ongoing 
medical attention or limit activities of daily living, or both. Obesity is associated with 
three of leading chronic diseases - heart disease, cancer, and type 2 diabetes. There 
are widespread consequences of obesity compared to normal or healthy weight for 
many serious health conditions, including all causes of death, hypertension, diabetes 
mellitus, coronary heart disease, stroke, and many cancers. Chronic diseases need to 
be treated and monitored for an individual’s lifetime. While patients’ chronic diseases 
may improve with management, relapse can and does happen.

Obesity affects not only individual physiology but also individual psychology. 
Pre-existing psychological conditions, as well as post-operative conditions that can 
be created or exacerbated after bariatric surgery, need to be understood, treated, and 
followed. Recognizing the interaction and impact of obesity on psychopathology, as 
well as how to identify and treat related psychological disorders, continues to be a 
work in progress for the obesity medicine field.

3. Obesity is a complex and multi-factorial disease

Obesity is a multifactorial, chronic, and progressive disease whose pathogenesis 
is tied to a strong genetic component as well as a multitude of hormonal, metabolic, 
psychological, cultural and behavioral factors.

Physiologically, the path to weight gain is defined by a positive energy balance 
which occurs when consumed calories (energy intake) exceeds used calories (energy 
expenditure) in the performance of basic biological functions, daily activities, and 
exercise [3]. A positive energy balance can be caused by overeating or by not getting 
enough physical activity. In addition, there are other conditions that affect energy 
balance and fat accumulation which do not involve excessive eating or sedentary 
behavior. These include:

Chronic sleep loss.
Chronic stress and psychological distress.
Consumption of foods that, independent of caloric content, cause metabolic/

hormonal changes that can increase body fat – foods high in sugar or high fructose corn 
syrup, processed grains and meats, and fats.

Low intake of fat-fighting foods such as fruits, vegetables, legumes, nuts, seeds, 
quality protein.

Various medications – such as steroids and anti-depressants.
Various pollutants.

Weight gain is self-perpetuating, which is a reason why obesity is considered a pro-
gressive disease. Weight gain causes hormonal, metabolic and molecular changes that 
increase the potential for even greater fat accumulation. Obesity-associated biological 
changes reduce the body’s ability to oxidize fat for energy, increase the conversion of 
glucose/carbohydrates to fat, and increase the body’s capacity to store fat. This means 
that more calories consumed will end up being stored as fat. To worsen matters, obe-
sity affects appetite and hunger regulators in a way that can decrease satiety, increas-
ing portion size and eating frequency. Weight gain, therefore, changes the biology of 
the body in a manner that favors further weight gain and obesity [3].
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Dieting to reduce caloric intake is a primary treatment for obesity, but it can also 
contribute to obesity progression. Dietary weight-loss causes biological responses 
that can persist long-term and end up contributing to weight regain. Weight loss can 
lead to reduced energy expenditure and calorie conservation if the body ‘thinks’ it is 
starving. A reduction in energy expenditure with dietary weight-loss requires that, to 
maintain weight-loss, an individual eat even fewer calories compared with someone 
of equal body size who has never dieted before. Eating less can be especially difficult 
with dieting, since there can be associated long-term changes in appetite regula-
tion which increase hunger and food consumed. Such diet-induced changes favor a 
positive energy balance and weight regain. Since the conditions responsible reduced 
energy expenditure and increased appetite can persist long-term, an individual often 
will not only regain their lost weight, but even more [3].

Changes in fat metabolism are another biological response that occurs with diet-
ing. Dietary weight-loss can lead to reduced oxidation of dietary fat by approximately 
50 percent [4]. This includes reduced fat burning during low-grade activity such as 
walking, house chores, or working on a computer. This reduction in fat oxidation fol-
lowing a dietary weight-loss increases the amount of fat available for storage. In fact, 
dieting increases the capacity for fat depots to store even more fat than before a diet. 
These changes lead to a progressive increase in fat accumulation even if the individual 
is not overeating.

As a heritable trait, obesity is influenced by the interplay of genetics, epigenetics, 
metagenomics and the environment. Genetic predisposition to obesity is well studied 
and described [5, 6]. An example of this is a classic study of obesity within Danish 
adopted individuals, which demonstrated a high degree of correlation of body mass 
index (BMI) between adoptees and their biological parents, instead of their adoptive 
parents [5]. Another study by the same authors demonstrated that twins raised sepa-
rately had similar BMI with each other, regardless of the environment in which they 
were raised [7]. Epigenetic changes may be involved as mediators of environmental 
influences and provide future opportunities for intervention [8].

Obesity can be associated with several endocrine alterations due to changes in the 
hypothalamic–pituitary hormones axis. These include hypothyroidism, Cushing’s 
disease, hypogonadism, and growth hormone deficiency. Besides its role in energy 
storage, adipose tissue has several other important functions that can be mediated 
through hormones or substances synthesized and released by adipocytes, which 
include leptin and adiponectin. Additionally, obesity is also a common feature of 
polycystic ovarian syndrome with hyperinsulinemia being the primary etiological 
factor [9].

Metabolic syndrome is a condition characterized by a specific constellation of 
reversible major risk factors for cardiovascular disease and type 2 diabetes. The main 
diagnostic components are reduced HDL-cholesterol, raised triglycerides, blood pres-
sure and fasting plasma glucose, all of which are related to weight gain, specifically 
intra-abdominal/ectopic fat accumulation and a large waist circumference. Metabolic 
syndrome is directly related to advancing age, affecting 30–40% of people by age 65. 
This seems to be driven mainly by progressive adult weight gain, and by a genetic or 
epigenetic predisposition to intra-abdominal/ectopic fat accumulation. Metabolic 
syndrome can also be associated with conversely, a lack of subcutaneous adipose tis-
sue, low skeletal muscle mass and anti-retroviral drugs. Reducing weight even by only 
5–10% substantially lowers all metabolic syndrome components, and the risk of type 
2 diabetes and cardiovascular disease [10].
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Culture also has a substantial association with BMI. This association is important 
for understanding the pattern of obesity across different cultures and countries. It is 
also important to recognize the importance of the association of culture and BMI in 
developing public health interventions to reduce obesity [11].

4. Psychology and behavior

Numerous studies support a strong link between obesity and mental health. This 
relationship is a two-way street; while mental health disorders increase the risk for 
obesity, having obesity also increases the risk of mental health disorders, especially in 
certain populations. Mental health disorders can increase the risk for obesity for vari-
ous reasons. Medications used to treat psychiatric illnesses, such as anti-depressants, 
can themselves cause weight gain and insulin resistance. Additionally, mental illnesses 
are correlated with behaviors such as chronic sleep loss, poor eating behaviors, and 
sedentary behavior, which can contribute to obesity development.

Obesity increases the risk for depression. This is likely due to numerous complex 
factors, including poor self-esteem and depressed mood in response to weight bias 
and stigma, decreased activity and impaired mobility from joint and back pain associ-
ated with excess weight, and biological disruptions caused by adipocyte secretion 
of chemicals during obesity [12]. Obese patients overall have higher levels of stress, 
anxiety, depression, food craving, and emotional and behavioral disturbance [EBD] 
symptoms, with lower levels of self-esteem and quality of life compared with normal-
weight individuals. Additionally, the severity of psychological disorders is directly 
related to the degree of obesity [12].

It is important that patients with mental health disorders are monitored for 
weight disorders, and that obese individuals are screened for mental health disorders. 
Treatment of obesity is associated with a significant improvement of anxiety, depres-
sion, and general psychopathology, and a similar pattern of reduction of binge eating 
symptomatology. Pre-treatment emotional eating severity has been found to be a 
significant outcome modifier, supporting the importance of a pre-treatment careful 
psychological assessment to supervise the post-surgical outcome [13].

Evaluation for underlying eating disorders such as food addiction and binge 
eating can be important assessment criteria for patients looking to undergo bariatric 
surgery, as well as for ongoing assessment afterwards. There are multiple surveys, 
questionnaires, and assessment tools that can be used to evaluate psychopathol-
ogy before and after bariatric surgery. Examples include the Yale Food Addiction 
Scale (YFAS), Emotional Eating Scale, Beck Depression Inventory-Second Edition 
(BDI-II), Hospital Anxiety and Depression Scale, and the Short-Form Health 
Survey-36 (SF-36). These disorders share overlapping and non-overlapping features; 
the presence of both may represent a more severe obesity subgroup among treat-
ment-seeking samples. Loss-of-control (LOC) eating, a key marker of binge eating, 
is one of the few consistent predictors of suboptimal weight outcomes post-bariatric 
surgery [14].

The presence of food addiction without binge eating has mixed results in terms 
of impact on weight loss after bariatric surgery. While some studies do not appear to 
show an impact [15], others show a correlation between higher number of food addic-
tion symptoms and less weight loss [16]. Patients with emotional eating diagnosed 
pre-operatively, such as in response to anger/frustration, anxiety, or depression, are 
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more likely to miss follow-up appointments and have poorer weight loss outcomes at 
1-year post-op [16]. Evidence like this supports screening for these behaviors dur-
ing the pre-surgical psychosocial evaluation, which would allow opportunities for 
psychotherapy and potential improvement in weight loss outcomes.

Psychiatric symptoms may not be related to weight loss outcomes [16]. Depressive 
disorders, as opposed to anxiety disorders, have been shown to decrease significantly 
after bariatric surgery. Importantly however, the presence of depressive disorders 
after bariatric surgery significantly predicts post-surgical outcomes and may signal a 
need for heightened clinical attention [17].

5. Behavior modification

Behavioral modification is an increasingly studied element of long-term obe-
sity management. As a key component of obesity pathogenesis, behaviors before 
and after bariatric surgery are important but poorly documented or followed. 
Surgery, like medical therapy, is essentially an adjunct to what becomes a compre-
hensive, long-lasting management plan that addresses the multifactorial etiology 
of obesity.

Weekly self-weighing, eating cessation when feeling full, and not eating continu-
ously during the day are three habits shown to improve post-operative weight loss 
by up to 14%, compared with individuals that do not engage in these behaviors [18]. 
Baseline cognitive restraint and strong adherence to the recommended postoperative 
diet are associated with an additional 4.5% weight loss after bariatric surgery [19]. 
Results like these suggest the importance of pre- and postoperative dietary counsel-
ing to improve postoperative outcomes. A significant minority of patients appear to 
experience suboptimal weight loss after bariatric surgery. The reasons for this are 
not well understood, but suboptimal weight loss is often attributed to preoperative 
psychosocial characteristics and/or eating behaviors, as well as poor adherence to a 
recommended postoperative diet.

Important components of long-term obesity management include assessing 
eating problems, weight control practices, and prior or current substance abuse such 
as the problematic use of alcohol, smoking, and illegal drugs. In addition to recog-
nizing these detrimental factors, it is important to have a process in place to address 
problematic eating behaviors and eating patterns.

Preconditioning is an element of preparation for bariatric surgery that sets 
expectations, lays the groundwork for behavioral modification, and helps get candi-
dates ready for a lifestyle change. It involves coursework and counseling by a multi-
disciplinary team on a one-on-one basis or in a group setting. This provides multiple 
perspectives and education by a dietitian, occupational and/or physical therapist, 
psychologist, and surgeon. Variations of preconditioning include the amount of 
coursework and didactics required, the need to pass exams, and objective clearance 
parameters by the multidisciplinary team. Nutritional education is a large part of 
preconditioning, since evaluating a candidate’s relationship with food, triggers for 
eating, and implementation of management techniques for healthy eating is such a 
large part of long-term success with weight loss. Additionally, cognitive behavioral 
therapy courses can also be included. Intensive preconditioning in addition to close 
multidisciplinary follow-up postoperatively, has been shown to improve weight loss 
outcomes after bariatric surgery [20].
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6. Predictors of weight loss

Predictors of weight loss outcomes after bariatric surgery fall can be categorized 
as: 1) presurgical factors, 2) postsurgical psychosocial variables (e.g., support group 
attendance), 3) postsurgical eating patterns, 4) postsurgical physical activity, and 
5) follow-up at postsurgical clinic. There is varying evidence regarding these predic-
tors and how well they correlate with success after bariatric surgery. However, the 
only factor which has been subjected to meta-analysis, and which shows a positive 
association with postoperative weight loss is preoperative weight loss. Other preop-
eratively identifiable factors associated with improved outcomes include Caucasian 
ethnicity or female gender [21], higher educational status, non-shiftwork working 
patterns, and divorced or single marital status [22].

Increased levels of preoperative physical activity and an absence of binge eating 
behavior also been linked with favorable results. Interestingly, increased age, smok-
ing, a history of sexual abuse, or psychiatric illness have not been shown to have 
a significant impact. Conversely, diabetes mellitus seems to have a slight negative 
correlation with postoperative weight loss [22].

Other specific behavioral predictors associated with successful outcomes  
(e.g., ≥ 50% excess weight loss) are postoperative dietary adherence and support 
group attendance. Successful weight loss has been reported highest (92.6%) among 
patients reporting dietary adherence of >3 on a 9-point scale who graze no more than 
once-per-day. Post-operative patients with dietary adherence <3 but who graze daily 
or less have more than double the success rate of achieving >50% excess weight loss 
when their highest lifetime BMI is <53. Success rates also double for participants with 
low to moderate dietary adherence (3 or less) that attend support groups (either 
in-person or online) [23, 24]. While is unclear which specific components of these 
support groups are beneficial, or what constitutes optimal attendance frequency, it 
is possible that patients with low to moderate dietary adherence particularly benefit 
from the social support, accountability, and sharing of informational “tips” that 
promote adherence (i.e., cooking tips) [23, 24].

Alternatively, predictors of significant postoperative weight regain after bariatric 
surgery include indicators of baseline increased food urges, decreased well-being, 
and concerns over addictive behaviors. Postoperative self-monitoring behaviors are 
strongly associated with decreased weight regain. Data suggests that weight regain 
can be anticipated, in part, during the preoperative evaluation and potentially 
reduced with self-monitoring strategies after bariatric surgery [25]. Frequent self-
weighing, at the very least, seems to be a good predictor of moderate weight loss, less 
weight regains, and avoidance of initial weight gain after surgery [26].

Given the chronic nature of obesity, patients after bariatric surgery should argu-
ably be seeing a weight loss specialist for the remainder of their life. Especially after 
receiving a hypo absorptive operation, those patients should follow up with someone 
who is familiar with the specificities of their operation as well as pertinent side 
effects, nutritional deficiencies, etc. Long-term follow-up for patients after bariatric 
surgery is notoriously hard to achieve. There are multiple explanations of this, some 
of which are issues with the process, and others with the nature of the disease of 
chronic obesity. Weight loss programs sometimes do not set expectations for long 
term follow up in the beginning when patients start or reinforce this later. Resources 
can be present to get patients screened and set up for surgery but can be lacking 
post-operatively to keep patients engaged long-term. At some point, patients are often 
expected to continue follow up with their primary care physicians, who may or may 
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not be familiar with the nuances of the type of bariatric procedure that the patient 
received or have the resources themselves to assist patients in staying on track or 
helping struggling patients with weight regain. Individual motivation can falter when 
it comes to follow up, or long-term adherence to nutritional and lifestyle changes that 
are important for maintaining weight loss.

Very few bariatric surgery studies report long-term results with sufficient patient 
follow-up to minimize biased results [27]. One study of a national bariatric surgery 
database in France showed that the percentage of patients with one or more visits to a 
surgeon dropped from 87.1% to 29.6% between year 1 and 6 after surgery. Predictors 
of poor 5-year follow-up include male sex, younger age, absence of type 2 diabetes 
and poor 1-year follow-up [28].

7. Other reasons for long-term follow-up

Many important long-term outcomes of bariatric surgery are still poorly under-
stood, such as neurological and psychological complications, bone health, etc. Poor 
nutritional habits of obese people can result in baseline deficiency of several vitamins, 
minerals, and trace elements essential for body metabolism and normal physiological 
processes. Current bariatric surgical procedures such as sleeve gastrectomy, adjustable 
gastric banding, Roux-en-Y gastric bypass, and biliopancreatic diversion/duodenal 
switch can cause or exacerbate nutritional deficiencies and malnutrition, with differ-
ent health implications unique to each surgery.

Purely restrictive operations such as adjustable gastric banding and sleeve gastrec-
tomy affect the absorption of iron, selenium, and vitamin B12, while hypo absorptive 
operations such as gastric bypass and biliopancreatic diversion/duodenal switch have 
a more profound impact on the absorption of essential vitamins such as fat-soluble 
vitamins, minerals, and trace elements. Nutritional deficiencies in vitamins, miner-
als, and trace elements after bariatric surgery can result in clinical manifestations and 
diseases, such as anemia, ataxia, hair loss, and Wernicke encephalopathy [29].

Preoperative nutritional assessment and correction of vitamin and micronutrient 
deficiencies, as well as long-term postoperative nutritional follow-up, are important. 
Patient awareness, education and counseling start preoperatively, and continues after 
surgery. Dietetic counseling should continue frequently during the first year and be 
extended optionally afterwards, depending on individual and surgery specific factors. 
Vitamin supplementation should be discussed before surgery, with emphasis on spe-
cific needs required after surgery, and followed up on. Routine, relevant bloodwork 
should be obtained at appropriate intervals, with decrease in frequency as needed, but 
checks at least annually long term. Deviations from anticipated clinical course should 
prompt immediate reevaluation of nutritional levels. Planned and structured physical 
exercise should be systematically promoted to build and maintain muscle mass and 
improve bone health [30].

Weight loss programs utilizing bariatric surgery must implement robust, con-
sistent, and evidence-based strategies to improve weight loss reduce weight regain. 
Long term follow up is an important factor in reinforcing behavioral modification 
necessary for long term weight loss, and monitoring for side effects possible after 
bariatric surgery. As adherence to long-term follow-up has been shown to decrease 
over time, it is important to identify measures that improve follow-up rates to get the 
maximum benefit from bariatric surgery, while minimizing long-term adverse effects 
and complications [31].



Bariatric Surgery - Past and Present

90

8. Conclusion

Obesity can be successfully treated, especially if approached in a comprehensive, 
multi-disciplinary, long-term fashion, as befits a complex and chronic disease. 
Important components of successful surgical management include careful patient 
selection, setting expectations, pre-conditioning, behavioral modification, and long-
term postoperative follow-up. This requires screening and management of clinically 
impactful psychosocial diagnoses, comprehensive education and dietary counseling, 
access to support groups, and the resources to ensure follow-up postoperatively. 
Various bariatric surgical procedures, especially those with a hypo-absorptive compo-
nent, are at risk for several nutrient deficiencies that need to be monitored long-term.

There remains a significant level of uncertainty regarding the best clini-
cal practices for optimizing and maintaining weight loss after bariatric surgery. 
Standardization of bariatric surgical processes and guidelines by professional organi-
zations such as the American Society for Metabolic and Bariatric surgeons (ASMBS) 
is an important start. However, more effort is needed to screen and improve psycho-
logical care, behavior management, and provide therapeutic patient education after 
surgery.

Understanding post-bariatric surgery outcome failure is important in addressing 
and helping the significant minority of patients (20–30%) who do not have expected 
weight loss, and subsequently regain weight previously lost. Screening for the multi-
tude of risk factors related to bariatric surgery outcomes post-operatively can provide 
clinically relevant and useful information. For example, asking postsurgical patients 
to rate their level of adherence to dietary recommendations, and the frequency 
of grazing identifies high risk patients and the need for intervention. Additional 
measures based on patient’s responses might include additional dietary assistance, 
referral for behavior therapy, and encouraged attendance at bariatric support groups. 
If return of appetite after surgery is an identified impediment with dietary adherence, 
evaluation for anti-obesity medications (AOMs) may be useful.

Additional investigation is needed into specific psychosocial, behavioral, and 
dietary adherence components that affect postsurgical weight loss outcome. Future 
research should determine how eating disorders such as food addiction affect long-
term postoperative outcomes and mood stability, and examine which interventions 
are successful at improving problematic eating behaviors. It is also important to better 
understand patient motivational characteristics in relation to treatment compliance 
such as follow-up, support group participation and other aftercare recommendations. 
Results of this research will ultimately lead to better understanding of postsurgical 
outcome success and failure, and lead to better tailored yet standardized interven-
tions accordingly.
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Chapter 6

Current and Potential Applications 
of Artificial Intelligence in 
Metabolic Bariatric Surgery
Athanasios G. Pantelis

Abstract

Artificial intelligence (AI) is an umbrella term, which refers to different methods 
that simulate the process of human learning. As is the case with medicine in general, 
the field of bariatric metabolic surgery has lately been overwhelmed by evidence 
relevant to the applications of AI in numerous aspects of its clinical practice, includ-
ing prediction of complications, effectiveness for weight loss and remission of 
associated medical problems, improvement of quality of life, intraoperative features, 
and cost-effectiveness. Current studies are highly heterogeneous regarding their 
datasets, as well as their metrics and benchmarking, which has a direct impact on the 
quality of research. For the non-familiar clinician, AI should be deemed as a novel 
statistical tool, which, in contradistinction to traditional statistics, draws their source 
data from real-world databases and registries rather than idealized cohorts of patients 
and is capable of managing vast amounts of data. This way, AI is supposed to support 
decision-making rather than substitute critical thinking or surgical skill development. 
As with any novelty, the clinical usefulness of AI remains to be proven and validated 
against established methods.

Keywords: artificial intelligence, machine learning, deep learning, data mining, 
decision trees, bariatric surgery, metabolic surgery, obesity, diabetes mellitus,  
obesity-related health problems, surgical safety, effectiveness, quality of life

1. Introduction

Artificial intelligence (AI) is an umbrella term that incorporates concepts such 
as supervised and unsupervised machine learning (ML), deep learning (DL), and 
reinforcement learning [1]. In essence, AI is the simulation of human learning by a 
machine (computer). Learning, in turn, is the procedure of acquiring information 
(input), which, after retention and processing, may lead to adjustment of behavior 
under given temporospatial circumstances or optimization of the chances of achiev-
ing specific goals (output). Each type of AI differs from the others in the extent of 
intervention by the operator, i.e., the degree of autonomy of the machine.

AI subtypes have certain integral components: an algorithm, specific datasets 
(training, validation, test), input (predictors), and output (outcomes), as well as 
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performance indices of the algorithm for each dataset (sensitivity, specificity, F1 
score, area under the receiver operator curve—AUROC, area under the precision-
recall curve—AUPRC, and so on). Depending on the degree of autonomy of the AI 
algorithm, the operator (human researcher, data scientist) has variable knowledge 
of and interference to the aforementioned components. For instance, in supervised 
ML, the training data are labeled, and the possible outcomes are known a priori. This 
type of AI is used in cases of classification (in the case of categorical outcomes—i.e., 
disease or no disease, TNM staging for neoplasia, Clavien-Dindo staging for postop-
erative complications, etc.) or regression (in the case of numerical outcomes—i.e. 
weight, height, body mass index, etc.). Examples of supervised ML algorithms are 
decision trees (DT), random forest (RF), k-nearest neighbors (knn), linear and 
logistic regression (LR), support vector machines (SVMs), etc. On the other hand, 
in unsupervised ML, outcomes are unknown; therefore, they are subject to discovery 
with the aid of the AI algorithm itself. Unsupervised ML problems are divided into 
clustering (inherent grouping of data) and association (rules that define the relation-
ship between predictors and outcomes). Besides, reinforcement learning is based on 
continuous training of the algorithm with the method of “trial-and-error” and is 
implemented in the case of highly chaotic systems such as cost analysis, with Markov 
models being typical examples [2].

Deep learning (DL) is the most autonomous subtype of AI. DL utilizes large 
amounts of real-world data (big data) and is structured on the basis of neural net-
works of three or more layers (input layer, output layer, one or more hidden interme-
diate layers). The layered architecture of DL algorithms resembles that of neurons in 
the central nervous system, hence the characterization “neural (or neuronal) net-
works.” Characteristic examples are artificial neural networks (ANN), convolutional 
neural networks (CNNs), long-short term memory networks (LSTMNs), recurrent 
neural networks (RNNs), multilayer perceptrons (MLPs), etc. [2]. Figure 1 is a 

Figure 1. 
Schematic representation of the hierarchy of artificial intelligence algorithms. The more one moves to the top of 
the pyramid, the more autonomous the algorithm becomes and the less intervention is exerted by the researcher. 
AI — artificial intelligence, ML — machine learning, DL — deep learning.
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schematic representation of the different subtypes of AI, with the degree of autonomy 
of each one.

Recently there has been documented an exponential increase of literature inves-
tigating the application of various AI algorithms in healthcare [3]. It is within this 
context that our team recently attempted to trace the applications of artificial intel-
ligence and machine learning in bariatric metabolic surgery (BMS) [4]. Based upon 
this study, this chapter is organized in seven sections, in concordance with the respec-
tive disciplines of BMS for which there have been relevant publications concerning 
applications of AI. The last two sections are devoted to the future perspectives of AI 
in BMS, as well as the methodological limitations and ethical barriers that should be 
considered when applying AI in BMS, in analogy to every biomedical scientific field.

2. AI applications in basic science relevant to bariatric metabolic surgery

Basic science and research are the cornerstones of evolution in medicine. Popular 
basic science applications on which AI may be applied include but are not limited 
to genome-wide sequencing (WGS), whole slide imaging (WSI), and all the omics 
(genomics, transcriptomics, proteomics, metabolomics, but also radiomics and 
multi-omics). Regarding the discipline of BMS in particular, metabolomics is a field 
of increased interest and intensive research, for the purpose of characterizing the 
metabolic milieu of patients living with obesity as well as for studying the long-term 
postoperative interactions between BMS and the metabolism [5–7].

In one of the first attempts to implement AI methods in BMS, Cortón et al. studied 
the gene expression profile in omental adipose tissue procured by women who were 
submitted to bariatric surgery and simultaneously suffered from polycystic ovarian 
syndrome (PCOS) [8]. More specifically, the researchers implemented data mining, a 
method that combines traditional statistics, machine learning and database systems, 
and retrieved abnormal expression of genes that participate in insulin and Wnt 
signaling, oxidative stress, inflammation, immune function, and lipid metabolism. 
Additionally, they conducted hierarchical clustering, a type of unsupervised ML, in 
order to retrieve co-expressed genes in female patients with PCOS and consequently 
detect specific patterns of gene expression.

More recently, Chaim et al. calculated beta cell function through assessment of NO 
production by means of electro-sensor complex (ESC) data and statistical network, 
a set of DL algorithms [9]. Subjects consisted of patients living with obesity who 
were candidates for MBS. In another study, Macartney-Coxson et al. used genome-
wide DNA methylation data and compared traditional statistics with combinatorial 
algorithms in the identification of methylation loci [10]. Study samples included 
subcutaneous and omental adipose tissue that had been harvested from obese 
individuals, before and after BMS. Besides, Candi et al. performed a metabolomics 
analysis of visceral adipose tissue harvested from individuals who had undergone bar-
iatric surgery and identified three kinds of metabolotypes: healthy controls (normal 
weight), healthy obese, and pathological obese [11]. Consequently, they implemented 
RF analysis, an unbiased supervised classification technique, in order to differentiate 
among the three groups, but also retrieve the most important predictive metabolites 
for each category, with lipids playing a cardinal role with this respect. In another 
metabolomics-oriented study, Narath et al. used an untargeted approach that yielded 
177 features [12]. Consequently, they processed the data with RF in order to detect 
short- and long-term metabolic changes following Roux-en-Y gastric bypass (RYGB). 
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The most important finding was that short-term changes in metabolites (1–3 weeks 
postoperatively) do not necessarily match long-term effects (up to 1 year).

Future research should focus on reconciling metabolic surgery, metabolomics, 
and deep learning. So far, application of DL in metabolomics has manifested several 
methodological limitations, including high computational cost, lack of external vali-
dation, non-calculation of isotopic peaks during sample analysis with spectroscopy, 
overfitting secondary to low sample size, reduced predictive ability upon application 
to asymmetrical datasets, poor applicability of outcomes from experimental animal 
models to human metabolomics, etc. [13]. On the other hand, the exponentially 
increasing numbers of patients who undergo BMS offer an excellent substrate for 
obtaining biological fluids (whole blood, plasma, serum, feces, urine) and tissues 
(gastric, adipose, liver) for further metabolomic analysis. The implementation of 
ML, and most importantly DL, could potentially assist in unraveling the roles of 
the myriads of metabolites through untargeted metabolomic analyses, distinguish 
between causes and effects, and gain clinical usefulness both for prediction and 
diagnosis. With this regard, one may distinguish the emerging role of data analysists 
as key members of the multidisciplinary BMS team.

3.  AI and surgical safety: predicting and preventing complications 
following bariatric metabolic surgery

Bariatric operations have a favorable safety profile, with an overall morbidity 
less than 5% and mortality less than 0.5%, as it has been documented over time 
by different investigators, based on data from large databases and comprehensive 
meta-analyses [14–20]. Most importantly, this holds true even for special popula-
tions, such as patients suffering from diabetes [21] or at the extremes of age [22, 
23]. Even during the COVID-19 pandemic, not only has bariatric surgery proven 
its endurable safety, but it may also have a protective effect for one of the most 
vulnerable population groups against the adverse sequelae of SARS-CoV-2 [24, 25], 
as shown in a series of publications by the GENEVA collaborative group regarding 
7704 patients from 42 countries [26–30]. Due to the fact that complications and 
deaths following BMS are rare events, their evaluation from a statistical perspec-
tive is challenging. Thanks to artificial intelligence algorithms, it is now possible to 
incorporate and analyze data from big databases and cohorts of patients, with the 
advantage of yielding reliable results from imbalanced datasets, as well as having 
access to real-word conditions rather than idealized simulations, as is the case with 
randomized controlled trials. Besides, the concept of implementing AI algorithms 
in order to quantify and predict postoperative outcomes, with the intention to 
enhance clinical practice and improve decision-making, is gaining popularity 
within surgical literature [31–33].

Cao et al. pioneered research in prediction of serious complications after BMS 
by implementing machine learning [34], as well as deep learning methods [35], 
in a Scandinavian bariatric database (SOReg) comprising more than 40,000 bar-
iatric patients. In their extensive analyses, they compared multiple machine and 
deep learning algorithms (as well as combinations of algorithms, aka ensembles), 
respectively, and they found that the latter had better predictive accuracy, along 
with the fact that ensemble algorithms had better performance than baseline ones. 
Additionally, in order to overcome the obstacle of imbalanced data secondary to the 
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low occurrence of complications, they applied the synthetic minority oversampling 
technique (SMOTE). SMOTE is a method of artificially augmenting underrepre-
sented groups (such as patients with postoperative complications) and thus yield 
data eligible for classification. In a similar manner, Razzaghi et al. developed predic-
tive models for bariatric surgery risks with imbalanced data by applying SMOTE 
on different classification algorithms, such as RF, bagging, and AdaBoost [36]. As 
a source of data, they utilized the Premier Healthcare Database, which gathers data 
from more than 700 hospitals across the United States. Again, their work showcased 
that ensemble classification was superior to isolated ML algorithms. Charles-Nelson 
followed a different strategy: in order to document the 30-day readmission rate, 
which is a reflection of short- and intermediate-term complications, they applied 
Formal Concept Analysis (FCA), a data mining technique, in a cohort of 196,323 
bariatric patients according to the main principal diagnoses code at readmission [37]. 
Their most important finding was heterogeneity of severity of complications across 
different bariatric procedures.

There are two studies regarding prediction of complications after specific opera-
tions. Wise et al. applied a DL algorithm (ANN) on a cohort of 101,721 patients from 
the Metabolic and Bariatric Surgery Accreditation and Quality Improvement Program 
(MBSAQIP) who had undergone laparoscopic sleeve gastrectomy (LSG), in order to 
predict 30-day postoperative morbidity [38]. As compared with logistic regression, 
the ANN algorithm was more accurate in predicting postoperative complications, 
based upon easily obtainable demographic and clinical factors. Similarly, Sheikhtaheri 
et al. applied Clinical Decision Support System (CDSS) to predict morbidity after 
one-anastomosis gastric bypass (OAGB) across five hospitals over a 4-year period 
[39]. The predictive performance of the model at the 10-day, 1-month, and 3-months 
intervals was favorable.

Regarding specific complications, Dang et al. developed the BariClot tool, a 
forward regression predictive model, in order to stratify individuals undergoing BMS 
according to their 30-day risk for venous thromboembolic (VTE) events [40]. Their 
data were retrieved from the MBSAQIP and included patients who had undergone 
either RYGB or LSG. As compared with established predictive tools for VTE, such 
as the Michigan Bariatric Surgery Collaborative or the Caprini score, BariClot dem-
onstrated enhanced predictive accuracy, as documented by the relevant AUROCs 
(0.5817 vs. 0.5533 vs. 0.6023, respectively). Moreover, Nudel et al. developed and 
validated three different machine/deep learning models (ANN, X-Gradient Boosting, 
logistic regression) in order to predict not only VTE, but also leaks after BMS, again 
based on a MBSAQIP cohort of 436,807 patients [41]. AI models outperformed tradi-
tional LR in detecting both leak and VTE in a statistically significant manner.

Finally, AI has also been implemented for predicting long-term morbidity after 
BMS, including the development of gallbladder disease and formation of gallstones 
[42], nutritional deficiencies [43], nonalcoholic fatty liver disease (NAFLD) [44], 
and fractures [45]. The implemented AI algorithms were ANN [42], SVM [44], and 
Bayesian networks [43, 45].

4. AI as a tool for predicting effectiveness of bariatric surgery

Undoubtedly, the main and utmost priority of any bariatric operation is weight 
loss. It has been long established that any bariatric intervention is more effective and 
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durable in maintaining weight loss than optimal conservative treatment and lifestyle 
modifications [46–53]. Data that support this statement stem from both observational 
and randomized controlled studies. Although the latter are prospective in nature and 
thus can establish causality, they may be accompanied by publication bias. On the 
contrary, observational studies contain raw data as they are collected according to 
healthcare providers’ registrations and patient testimonials. As such, they can serve 
as an invaluable source of prediction, provided they undergo appropriate analysis 
with AI tools. Nevertheless, despite the accumulated experience and evidence with 
bariatric surgery and its effectiveness, to date there is no accurate tool for weight loss 
prediction, and most clinical models tend to overestimate the bariatric outcome of the 
most commonly performed procedures [54].

In one of the first relevant attempts, Lee et al. developed a predictive model back 
in 2007 with the use of a data mining technology through LR and ANN [55]. They 
found that ANN yields a better predictive accuracy for weight reduction at 2 years 
as compared with traditional methods, with the best predictors of successful weight 
loss being OAGB (vs. LAGB), high preoperative triglyceride level, and low glycated 
hemoglobin (HbA1c) level. Similarly, Giraud-Carrier et al. developed a predictive 
model with the use of a data-mining-based software available online [56]. The data 
mining process included problem formulation (prediction of the type of bariatric 
procedure and quality of its outcome); domain and data understanding (71,849 
patients with >350,000 visits across 125 centers); data preparation and preprocess-
ing (aka determination of input or predictors, i.e., physician ID, gender, age, ethnic-
ity, employment status, smoking behavior, state of origin, BMI prior to surgery, 
surgery performed, and BMI at 12 months postoperatively); model building (multi-
nomial logistic regression and decision tree C4.5); prediction of surgical procedure; 
prediction of success (classification into poor, fair, good, very good, and excellent 
if BMI reduction at 12 months was ≤5, 5–10, 10–15, 15–20, and >20, respectively). 
Although these studies were performed at an era when experience on bariatric sur-
gery was more limited, the armamentarium of procedures was significantly differ-
ent, benchmarking was inadequate, and definition of weight loss was not according 
to current standards (%TWL or %EBMIL or %EBMIL), the study designs showed a 
dynamic potential. More recent attempts have implemented different methodology 
(i.e., a rule-based semantic approach, [57]) or different input data (i.e., preopera-
tive patient liking for sweet beverages, [58]) in order to predict bariatric surgery 
outcomes in general.

Other studies have focused on specific bariatric operations. For instance, Piaggi et 
al. found that ANN models could successfully predict weight loss in women treated 
with laparoscopic adjustable gastric banding (LAGB), although this method tends to 
be abandoned nowadays [59]. On the other hand, Celik et al. in a very recent study 
applied neural network Bayesian regularization, a DL algorithm, in patients who 
had undergone LSG and predicted excess and total weight loss (%EWL and %TWL, 
respectively) based on gastric remnant volumes (antrum and body were deemed as 
different compartments) [60]. Regarding RYGB, Wise ES et al. implemented an ANN 
model to predict excess weight loss by means of % reduction in BMI loss (%EBMIL) 
at 3 months and 1 year postoperatively [61]. On a more advanced level, Choudhury 
et al. implemented a Markov model so as to predict which modality of weight loss 
was more effective for patients with end-stage renal disease awaiting renal transplant 
[62]. Not surprisingly, RYGB was found to be more effective than aggressive diet and 
exercise with this regard.
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5.  AI as a tool for diagnosing and predicting resolution of  
obesity-associated medical problems after bariatric metabolic surgery

Apart from weight loss, MBS is associated with the alleviation of the long-term 
effects of associated medical problems (or comorbidity, as they were collectively 
referred to until recently), namely type 2 diabetes mellitus (T2DM), hypertension 
(HTN), nonalcoholic fatty liver disease (NAFLD), and nonalcoholic steatohepa-
titis (NASH), obstructive sleep apnea (OSA), dyslipidemia, end-stage renal disease 
(ESRD), depression, etc. Most importantly, some of these health problems have 
been recognized as dedicated indications for MBS, irrespective of BMI [63]. The 
rationale of this is supported by high-quality evidence on the superiority of surgical 
management vs. intensive medical therapy [64, 65]. Regarding T2DM in particular, 
the evidence is solid and stems from cohorts with long-term perspective surveillance 
[66–69], to the point that they have substantially contributed to the establishment of 
the concept of metabolic surgery in clinical practice [70, 71].

The advent of AI has introduced novel methods of predicting long-term remis-
sion of obesity-associated medical problems based on real-world data. In a recent 
comprehensive relevant study, Cao et al. compared three different AI models 
(Gaussian Bayesian Network – GBN, CNN, and traditional linear regression) in 
predicting 5-year remission of T2DM, dyslipidemia, HTN, OSA, and depression 
from data extracted from the large SOReg database concerning 6542 patients [72]. 
Among the examined algorithms, GBN showed excellent performance in predicting 
long-term remission of T2DM (AUC 0.942) and dyslipidemia (AUC 0.917), good 
performance for HTN (AUC 0.891) and OSA (AUC 0.843), and fair performance in 
predicting depression (AUC 0.750). On the other hand, van Loon et al. devised the 
Metabolic Health Index (MHI) to objectively quantify metabolic health, in analogy 
to BMI as an index for quantifying weight, and consequently developed an ordinal 
logistic regression model in order to quantify severity of comorbidity in a 6-grade 
scale [73]. As a scaffold, they used 4778 data records from 1595 patients and high-
yield predictors included age, estimated glomerular filtration rate (eGFR), HbA1c, 
triglycerides, and potassium.

Regarding specific conditions, T2DM has been the most studied obesity-associated 
health problem with regard to AI algorithms so far. Lee et al. ran a series of multi-cen-
tric studies with the aim to investigate the effectiveness of BMS in T2DM resolution, 
as well as to predict short- and long-term T2DM remission after BMS [74–76]. Their 
analysis was performed by means of back propagation neural networks (BPN), a type 
of ANN, and important predictors of T2DM remission included younger patient age, 
shorter T2DM duration, higher weight, wider waist, higher C-peptide levels, and 
bypass operation (vs. restrictive one). A few years later, another group investigated 
the role of the advanced-Diabetes Remission (ad-DiaRem) score in improving the 
prediction of T2DM remission following RYGB [77, 78]. DiaRem is a valid predic-
tion score for T2DM remission that relies on variables such as age, HbA1c, treatment 
with insulin, treatment with oral hypoglycemics other than metformin and classifies 
patients into five subgroups according to their probability of remission [79–81]. 
Ad-DiaRem has two additional parameters (diabetes duration and number of glucose-
lowering agents). The group of Aron-Wisnewsky, Debédat et al. analyzed Ad-DiaRem 
with the use of machine learning and devised a 1-year algorithm with enhanced 
predictive accuracy as compared with the original score, which yielded a corrected 
classification for 8% of those misclassified with DiaRem [77]. The same team used 
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ML methods to extend the predictive accuracy to 5 years post-RYGB, with the correct 
re-classification rate reaching 33% [78]. Consequently, AI can be implemented not 
only as a novel method, but also in order to improve established clinical tools.

At a more advanced level, Aminian et al. utilized ML in order to predict long-term 
end-organ complications owing to T2DM (in particular all cause-mortality, coronary 
artery events, heart failure, and nephropathy) in patients who did or did not undergo 
metabolic surgery [82]. A total of 2287 T2DM patients who had undergone metabolic 
operations were matched with 11,435 non-surgical diabetic patients. Analysis was 
performed by means of multivariable regression and random forest and data were 
uploaded by patients through user-friendly web-based and smartphone applications 
in an Individualized Diabetes Complications (IDC) risk score environment for clinical 
use. This is one of the most useful applications of ML in clinical practice so far. In 
another sophisticated study, Pedersen et al. combined clinical data (treatment with 
insulin, use of insulin-sensitizing agents, baseline HbA1c levels, and baseline serum 
insulin levels) with eight single-nucleotide polymorphisms (SNPs) and processed the 
data with ANN [83]. The addition of the SNPs significantly improved the predictive 
ability of the algorithm.

Nonalcoholic fatty liver disease (NAFLD)/nonalcoholic steatohepatitis (NASH) 
constitutes another entity of particular interest in the context of obesity. NAFLD/
NASH represents the most common chronic liver disease worldwide nowadays, 
for the treatment of which BMS seems to play a pivotal role as it seems to offer sus-
tainable resolution [84–86]. Back in 2013, Sowa et al. examined several ML algo-
rithms (among which LR, knn, SVM, decision trees, RF) to determine noninvasive 
assessment of fibrosis in NAFLD based on serum parameters (transaminases, 
hyaluronic acid, and cell death markers) and compared their combined effect 
with the gold standard of liver biopsy, which was performed intraoperatively dur-
ing BMS [87]. The combination of these parameters with RF had a better diagnos-
tic accuracy than each single parameter. More recently, Uehara et al. constructed 
a noninvasive algorithm for predicting NASH in a Japanese population of patients 
living with morbid obesity [88]. The most important predictors (alanine amino-
transferase—ALT, C-reactive protein—CRP, homeostasis model assessment insulin 
resistance—HOMA-IR, and albumin) were selected by means of rule extraction 
technology.

6.  AI as a means of improving quality of life assessment following 
bariatric metabolic surgery

Quality of life (QoL) after BMS is a parameter with increasing interest in literature 
because it is perhaps more patient-related and less of a technicality, as compared with 
safety, effectiveness, and resolution of associated health problems. There are several 
scores for evaluating QoL after BMS and their applicability has been implemented 
after various procedures [89–92]. In the realm of AI, the group of Cao et al. has 
conducted two studies based on the SOReg with the use of CNN, Gaussian Bayesian 
Network (BN), and LR for predicting 5-year health-related QoL after BMS [72, 93]. 
GBN showed better predictive accuracy as compared with the other methods. In 
another publication, BN was implemented for a network meta-analysis of studies 
referring to QoL after BMS [94]. The analysis involved 26,629 patients in total and 11 
different procedures.
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7. AI for evaluating intraoperative aspects of bariatric metabolic surgery

One of the advantages of laparoscopic surgery (and video-assisted surgery in 
general) is the continuous recording of the procedure. In the digital era, these record-
ings can be transformed into captions, which subsequently may be stored, trans-
ferred, processed, etc. Another usage that has recently been highlighted is technical 
skill assessment. In comparison to crude measures of surgical performance, such as 
operative time, postoperative outcomes, and complications, video-assisted opera-
tive evaluation offers better opportunities for constructive feedback and progres-
sive improvement of technique. The rating may be performed by human peers and 
supervisors, but lately ML has shown promising results in objective assessment of 
surgical skills [95].

In the field of BMS specifically, Twinanda et al. have pioneered AI techniques in 
laparoscopic videos with two discrete applications: retrieval of a specific fraction of 
the video (i.e., suturing of an anastomosis) and prediction of remaining time. In the 
former example, the researchers used Fisher kernel encoding, a precursor of deep 
learning techniques for managing large-scale object categorization, and applied it on 
49 bypass and seven LSG videos [96]. In the latter case, remaining operative time in 
170 RYGB videos was predicted by RSDNet, a DL-based algorithm that depends only 
on visual data for training rather than manual annotations [97]. Other pioneers in 
computer vision analysis of operative steps are Hashimoto et al., who implemented 
DNN to analyze LSG videos [98]. In this case, laparoscopic videos were segmented 
into seven steps: port placement, liver retraction, liver biopsy, gastrocolic ligament 
dissection, stapling of the stomach along the greater curvature, bagging specimen, 
and final inspection of the staple line. AI could extract quantitative data from video 
with an accuracy of >85%, a feature that allows quantification of operative capacity 
and objective evaluation for the purposes of both training and self-development. 
Similarly, Derathé et al. utilized annotated spatial and procedural data and processed 
them with SVM in order to predict surgical exposure [99].

In a totally different approach, Heremans et al. implemented ANN-based 
automated detection of food intake after neuromodulation by analyzing heart rate 
variability in electrocardiograms [100]. This is another example of intraoperative 
application of AI in a different kind of surgery for weight loss (neuromodulation).

8. Cost analysis of bariatric metabolic surgery with the use of AI

We are living in an era that cost-effectiveness is paramount in medicine for every 
intervention, either conservative or surgical. It has been estimated that the cost of 
BMS is approximately 14,000 euros and 3600 euros annually ever after. In com-
parison, the cost for the non-surgical treatment of T2DM is about 12,200 euros per 
annum [101].

Cost analyses are considered dynamic systems that are affected by various, often 
non-predicable parameters. Many cost analyses studies are based on Markov models. 
Markov models are stochastic models designed for systems that change over time 
(i.e., dynamic ones) and change their parameters randomly. Using decision analysis 
with the implementation of a Markov process, Borisenko et al. calculated that the 
annual savings for a cohort of bariatric patients from the SOReg was 66 million euros, 
whereas over a lifetime bariatric surgery produced savings of 9332 euros [102, 103]. 
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Similarly, Faria et al. compared different bariatric interventions and calculated that 
RYGB saves an average of 13,244 euros per patient as compared with best medical 
management [104].

9.  AI: hope or hype? methodological, ethical, medicolegal issues,  
and patient perspectives

AI is a relatively novel clinical tool, as such the healthcare provider should be 
cautious before adopting its methods and incorporating them into clinical routine. 
The following limitations are uniform across medicine, not BMS alone, and prompt 
the implementation of a solid frame in the context of which AI may yield its most 
beneficial aspects in clinical practice. Extensive analysis of AI limitations is beyond 
the scope of this chapter; therefore, we will attempt to outline the most important 
aspects of them.

One of the advantages of AI is the management of large amounts of data, but at 
the same time this is a prerequisite to obtain reliable outcomes. As such, data quantity 
is one issue. Data quality is another, and this can be achieved only when source data 
(i.e., registries or electronic health records—EHRs) are comprehensive and inclu-
sive. In other words, all patients should have access to health services irrespective of 
socioeconomic status, and health services on their part should promote continuity of 
care instead of segmentation. The third important component is model interpreta-
tion, especially when it comes to deep learning, given that sometimes the relations 
between inputs (predictors) and outcomes are not obvious. Next, model generaliz-
ability and interoperability are paramount for implementing AI algorithms across 
different health systems and contexts, and these can be ensured only when the three 
former methodological requirements are met. Finally, AI researchers must ensure 
model security, i.e., avoid “contamination” of data. This is a potential issue even after 
meticulous training of data [105]. To address these potential sources of bias, several 
strategies have been proposed. Among them, oversampling minority groups in 
training datasets, creating flags for certain high-risk groups, and formulating baseline 
predictions at presentation of illness (i.e., in the case of BMS, before surgery) are the 
most feasible ones [106].

The usage of AI as a decision-making tool may also have medicolegal sequelae. 
In this case, one should take into consideration all the parameters, i.e., agreement 
between AI recommendation and standard of care, accuracy of AI prediction, 
physician action (acceptance or rejection of the AI decision), and patient outcome. 
Different combinations may lead to different legal outcomes, i.e., no injury of the 
patient and no liability of the surgeon, injury but no liability, or both injury and 
liability [107]. Consequently, on the one hand, healthcare providers should know how 
to interpret AI algorithm outcomes and recruit their clinical judgment above all; on 
the other hand, they should have an active role in shaping their liability issue through 
their professional societies and legislation-forming organizations.

Is the role of the surgeon threatened by the advent of AI? Are surgeons transforming 
from leaders to simple operators of what a machine has decided for a patient? Definitely 
not. AI should be deemed as a tool that is intended to assist surgeons in their daily 
workflow and ease their work with the intent to help them focus on what is important, 
i.e., physician-patient relationship. Additionally, AI offers a real opportunity for 
individualized interventions and precision medicine, not only at the time of operations, 
must (even most importantly) during the postoperative period and follow-up.
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What impact does AI make on patients themselves? According to a recently 
published survey, it depends on the context. Fifty-five percent of participants were 
very or somewhat comfortable with AI making chest X-ray diagnosis, but the respec-
tive percentage for making cancer diagnosis dropped to 31.2% [108]. Consequently, 
the role of the surgeon remains central to continuum of healthcare provision, while 
discussing all diagnostic and therapeutic options with the patient is indispensable.

As it has been stressed out by Bellini et al., AI has contributed to substantial 
progress in decision-making, quality of care, and precision medicine, but several legal 
and ethical issues need to be addressed before its widespread application in clinical 
practice [109].

10. Conclusions

AI is gaining more and more ground to clinical practice, as it has been documented 
not only by our research [4], but also that of other investigators within the same 
context [109]. The clinician is not required to understand how AI algorithms work but 
should be cautious when interpreting AI-based outcomes and decision by evaluating 
its source data and metrics. For reasons of simplicity, AI should be considered a novel 
statistical tool with the advantage of yielding data from large, real-world registries of 
patients rather than restricted cohorts as the ones used in the context of randomized 
trials. Given the specialized nature of processing these data, specialists such as data 
scientists could assume new roles in the multidisciplinary team of managing bariatric 
patients.
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Abstract

The gut microbiota comprise all the living organisms in our intestine. Microbiota 
has key roles in metabolic homeostasis, digestion and nutrient metabolism protection 
against pathogens or modulation of the immune system. Advances in techniques such 
as metagenomics or metabolomics have expanded our knowledge of the intestinal 
ecosystem. Beyond genetic, behavioral, or environmental factors, alterations of gut 
microbiota parameters such as composition, diversity, or metabolites including short-
chain fatty acids, have shown to be associated with cardiovascular comorbidities. In 
this chapter, we described the role of the gut microbiota in obesity and type 2 diabetes 
pathophysiology, and the changes it undergoes during bariatric surgery, as well as 
explored the possibilities of modifying the microbiome to obtain potential clinical 
benefits.

Keywords: gut microbiota, obesity, type 2 diabetes, bariatric surgery, diet, probiotics, 
fecal microbiota transplant

1. Introduction

The human organism is a complex biological system composed of cells belonging 
to three domains: Eukarya, Bacteria, and Archaea, in addition to viruses [1, 2]. The 
microbiome has been considered as the last human organ [1] and can be defined as the 
whole genomic and metabolomic content of the microbial community that coexists 
and interacts with our cells [3]. The gut microbiota, the most complex and abundant 
microbiome [4], is the focus of this chapter because of its direct relationship with 
obesity and bariatric surgery.

The gut microbiota has traditionally been studied by culturing, with the aim of 
identifying and characterizing single isolated microorganisms related to acute or 
chronic infections [5]. Although culturing techniques are improving with various 
strategies [6, 7], their resolution is insufficient because most bacteria are uncul-
tivable. Today, microbiota studies are focusing on the overall ecosystem, not only 
individual microorganisms; and to address the real effect of microbiota colonization 
on human health over prolonged periods.

Knowledge of the human microbiome has exploded in the last two decades due to 
the development of genomic strategies based on marker genes such as 16S ribosomal 
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       Approach Data Technology Strength Limitation  

  Biomarker 
sequencing (e.g., 16S 
rDNA)

Community 
composition

Next-generation 
sequencing

Cost-effective, 
semiquantitative, 
achieves genus 
level resolution

Shorts reads may make 
accurate classification 
difficult 

 Metagenomics Generation 
of draft 
genomes, 
functional 
capacity, 
growth 
dynamics

Next-generation 
sequencing

Capacity for 
strain-level 
reconstruction, 
quantitative, 
allows for 
functional 
annotation 
with pathway 
predictions

Very costly, 
community coverage 
that may be relatively 
shallow in more 
complex assemblies 

 Metatranscriptomics 
(RNA sequencing)

Gene 
expression

Next-generation 
sequencing

Highly expressed 
genes are more 
likely than others 
to be detected, 
depletion of 
human transcripts 
is possible

Requires immediate 
preservation or 
processing of fresh or 
snap-frozen intestinal 
specimens 

  Figure 1.
  Schematic representation of the usual workflow in the study of the bacterial composition in a sample by NGS of 
16S rDNA amplicons.          
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DNA (rDNA), and massive sequencing techniques, also known as next-generation 
sequencing (NGS) (Figure 1). Multi-omics technologies, including metagenome, 
metatranscriptome, metaproteome, and metabolome approaches provide valuable 
information on microbial functions [8]. The high potential of combining various 
“omics” techniques to analyze host-microorganism interactions allows us to dissect 
the molecular mechanisms by which microbiomes influence human health. A sum-
mary of the characteristics of each technique is shown in Table 1. Bioinformatics 
analysis of these big data allows us to characterize the ecological biodiversity of a 
given microbial community and draw conclusions [9]. Nonetheless, this field of 
research is beyond the scope of this chapter.

2. The importance of sampling

Microbiota composition is typically studied in biological samples, such as stool, 
mucosal biopsy, intestinal aspirate, luminal brushing, etc.; for population studies, 
however, sampling should be noninvasive and performed mainly in healthy condi-
tions. In practice, although fecal samples are the most used as a representation of the 
intestinal tract, significant differences have been demonstrated among the mucosal 
microbiota of each intestinal anatomic region [10, 11]. Its main limitations are that 
feces also contain DNA from microorganisms ingested with food, which are not 
part of our microbiota; that we are not able to differentiate between living and dead 
microorganisms; and given that diet causes fluctuations in its composition, longitudi-
nal sampling is required to decipher the real core of the native microbiota.

After deposition, strict anaerobic bacteria begin to lose viability after contact with 
oxygen, an irrelevant factor if DNA techniques are used. However, numerous stud-
ies have demonstrated the influence on the results of collection, transport, storage, 
and processing of the samples [12]. All samples belonging to the same study should 
be collected, preserved, and processed simultaneously and identically, to minimize 
any source of variability [13]. As a rule, recommendations on feces collection consist 
of using a sterile container with a screw cap, which should be transported without 
delay to the processing center and frozen as soon as possible at −80°C, although it 
is also acceptable to perform a first freeze at higher temperatures (as low as −20°C). 
Freezing prevents changes in microbial communities until nucleic acid extraction can 
be performed, which is crucial for RNA analysis because it is more easily degraded 

Approach Data Technology Strength Limitation

Metaproteomics Protein 
expression

Liquid or gas 
chromatography–
mass spectrometry

Primarily detects 
dominant proteins

No removal of host-
derived proteins

Metabolomics Metabolic 
productivity

Liquid or gas 
chromatography–
mass spectrometry 
or magnetic 
resonance 
spectroscopy

Semiquantitative, 
can be targeted or 
untargeted

Metabolite 
identification are 
platform- and 
database-dependent. 
Detects metabolites 
that may originate 
from microbes, diet, 
or host

Table 1. 
Summary of the most common techniques available for the study of the microbiome.
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than DNA in freeze–thaw cycles. Therefore, optimizing sampling methods should 
not be ignored. Future sampling procedures should include reducing invasiveness, 
performing non-cross-contamination sampling, and minimizing disturbance to 
normal intestinal physiology [12].

3. Gut microbiota composition

The parameters that help us to characterize the microbiome have been classically 
used in ecology and can be separated into those related to alpha diversity, which is a 
measure of microbiome diversity that allows us to define the total number of spe-
cies and their relative contribution applicable to a single sample (Shannon or Chao1 
indexes, i.e.); and beta diversity, which is a measure of similarity or dissimilarity 
between two communities, allowing us to compare ecosystems of different subjects or 
times (Bray-Curtis or UniFrac metrics, i.e.) [14, 15].

Currently, there is no consensus on the “normal” composition of the microbiota or 
universal cutoff points for classifying a microbiome as healthy or pathological accord-
ing to the presence/absence or abundance of certain taxa in the overall ecosystem. It is 
generally considered that the greater the number of species present, and the more bal-
anced the distribution of species, the healthier and more resilient the ecosystem [16].

The most dominant bacterial phyla of the human gut are Bacillota (for-
merly Firmicutes), Bacteroidota (formerly Bacteroidetes), Actinomycetota, 
and Pseudomonadota (formerly Proteobacteria), with Bacteroides, Clostridium, 
Peptococcus, Bifidobacterium, Eubacterium, Ruminococcus, Faecalibacterium, and 
Peptostreptococcus as the most abundant genera. Remarkably, Bacteroides family 
represents approximately 30% of the total bacteria, suggesting an important role in 
the global metabolism [4].

Beyond composition, the real impact of microbiota on human health is condi-
tioned by their metabolism. This balanced host–microbe interaction can be defined as 
eubiosis, again habitually linked to high taxa diversity, high microbial gene richness, 
and stable microbiome functionality [8]. An imbalance in this functionality is defined 
as dysbiosis, a term typically used when the composition is different from that of 
healthy individuals; in our view, however, it is more a functional than compositional 
concept. This disturbance of gut microbiota can also modulate intestinal permeability 
as well as immune responses, favoring a proinflammatory state [5, 17, 18].

3.1 Factors affecting gut microbial composition

Several factors can influence microbiota composition. These factors include the 
mode of infant delivery and breastfeeding, diet, intake of antibiotics and other drugs, 
stress, disease, smoking, drinking, aging, and race, among others [18]. The main 
influencing factors are described below:

a. Mode of infant delivery and breastfeeding. The mode of delivery significantly 
affects gut colonization in newborns. Passage through the birth canal affords the 
neonate a microbiota like that of the mother’s vagina, whereas for infants born 
via Cesarean-section, the microbiota resembles the mother’s skin and environ-
mental microorganisms [19, 20]. Breastfeeding also provides beneficial genera, 
such as Bifidobacterium and Lactobacillus, with a lower colonization rate by 
Escherichia coli, Clostridium, and Bacteroides [21, 22].
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b. Antibiotic exposure. Various studies have shown both the short- and long-term 
impact of antibiotics on the gut microbiota [23, 24]. Among the short-term 
effects of antibiotic use reported are diarrhea and recurrent Clostridioides difficile 
infection [25]. The long-term effects include allergic conditions and obesity due 
to altered metabolic activity [26]. Lastly, systematic use of antibiotics can reduce 
bacterial species diversity, as well as selecting for antibiotic-resistant strains even 
after exposure has been eliminated.

c. Diet. Diet is the major factor conditioning gut microbiota composition. The 
Western diet has been associated with less bacterial alpha diversity compared 
with the Mediterranean diet and other diets with lower animal protein and high 
vegetable and fiber intake. Unlike the Western diet, which has been associ-
ated with a higher risk of obesity, diabetes, cancer, and cardiovascular disease 
due to high intakes of animal proteins, saturated fats, and simple sugars, the 
Mediterranean diet and plant-based diets prevent cardiovascular disease, 
reducing mortality risk and limiting weight gain. It has been reported that 
the consumption of a plant protein-based diet increases Bifidobacterium and 
Lactobacillus genera, as well as decreasing Bacteroides and Clostridium species [27, 
28]. The intake of nondigestible carbohydrates, such as fiber and resistant starch, 
appears to have the highest impact of all nutritional components on gut micro-
biota composition, diversity, and metabolic profile [29].

d. Lifestyle. Lifestyle factors include physical activity, smoking, and the surrounding 
environment, to name a few. The individual’s level of physical activity and their 
amount of exposure to pollutants are considered critical factors affecting microbi-
ome composition [18]. Regarding physical activity, an active individual’s microbi-
ome possesses a greater abundance of beneficial bacteria, such as Faecalibacterium, 
Roseburia, and Akkermansia [30]. As for environmental exposure, certain pollut-
ants have been associated with fewer taxa and higher numbers of Bacteroides and 
Bacillota [31]. Lastly, when comparing the gut microbiome of smokers with that of 
non-smokers and former smokers, that of smokers was found to be enriched with 
Bacteroides and reduced in Bacillota and Pseudomonadota [32].

4. Functions of gut microbiota

A mature, healthy gut microbiota has significant functions in the human body [4]: 
protection against pathogens by colonizing mucosal surfaces and production of vari-
ous antimicrobial substances; development and modulation of the immune system; 
digestion and nutrient metabolism; control of cellular proliferation and differentia-
tion; modification of insulin resistance and its secretion; and facilitation of dynamic 
communication between the gut and multiple organs [33, 34].

In Ref. to its role in enhancing the immune system, immunological immaturity is 
observed in germ-free and laboratory mice compared with wild mice, and humans 
residing on farms exhibit greater functional microbial diversity and a lower sus-
ceptibility to chronic inflammatory diseases [35]. The gut microbiota has also been 
described as an important immunoregulator of bone’s remodeling processes [36, 37].

One of the most relevant roles of gut microbiota is the metabolism of dietary 
elements into bioactive food components. Indigestible carbohydrates are metabolized 
into short-chain fatty acids (SCFAs), such as acetic, propionic, and butyric acids, 
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which are mainly produced due to fermentation by Bacillota, Bacteroidota, and other 
anaerobic bacteria. These compounds supply significant energy for intestinal epithe-
lial cells, strengthen the mucosal barrier, contribute to intestinal homeostasis, and 
reduce inflammation [38]. Moreover, the gut microbiota participates in the biosyn-
thesis of certain essential amino acids and vitamins and is involved in the synthesis 
of bile acids, cholesterol, and conjugated fatty acids [17]. On the other hand, other 
microbial derived-metabolites, such as trimethylamine N-oxide (TMAO), have been 
associated with cardiovascular disease [39].

Therefore, understanding the metabolic pathways of derived microbial com-
pounds is crucial for establishing a link to the metabolism of the healthy host or to the 
pathogenesis of metabolic diseases.

5. Gut microbiota in obesity and type 2 diabetes mellitus

5.1 Obesity

Obesity is a complex and multifactorial disease with significant morbidity and 
mortality, and it is a major public health problem, particularly in the developed world 
[40]. Among the risk factors contributing to obesity (genetic, behavioral, socioeco-
nomic, and environmental), the gut microbiota has been recognized as a major con-
tributor [3]. More than 10 years ago, a differential gut bacterial composition linked to 
increased Bacillota and a reduction in Bacteroidota was demonstrated in genetically 
obese (ob/ob) mice compared with lean (ob/+) and wild-type (+/+) mice that had 
been fed with the same polysaccharide-enriched diet [41]. Moreover, after transplant-
ing the obese and lean microbiomes to germ-free recipients, the phenotypes of the 
mouse donors were reproduced.

Numerous studies have been designed to identify significant differences in the 
bacterial gut microbiota composition between lean and obese individuals [42] and 
to describe the impact of the bariatric surgery approach to obesity [43]. Regarding 
bacteria, the Bacillota/Bacteroidota ratio has been discarded because it was proven 
ineffective as a differential marker of the microbiota in patients with obesity, given 
that an expansion of Bacillota leads to a proportional reduction of the other phyla 
[44]. The bariatric surgery approach will be discussed in a later section.

According to the following meta-analysis, which reviewed the composition of the 
gut microbiota in obese and non-obese individuals [45], no significant differences were 
found in alpha diversity. On the other hand, at the genus level, lower relative propor-
tions of Bifidobacterium and Eggerthella (Actinomycetota) were observed in the obese 
group compared with the non-obese. The genera of Acidaminococcus, Anaerococcus, 
Catenibacterium, Dialister, Dorea, Eubacterium, Megasphaera, Roseburia, Streptococcus 
(all belonging to the Bacillota phylum), Fusobacterium (Fusobacteriota), Prevotella 
(Bacteroidota), Escherichia-Shigella, and Sutterella (Pseudomonadota) were significantly 
higher in the obese individuals. On the other hand, Verrucomicrobiota (Akkermansia 
muciniphila), Faecalibacterium, Methanobrevibacter smithii, and Lactobacillus species have 
a lower presence in obesity [46].

5.2 Type 2 diabetes mellitus

The etiology of type 2 diabetes mellitus (T2DM) involves a combination of genetic 
variants and environmental factors shared with obesity, in which most individuals are 
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either overweight or obese. Insulin resistance is followed by a compensatory higher 
biosynthesis and insulin secretion.

Although there are some inconsistencies among studies, it appears that in the early 
stages of T2DM, before patients have been treated with anti-hyperglycemic drugs, 
the gut microbiota could have loss of butyrate-producing taxa, a marked reduc-
tion of Akkermansia, and an increase in proinflammatory bacterial genera such as 
Bacteroidota [47, 48].

The effects of metformin on the gut microbiota have been studied in patients with 
T2DM, demonstrating a higher relative abundance of Akkermansia, Butyrivibrio, 
Bifidobacterium, and Megasphaera compared with individuals without T2DM [49]. On 
the other hand, those with non-metformin treated T2DM had a higher relative abun-
dance of Clostridiaceae and a lower abundance of Enterococcus casseliflavus compared 
with individuals without T2DM. The authors found significant associations between 
metformin intake and gut microbiota composition.

Additional studies [50, 51] have also observed shifts in gut microbiota in patients 
treated with metformin by increasing the abundance of Akkermansia and SCFA-
producing bacteria, which activate intestinal gluconeogenesis, resulting in lower 
glycemic levels. Akkermansia participates in maintaining the cohesion of the mucin 
layer by reducing translocation of proinflammatory lipopolysaccharides and controlling 
fat deposition, adipose tissue metabolism, and glucose homeostasis. SCFAs, especially 
butyrate and propionate, trigger intestinal gluconeogenesis, benefitting glucose and 
energy homeostasis and reducing hepatic glucose production, appetite, and body weight.

Nevertheless, further large-scale studies are necessary to evaluate the interactions 
between the changes in gut microbiota and the effects of metformin to establish a 
potential target intervention from a microbiological perspective.

6. Impact of bariatric surgery on gut microbiota

As has been described throughout the present book, bariatric surgery (BS) is 
indicated as treatment for reducing body mass index (BMI) in severe obesity (BMI 
≥40 Kg/m2 or ≥ 35 Kg/m2) with at least one obesity-related disease [52]. This surgery 
improves glycemic control because of weight loss and calorie restriction, along with 
increased insulin sensitivity and secretion [53]. Several changes in gut microbiota 
composition depending on the type of surgery have been observed.

The procedures vary, although the most common are sleeve gastrectomy (SG) and 
Roux-en-Y gastric bypass (RYGB). While SG is a restrictive approach based on stom-
ach reduction, RYGB combines restrictive and malabsorptive approaches by reducing 
the stomach and anatomically reorganizing the biliary and digestive tracts [54]. These 
procedures alter the anatomy of the digestive and biliary tract, hormonal status, and 
the amount and choice of nutrients ingested, which could modify the composition of 
the microbiota and the quantity of several microbial metabolites [54, 55]. However, 
whether the evolution of the microbiota is the cause or the consequence of weight 
loss and improvement of obesity-related diseases (or whether the changes are more 
related to the specificities of the surgical procedure) remains to be determined.

One of the most relevant lines of research proposes to predict weight loss after 
BS by examining the basal composition of the gut microbiota. Previous studies have 
indicated that BS modifies the gut microbiota profiles [56, 57]. Changes in alpha 
diversity do not appear to be clear, but beta diversity analyses consistently show 
more profound changes for the RYGB approach with an expansion of the phylum 
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Pseudomonadota. Redistribution of the bile acid circuit, whose antibacterial activity 
limits the expansion of gamma-Proteobacteria in the small intestine, appears to be 
the main cause of the increase in the members of this phylum found in samples from 
patients undergoing RYGB [58].

Figure 2. 
Bacterial taxa with differential abundance according to linear effect size discriminant analysis (LEfSe). This 
representation shows the significant taxa ordered according to the magnitude of the differences [LDA score (only 
taxa with LDA > 4 are shown)]. A, comparison of microbiota composition between baseline and 3 months after 
SG surgery (n = 14). B, comparison of microbiota composition between baseline and 3 months after RYGB surgery 
(n = 26) (from: Salazar et al. [58]).
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In 2022, Salazar et al. [58] observed that BS caused a decrease in the genera 
Roseburia, Faecalibacterium, Ruminococcus, and Bifidobacterium and an increase in 
Escherichia/Shigella and Akkermansia. As observed in other studies [59], differences 
between samples at baseline and at the end of follow-up were much more profound in 
the RYGB group: the phyla Pseudomonadota, Bacteroidota, Verrucomicrobiota, and 
Fusobacteriota experienced a significant increase in number at 3 months after RYGB 
surgery, inversely to Bacillota and Actinomycetota. However, the changes were con-
siderably less marked in the SG group, with a slight enrichment of certain Bacillota, 
such as Streptococcus, Parvimonas, Hungatella, Lactobacillus, and Desulfovibrio, along 
with a decrease in Bacteroidota and Negativicutes. Lastly, and despite these differ-
ences in bacterial composition, the authors emphasized that weight loss was uniform 
in both groups, independent of the initial gut microbiota composition (Figure 2).

6.1 Type 2 diabetes mellitus remission

Regarding T2DM remission after BS, discordant results have been published 
according to a meta-analysis review [60]. This discordance could be explained by the 
design of the studies, the sample size and statistical power to assess differences, as 
well as the duration of follow-up. In addition, the authors note that different remis-
sion criteria were used in the literature reviewed, which could have possibly led to dis-
crepancies in the interpretation of the available evidence. However, other researchers 
have explored the possibility that remission of diabetes after RYGB and SG surgery 
may be associated with interindividual differences in microbiota composition.

Although post-surgical changes in gut microbiota richness and composition were 
observed, these were independent of T2DM remission status, and no specific postop-
erative gender signature was identified that discriminated patients who reached this 
metabolic outcome [59]. However, a distinct genus signature pre-RYGB was observed 
in patients with total T2DM remission (Figure 3).

Murphy et al. [61] found that body weight reduction, dietary changes, and T2DM 
remission were similar 1 year after both RYGB and SG. RYGB surgery resulted in an 

Figure 3. 
Gut bacteria genera at the preoperative period in obese patients classified according to T2D remission after RYGB. 
These figures represent comparison at the preoperative period of gut bacteria genus profile between patients 
classified, after RYGB, according to presence (blue boxes; n = 8) and absence of T2D remission (red boxes; n = 6). 
There was a higher relative abundance of (a) Asaccharobacter (p = 0.038) and (B) Atopobium (p = 0.047) and 
a lower relative abundance of (C) Gemella (p = 0.018), (D) Coprococcus (p = 0.029), and (E) Desulfovibrio 
(p = 0.030) in the patients with T2D remission than in patients without, (from: Al-Assal K et al. [59]).
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increased Bacillota and Actinomycetota phyla, but a decreased Bacteroidota phyla. 
On the other hand, the SG procedure resulted in an increased Bacteroidota phyla. An 
increase in Roseburia species was observed among those who achieved diabetes remis-
sion in both types of surgery, although greater changes in gut microbiota metabolism 
occurred after RYGB than after SG. Contrary to the findings of Al-Assal et al. [59], those 
with persistent diabetes postoperatively had more Desulfovibrio species before surgery.

Similar results were addressed in Davies et al. [62], a higher abundance of 
Eubacteriaceae and Alistipes putredinis was observed before surgery in those individu-
als with T2DM remission post-intervention. After BS, Lachnospiraceae and Roseburia 
species were more abundant in those who had achieved T2DM remission.

The differential bacterial abundance was analyzed in 8 patients who underwent 
RYGB with complete resolution of diabetes as reported by Salazar et al. in 2022 
[58], showing a significant increase of Verrucomicrobiota phyla (Akkermansia) and 
Fusobacteriota (Fusobacterium) after surgery, whereas the relative abundance of the 
phyla Bacillota (Faecalibacterium, Erysipelotrichia, Gemmiger, and Lactobacillus) and 
Actinomycetota (Bifidobacterium) decreased.

7. Potential interventions for modulating gut microbiota

There is immense potential for microbiome-modulating therapies based on micro-
bial replacement, which are emerging as a treatment option for several diseases. These 
new intervention approaches have been made possible by our growing understanding 
of host-microbiome interactions [63]. Various interventions are possible depend-
ing on the level of invasion, ranging from dietary changes to microbial replacement 
through fecal transplantation (Figure 4).

7.1 Diet

As mentioned previously, nutritional recommendations for a Mediterranean diet 
or plant-based diet, which are rich in polyunsaturated and monounsaturated fat, have 

Figure 4. 
Different level interventions for gut microbiota modulation.
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been associated with higher bacterial diversity, higher levels of total SCFA [64, 65], 
and significant reductions in plasma cholesterol [66]. Increased physical activity has 
also demonstrated beneficial changes to the gut microbiome [67]. To establish a clear 
intervention effect on the gut microbiome through modulation of dietary fat, both in 
quantity and quality, more clinical trials are needed to establish nutritional recom-
mendations [68].

7.2 The “biotics”: Prebiotics, probiotics, symbiotics, and postbiotics

Complex mixtures of bacterial strains (probiotics) and various fiber dosages 
(prebiotics), which are “symbiotic”, have been used in multiple studies regarding 
obesity treatment. In vitro studies have shown that symbiotics are more efficient at 
modulating gut microbiota than prebiotics or probiotics alone [69].

According to the consensus statement of the International Scientific 
Association of Probiotics and Prebiotics (ISAPP), postbiotics are defined as 
“preparations of inanimate microorganisms and/or their components that confer 
a health benefit on the host” [70]. SCFAs are currently the most common type of 
postbiotics used. These compounds increase brown adipose tissue and promote 
browning of white adipose tissue, as well as regulate appetite by interfering with 
the gut-brain axis [71]. Overall, probiotics, prebiotics, symbiotics, and postbiotics 
appear to exhibit beneficial effects on gut microbiota modulation. Nevertheless, 
further large-scale trials are required to evaluate their beneficial properties, safety 
profile, dosage, and the durability of their beneficial effects in the prevention and 
treatment of obesity [72].

7.3 Fecal microbiota transplantation (FMT)

FMT is a modulation strategy that transfers a complete microbial ecosystem 
from a healthy donor to a patient with the aim of ecologically restoring an aberrant 
microbiota [73]. The donor’s microbiota can be administered through colonoscopy or 
orally by capsules. This technique has been widely investigated for the treatment of 
recurrent Clostridioides difficile infection, with outstanding therapeutic success rates; 
however, there is no current indication for obesity [74].

Although several studies have been performed in patients with various inflam-
matory disorders, such as irritable bowel syndrome and obesity-associated 
metabolic disorders, therapeutic success rates were not as high, or no effect was 
observed [75–77].

Further studies are required to understand the mechanisms through which 
changes in gut microbial ecology and engraftment of microbiota affect metabolic 
outcomes for patients with obesity. In addition, further research is needed to bet-
ter define the optimal fecal microbial preparation as well as dosing and method of 
delivery [78].

8. Final conclusions

• Even with valuable insights into the impact of the microbiome on human health 
and disease, our understanding is limited due to the highly individualized profile 
of the microbiome and its complex multi-directional interactions with the 
human host.
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• The development of sampling methods is critical for future gut microbiota 
research, given that the correct sampling has a crucial effect on the accuracy of 
“omics” techniques.

• Future larger studies using high-throughput sequencing and metagenomic and 
metabolomic techniques will provide a better understanding of the composition 
of the microbiota and its functional evolution after BS.

• Although further investigation is required, combining various modulation strat-
egies, such as diet, biotics, and in certain cases, FMT, might be the best approach 
to “normalize” the gut microbiota as prophylaxis therapy when patients are going 
under BS.

• The gut microbiota influences several aspects of human health, from innate 
immunity to energy and metabolism. Modulation of the gut microbiome could 
therefore potentially reduce obesity and should be based on dietary interventions 
and lifestyle changes.
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Chapter 8

Outcomes of Bariatric Surgery
Asad Ullah

Abstract

The prevalence of obesity has increased globally. Management of obesity consists 
of medical and surgical interventions. The results of bariatric surgery are consis-
tently more significant than medical therapy. Importantly, bariatric surgery achieves 
durable weight loss in more patients than medical therapy. Moreover, studies have 
reported improvement in most obesity-related complications after bariatric surgery. 
Improvement or remission of type 2 diabetes mellitus, hypertension and dyslipid-
emia is noteworthy. Due to better outcomes, the indications of bariatric surgery are 
expanding. In conclusion, bariatric surgery is a cost-effective and safer alternative for 
morbidly obese patients who fail to respond to non-surgical treatments. Some studies 
have raised concerns about the worsening of mental health problems after bariatric 
surgerys. It requires careful management of high-risk patients and further research.

Keywords: obesity, bariatric surgery, weight loss, metabolic and other outcomes

1. Introduction

The global prevalence of obesity has tripled since 1975 [1]. Obesity is managed 
according to the severity and associated comorbid conditions. Bariatric surgery is 
recommended for class II obesity with associated comorbidities and class III obesity. 
It confers the most effective and durable weight loss. The number of bariatric proce-
dures in the United States has significantly increased in the last decade [2].

The primary outcome of bariatric surgery is weight loss; however, it also improves 
obesity-related comorbidities and overall survival.

Bariatric surgery has progressed significantly since its origin in 1954. In contempo-
rary practice, Roux-en-Y gastric bypass surgery (RYGB), sleeve gastrectomy (SG) and 
adjustable gastric band (AGB) are the most performed procedures. This chapter will 
focus on the outcomes of these three surgical techniques.

2. Outcomes of bariatric surgery

2.1 Weight loss

Weight loss is the primary goal of bariatric surgery. Regardless of the procedure, 
bariatric surgery provides significant long-term weight loss compared to non-surgical 
therapies [3].
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There is no standardized metric for reporting weight loss. In surgical literature, 
it is frequently reported as the percentage of excess weight loss (EWL) as shown in 
Eq. (1) [4]

 
( )( )

( )
% Pre bariatric surgery BS weight – Post BS weight /

Pre BS weight ideal body weight 100
=

− ∗
EWL

 (1)

Ideal body weight is conventionally determined by using Metropolitan Life  
Tables [5] or the method of the Devine [6].

Some authors used percentage excess body mass index (BMI) loss (as shown in 
Eq. (2)) [4],

 ( ) ( )% Pre BS BMI Post BS BMI / Pre BS BMI – 25 100= − ∗BMIL  (2)

In the medical literature, weight loss is reported as a percentage of total weight loss 
(TWL) expressed as Eq. (3) [4],

 ( )% Pre BS weight – Post BS weight / Pre BS weight 100= ∗TWL  (3)

These parameters have limitations; however, %TWL is most frequently reported 
in contemporary literature.

Weight loss post-bariatric surgery is highly variable. Initially, a rapid weight 
decline is observed in the first 6 months, reaching a peak at 12 months. Then it slows 
down and reaches a plateau between 1 and 1.5 years (see Table 1).

Weight loss after RYGB & SG is comparable. Swiss multicenter bypass or sleeve 
study (SM-BOSS) [8] reported similar weight loss after RYGB and SG at 2, 3 and 
5 years. Improvements in metabolic outcomes such as remission of diabetes mellitus 
(DM), hypertension (HTN) and hyperlipidemia were also comparable.

Laparoscopic Sleeve Gastrectomy vs. laparoscopic Roux en Y gastric bypass 
(SLEEVEPASS) study [9] showed greater excess weight loss with RYGB compared to 
SG (55 vs. 47% at 7 years).

Observational studies illustrate higher weight loss with RYGB than SG [10, 11]. It 
is likely related to the study design.

Weight loss with AGB is slower, reaching a plateau at 2 years [7]. The longitudinal 
assessment of bariatric surgery (LABS) study [12] compared RYGB and laparoscopic 
AGB in a cohort of 2348 obese individuals. At seven years, the mean weight loss with 

Surgical technique % Excess weight loss Time for weight stabilization (year)

AGB 45–55 2

SG 55–80 1–1.5

RYGB 60–85 1–1.5

Table 1. 
Expected weight loss after bariatric surgery [7].
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RYGB was 38.2 kg (95% CI, 36.9–39.5) and 18.8 kg (95% CI 16.3–21.3) after AGB. Due 
to lack of efficacy, the reoperation rate was higher in the AGB group than in the RYGB 
group (n = 160 vs. 14).

Adjustable gastric banding has gone out of practice due to lack of efficacy.
Most of the patients will regain some weight regardless of the operation com-

mencing in the second year. It is estimated to be 5–10% of TBW in the first 10 years; 
e.g., in the Swedish obese subjects (SOS) study, the TWL decreased from 32 to 25% 
at 10 years after RYGB [13]. Similarly, in the LABS study, TWL decreased from 35 to 
28% after RYGB [12].

What is the significant weight regain is not clearly defined in the literature. The 
risk of weight regain is lowest for RYGB (2.5 to 3.3%), followed by SG (12.5 to 14.5%) 
and highest for AGB (30.5 to 36%) [10, 14].

2.2 Metabolic benefits

Metabolic syndrome or insulin resistance is the co-existence of risk factors for 
cardiovascular diseases and type 2 diabetes mellitus (T2DM) including hypertension, 
central obesity, high blood glucose level and dyslipidemia. Bariatric surgery is by far 
the most effective treatment for metabolic syndrome. The effects of bariatric surgery 
on each component of metabolic syndrome are discussed below.

2.2.1 Effects on type 2 diabetes mellitus

Durable remission of T2DM is reported in 23 to 60% of cases [15]. Glycemic 
control improves within days after the surgery suggesting the role of weight loss 
independent factors. Bariatric surgery influences β-cell function, incretin responses, 
insulin sensitivity, gut microbiota, bile composition, intestinal glucose metabolism 
and brown adipose tissue metabolism [16, 17]. Weight loss contributes to better 
glycemic control in the long run. A French national survey study demonstrated the 
preventative role of bariatric surgery in T2DM [18]. The risk of developing T2DM was 
lower in the surgery group than medical therapy group [2 vs. 13% hazard ratio (H.R.) 
0.18, 95% CI: 0.17–0.19]. Roux en Y gastric bypass and SG conferred better protection 
against T2DM than AGB (1.2 vs. 0.9 vs. 4.5%, respectively). Patients with a shorter 
duration of T2DM, better pre-operation glycemic control and significant weight loss 
post-surgery had higher chances of achieving remission.

Many prospective and retrospective studies have shown favorable effects of bariat-
ric surgery on the management of T2DM. A meta-analysis [19] reported higher rates 
of T2DM remission with RYGB than medical therapy at 1 year [RR, 18.01; 95% CI: 
4.53–71.70], 3 years (RR, 29.58; 95% CI: 5.92–147.82) and 5 years (RR, 16.92; 95% CI: 
4.15–69.00). Moreover, a higher proportion of patients in the RYGB group achieved 
the American Diabetes Association (ADA) treatment targets at 1, 2, 3 & 5 yr.

Another meta-analysis [20] comprising mainly of observational studies reported 
a T2DM remission rate of 78% and an improvement rate of 87% at 1–3 years 
follow-up.

A prospective multi-center study [21] compared SG to RYGB and AGB. Type 2 
diabetes mellitus improved or remitted in 83, 55 and 44% with RYGB, SG & AGB 
respectively at 1 year.

Most observational studies show better remission rates of T2DM with RYGB than 
SG. However, prospective studies demonstrate comparable efficacy of RYGB and SG 
inducing T2DM remission [8, 22]. The effectiveness of AGB is low in this regard.
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Remission of T2DM induced by bariatric surgery is more durable than medical 
management. A French population-based cohort study illustrated that a greater pro-
portion of patients in the surgery group (RYGB, SG & AGB) were able to discontinue 
antidiabetic medications at 6 years than medical therapy alone (−49.9% vs. −9.0%, 
P < .001) [23]. Roux-en-Y gastric bypass surgery was more effective in discontinua-
tion of antidiabetic medication than SG and AGB.

A single center study [24] randomly assigned 150 obese participants with uncon-
trolled T2DM were assigned to either intensive medical therapy alone or medical ther-
apy + RYGB or SG. The primary endpoint was lowering HbA1c to <6% at 12 months. 
More patients in RYGB and SG groups achieved the primary endpoint than medical 
therapy alone (42, 37 and 12%, respectively).

Another study randomly assigned obese patients with poorly controlled T2DM 
to medical therapy alone or RYGB or biliary pancreatic diversion (BPD) [25]. 
The primary aim was remission of T2DM (fasting blood glucose <5.6 mmol/l and 
HbA1c < 6.5% without medication) was achieved by 0, 75 and 95% of participants 
with medical therapy alone, RYGB and BPD, respectively. Type 2 diabetes mellitus 
remained in remission at 10 years in 5.5, 25 and 50% with medical treatment alone, 
RYGB and BPD, respectively.

2.2.2 Effects on diabetic mellitus complications

Several retrospective studies illustrate the beneficial effects of bariatric surgery on 
macrovascular and microvascular complications of T2DM.

A retrospective study reported lower composite macrovascular events in the 
surgery group than in the medical therapy group [2.1 vs. 4.3%, HR 0.60 (95% CI: 
0.42–0.86)] at median 5 years follow-up [26].

Another large retrospective study [27] looked at the extended major adverse 
cardiovascular event (MACE) in diabetic obese individuals who underwent bariatric 
surgery or medical therapy. At 8 years, the cumulative incidence of MACE was 30.8% 
(95% CI: 27.6%–34.0%) in the surgical group vs. 47.7% (95% CI: 46.1%–49.2%) in 
medical treatment group.

A meta-analysis [28] of 19 studies concluded lower mortality [OR 0.34; 95% CI: 
(0.25–0.46)] and T2DM macrovascular complications [OR 0.38, (95% CI: 0.22–0.67)] 
with bariatric surgery compared to medical treatment.

A large cohort study [29] reported a lower incidence of microvascular complica-
tions in patients who had bariatric surgery than medical treatment at a median follow-
up of 4.3 years [16.9 vs. 34.7% HR 0.41 (95% CI: 0.29–0.58)]. Diabetic neuropathy 
improved the most among microvascular complications [7.2 vs. 21.4% HR, 0.37 (95% 
CI: 0.30–0.47)].

In summary, bariatric surgery plus medical therapy induces sustainable remission 
of T2DM in a significant proportion of patients than medical therapy alone. Bariatric 
surgery also has favorable effects on the complications of T2DM. Remission of T2DM 
has a ‘legacy effect’ or ‘metabolic memory’ [30], which protects against microvascular 
complications even after relapse of T2DM.

Most of the guidelines recommend bariatric surgery for patients with class III 
obesity (BMI ≥ 40 kg/m2) or class II obesity (BMI 35–39.9 kg/m2) with signifi-
cant comorbidities. However, clinicians have a growing consensus to consider 
bariatric surgery for uncontrolled T2DM with medical therapy even with less 
severe obesity. Bariatric surgery with the primary intent to treat the metabolic 
syndrome of T2DM is called metabolic surgery. The Diabetes Surgery Summit 
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(DSS-II) consensus conference guidelines [31] recommend metabolic surgery for 
patients with poorly controlled T2DM with oral or injectable treatments and class 
I obesity [BMI 30–34.9 kg/m2 (27.5–32.4 kg/m2 for the Asian population)]. DSS-II 
recommendations are endorsed by American Diabetes Association and many other 
organizations [32].

2.2.3 Hypertension (HTN)

Hypertension improves with weight loss. The role of bariatric surgery in managing 
HTN was best demonstrated by the Gastric bypass to treat obese patients with steady 
hypertension (GATWAY) trial [33]. The study population randomly received medical 
therapy alone or RYGB + medical therapy. The primary aim was to reduce antihyperten-
sives by ≥30% compared to baseline. More patients in RYGB + medical therapy group 
achieved the primary endpoint than medical therapy alone at 1 year (84 vs. 13%) and 
5 years (73 vs. 11%). A significant proportion of patients in the RYGB group achieved 
remission of HTN at 1 (46 to 0%) and 5 years (31 to 2%) compared to medical therapy. 
Moreover, variability in ambulatory blood pressure was low in the RYGB group com-
pared to medical treatment.

A Norwegian cohort study reported HTN remission in 31.9% of individuals who 
underwent bariatric surgery + medical therapy versus 12.4% in the medical treatment 
alone group at 6.5 years [34].

What surgical procedure is more efficacious in inducing HTN remission is not 
clear [21, 35].

2.2.4 Dyslipidemia

Dyslipidemia improves with weight loss. Two meta-analyses showed improvement 
in serum lipids after bariatric surgery in the short term (< 3 years) [36, 37]. Studies 
with longer follow-up are required.

A multi-center observational study reported improvement in serum lipids with 
RYGB compared to baseline (14 vs. 33% for high low-density lipoprotein (LDL) 
cholesterol; 5 vs. 24% for high triglycerides (TG); 6 vs. 35% for low high-density 
lipoprotein (HDL) cholesterol) at 7 years. Other observational studies illustrated 
similar results [38, 39].

2.3 Risk of cancer

Obesity increases the risk of certain cancers such as colon, breast, endometrial, 
pancreatic, prostate and renal cancers [40, 41]. The outcomes of some malignancies 
are worse in obese individuals [42].

A database study [43] reported a lower incidence of hormone-related cancers in 
those who had bariatric surgery (OR 0·23, 95% CI: 0·18–0·30). Roux-en-Y gastric bypass 
surgery resulted in a higher reduction in hormone-related cancers than SG & AGB. 
However, the risk of colorectal cancer was higher (OR 2·63, 95% CI: 1·17–5·95) in the 
RYGB group. Other studies did not report this finding consistently [44]. Another data-
base study showed a 34% higher risk of rectal cancer in obese individuals compared to 
the general population. The risk of colorectal cancer in obese individuals after bariatric 
surgery was like the general population [45].

Bariatric surgery has favorable effects on the incidence of all skin cancers 
(adjusted sub-hazard ratio 0.59, 95% CI: 0.35–0.99) [46].



Bariatric Surgery - Past and Present

142

2.4 Long-term survival

Studies have shown improved all-cause mortality in obese individuals who under-
went bariatric surgery; however, it remains higher than in the general population.

A prospective study looked at life expectancy in over 5000 patients from the 
SOS study cohort [47]. After a median follow-up of 20 years, the hazards for deaths 
due to cardiovascular disease was 0.70 (95% CI: 0.57–0.85), death from cancer was 
0.77 (95% CI: 0.61–0.96) and all-cause mortality was 0.77 (95% CI: 0.68–0.87). The 
median life expectancy was 3.0 years (95% CI: 1.8–4.2) longer in the bariatric surgery 
group than in controls but 5.5 years shorter than the general population.

Another large observational cohort study reported lower all-cause mortality 
rate in bariatric surgery group than control group 0.68 (95% CI: 0.57–0.81) [48] at 
4.9 yr. Cardiovascular 0.53 (95% CI: 0.34–0.84) and cancer morality 0.54 (95% CI: 
0.36–0.80) were also lower in bariatric surgery group.

Another case-control study reported 40% lower adjusted all-cause mortality in 
a case-control study (37.6 versus 57.1 deaths per 10,000 person-years p < 0.001) at 
7 years [49]. However, interestingly the rate of deaths due to suicide and accidents 
were higher in the RYGB group compared to the control group (11.1 versus 6.4 per 
10,000 person-years, p = 0.04).

2.5 Functional outcomes.

2.5.1 Obstructive sleep apnea (OSA)

Weight loss improves OSA. An RCT explored the role of RYGB and usual medical 
care on OSA in grade 1 & 2 obesity [50]. At 3-year follow-up, the apnea-hypoxia index 
(AHI) was reduced to −13.2 in the RYGB group and increased by +5 events/h in the 
usual care group. The risk of persistent moderate and severe OSA was also lower in 
the RYGB group.

A meta-analysis reported comparable improvement or remission rate in OSA with 
RYGB, AGB & SG (79 vs. 77 vs. 86% for, respectively) [51].

Contrary to the above findings, a meta-analysis demonstrated persistent OSA 
in patients after bariatric surgery despite improvement in AHI score [52]. It is pos-
sibly due to a lack of uniformity in respiratory events scoring in the studies. Detailed 
assessment for OSA is recommended before discontinuing continuous positive pres-
sure airway therapy.

2.5.2 Gastroesophageal reflux disease (GERD)

Gastroesophageal reflux disease is prevalent in the obese population [53]. The 
influence of bariatric surgery on GERD is variable and depends on the technique.

Gastroesophageal reflux disease improved or remitted in 70% of cases at 1-year 
follow-up after RYGB [21]. Another prospective study investigated the role of RYGB 
on pre-existing GERD [54]. At 6 months follow-up, the risk of GERD was lower than 
before surgery (33 versus 64%). The use of anti-reflux medications and total acid 
exposure also decreased. De novo reflux symptoms occurred in 10% of the cases.

The effect of SG on GERD is not clear. A retrospective study [55] of the Bariatric 
longitudinal database (BOLD) showed that GERD symptoms persisted in 84% of the 
individuals after SG. De novo GERD symptoms manifested in 8.6% of cases. Fifty 
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per cent of patients with pre-existing GERD reported remission or improvement of 
GERD in another database study [21]. A systematic review [56] reported a lack of 
consensus in the studies. Gastroesophageal reflux disease and Barrett’s esophagus are 
not absolute contraindications for SG; however, there is no consensus about perform-
ing SG in patients with pre-existing GERD [57].

There are conflicting data about the influence of AGB on GERD [21]. A systematic 
review [58] reported a decline in the prevalence of postoperative GERD compared to 
preoperative GERD (7.7 vs. 32.9%) after AGB. The need for anti-reflux medications 
(9.5 versus 27.5%), pathologic reflux (29.4 versus 55.8%), and lower esophageal pres-
sure (16.9 versus 12.9 mmHg), all decreased in patients who underwent AGB. Fifteen 
percent of the individuals reported de-novo reflux symptoms.

In short, RYGB is a better option in individuals with uncontrolled severe GERD or 
Barrett’s esophagus.

2.5.3 Joint pain and physical activity

Bariatric surgery could ease joint pain and improve physical activity by reduc-
ing weight and inflammation. An observational cohort study reported significant 
improvement in body pains [57.6% (95% CI, 55.3%–59.9%)], physical function [76.5% 
(95% CI, 74.6%–78.5%)] & walk time [59.5% (95% CI, 56.4%–62.7%)] at 1 year[59]. 
However, most of the above symptoms relapsed between 1 and 3 years.

A systematic review showed knee pain improvement in 73% of patients after 
bariatric surgery [60]. An increase in the intervertebral disc height after successful 
bariatric surgery was reported in a prospective study [61].

A small prospective study demonstrated a reduction in pro-inflammatory markers 
(Interleukin 6, C-reactive protein and fibrinogen) after bariatric surgery [62]. This 
effect could be partly responsible for the improvement in arthritis pain.

2.6 Polycystic ovary syndrome (PCOS)

Obesity is associated with PCOS. Observational studies have reported improved 
PCOS symptoms (hirsutism, menstrual irregularities and hyperandrogenemia) after 
bariatric surgery [63, 64].

2.7 Renal disorders

Obesity-related renal impairment could be due to hyperfiltration or other comor-
bidities such as T2DM, HTN, etc. Another prospective study showed improvement in 
eGFR 12 months after bariatric surgery [65].

A randomized trial of 100 patients with diabetic nephropathy reported remission 
of nephropathy in 82 with RYGB vs. 48% with medical therapy at 2 years [66].

Obesity-related urinary incontinence improved after bariatric surgery in the 
longitudinal assessment of bariatric surgery study [67]. Improvement was maintained 
at 3 years follow up (24.8%, 95% CI, 21.8%–26.5% among females and 12.2%, 95% CI, 
9.0%–16.4% among male).

2.8 Non-alcoholic fatty liver disease (NAFLD)

The prevalence of NAFLD is high in obesity. Non-alcoholic fatty liver disease is 
treated by lifestyle changes and weight loss [68]. However, bariatric surgery could be 
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considered in cases that failed to improve with medical therapy. A retrospective study 
of biopsy-proven fibrotic non-alcoholic steatohepatitis reported a lower cumulative 
incidence of major adverse liver outcomes at 10 years was 2.3% (95% CI, 0%–4.6%) in 
the surgery group vs. 9.6% (95% CI, 6.1%–12.9%) in the control group [69]. Another 
database study [70] reported a lower risk of developing cirrhosis in non-alcoholic 
fatty liver disease patients who underwent bariatric surgery (HR 0.31, 95% CI: 
0.19–0.52).

2.9 Mental health issues

Depression (19%) and binge eating disorder (17%) are the most common mental 
health conditions in the obese population.

Studies have shown improvement in mental health after bariatric surgery. A 
systematic review [71] reported a decrease in prevalence (8–74%) and severity 
(40–70%) of depression after bariatric surgery compared to before surgery.

Studies show contradictory reports about the influence of bariatric surgery on 
eating disorders. A retrospective study reported a durable decline in the loss of 
control of eating (5.4% post-RYGB vs. 16.2% before surgery), picking/nibbling 
(7.0% post-RYGB vs. 32.4% before surgery) and craving (19.4% 7 years post-RYGB 
vs. 33.6% before surgery) [72].

Another study [73] showed a decrease in binge eating disorder in the first two 
years from 6.1 to 1.3%, but it increased to 3.1% in 3 years.

A large retrospective study [49] reported a higher rate of suicides after RYGB 
(11.1 vs. 6.4 per 10,000 person-years, P = 0.04). Another large longitudinal cohort 
study [74] reported a 5-fold increase in deliberate self-harm (incidence rate ratio 4.7; 
95% CI, 3.8–5.7). Suicide was reported in 9.6% of cases.

Moreover, studies have shown a high prevalence of alcohol and illicit drug 
abuse after bariatric surgery. King and Chen [75] observed higher incident alcohol 
use disorder (AUD) symptoms, substance use and illicit drug abuse after RYGB. 
Interestingly, the risk of incident AUD was twice higher with RYGB than LAGB.

2.10 Cost-effectiveness

Bariatric surgery is cost-effective in the long run. The cost is higher in the first year 
than medical treatment and lifestyle changes; however, it is amortized after 3.5 years 
of surgery [76].

A cost-effective analysis [77] comparing five different weight management 
programs concluded that in the National Health Service (NHS), RYGB is the most 
cost-effective surgery.

3. Conclusion

Bariatric surgery is a cost-effective, durable and safe option for managing severe 
obesity. It confers significant and lasting weight loss. Moreover, the benefit of 
bariatric surgery extends beyond weight loss. Most obesity-related comorbidities 
improve after bariatric surgery; remission of T2DM is noteworthy. The indications of 
bariatric surgery are widening. Some centers advocate bariatric surgery in cases with 
milder obesity and comorbidities, especially metabolic syndrome. For the long-term 
success of bariatric surgery, it is essential to couple it with lifestyle changes. Studies 
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have raised concerns about the worsening of mental health problems. It needs close 
monitoring of high-risk patients and further research.
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