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Preface

In the last 30 years, obesity and its associated disorders have been reaching 
epidemic proportions worldwide. Today, obesity represents the most common 
chronic disorder in industrialized societies, and increasing attention has been 
given to this health problem, with the involvement of most physicians. Therefore, 
obesity is becoming a major point in the healthcare planning system. Bariatric 
surgery is the only effective treatment for obesity and its comorbidities,  
acknowledged by the International Federation for the Surgery of Obesity and 
Metabolic Disorders (IFSO) and by the American Society for Metabolic and 
Bariatric Surgery (ASMBS).

The advent of video laparoscopic instrumentation, critical care advancements 
and modern stapling devices have significantly transformed the field of bariatric 
surgery during the past three decades. Before the 2000s, the annual number 
of bariatric surgeries conducted in Europe ranged between 10000 and 12000, 
accompanied by elevated morbidity and mortality rates. However, this number 
has expanded significantly today, reaching over 140000 operations per year. 
This expansion is closely linked to the evolution and shift from open surgery to 
 laparoscopy,  particularly in performing Roux-en-Y gastric bypass. Additionally, 
the endorsement of the laparoscopic adjustable gastric band significantly increased 
the volume of bariatric surgeries. More recently, laparoscopic sleeve gastrectomy 
has emerged as a viable bariatric surgical alternative, with a risk and benefit profile 
intermediate to that of laparoscopic gastric bypass and laparoscopic adjustable 
gastric banding. Finally, bariatric endoscopy has been developed as a minimally 
invasive alternative to bridge the gap between conservative and conventional 
surgical therapies in the last few years.

As the global obesity pandemic continues to grow, bariatric surgery has gained 
prominence, becoming a widely recognized term. This volume aims to be an  
accessible and pragmatic resource for a broad range of personnel, including the 
extensive medical support staff within a bariatric center, as well as bariatric 
 surgeons, anesthesiologists, nurses, and, crucially, general surgeons who may 
not specialize in bariatrics.

This book addresses most of the practical issues in bariatric surgery, especially 
in patient selection, preoperative management, different bariatric surgical and 
endoscopic procedures, the advent of new technologies, anaesthetic reflections, 
and complication management. Each chapter in this book is written by experts in 
their field, and the editors are grateful to every author who dedicated time and 
effort to share their knowledge in concise and easy-to-read language.
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Chapter 1

Bariatric Surgery: Can It Perform 
Benefits or Risks?
Tarek Abdel-Hay Mostafa, Ahmed Mostafa Abdel-Hameed 
and Sameh Abdel-Khalek Ahmed

Abstract

Obesity is associated with an increased incidence of heart failure (HF), myocar-
dial infarction (MI), stroke, and death. Weight loss has become a standard recom-
mendation for all patients with cardiovascular disease (CVD) and coexisting obesity. 
Bariatric surgery has been shown to reduce cardiovascular risk factors significantly; 
however, whether surgery can reduce major adverse cardiovascular events (MACE), 
especially in patients with established cardiovascular disease. Bariatric surgery has 
been associated with a significant reduction in daily insulin requirement and a con-
siderable reduction in body mass index, resulting in long-term results. Furthermore, 
studies suggest that bariatric surgery for type 1 diabetes results in the improvement 
of comorbidities related to obesity including hypertension and dyslipidemia. Obesity 
is thought to be the strongest risk factor for the development of type 2 diabetes. 
Bariatric surgery has emerged as the single most effective treatment option for type 
2 diabetes and obesity. The individuals who underwent bariatric surgery compared 
with medical/lifestyle intervention had superior glycemic control with less diabetes 
medication use and higher rates of diabetes remission. Obesity is a pro-inflammatory 
condition in which some cytokines such as leptin, a pro-inflammatory protein, are 
elevated and adiponectin, an anti-inflammatory protein, is decreased. In patients 
undergoing weight reduction surgeries, these hormone levels behave paradoxi-
cally. It is not known whether bariatric surgery protects against the development of 
autoinflammatory or autoimmune conditions; nevertheless, changes occurring in the 
immune system are incompletely understood. Patients undergoing bariatric surgery 
show immunological changes which might eventually lead to developing an autoim-
mune disease.

Keywords: bariatric surgery, cardiovascular disease, thyroid disease, 
hyperparathyroidism, malnutrition

1.  Introduction

Obesity is linked to substantial morbidity and death, making it one of the largest 
healthcare issues of our day. As of 2016, obesity was linked to four million annual 
fatalities [1, 2]. Increased adipose tissue, or “adiposopathy,” is linked to obesity and 
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may have detrimental effects on the cardiovascular (CV) system through several 
processes. First, the development of risk factors may lead to the systemic effects of 
adipose tissue, which might result in CV disease. Second, the heart and blood arteries 
may be directly or locally affected by adipose tissue through perivascular and epicar-
dial actions [3, 4]. Third, the buildup of fat tissue may result in the compression of an 
organ, which can induce obstructive sleep apnea, hypertension, and renal failure [5]. 
Diabetes and hypertension are the two most prevalent CV risk factors linked to 
obesity. Their prevalences typically range from 30 to 40% of patients and rise with 
the degree of obesity. In addition, dyslipidemia and heightened inflammation are 
prevalent in obese individuals (20–40%). Atrial fibrillation (AF), heart failure 
(HF), coronary artery disease/myocardial infarction, and stroke are cardiovascular 
disorders that are linked to obesity. The hazard ratio (HR) for developing various 
CV illnesses is at least 1.5–2.0, but in cases of extreme obesity (defined as a BMI of 
≥40 kg/m2), it rises noticeably to 6.0 [6–8]. Although there are far fewer studies on 
this subject, obesity is also a well-known risk factor for stroke and has been linked to 
an increased incidence of aortic valve stenosis [9, 10].

1.1  Effect on all-cause and cardiovascular mortality

A total of 28 studies looked at how bariatric surgery affected both CV and 
all-cause mortality. All-cause mortality after bariatric surgery ranged from 0.0 
to 23.7%, while for controls it ranged from 1.4 to 28.2%, with follow-up lasting 
between 2 and 24 years. The van Veldhuisen, et al.’s meta-analysis was appropri-
ate since 21 papers that looked at all-cause mortality and provided adjusted HRs 
were included in the study. In these 21 trials, there were 263,478 obese controls 
and 133,524 patients who had undergone bariatric surgery. In comparison to obese 
participants in the control group, patients who had undergone surgery had a pooled 
HR of all-cause mortality of 0.55, according to the van Veldhuisen, et al.’s meta-
analysis. CV mortality was the subject of seven research, with rates ranging from 
0.2–8.3% in bariatric patients to 0.5–12.9% in controls. According to the findings 
of the meta-analysis by van Veldhuisen, et al., bariatric surgery also decreased CV 
mortality.

The incidence of AF decreased non-significantly following bariatric surgery 
compared to controls, according to the van Veldhuisen, et al.’s meta-analysis. When 
compared to controls, bariatric surgery was linked to a reduced risk of myocardial 
infarction. The frequency of all strokes was decreased by the bariatric procedure [11].

Atrial fibrillation (AF) and myocardial infarction (heart attack) are significantly 
impacted by weight reduction.

1. Atrial fibrillation (AF):

• Connection to Obesity: AF and obesity are intimately associated. Compared to 
healthy people, AF sufferers have a greater prevalence of obesity.

Mechanisms: Several processes link AF and obesity, including:

• Hypertension: The development of AF is influenced by hypertension associ-
ated with obesity.

• Diabetes: Being obese raises the chance of developing diabetes, which is linked 
to AF.
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• Obstructive Sleep Apnea: AF is associated with obesity-related sleep apnea.

• Epicardial Fat: Obesity-related increases in epicardial fat can cause electrical 
irregularities and atrial hypertrophy.

• Obesity increases the risk of atrial fibrillation (AF) by inducing systemic inflam-
mation and oxidative stress.

1. Effect of Weight Loss: Losing weight helps with AF:

Anti-inflammation and fibrosis: Losing weight improves the prognosis for AF 
by reducing inflammation and fibrosis. Weight Fluctuations: However, weight 
fluctuations might counteract the advantages of losing weight [12].

2. Myocardial Infarction:

• Obesity and Risk: Obesity raises the possibility of myocardial infarction.

• Benefits of Losing Weight: Losing weight provides several heart-healthy 
advantages.

• Reduced Risk: A heart attack is less likely when weight is lost.

• Reduced Cardiac Strain: Losing weight lessens the workload on the heart and 
enhances cardiac function.

• Metabolic Gains: Reducing weight improves insulin sensitivity, blood pressure, 
and cholesterol.

• Exercise and Weight Loss: Losing weight and engaging in regular exercise 
improve heart health and lower the chance of a heart attack [13].

2.  Bariatric surgery and hypertension

Even if bariatric surgery (BS) has been shown to alleviate comorbidity, there 
may be other underlying variables that are equally significant. The causes for the 
improvement in blood pressure following bariatric surgery are likely complex and 
yet up for discussion [14]. It has been hypothesized that normalizing blood pressure 
levels might result from a reduction in arterial stiffness and salt reabsorption as well 
as an improvement in insulin resistance. The renin-angiotensin-aldosterone system 
is known to be more activated in patients with central obesity; this system may also 
return to normal following surgery [15]. A rise in gastrointestinal gut hormones, such 
as glucagon-like peptide-1 (GLP-1) and peptide YY (PYY), may also be significant 
because of their effects on the gastrointestinal tract in addition to their diuretic and 
natriuretic effects on the kidney [16]. Additionally, a potential impact of GLP-1 
on the sympathetic nervous system has been reported, which might contribute to 
the decrease of blood pressure following BS [17]. Additionally, ghrelin may help 
return blood pressure to normal, while the surgical process may cause its levels to 
rise, decline, or stay the same following BS [18]. Moreover, adipokines and other 
inflammatory cytokines seem to have a role in HTN recuperation. In this regard, 
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earlier research found that adiponectin concentrations increased in conjunction with 
a decrease in leptin levels from 1 week to 1 year following BS [19]. Furthermore, 
C-reactive protein and interleukin-6 levels fall with increased insulin sensitivity, 
reducing adipocyte inflammation and averting vascular constriction. Lastly, the 
resolution of other obesity comorbidities, including obstructive sleep apnea, which 
shares pathophysiologic pathways with hypertension, may also contribute to an 
improvement in blood pressure [20, 21].

It has been hypothesized that normalizing blood pressure levels might result 
from a reduction in arterial stiffness and salt reabsorption as well as an improvement 
in insulin resistance. Renin-angiotensin-aldosterone system activation is known 
to be higher in patients with central obesity, and it may return to normal follow-
ing surgery [15]. Furthermore, because these gastrointestinal gut hormones have a 
diuretic and natriuretic effect on the kidney in addition to their effects on the gastro-
intestinal tract, a rise in peptide YY (PYY) and glucagon-like peptide-1 (GLP-1) may 
also be essential [16]. Additionally, a potential impact of GLP-1 on the sympathetic 
nervous system has been reported, which might contribute to the decrease of blood 
pressure following BS. Ghrelin may also help return blood pressure to normal, albeit 
depending on the surgical technique used after BS, its levels may rise, reduce, or stay 
the same [18].

Moreover, adipokines and other inflammatory cytokines seem to have a role in 
HTN recuperation. In this regard, earlier research found that adiponectin concen-
trations increased in tandem with a decrease in leptin levels from 1 week to 1 year 
following BS. Furthermore, C-reactive protein and interleukin-6 levels fall with 
increased insulin sensitivity, reducing adipocyte inflammation and averting vascular 
constriction [19]. In this regard, prior research discovered that 1 week following GB, 
there were notable reductions in both the systolic (9 mm Hg) and diastolic (7 mm Hg) 
blood pressure, and these were sustained 1 year following surgery. Given that the two 
surgical techniques are distinct, it is known that GLP-1 and PYY rise following both; 
however, the increase following GB is more pronounced, which might explain the 
better outcomes following this treatment [22].

In terms of heart modifications, a number of studies documented morphologic 
and functional abnormalities in obese individuals’ echocardiograms. The primary 
changes included left ventricular (LV) hypertrophy and decreased LV diastolic 
performance; LV systolic dysfunction was less frequent, and as a result, there were 
conflicting findings on the ejection fraction in obese individuals [23]. Patients with 
morbid obesity have been shown to have morphologic abnormalities in their left 
ventricle (LV), with a meta-analysis of 22 studies involving 5486 obese participants 
reporting 56% of LV hypertrophy. Numerous of these alterations are signs of more 
obvious cardiac dysfunction and heart failure [24]. Obesity does, in fact, appear to 
raise the risk of myocardial infarction, atrial fibrillation, heart failure, and unex-
pected death [25].

In addition to the results of observational epidemiology, Larsson et al. discovered 
evidence linking an increased risk of aortic stenosis, heart failure, deep venous 
thrombosis, hypertension, peripheral artery disease, coronary artery disease, atrial 
fibrillation, and pulmonary embolism (estimates ranging from 6 to 13% higher risk) 
to a genetically instrumented 1 kg/m2 higher body mass index. Regarding fat mass, 
the results were mostly in agreement. In particular, there is a documented higher 
correlation between obesity and heart failure than there is for other subtypes of 
cardiovascular disease, and this correlation cannot be well explained by conventional 
risk factors [26, 27]. Regarding the mechanisms underlying the improvement of 
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the heart following bariatric surgery, a number of authors agree that the effects 
of weight-loss surgery on cardiac morphology and function are either centrally or 
hormonally regulated, most likely involving the renin-angiotensin-aldosterone axis, 
leptin, and other adipokines [28]. Crucially, weight reduction techniques like BS have 
demonstrated the ability to reverse these changes in cardiovascular structure and 
function, hence reducing the risk of cardiovascular disease. The effects of BS on car-
diac anatomy and function were examined in a meta-analysis and systematic review 
of 23 studies. The findings demonstrated that BS significantly reduced absolute LV 
mass and relative wall thickness (RWT), two reliable indicators of LV hypertrophy 
and LV geometry that have been demonstrated to predict cardiovascular outcomes, in 
obese patients with preserved LV systolic function. Additionally, that meta-analysis 
demonstrated reductions in left atrial size, which is an indirect indicator of persis-
tently high LV filling pressure and diastolic dysfunction, as well as improvements in 
LV diastolic function, as demonstrated by a definite increase in the mitral flow ratio 
of the early (E) to late (A) ventricular filling velocities (E/A ratio) [29]. Owan et al. 
observed comparable findings on LV hypertrophy and RWT 2 years following BS. The 
authors discovered that there was a correlation between the reduction in body mass 
index and the reductions in LV mass index and RWT but not with changes in blood 
pressure [30].

The development of arterial stiffness (AS) is one of the primary signs of vascular 
change. The reduced capacity of an artery to expand and contract in response to a 
given pressure change is regarded as an independent cardiovascular risk factor [31]. 
Over the past 20 years, it has been discovered that being overweight is linked to 
increased aortic stiffness in both younger and older persons. Therefore, obesity 
may increase cardiovascular risk independently of established risk factors, and one 
mechanism by which this may happen is higher AS. Regardless of the presence of 
HTN, it is linked to an elevated risk of cardiovascular disease [32]. In obese people, 
AS may occur before increases in incident hypertension and systolic blood pressure. 
Regarding how BS affects AS, several studies found that many months following BS, 
there was a considerable drop in the AS indicators, the augmentation index, and pulse 
wave velocity. More significantly than higher blood pressure, increased heart volume 
and output in obese people were also identified as potential mediators of AS [33–35].

Regardless of diabetes and high blood pressure, which are both predominantly 
caused by obesity, obesity is a risk factor for kidney disease on its own. Renal lipo-
toxicity, inflammatory cytokines, and hemodynamic variables are the key hypoth-
esized reasons underlying the link between obesity-associated kidney failure and 
hyperfiltration [36]. In terms of hemodynamic parameters, before nephron damage, 
being overweight first results in functional renal vasodilation, as well as increases in 
renal blood flow and glomerular hyperfiltration. Declines in renal blood flow and 
the glomerular filtration rate (GFR) due to kidney damage and the progressive loss 
of nephrons occur after these changes. The increase in tubular sodium reabsorption 
linked to obesity leads to an increase in the amount of extracellular fluid. This might 
be because of the increased renal sympathetic nerve activity and the raised levels of 
anti-natriuretic hormones like angiotensin II and aldosterone that result from renal 
compression caused by visceral, perirenal, and renal sinus fat [37].

The observed afferent arteriola vasodilation may be explained by the changed 
tubule-glomerular feedback, or macula densa feedback, which may involve these 
and other factors. Even with increased sodium chloride reabsorption in the loop of 
Henle, compensatory increases in GFR and blood pressure rise can restore sodium 
balance. Moreover, renal vasodilation may also be facilitated by the activation of the 
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mineralocorticoid receptor (MR). Aldosterone activates MR expressed on macula 
densa cells, boosting their nitric oxide generation and causing glomerular hyperfiltra-
tion and renal vasodilation [38].

This rise in glomerular hydrostatic pressure most likely plays a major role in the 
renal damage seen in obesity, even if glomerular hyperfiltration has an adaptive role 
in counteracting renal salt reabsorption. Additionally, an unhealthy adipocytokine 
pattern that is typified by an excess of angiotensinogen and angiotensin II and an 
increase in pro-inflammatory cytokines including interleukin-6, C-reactive protein, 
and tumor necrosis factor-α is promoted by obesity. Experimental models demon-
strate the induction of renal fibrosis by these substances through the transforming 
growth factor-β (TGF-β) pathway and oxidative stress [38].

Furthermore, it is well known that obese people have elevated serum leptin levels 
and increased leptin receptor expression in the kidney, which in turn promotes cel-
lular proliferation and the release of the prosclerotic TGF-β1 cytokine, which is linked 
to the early onset of scarring in renal failure. Lastly, decreased levels of adiponectin, 
another adipokine, have been linked to renal impairment associated with obesity by 
damaging podocytes and causing albuminuria. Long-term hyperfiltration can cause 
pathologic alterations such as the onset of glomerulomegaly and focal segmental 
glomerulosclerosis-related kidney lesions, which can result in glomerulopathy linked 
to obesity [39].

Li et al.’s study included a systematic review and meta-analysis of 32 trials that 
showed substantial decreases in albuminuria, proteinuria, and hyperfiltration (as 
evaluated by GFR, eGFR, and creatinine clearance with and without body surface 
area adjustment) following BS. When examined as a binary variable following 
surgery, they discovered statistically significant decreases in hyperfiltration as well. 
Additionally, following BS, there were decreases in the frequencies of proteinuria and 
albuminuria of 58 and 69%, respectively [40].

Data comparing patients receiving BS and controls followed up for a median of 
18 years in the Swedish Obese Subjects study, which included 4047 patients, revealed 
a decreased incidence of chronic kidney disease (CKD) stages 4 and 5 among patients 
in the surgery group. Similar findings were found by O’Brien et al. in a retrospective 
analysis, wherein a cohort of 4000 diabetic patients receiving BS saw a 59% reduced 
incidence of nephropathy after 5 years when compared to 11,000 matched patients 
who did not get surgical treatment [41, 42].

Friedman et al. examined 2144 obese patients who had BS and discovered that, 
throughout a 7-year follow-up period, a significant percentage of patients had 
improved in CKD risk categories. They stated that those with high baseline risk had 
the greatest reduction in risk [43]. Regarding renal protective variables, Favre et al. 
found that in highly obese patients receiving BS, kidney protection was predicted by 
low C-reactive protein levels, high-fat mass, absence of HTN, and young age [36].

The glomerular function may be associated with the return of normal insulin 
signaling in glomerular podocytes, the reduction of hyperfiltration, and the restora-
tion of renin-angiotensin system equilibrium through improved renal perfusion. 
Furthermore, decreases in the pro-inflammatory state associated with obesity as 
indicated by urine monocyte-chemoattractant protein-1/creatinine ratios may poten-
tially be a contributing factor to this improvement. Recent research has demonstrated 
that intestinal endocrine L cells generate the incretin hormone glucagon-like peptide 
1 (GLP-1), which inhibits tubular reabsorption of sodium and has reno-protective 
effects. After BS, these effects intensify, indicating a potential contribution to the 
improvement in glomerular function. Regarding the remission of albuminuria, one 
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important cellular event that may contribute to the advantages of BS, at least in obese 
diabetics, is the restoration of podocyte health [44]. According to Lieske et al., the 
chance of developing new kidney stone events increased in these patients compared to 
obese controls who had not had surgery, and up to 50% of these patients may remain 
hyperoxaluric a year following surgery. However, for the majority of individuals, the 
overall impact on long-term renal health may be favorable [45].

For individuals with obesity-associated hypertension, BS has shown to be a very 
successful therapy, leading to HTN remission in over 50% of cases. Nevertheless, 
achieving total HTN remission may be hampered by a higher need for antihyper-
tensive medication before BS and a lower rate of weight reduction during follow-up. 
Furthermore, in morbidly obese people, BS has also been associated with a decrease 
in cardiovascular morbidity and death. These positive findings of cardiovascular 
outcomes might be mediated by a number of mechanisms other than weight loss, one 
of which could be decreased target organ damage and better blood pressure levels.

3.  Bariatric surgery and type 1 DM

A tiny percentage of individuals undergoing bariatric surgery have Type 1 diabe-
tes, but because of their underlying condition, they need specialized care. Patients 
with type 1 DM are impacted by this sharp rise in the frequency of overweight and 
obesity since they are more susceptible to being overweight. Accordingly, compared 
to T1D patients who are slim, elevated BMI is linked to a higher risk of cardiometa-
bolic disease and an increased likelihood of developing chronic problems. Conversely, 
insulin resistance increases the need for insulin and makes it more difficult to control 
blood sugar levels and lose weight [46].

Six months following bariatric surgery, the present group showed notable reduc-
tions in weight and BMI.

After 2 years, the mean BMI dropped from 39.5 to 27.5 kg/m2, a difference of 
12 units, marking the most weight loss. The mean BMI at the end of the follow-up was 
9 units lower than the mean BMI before surgery, although BMI climbed in the third 
year following surgery; 8/15 (65%) were classified as normal weight or overweight. In 
contrast, obese individuals with type 1 diabetes treated at the same clinics but without 
surgery saw a little rise in BMI throughout the same period. There is broad consen-
sus that bariatric surgery is a successful weight loss solution for people with type 1 
diabetes, despite variations in follow-up time [47–50].

Parallel to the significant weight loss in the first 6 months following surgery, a decline 
in the mean HbA1c level was noted. This decrease in HbA1c is most likely the result of 
rigorous postoperative calorie restriction. However, HbA1c levels did not alter sub-
stantially from baseline or from those who did not have surgery between the 12-month 
follow-up period and the conclusion of the follow-up period. The absence of a reduction 
in HbA1c following bariatric surgery is not associated with weight; rather, it is a reflec-
tion of behavioral problems and challenges in adhering to diabetes treatment plans.

Psychosocial variables that include depressed symptoms, limited social support, 
low self-esteem, and a negative body image have been linked to both poorer BMI and 
poorer glycemic control. Bariatric surgery is one way to address obesity, but it does 
not always address the psychological problems associated with it. Notably, during the 
follow-up period, the non-surgery group’s mean HbA1c level progressively rose. This 
trend was only marginally significant, but it could indicate that people with type 1 
DM and obesity are losing their ability to manage their blood sugar with time [51].
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In addition to the improvement in insulin sensitivity during weight loss, which 
necessitates a suitable decrease in the amount of exogenous insulin administered, 
the alteration in glucose kinetics and the intake and absorption of nutrients may 
promote hypoglycemia episodes. In relation to this, hypoglycemia is encouraged by 
food aversion, vomiting following bariatric surgery, and the discrepancy between the 
insulin peak following subcutaneous injection and the larger and earlier postprandial 
glucose excursion brought on by the quick transport of carbohydrates to the jejunum. 
It follows that a higher risk would be anticipated following mixed and malabsorptive 
procedures [52].

Life-threatening diabetic ketoacidosis (DKA) occurs in 6.2–25% of type 1 DM 
patients undergoing BS, according to a series of studies [53]. After RYGB surgery, 
there was a greater incidence of major hyperglycemic episodes in the countrywide 
Swedish cohort as compared to controls. DKA was linked to inadequate peri-operative 
glucose management as well as missing or not taking recommended insulin doses. 
Notably, the Swedish study discovered that having surgery dramatically increased the 
likelihood of alcohol and drug dependence, which has also been seen in other bariat-
ric series [54, 55].

According to the findings of the Landau et al. study, bariatric surgery helped peo-
ple with Type 1 DM and obesity lose a considerable amount of weight over time and 
improved their lipid profile and blood pressure. The adverse events that were reported 
included a significant risk of diabetic ketoacidosis (DKA), severe hypoglycemia 
episodes that necessitated hospitalization, and a two-fold increase in hospitalizations 
in comparison to those with Type 1 diabetes who did not have surgery. Nevertheless, 
the glycemic control did not improve. Patients with Type 1 DM who undergo bariatric 
surgery should take several precautions into account, such as careful selection, prepa-
ration, and discussion of realistic expectations; pre- and post-operative consultation 
with a diabetologist; frequent follow-up visits to diabetes clinics to adjust insulin dose 
and prevent hypoglycemic episodes; and attention to psychological concerns [56].

The Vilarrasa N, et al.’s trial demonstrated improvements in various cardiovascular 
risk variables, namely hypertension, dyslipidemia, and obstructive sleep apnea, 
as well as a substantial decrease in body weight and weight-adjusted insulin needs. 
Nonetheless, little and temporary improvements in glycemic control have been 
observed, with the majority of these advantages happening in the first year following 
bariatric surgery [57].

Recent studies have demonstrated a substantial reduction in cardiovascular disease 
and mortality among Type 1 DM patients who are severely obese and who have 
undergone bariatric surgery. This procedure has also been effective in lowering weight 
and insulin dosage, as well as in relieving related comorbidities. The advantages far 
outweigh the side effects, which include a higher chance of hypoglycemia and DKA. 
However, close observation of these patients by a multidisciplinary team is essential 
to provide diabetes education and care as well as a customized, adjustable insulin 
regimen at all stages of therapy. In this case, new diabetes technology like real-time 
monitoring might be quite beneficial.

4.  Bariatric surgery and type 2 DM

Up to 25% of the patient’s total body weight is lost after bariatric surgery, which 
is more than they would lose with conventional weight-loss techniques. Additionally, 
87% of people with type 2 diabetes obtain improved glucose control and require fewer 
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anti-diabetic medications1. On average, 78% of people with type 2 diabetes achieve 
normal glycemic control without using any anti-diabetic drugs [58, 59]. However, not 
every bariatric treatment has the same impact on diabetes and weight; some surgeries 
have a bigger impact. Gastric restriction operations and intestinal bypass surgeries 
are the two main categories. Initially, the categorization was founded on the assumed 
mechanism of weight reduction. By reducing stomach capacity and causing fullness, 
gastric restriction surgeries (such as vertical gastroplasty, sleeve gastrectomy, and 
laparoscopic adjustable gastric banding) decrease the amount of calories consumed. 
Patients then lose between 10 and 20% of their entire body weight. Furthermore, 
laparoscopic adjustable gastric banding has been demonstrated to remit type 2 
diabetes in several investigations, including a randomized controlled study, although 
traditional medication treatment has not. Improved insulin sensitivity and weight 
reduction, which happen many months after surgery, are the main factors mediating 
the impact [60, 61].

Similar to gastric banding and vertical gastroplasty, intestinal bypass surgeries 
(Roux-en-Y gastric bypass, biliopancreatic diversion) limit the number of calories 
consumed. Nevertheless, they also have an additional factor of malabsorption of fat 
and nutrients due to the shortening of the small intestine. Following gastric restric-
tion surgeries, a greater number of patients (82–99%) experience remission of type 2 
diabetes, including those with longer-term illness and those using insulin. Therefore, 
the effects of various operations on diabetes vary. There are differences in the rate of 
remission between restrictive and malabsorptive methods for type 2 diabetes. Even 
before the patient has lost a significant amount of weight, diabetes remits after a 
Roux-en-Y gastric bypass with biliopancreatic diversion within a few days. Following 
gastric restriction operations, this does not occur [58, 62].

Losing weight makes one more sensitive to insulin. Insulin resistance is decreased 
by weight loss following bariatric surgery, enforced calorie restriction, and negative 
energy balance. Because they do not have to make as much insulin, the beta cells may 
relax. Following both gastric bypass and gastric restriction operations, these effects 
have been noted [61].

By decreasing “lipotoxicity,” a disorder linked to dysregulated fatty acid flow, lipid 
metabolites in tissues, and the direct and indirect effects of hormones released by 
adipocytes, bariatric surgery reduces insulin resistance. Bikman et al.’s discovery that 
insulin sensitivity rose following Roux-en-Y surgery more than would be predicted 
from weight loss alone provides the best support for this idea. After a year after 
surgery, the patient’s insulin sensitivity levels were comparable to those of a control 
group of lean individuals (BMI < 25 kg/m2), even though they were still anthropomet-
rically obese (BMI > 30 kg/m2). Within a week following intestinal bypass surgery, 
insulin sensitivity starts to increase, indicating that the operations are accomplishing 
more than just imposing calorie restriction on weight reduction, as stomach-restric-
tive treatments do [63, 64].

The most plausible idea probably has to do with the many hormones the stomach 
secretes in reaction to meals. The duodenum is surgically excluded in the Roux-en-Y 
technique, and the duodenum and jejunum are surgically excluded in biliopancreatic 
diversion, which results in changed locations of absorption of fat and carbohydrates, 
or at least altered relative distribution. According to the “hindgut hypothesis” pro-
posed by Cummings et al., the reversal of hyperglycemia and obesity is explained 
by increased production of insulinotropic and appetite-controlling substances as a 
result of the accelerated transit of concentrated nutrients, especially glucose, to the 
distal intestine. Bypassing the duodenum would rectify this deficiency, according to 
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the “foregut hypothesis” put out by Rubino et al., which contends that nutritional 
interactions in the duodenum are diabetogenic [65, 66].

According to recent research by Zhou X, et al., bariatric surgery is superior to non-
surgical therapy for achieving diabetes remission and blood glucose control in type 
2 diabetes patients with a BMI of less than 35 kg/m2. After bariatric surgery, weight 
reduction is evident for individuals whose baseline BMI is greater than 30 kg/m2. 
However, for those whose BMI is less than 30, weight loss is less evident, but effective 
glycemic control can still be attained. Although further research is needed to deter-
mine the precise mechanism, it could be pertinent to bariatric surgery that directly 
impacts glucose metabolism [67].

5.  Bariatric surgery and thyroid functions

Obesity and hypothyroidism are two clinical disorders that are frequently cor-
related. Due to low thyroid hormone levels, hypothyroidism is an endocrine ailment 
that can cause weight gain. This condition is characterized by a decrease in energy 
expenditure, thermogenesis, and metabolic rate in the body. However as evidenced 
by the increased frequency of overt and subclinical hypothyroidism (SH) in obese 
people compared to normal-weight persons, obesity itself induces thyroid dysfunc-
tion. Thyroid-stimulating hormone (TSH) levels and obesity (body mass index 
[BMI] > 30 kg/m) have been linked in several studies, with serum TSH positively 
connected with weight increase [68, 69].

Globally, bariatric procedures have been increasingly popular during the last 
20 years. It is noteworthy to note that clinical trials have demonstrated a 29.6% weight 
loss in 6 months after bariatric surgery [70]. Furthermore, it significantly contrib-
utes to the improvement and resolution of obesity-related comorbidities, including 
hypertension, dyslipidemia, obstructive sleep apnea, and type 2 diabetes. Still, not 
much research has been done on SH and much less on hypothyroidism. The results 
of these investigations on changes in thyroid hormone levels after bariatric surgery-
induced weight reduction were inconsistent. Differences in the preoperative thyroid 
function status or the kind of operation might account for the variation in the results. 
For instance, some research assessed malabsorptive procedures (biliary pancreatic 
diversion), others employed restrictive surgeries (sleeve gastrectomy, adjustable 
gastric bands), and yet others examined both kinds of surgery [71, 72].

The rising prevalence of obesity and its associated endocrine comorbidities, such 
as thyroid dysfunction, have become worldwide health concerns. Thyroid hormones 
interact with body weight because they are crucial for controlling food intake and 
energy expenditure [73, 74]. Thyroid function has been linked to body weight, and 
obesity has been linked to an increased risk of overt or subclinical hypothyroidism. 
On the other hand, losing weight might help to protect the thyroid gland, lessen the 
body’s inflammatory condition, and improve irregularities in blood sugar and choles-
terol levels [75, 76].

The most popular bariatric surgery techniques are sleeve gastrectomy (SG) and 
Roux-en-Y gastric bypass (RYGB), which are successful and long-lasting weight loss 
strategies [77, 78]. Previous research has linked bariatric surgery to the treatment 
of thyroid dysfunction, including overt and subclinical hypothyroidism, and to a 
decrease in the requirement for thyroid hormone-lowering medications [79, 80]. 
These results might be explained by post-operative decreases in blood levels of 
ghrelin, adipokines, and leptin [81, 82].
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Nonetheless, the effects of bariatric surgery on thyroid-stimulating hormone 
(TSH) differed greatly throughout studies. Most studies including individuals with 
overt or subclinical hypothyroidism revealed that TSH levels decreased dramatically 
after bariatric surgery [83, 84]. Numerous studies examining people with normal 
thyroid function have shown similar outcomes [85–87]. However, a 2-year follow-up 
research by MacCuish et al. with 55 euthyroid individuals following RYGB discovered 
that TSH levels had not changed [88]. In a retrospective analysis of 258 euthyroid 
individuals who had gastric banding, Dall’Asta et al. were unable to detect a statisti-
cally significant alteration in TSH after surgery [89].

It is yet unclear how bariatric surgery affects blood levels of free thyroxine (FT4) 
and free triiodothyronine (FT3). Previous investigations have revealed either high, 
unchanged or lowered FT3 and FT4 levels after a variety of surgical operations 
performed on patients from different nations [87, 90, 91]. After bariatric surgery, FT3 
fell while FT4 stayed the same in euthyroid people, according to a 2017 meta-analysis. 
Thus, it is still debatable how weight loss after bariatric surgery affects thyroid func-
tion in euthyroid people who are obese [92].

Changes in thyroid hormone levels after bariatric surgery are inconsistent. In some 
investigations, it was shown that levels of free thyroxine (FT4) increased without 
influencing TSH levels; in other studies, the converse was seen. This uncertainty 
explains the rising interest in understanding how hormones are affected by weight 
loss after bariatric surgery [88, 93].

Optimizing levothyroxine medication dosages is critical since individuals who 
underwent LSG while on treatment had altered thyroid function tests after surgery. 
The Demirpolat et al. research showed a significant reduction in the weekly weight-
adjusted dosage and total weekly dose of levothyroxine during the 6th postopera-
tive month [94]. TSH levels were decreased, FT4 levels significantly increased, 
while FT3 levels stayed the same in the 6th month. According to the findings of the 
Demirpolat et al. study, LSG may lower the weight-adjusted dosage of levothyroxine 
in postoperative patients; as a result, patients should be closely watched for potential 
weight-loss-related levothyroxine dose readjustments. Increased follow-up frequency 
may be required in LSG patients with hypothyroidism because levothyroxine dosage 
modification may be required throughout the postoperative period.

The inadequate signal of iodothyronines within the target tissues is known as 
hypothyroidism. After ruling out uncommon illnesses, clinical practitioners can 
evaluate three primary causes of hypothyroidism: (1) thyroidectomy (complete or 
partial), (2) autoimmune thyroiditis (AIT), and (3) radioiodine therapy. No matter 
what causes hypothyroidism, long-term sodium levothyroxine (LT4) medication 
is often used to treat hypothyroid patients [95]. The most common and conven-
tional LT4 formulation is the tablet. The LT4 pill is taken orally when fasting, half 
an hour before breakfast, and it dissolves and disintegrates in the stomach lumen. 
Significantly, the later stage is essential for achieving the active principle’s best activa-
tion and full absorption in the small intestine [96, 97].

Unfortunately, there are a number of things that can obstruct the LT4 tablet 
route. First off, because to their widespread worldwide distribution, gastrointestinal 
illnesses (such as Helicobacter pylori gastritis, atrophic gastritis, celiac disease, and 
lactose malabsorption/intolerance) might have an impact on LT4 absorption and 
play a significant role in clinical practice [98, 99]. Second, LT4 bioavailability may 
be decreased by a number of medications (such as phosphate binders, aluminum-
containing antacids, calcium carbonate, ferrous sulfate, sucralfate, raloxifene, bile 
acid sequestrants, and coffee), as well as by certain meals and drinks. Apart from 
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the aforementioned variables, several studies have proposed that bariatric surgery 
might be an additional cause of decreased LT4 effectiveness in maintaining the ideal 
balance of hypothyroidism. Although there are alternative surgical techniques such 
as biliopancreatic diversion, gastric banding, and jejunoileal bypass, the most popu-
lar bariatric procedures are sleeve gastrectomy (SG) and Roux-en-Y gastric bypass 
(RYGB) [100, 101].

RYGB and SG are the most well-studied bariatric operations as possible variables 
influencing LT4 since they are the most dispersed. Bypassing the stomach, duode-
num, and proximal jejunum, RYGB involves the creation of a tiny gastric pouch that is 
connected to the small intestine immediately distal to the gastroesophageal junction. 
A small gastric tube is formed along the smaller stomach curvature with SG.

Gadiraju et al. conducted a comprehensive analysis that comprised 10 trials that 
assessed how bariatric surgery affected LT4 needs. These trials included individu-
als who had undergone various surgical procedures and discovered that the LT4 
dosage varied following SG, rose following JIB, and had variable results following 
other surgical alternatives (such as RYGB). A more recent systematic study and 
meta-analysis examined the connection between bariatric surgery and thyroid 
function [81, 102].

The Trimboli P, et al. research states that the current data permit the following 
conclusions to be drawn 1 year following bariatric surgery: (1) the daily LT4 dosage 
does not change, and (2) even with a large weight loss, the LT4 dose per weight rises. 
The majority of results pertain to LT4 tablets, and further research is necessary to 
determine how well LT4 caps work [103].

6.  Bariatric surgery and secondary hyperparathyroidism

The number of people receiving obesity diagnoses and the number of bariatric 
surgeries performed are increasing at the same time. The most common of these 
surgeries are the sleeve gastrectomy (SG) and the Roux-en-Y gastric bypass (RYGB). 
In addition to helping people lose weight, better their chances of developing obesity-
related disorders, and have numerous metabolic and cardiovascular advantages, both 
bariatric surgeries come with a number of dietary deficiencies. Over time, vitamin 
D insufficiency has drawn more attention [104]. A recognized cause of secondary 
hyperparathyroidism (hPTH) and consequent osteopenia is vitamin D insufficiency, 
as it plays a crucial role in maintaining calcium homeostasis. There is a fear that 
people who have bariatric surgery may then be susceptible to fragility fractures and 
secondary hPTH. Research has revealed that bariatric patients are more likely to break 
bones [105, 106].

Regarding the best supplements to take and the right amount of vitamin D to take 
following bariatric surgery, there is no consensus. Scandinavian guidelines now sug-
gest lifetime treatment with 800 IU of cholecalciferol and 500 mg of calcium daily for 
individuals undergoing RYGB. According to guidelines from Scandinavia, bariatric 
patients should also have annual follow-ups, which should include blood test analysis 
for calcium, parathyroid hormone (PTH), and vitamin D levels, with an optimal 
25-hydroxy vitamin D (25-OHD) level of 0.75 nmol/L [107].

By far the largest study comparing PTH and 25-OH-D levels before and 5 years 
after bariatric surgery has been conducted [108]. The findings show a relation-
ship between PTH levels and time since surgery, type of bariatric procedure, and 
25-OH-D levels. Two-thirds of patients had inadequate 25-OH-D levels (0,75 nmol/L) 
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postoperatively, and a consistent increase in PTH was seen, in spite of supplement 
instructions. Regardless of the operation type, vitamin D levels rose throughout the 
first year following surgery, which is consistent with numerous previous research 
[109, 110]. It is unclear if the initial weight reduction or taking the vitamin pills 
consistently is to blame for this, but it is probably a mix of the two. However, during 
the second postoperative year, vitamin D levels started to fall, with a modest increase 
in PTH levels corresponding to a growing percentage of patients with 25-OH-D 
levels of 75 nmol/L. In comparison to SG, the RYGB operation results in more severe 
postoperative levels of PTH and 25-OH-D, despite similar trends. Following bariatric 
surgery, a new meta-analysis suggests taking 2000 IU of cholecalciferol daily as a 
supplement [111].

The operations are different because SG does not change the intestinal structure, 
while RYGB involves bypassing the proximal jejunum and duodenum. In light of the 
findings of this study and the fact that the proximal small intestine contains calcium 
channels that are reliant on vitamin D, it is probable that the architecture following 
an RYGB results in decreased calcium absorption and the inability to use vitamin 
D-dependent pathways. Significant reductions in fractional calcium absorption occur 
both with RYGB and even following SG [108, 112]. Reduced stomach acid levels, 
quicker gastric emptying, and enhanced intestinal motility have all been proposed as 
causes for decreased fractional calcium absorption in SG patients [113].

Regardless of postoperative blood 25OHD and calcium consumption, the de 
Holanda NCP et al. study reported a significant incidence of SHPT following bariatric 
surgery, particularly in individuals who received RYGB compared to SG. Similarly, 
after 5 years, we observed significant bone loss at the femur’s total length and femoral 
neck in the RYGB group as opposed to the SG group. Multivariate linear regression 
analysis revealed that the length of time after surgery had no effect on the different 
bone metrics, despite the fact that the mean follow-up after surgery was longer in the 
RYGB. Compared to the SG group, RYGB patients had a higher risk of developing 
SHPT even with comparable blood 25OHD and calcium levels [114]. In comparison 
to the SG group, the RYGB group had greater blood phosphorus and PTH levels and 
lower levels of serum calcium and 25OHD, according to a recent meta-analysis of 
13 observational studies. In addition, serum calcium by itself might not be a reliable 
indicator of calcium absorption. It would be more accurate to include fractionally 
labeled calcium assays or urine calcium readings instead [115].

Significant bone loss at the femoral neck was seen in the patients receiving 
bariatric surgery, as well as long-lasting elevations in bone remodeling indicators, 
according to the various investigations. When comparing patients undergoing RYGB 
to those receiving non-surgical control, these studies found a progressive decrease 
in bone marrow density (BMD) in both central and peripheral sites over a 2-year 
follow-up period. This was linked to a persistent increase in serum levels of P1NP and 
C-telopeptide (CTX) 6 months after surgery, even though weight loss stabilized and 
serum levels of calcium, PTH, and 25OHD were normal [114, 116–118].

Notably, de Holanda NCP et al. reported a substantial and progressive loss of 
bone at all sites based on the percentage of TWL, with a greater loss in patients who 
reached 20–40% compared to those who only reached 20% of TWL, and no dif-
ference in SG and RYGB, indicating that weight loss influences the amount of bone 
loss [114]. Aside from that, some data associate’s various obesity phenotypes with 
distinct cardiovascular risk factors based on physical and behavioral characteris-
tics. This might lead to distinct phenotypes concerning bone health after bariatric 
surgery [119].
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7.  Bariatric surgery and autoimmune diseases

For obese individuals, bariatric surgeries are a useful means of achieving weight 
loss and managing concomitant conditions including insulin resistance, hyperten-
sion, and dyslipidemia. Bariatric surgery has been linked to a number of conse-
quences, the most prevalent of which are nutritional imbalances and illnesses that are 
directly related to the surgery (fistulas, infections, etc.) [120, 121]. Since adiponectin 
is an anti-inflammatory protein and leptin is a pro-inflammatory protein, obesity 
is thought to be a pro-inflammatory condition. Hormone levels in people having 
weight reduction surgery exhibit contradictory behavior. Although the effects of 
bariatric surgery on the development of autoimmune or autoinflammatory diseases 
are unknown, our understanding of the alterations in the immune system remains 
limited. The impact of weight reduction, particularly rapid and significant weight 
loss, on the immune system is still up for debate [122, 123].

Generally speaking, obesity is a long-term, low-grade inflammatory condition. 
Following bariatric surgery, the obesity-related proinflammatory state is altered. 
CCL2, resistin, adiponectin, leptin, and other cytokines and chemokines are among 
those that are aberrantly expressed in obese individuals. Adipocytes secrete adipo-
cytokines, such as resistin and leptin, which trigger the release of TNF-x alpha, IL-6, 
and IL-12. This results in chemotaxis, which in turn triggers the activation of natural 
killer cells and macrophages [124, 125]. Additionally, resistin promotes cell migration 
to inflammatory areas by upregulating VCAM-1 and ICAM-1. Within the adaptive 
immune system, leptin promotes T cell lymphopoiesis, survival, and proliferation. 
However, adiponectin functions as an anti-inflammatory regulator in the innate 
immune system through the production of adhesion molecules, activation of the tran-
scription factor nuclear factor κB, and a decrease in TNF-α, IL-6, and interferon-γ 
levels as well as phagocytosis [121, 125]. Additionally, it boosts the synthesis of 
regulatory cytokines including IL-10. Adiponectin inhibits T-cell responsiveness 
and B-cell lymphopoiesis in the adaptive immune system [122]. These results might 
all help to explain the positive effects of weight loss on insulin resistance, hyperlip-
idemia, and inflammatory components in obese individuals receiving this kind of 
surgery [126].

Adipocytokines alter during bariatric surgery in a number of ways, most notably 
an inversion of the blood levels of adiponectin and leptin. On the other hand, the 
rapid weight loss that some patients have experienced might compromise immuno-
logical homeostasis and ultimately lead to the onset of autoimmune disorders [127]. 
Furthermore, especially when weight loss is significant and occurs more quickly than 
anticipated, the immune system’s reaction to weight reduction is not fully understood. 
There have been some documented reports of autoimmune disorders emerging 
following bariatric surgery. Following a jejunoileal bypass, Jewell et al. reported the 
onset of rheumatoid arthritis in two instances and systemic lupus erythematosus 
in two more [128]. Furthermore, it is widely acknowledged that bariatric surgery 
can result in postoperative arthropathy, and there have been documented instances 
of spondylarthritis developing following bariatric surgery [129]. These instances 
displayed varying periods, distinct joint involvement, and unequal distribution of 
incidence rates. Although a longer period has been reported, arthritis often appears 
during the first 2 years following the operation [130].

A persistent inflammation of the excluded bowel with bacterial overgrowth, 
cytokine generation, and immune complex deposition are some of the hypothesized 
processes. The disrupted gut homeostasis that results in the development of an 
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autoimmune disease may be caused by additional processes, such as changes in the 
balance of T regulatory cells and the effects of IgA on the intestinal mucosa [131, 132].

In the study by Illan-Gomez et al., patients undergoing bariatric surgery showed 
improvements in their inflammatory patterns, as evidenced by decreased levels of 
C-reactive protein and IL-6 and high levels of adiponectin compared to baseline 
values up to a year after surgery [133]. According to South Korean research by Kyoung 
Kim et al., following bariatric surgery, blood levels of several significant adipokines, 
including BMP-4 (bone morphogenetic protein 4) and PAI-1 (plasminogen activator 
inhibitor-1) fell, indicating a change to an anti-inflammatory state. According to all 
of these data, bariatric surgery may be helpful for inflammatory conditions and may 
even prevent the onset of autoimmune disorders [134]. The results of Tobón GJ, et al., 
however, are inconsistent since they first demonstrate that certain people may experi-
ence autoimmune illnesses following weight loss, and then they also demonstrate 
that several immunological alterations take place. Following bariatric surgery, obese 
people experience immune alterations. While the onset or absence of autoimmune 
illnesses is unpredictable, it is essential to be aware of this risk [135].

8.  Bariatric surgery and malnutrition

Regretfully, bariatric surgery has emerged as a global solution to the obesity 
pandemic. Following bariatric surgery, iron, vitamin B12, calcium, vitamin D, folate, 
copper, and zinc deficits are the most prevalent. The kind of bariatric surgery that is 
done has a significant impact on the malabsorption mechanism [136].

1. Purely restrictive treatments, including laparoscopic adjustable gastric banding 
(LAGB), might produce micronutrient deficits due to the early postoperative period’s 
low nutrient intake and avoidance of nutrient-rich foods. This could also happen 
later on as a result of severe band constriction. For the majority of these people, foods 
including meat, fibrous fresh fruits, and vegetables are poorly tolerated. 2. Another 
strictly restricted treatment that includes removing the stomach’s larger curvature 
is the vertical sleeve gastrectomy (VSG). Reduced acid production and mechanical 
digestion following stomach resection impede the absorption and digestion of iron, 
vitamin B12, and other protein-bound nutrients. Furthermore, there is a decrease in 
the production of intrinsic factors, which leads to an even greater impairment in the 
absorption of vitamin B12. The removal of the gastric fundus causes a neurohumoral 
shift that ultimately leads to poor nutrient intake and appetite suppression due to 
decreased production of Ghrelin, the hormone that stimulates hunger and is gener-
ated by the gastric fundus.

Malabsorption of macronutrients (up to 25% of protein and 72% of fat) com-
bined with concurrent malabsorption of micronutrients is the main cause of weight 
loss resulting from malabsorptive treatments like BPDS. Reduced gastrointestinal 
transit time leading to secondary malabsorption of micronutrients is another poten-
tial cause. This may be due to avoiding the jejunum and duodenum or to restricted 
brush border contact as a result of a short common limb. In addition to the deficien-
cies in other micronutrients including iron, calcium, vitamin B12, and folate, there is 
a significant impairment in the absorption of fat-soluble vitamins like zinc, vitamins 
D, A, E, and K.

Following a Roux-en-Y gastric bypass (RYGB), dietary insufficiency or primary or 
secondary malabsorption may lead to nutrient deficits. Following the operation, mal-
absorption is increased when the roux limb is extended. How much of this is caused 
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by the malabsorption of micronutrients as opposed to calories is unclear, though. In 
the sections that follow, the specific processes behind deficits in each micronutrient 
are covered in depth. The locations of micronutrient absorption and RYGB’s impact 
on metabolism, nutritional deficiencies are greatly variable and are influenced by 
dietary as well as host-related (achlorhydria, malabsorption, systemic diseases such 
as type 2 DM and use of medications, e.g. PPI and metformin use causes vitamin B12 
malabsorption) factors [137].

8.1  Protein status in post-bariatric surgery

Protein deficiency is the most serious macronutrient problem linked to bariatric 
surgery techniques. The majority of reports of it come from BPDS, where it affects 
3–21% of patients, according to estimates [138, 139]. Depending on the length of the 
Roux-limb, an incidence of up to 13% has been reported after RYGB [138, 140]. Poor 
results are linked to complications resulting from protein deficiency, which causes 1% 
of hospitalizations annually following malabsorptive treatments [141, 142]. After bar-
iatric surgery, many patients experience impaired protein digestion and absorption 
due to variables such as smaller stomachs, changed gut structure, and altered bilio-
pancreatic function. These changes might cause an aversion to foods high in protein. 
Most patients are restricted to a liquid diet in the early postoperative period and are 
not allowed to eat a lot, which can sometimes be made worse by prolonged vomiting. 
Post-bariatric individuals are at a heightened risk of developing protein malnutrition 
due to these variables, which lead to inadequate protein intake and absorption.

8.2  Vitamin D status in post-bariatric surgery patients

Among candidates undergoing bariatric surgery, vitamin D deficiency can affect 
up to 100% of them. After malabsorptive bariatric surgeries, it has been demon-
strated that by the end of 2 and 4 years, about 10–25% and 25–48% of patients, 
respectively, suffer calcium shortage, whereas 17–52% and 50–63% develop vitamin 
D deficiency during the same time period [143, 144]. Food and supplements combine 
with pancreatic enzymes and bile in bypass treatments only after the intestines unite 
in the downstream common channel. Because of this changed architecture, it is less 
possible for fat-soluble vitamins—like vitamin D—that depend on bile acids and 
other digestive enzymes to be absorbed [145].

Reduced intestinal mucosal contact time during VSG may potentially impair 
nutrition absorption. Even among postoperative patients with vitamin D levels 
≥30 ng/mL, there is a notable occurrence of secondary hyperparathyroidism, indicat-
ing selective calcium malabsorption [146]. In low-intake situations, the duodenum 
may absorb up to 80–100% of the calcium in food through a transcellular active 
transport process reliant on vitamin D. In the absence of the duodenum and jejunum, 
the remaining section of the small intestine absorbs calcium less effectively, absorb-
ing just 20% of the calcium that is consumed by food. The duodenum and jejunum 
are the preferred locations for calcium absorption, and procedures like RYGB and 
BPDS avoid them, increasing the risk of hypocalcemia. Over time, increased calcium 
resorption from the bone can lead to osteopenia, osteoporosis, and osteomalacia if 
calcium and vitamin D insufficiency and the ensuing secondary hyperparathyroidism 
are ignored [147].

Compared to other operations, RYGB is more likely to result in problems in bone 
mineralization. Prolonged surveillance and cautious supplementation are crucial 
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in averting the aftermath of secondary hyperparathyroidism. It is deemed suitable 
to maintain 25-hydroxyvitamin D levels over 30 ng/mL. However, the efficacy of 
vitamin D supplementation is dubious since the paracellular absorption of calcium in 
the distal jejunum and ileum is less dependent on vitamin D.

8.3  Vitamin B1 status in post-bariatric surgery patients

There have been several reports of non-alcoholic individuals following bariatric 
surgery experiencing Wernicke’s encephalopathy. Following both restrictive and mal-
absorptive operations, cases of beriberi have been reported. Peripheral neuropathy 
and Wernicke Korsakoff syndrome (WKS) have been recorded after vertical banded 
gastroplasty and documented cases of WKS have been associated with AGB, RYGB, 
and BPDS. The frequency of thiamine deficit among post-bariatric patients is found 
to vary from deficiency, depending on the surgery type and time period taken into 
consideration [148]. For this reason, it is advised that patients undergo screening for 
thiamine deficiency before any bariatric surgery and that they take thiamine supple-
ments following the treatment [149, 150].

8.4  Vitamin B12 status in post-bariatric surgery patients

When patients having combination procedures, like RYGB, do not receive par-
ticular supplements, more than one-third of them experience postoperative vitamin 
B12 insufficiency [151]. The primary cause is linked to decreased intrinsic factor 
production as a result of the gastrectomy-induced loss of mucosa-containing parietal 
cells, which impairs the absorption of vitamin B12. Additional reasons include lower 
dietary intake of B12 owing to aversion to foods like milk and meat, and achlorhydria, 
which hinders the conversion of pepsinogen to pepsin, which is essential for the 
release of vitamin B12 from its protein-bound dietary form [152]. On the other hand, 
purely restrictive procedures like gastric banding do not result in a substantial folate 
or vitamin B12 deficit. In postoperative bariatric surgery patients, folate insufficiency 
is not commonly observed in recent research, despite the possibility. The majority of 
the time, multivitamin supplements are sufficient to cover the needs, and deficiencies 
are assumed to arise when dietary consumption is reduced and multivitamin pills are 
not taken as directed. Serum folate levels in RYGB patients have been shown to range 
from 6–65% low [153].

8.5  Iron status in post-bariatric surgery patients

After bariatric surgery, the incidence of iron deficiency is thought to be between 
30 and 60%. Nonetheless, these studies’ criteria of ID differ, depending on whether 
serum ferritin levels or transferrin saturations are employed. Due to hypochlorhydria 
and skipping important iron absorption sites including the duodenum and proximal 
jejunum, bariatric surgical operations decrease the absorption of dietary iron [154]. 
Due to general appetite decline and the emergence of food intolerances, including a 
drop in meat consumption, there is also a decrease in the amount of iron consumed 
orally. Research has indicated an almost 50% daily decline in meat intake, indicating 
a lowered capacity to tolerate red meats [155]. In addition, chronic gastrointestinal 
blood loss and H. pylori infection, which are more common in individuals who have 
undergone bariatric surgery, may possibly be contributing factors. The enhanced 
response to iron treatment is seen following H. pylori eradication provides more 
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evidence for the function of H. pylori in the development of refractory iron defi-
ciency. It has been demonstrated that 185 patients who get anemia after surgery had a 
twofold increased risk of hospitalization and length of stay [156, 157].

8.6  Zinc status in post-bariatric surgery patients

Compared to preoperative levels, several studies have shown a considerable 
decrease in blood zinc concentrations following bariatric surgeries. Compared to 
patients undergoing other operations like RYGB (15–21%) or LSG (11–14%), the 
prevalence of zinc insufficiency is much greater among BPDS patients (45–91%) 
[158]. The main cause of deficiency is poor intestinal absorption since zinc is mostly 
absorbed in the duodenum through the Divalent Metal Transporter-1 (DMT-1) and to 
a lesser degree in the proximal jejunum. Deficiency is likely to occur early following 
bariatric surgeries due to the absence of functional reserves [159]. Remember that 
iron, copper, and zinc may all affect one another’s absorption. Long-term oral zinc 
supplementation can also cause shortages in copper and iron as well as a reduction in 
intestinal absorption of zinc [160, 161].

8.7  Copper status in post-bariatric surgery patients

The most prevalent cause of acquired copper deficit is malabsorption following 
bariatric surgery. An analysis of Roux-en-Y patients who underwent surgery and were 
followed up longitudinally for 24 months revealed that the incidence and prevalence 
of postoperative copper insufficiency were 18.8 and 9.6%, respectively. The duo-
denum is the primary organ for absorbing copper, which makes patients undergo-
ing intestinal resection as a component of malabsorptive treatments susceptible 
[162, 163]. Additionally, stomach acid releases copper bonded to ligands and chemical 
complexes, which enhances the bioavailability of dietary copper. However, it could 
take a few years following surgery for symptoms to appear for the body to run out 
of copper. Extended total parenteral feeding without sufficient copper supplements 
might potentially result in copper insufficiency. For adult TPN patients, the estimated 
daily need for copper is 0.3 mg [164]. Since copper insufficiency is not common in 
the US population as a whole, copper levels are seldom checked by doctors and copper 
is occasionally left out of vitamin-mineral supplements. While the hematological 
problems recover with sufficient supplementation, the neurological symptoms can 
be severe and frequently permanent, hence raising awareness and facilitating early 
identification are crucial. Given that greater dosages of zinc supplementation are 
known to cause copper depletion, care should be exercised when prescribing zinc 
supplements. A surplus of zinc stimulates the synthesis of metallothionine, a heavy 
metal binding protein that binds to copper more strongly and facilitates its excretion 
via the gastrointestinal system [165].
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Chapter 2

Perioperative Management: 
Successes and Challenges of  
a Multidisciplinary Team Approach 
in Bariatric Surgery
Alanoud Alobaidly and Abdullah Hasan

Abstract

A multidisciplinary team approach for the management of people with type 2 
diabetes undergoing bariatric surgery was highly recommended by the International 
Diabetes Federation (IDF). The advantages of a multidisciplinary team when  
successfully operating would provide healthcare professionals with a clear manage-
ment plan and defined roles for each of the team members. This understanding would 
contribute to providing patients with their treatment plan and enable them to actively 
manage their glucose levels, which would in return delay complications of obesity 
and type 2 diabetes. However, several perceived disadvantages of having a multidis-
ciplinary team approach were mentioned by healthcare professionals, which could 
hinder the workflow and burden patients seeking treatment for their obesity. Having 
the right mindset of teamwork and respecting the different roles of the disciplines in a 
multidisciplinary team approach would yield effective management for patients with 
obesity.

Keywords: bariatric surgery, multidisciplinary team, obesity, success, challenges,  
type 2 diabetes, patient management

1.  Introduction

As a nurse, I come across numerous patients who struggle with managing their 
glycaemic levels. Most of them were diagnosed with type 2 diabetes and were often 
being shuffled between departments due to unclear roles and lack of diabetes special-
ists. Later, a diabetes team was initiated where I became a diabetes educator. Here, I 
understood the difficulties patients were going through to have their diabetes man-
aged, whether it was because of the lack of knowledge about diabetes, the incorrect 
technique of monitoring their blood glucose levels, or the overwhelming information 
they received from different specialities that were often in conflict.

For example, a physician would prescribe oral hypoglycaemic medication that 
would be replaced by the pharmacist due to its unavailability and then replaced again 
when the initial medication was available, which confused the patients on the type of 
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medication they were taking. Another example was the nutritional guide that dieti-
tians would provide the patient that included a piece of cake or a glass of juice, which 
made no sense to a person with diabetes because what they know is that sugar is not 
allowed in their diet.

This got me questioning why it was so difficult for these disciplines to commu-
nicate, why were patients confused about their diet, and why did patients have to be 
the ones searching for the correct information. In this chapter, I will be discussing 
the goals of having a multidisciplinary team approach, the benefits from having this 
approach, the challenges when implementing this approach, and its effectiveness 
when implemented on people with type 2 diabetes who are obese and eligible for 
bariatric surgery.

By studying this population, people with type 2 diabetes eligible for bariatric sur-
gery, I was able to further understand their need of how the current service delivery is 
being managed, what might be the challenges faced by this population, and whether 
any improvements could be implemented for the betterment of type 2 diabetes and 
bariatric management. Interviews with healthcare professionals from different 
disciplines who are involved in the management of patients with type 2 diabetes and 
obesity were carried out. Patients with type 2 diabetes and obesity eligible for bar-
iatric surgery also participated in the study following their consent [1]. In addition, I 
have observed these healthcare professionals and patients during their consultations 
to grasp a clear and detailed picture of the patient’s management plan and treatment 
pathway.

2.  Multidisciplinary team management

Multidisciplinary team management or interprofessional practice is described as a 
collaborative practice between healthcare professionals who work with people within 
their disciplines, with people from different disciplines, with patients and their 
families, and with communities to deliver health care. A multidisciplinary team in 
health care is defined as a group of healthcare professionals from different disciplines 
that collaborate, cooperate, and communicate together to determine a patient’s treat-
ment plan. Bear in mind that, for a multidisciplinary team to be effective, healthcare 
professionals’ roles, targeted outcomes, and method of service delivery need to 
be defined clearly. The goal of a multidisciplinary team is to address the problems 
of access to health care and create a positive impact on the health outcomes of the 
patients and eventually the community.

The importance of a multidisciplinary team for the management of patients with 
type 2 diabetes and obesity was strongly endorsed by the International Federation of 
the Surgery of Obesity (IFSO) in their statement “only those who have worked or are 
working in a comprehensive team, which has demonstrated the ability to manage and 
provide the necessary resources to look after the morbidly obese patient, should be 
considered fully trained”. This recognition has implications for bariatric surgeons in 
training, who are expected to develop skills in the coordination of multidisciplinary 
care for their patients.

Bariatric surgeries were found to be effective as treatment options for morbid 
obesity. With an increasing number of bariatric operations being performed, there 
has been an associated increase in demand for comprehensive and specialised medical 
and surgical services for these patients. People with morbid obesity may suffer from 
chronic and progressive disease associated with a variety of comorbid conditions. 
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Managing this complex multisystem disease requires coordinated input from a range 
of healthcare professionals. This specialisation of care has led to the evolution of the 
multidisciplinary team approach in bariatric surgery.

2.1  The importance of multidisciplinary team management and care

In the multidisciplinary diabetic care, an obesity expert evaluates the patient, 
even if he does not undergo surgery aiming at controlling weight gain from diabetic 
treatment. Different from the routine clinical consultations when a patient receives 
orientation about food and physical exercises, the obesity expert evaluates the 
behaviour of the patient in the face of food, and he can detect emotional dependence 
on food requesting psychiatric help if necessary. After surgery, an energy intake that 
is insufficient to maintain a normal body weight after weight loss achieves better 
control in other comorbidities, including diabetes. All patients who are candidates 
for metabolic surgery are obliged to pass through psychological tests to identify those 
who have therapeutic adherence or eating disorder. After surgery, psychiatric help for 
food disorder is essential in refractory cases. The association of a motivational psy-
chology expert for continuous exercise with a group of non-surgical patients and with 
a group to begin and maintain physical activity in the postoperative phase contributes 
significantly. All the psychometric data obtained from the questionnaire handed out 
to the patients in the pre- and postoperative periods have the aim and are used as 
instruments to measure the success or not of the assistance given to the obese diabetic 
patients in the multiprofessional-surgical team. The final objective is to guarantee 
quality of life, return to social normalisation, and adherence to the multidisciplinary 
resources available.

Until recently, the treatment of diabetes was the responsibility of endocrinolo-
gists, as they are the experts in respect to endocrine metabolism. Several factors 
prompted the introduction of experts in obesity amongst the multidisciplinary 
approach of diabetes: association of diabetes paving the way to the development of 
obesity in the future generation; the direct effect of obesity on metabolic dysregula-
tion; the incomplete diabetes control if associated with obesity; the fact that meta-
bolic/gastric surgery is the treatment of choice in some stages of diabetes as it can cure 
it while reducing mortality and comorbidities.

3.  Benefits of multidisciplinary teams

Where multidisciplinary care has been implemented, there is evidence to suggest 
improved patient outcomes. Though there are relatively few published studies on 
the impact of multidisciplinary care on the management of patients with severe and 
complicated obesity, there is evidence to suggest that a multidisciplinary approach 
is beneficial. A systematic review on the role of allied health professionals in weight 
management found consistent evidence in support of multidisciplinary treatment 
for obese patients, including improved weight loss, increased physical activity, 
and enhanced quality of life [2]. This was particularly the case in studies involving 
dietitians and physiotherapists. The greatest improvements were seen in studies with 
the strongest presence of non-physician health professionals.

There is a single discipline that coordinates the interactions between the healthcare 
professionals in multidisciplinary teams for the care and management of the patient. 
A nurse-led multidisciplinary team approach has been studied for its effectiveness 
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and acceptance in numerous countries across the globe, such as the UK [3], the USA 
[4], China [5], and Iran [6]. This suggests that it is not simply the involvement of 
multiple specialists but a true multidisciplinary approach that is of most benefit to 
patients.

3.1  Improved patient outcomes

There is evidence to suggest that multidisciplinary teams are effective at improv-
ing the health of both individuals and the population as a whole, particularly in 
the context of chronic disease management. A multidisciplinary team that has a 
physician, endocrinologist, anaesthetist, intensivist, nutritionist, physiotherapist, 
psychologist, and bariatric coordinator is necessary to provide efficient care to people 
undergoing bariatric surgery. Nurse-led multidisciplinary teams have shown equality 
successful outcomes for patients with type 2 diabetes and obesity.

A recent study has shown that diabetes multidisciplinary teams are effective at 
improving glycaemic control and cardiovascular risk factors. This same study also 
highlighted the variability in multidisciplinary team’s effectiveness, raising ques-
tions about what factors are necessary for a successful multidisciplinary team [7]. It 
is logical to assume that improved coordination and information sharing between 
healthcare professionals would cause an improvement in health outcomes, yet this 
has seldom been quantified. Another study analysed the roles of nurses in diabetes 
care and found that when nurses were given the chance to lead the management of 
diabetes care, the outcomes of their patients were improved, and adequate quality 
health care was achieved [8]. These studies give some indication that coordinated care 
by multidisciplinary teams can have a positive impact on health outcomes and that it 
is vital that these interventions are well defined and adhere to the key principles of 
effective multidisciplinary team working.

Healthcare professionals in a multidisciplinary team usually respond to the 
extent or degree in which their professional interest has been represented in 
client-care decision-making and often creates a type of quality indicator. The 
more actively the members of the nursing staff participate in decision-making, the 
greater the satisfaction with their influence, whereas dissatisfaction with influ-
ence on decision-making is one of the most important reasons physicians give for 
wanting to leave their present employment. The improvement in bariatric patient 
satisfaction represents a cornerstone of quality improvement efforts; patient 
satisfaction greatly influences the physician-patient relationship, the relationship 
amongst healthcare providers, and acts as an indirect measure of health outcomes. 
Findings relating to improved patient satisfaction have even revealed reduced 
long-term healthcare costs. Recommend that for settings such as bariatric care, 
which include long-term lifestyle changes and constant coping with complex 
comorbidities, patient satisfaction and the impact of care on quality of life should 
be utilised as a method for evaluation. There were suggestions that current health-
care providers in bariatric care should improve their knowledge on the impact of 
bariatric surgery on patient quality of life and design interventions that enhance 
the long-term effects. They have recommended the use of visual and verbal 
analogue scales and other qualitative methodology. Patient satisfaction can be 
measured indirectly by the health outcome. Recognise the importance of specialist 
teams measuring health outcome as a quality indicator for effective interventions 
with higher risk patients; however, failure to address patient satisfaction will often 
lead to disengagement from care.
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3.2  Holistic approach to care

This approach has been supported by qualitative studies of bariatric patients. For 
example, by interviewing patients with diabetes who are eligible for bariatric surgery, 
Alobaidly found that patients needed to have a primary care provider who cared about 
them, to know more about what caused their weight problem and type 2 diabetes, and 
what could be done to solve these problems [1]. An approach that focuses on thorough 
assessment and education would have been the most ideal for these patients.

The holistic approach to care using a multidisciplinary team is of utmost impor-
tance in the management of bariatric patients. This is because these patients can have 
a range of complex issues which contributed to their obesity, and they often suffer 
from a range of comorbidities. These patients require thorough assessment and treat-
ment of their medical, psychological, and social issues if they are to succeed in their 
long-term weight management. This is something which cannot be achieved in the 
standard 15-minute consultation with a medical doctor or by seeing a specialist who is 
not aware of the range of issues the patient has.

It is recommended that healthcare professionals share their tasks and responsibili-
ties with other disciplines when providing type 2 diabetes care and management for 
patients eligible for bariatric surgery. Sharing management plans could also assist 
these healthcare professionals when planning their patients’ management and refer-
rals to other departments.

A holistic approach to patient care is the contemporary ideal and is accepted 
to result in the best treatment for patients. In recent years, the care of patients has 
moved towards evidence-based practice, considering the evidence in the treatment 
of patients. Because of this, a multidisciplinary team is the ideal as it allows the 
pooling of knowledge from the various specialties into one treatment plan. This is 
very beneficial to patients as it means they are receiving the best evidence-based 
treatment.

4.  Challenges faced by multidisciplinary teams

Challenges usually come before benefits when it comes to asking multiple disci-
plines to work together. These barriers could be because of the disciplines’ different 
perspectives, the different approaches they used, and the line of hierarchy that these 
disciplines have labelled themselves amongst one another. Status differences amongst 
health professionals, different professional dialects, conflicting work schedules, and 
geographic dispersion of team members were also other barriers mentioned when 
research was done on multidisciplinary approaches.

4.1  Power dynamics and role conflicts

The most agreed upon barrier amongst healthcare professionals is status differ-
ence. What I mean by this is when team members from different professions have 
different levels of power and status. Status differences lead to an increase in task and 
person conflicts as well as increased work strain. High-status professionals tend to 
use lower levels of communication with lower-status professionals and sometimes 
ignore them altogether. This can result in a decrease in decision-making quality and 
an increase in levels of role ambiguity for the lower-status professional. Finally, status 
differences have been shown to increase the levels of within-profession team member 
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communication, which leads to professional subgrouping in teams and a loss of 
overall team cohesiveness.

Due to concerns over the safety and effectiveness of bariatric surgery, the 
American Society for Metabolic and Bariatric Surgery (ASMBS) and other inter-
national bodies have suggested that it would be best for surgery to be a ‘last resort’ 
and for patients with obesity to be managed in primary care and medical specialist 
settings. With this in mind, it is apparent that there is a preference towards a more 
conservative treatment approach for bariatric patients. This would be the case when 
healthcare teams treating bariatric patients could face power struggles, with bariatric 
medicine and generalist practitioners favouring non-surgical treatment options, 
while surgeons will be pushing towards surgical management. The aforementioned 
power struggles and role conflicts can create a lack of clear direction in team objec-
tives and patient treatment pathways. This, in turn, can impede the coordination of 
care and potentially lead to marginalised patient groups who become caught between 
conflicting professional opinions.

Commonly found in healthcare organisations are professional groups with 
different values, beliefs, and norms. These differing professional identities result 
in varying conceptualisations of illness, which in turn can lead to conflicts con-
cerning the aims of treatment. In the specific context of bariatric surgery, a study 
involving a diverse range of health professionals revealed that different professions 
held different perspectives on the causes of obesity and what the most appropriate 
treatment would be [9]. This led to the conclusion that to facilitate an integrated 
bariatric health service, it is necessary to resolve differences in role perceptions and 
treatment approaches. As certain specialties are more powerful than others in the 
healthcare hierarchy, it is likely that those in higher-status positions will use their 
influence to redirect decisions in a manner that is consistent with their own profes-
sional role. An interview-based study involving a range of healthcare providers 
identified concerns that physicians were generally given higher importance than 
other professionals on the bariatric healthcare team [1]. This had resulted in patients 
being encouraged towards surgical treatment, even in cases where it might not be 
the most appropriate option.

4.2  Resistance to change

Professional resistance is a natural response to change. It is a process where medi-
cal professionals oppose, overtly or covertly, the implementation of a new treatment. 
The resistance may range from aggressive undermining of the change to a passive 
lack of support. The reasons for resistance are complex and often interrelated. It is 
rarely due to a single factor. Fear of the unknown, threat to professional identity, poor 
timing of the change, and lack of conviction are some of the areas that resistance can 
manifest. It represents a political response to change where the medical professional 
is protecting the status quo or their professional position. Healthcare professionals 
by and large have had little formal management education or training, yet they are 
expected to be leaders of new programmes and champions of change. This expecta-
tion is often a source of inner conflict and personal resistance to change. Healthcare 
professionals often feel out of their depth in the leadership of change and can revert to 
professional autonomy as a defence mechanism. The challenge for change agents is to 
recognise and mobilise their strategies to overcome this resistance. Failure to do so can 
result in the change being abandoned or implemented in a compromised manner. This 
then impacts upon team effectiveness and ultimately patient care.



41

Perioperative Management: Successes and Challenges of a Multidisciplinary Team Approach…
DOI: http://dx.doi.org/10.5772/intechopen.1006293

4.3  Communication and coordination

Communication in multidisciplinary teams has long been recognised as a critical 
issue. It involves the sharing of information using mutually understood signs and 
symbols. Effective communication is one of the most fundamental behaviours in 
teams and is an integral part of the majority of theories on team behaviour. Good 
communication has been linked to numerous positive team outcomes including 
member and leader satisfaction, decision quality, reduced team member role 
ambiguity, task and member cohesiveness, and lower levels of team conflict and 
work strain.

Ineffective communication between healthcare professionals has been highlighted 
as a potential barrier to coordinated care. This often results in fragmented care deliv-
ery, with each healthcare professional managing one aspect of the patient’s health. 
Communication is a process by which information is clearly and accurately exchanged 
between team members, by means of a structured system (e.g. meetings, notes, and 
referral forms), resulting in shared understanding amongst team members, leading to 
more effective and safe patient care. Coordination, on the other hand, is the process 
of aligning actions of team members to ensure the achievement of a common goal. 
It involves task assignment and the allocation of resources between team members. 
High-quality coordination occurs when there is a shared mental model of what needs 
to be done, who is to do it, and when it is to be completed. An important outcome 
of effective coordination is the adaptation of team member behaviours in response 
to changes in the patient’s needs or changes in the external team environment. High 
levels of communication and coordination have been linked to favourable patient 
outcomes in a variety of healthcare settings. Specifically, in the context of bariatric 
patients, better communication has been linked to improved psychosocial and physi-
cal functioning outcomes for the patient. And higher quality coordination has been 
shown to improve patient access to obesity services. High-quality communication and 
coordination are critical for multidisciplinary teams to maximise the effectiveness of 
their treatment for the complex and varied needs of bariatric patients.

5.  Effective multidisciplinary teamwork

An effective team is formed by knowing the criteria of each team member, which 
are often based on their previous performances in team environments and their 
skills in interprofessional interaction. This is consistent with the team development 
stages model proposed by Tuckman [10], where essence of the progress of a team is 
the requirement of ability to work towards a common goal and an associated set of 
performance goals. This implies education of the team and shared mental models, 
specifically in the form of agreeing on what types of patients are suited for bariatric 
surgery and having subsequent criteria for acceptable outcomes.

Sources of poor team performance are neither hard to find nor difficult to compre-
hend. Ineffective team working, such as insufficient communication, coordination, 
cooperation, roles undefined, lack of cohesiveness, unclear leadership, lack of clear 
objectives, and poor decision-making, have been associated with performance deficits 
from simple tasks to more complex individual and collective responsibilities. To 
enhance the potential success of working in teams, strategies to improve poor team 
behaviours have been developed and include team leadership, membership selection, 
training, team building, and process consultation.
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5.1  Clear communication channels

Communication and coordination are at the heart of any bariatric programme. 
For multidisciplinary teams, they are particularly crucial. Weight management is 
the quintessential example of a multifactorial health issue. Bariatric patients present 
with a diverse range of needs emanating from the physical, psychological, and social 
effects of obesity. Their care frequently spans acute and primary care services and 
health providers, and many bariatric patients will require ongoing treatment for a 
range of obesity comorbidities, such as type 2 diabetes, chronic heart diseases, and 
sleep apnoea. Effective team communication is posited as a critical determinant of 
patient outcomes across a variety of healthcare settings.

There were various communication issues identified on each day of observation 
involving all three teams. These issues ranged from a lack of dinner break for the ward 
nursing staff, poor communication between the surgical team and the physiothera-
pists regarding patient suitability for therapy programmes through to cancelling of 
the observed medical doctor’s round during the final week as there were no patients 
suitable to discuss. This is indicative of a lack of good information exchange which 
is vital to make informed decisions and plans. A structured approach to information 
exchange is critical and can come in many forms, the key is that there is a pre-defined 
and understood method and purpose. The surgical team and the medical team 
would be better served with a formal discussion regarding patient therapy goals and 
the medical team needs to be able to access and understand surgical caseloads and 
outcomes when deciding on patient suitability.

Communication is a vital element in health care and without clear channels, the 
quality and safety of patient care may be compromised. Effective communication has 
been shown to be a foundation stone of patient safety, reducing the risk of adverse 
events and decreasing the length of hospital stay. It has been reported in complex and 
high-risk industries that effective communication can be the difference between life 
and death.

5.2  Defined roles and responsibilities

In order to define roles, there must be an ongoing dialogue between the team 
members where their role is constantly evaluated in comparison to what the inter-
vention requires. Surgeons involved in a national survey-based research study 
assessed their roles and responsibilities within bariatric care [11]. They had noted 
that although they were enthusiastic to provide the interventions, they were not all 
adequately trained. This indicated a varied role between different surgeons and there-
fore they were not meeting as a team to define their roles on a constant basis. This 
blurred professionals’ roles between each other, and the experts’ opinion was that the 
patient was not getting the best possible treatment. This highlights that role defini-
tion requires communication and continuous evaluation in order to succeed in team 
treatment. This process should always be referred back to patient care, and it must be 
questioned whether a role meets the specific requirements of a certain intervention.

Several studies found that registered nurses who are actively involved in type 2 
diabetes management by delivering patient education and undertaking leadership 
roles were efficient in optimising and improving delivery of service [12–14]. The roles 
and responsibilities of the team members must be clearly defined. This must be estab-
lished during a team meeting so that all members are aware of what their role is and 
what is expected of them. Keynotes from these meetings can specify that professional 
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boundaries must be kept and not be overstepped, senior members are not to domi-
nate, and all members must have equal participation. The surgeons, anaesthetists, 
dietitians, psychologists, and specialist nurses play key roles in the assessment and 
management of the bariatric patient [15]. They are the individuals who deliver the 
interventions and therefore it is essential they are aware of what is expected of them. 
This will be varied depending on the discipline-specialist training and therefore must 
be clearly outlined.

The bariatric doctor, like the bariatric surgeon, is only one part of the specific 
treatment for obesity. They have a significant and important role in treating obesity 
and its comorbidities. As emphasised by the American Society for Metabolic and 
Bariatric Surgery (ASMBS) Bariatric Surgery Guidelines and Recommendations, the 
long-term success of bariatric surgery depends on the patient’s physical, emotional, 
and behavioural abilities. These abilities include following dietary, supplement, 
drug, and behaviour-related restrictions, as well as maintaining or adjusting energy 
intake and physical activity. Other health professionals, such as registered nurses, 
physiotherapists, health educators, and social workers, are also needed to assist the 
patient and their family in supporting the success of bariatric surgery.

The surgical approach to severe and complex obesity should adhere to safety, ben-
efits, and quality standards. These standards are part of a multidisciplinary approach 
that involves various professionals. In this book, readers will find a comprehensive 
exposition of the work done by these professionals, who are dedicated to achieving 
excellence in every step of the integrated treatment of the disease and its comor-
bidities. The professionals involved include anaesthesiologists, bariatric dietitians, 
endocrinologists, bariatric professionals, family physicians, personal trainers, image-
diagnostic specialists, infectious disease specialists, nutritionists, podiatrists, pulmo-
nary health professionals, psychologists, psychiatrists, and weight loss surgeons. Each 
of these professionals plays an important role within the team.

5.3  Regular team meetings and collaboration

Patients with physical and mental health problems need appropriate referral to 
multidiscipline specialists, including psychologists/psychiatrists, internists, neurolo-
gists, physiatrists, urologists, and caregivers. Family physicians are of great value 
as constant care coordinators, especially during the early post-discharge setting if 
well informed by immediate at-discharge comprehensive summary of the former 
patient’s postsurgical limitations, needs, and expected adaptive behaviour profiles. 
Psychologists working for the Veterans Affairs Healthcare System in the United 
States identified the use of case reviews as a method to help integrate with healthcare 
providers and understand patient needs. This resulted in psychologists feeling more 
involved with patient care and becoming inclined to take on greater responsibilities 
with medical treatments. In addition, isolated programmes running group therapy 
for bariatric patients have demonstrated the benefits of regular collaboration with 
other health professionals to enhance patient management. Despite these examples, 
setting a time and date that allows all team members to attend regular meetings can be 
difficult and may require flexibility to accommodate different disciplines.

A coordinated approach to preoperative preparation and postoperative manage-
ment of bariatric patients involving dietitians, psychologists, and exercise specialists 
is of paramount importance. Increased collaboration between health profession-
als will lead to a more effective management of patients and improved outcomes. 
This is supported by the Dietitians Association of Australia, whose guidelines for 
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the management of bariatric patients state that dietitians should engage in regular 
communication and participate in multidisciplinary team meetings to discuss the 
nutritional management of patients. Regular collaboration between dietitians and 
other health professionals has been shown to identify and resolve behavioural and 
environmental factors that impact food choices, weight, and health. This can be 
achieved via numerous methods, including preoperative training in behaviour, moni-
toring and increasing physical activity, balance reducing proactive intake behaviour, 
help initiate and monitor postsurgical adaptive food behaviour, and observe changing 
nutrient intake adequacy. There are often a bariatric surgery nurse coordinator and 
a surgical room or office nurse who double as office weight loss counsellor or right-
sized garb providers as well. Inpatient and immediate post-discharge nursing staff 
will often have or develop programmes to augment the supplied discharge follow-up 
information to recognise and treat hypo and dehydration, hyperemesis and dumping 
symptoms, and any residual nausea and early satiation symptoms. Despite medication 
or nutrient alleviated hunger not occurring post-surgery until achieving advanced 
weight loss, some obese patients might experience return or persistent self-medica-
tion of transient non-hunger flavours of oral intake or inappropriately snacking on 
ingested modified glucose beverage.

In addition to regular patient management, effective multidisciplinary teams need 
to meet regularly to discuss ongoing management problems, treatment plans, and 
programme evaluation. Busy schedules and differences in professional timings have 
been identified as common barriers to scheduling meetings. Despite evidence showing 
team meetings to be clinically cost-effective, the experience of the authors in setting 
up regular team meetings for bariatric patients has identified several challenges that 
require consideration.

When comprehensive care plans can be initiated, the best collaborative practice 
involves team members identifying both their overlapping and differential roles. The 
providers must develop close personal connections, learn to communicate efficiently 
using short-structured discussions, and share patient care records within the evolv-
ing Health Information Technology ecosystems. Patient care is labour intensive and 
frequent interruptions are the norm. The surgeon and the bariatric office team or the 
diabetologist and the clinic team engaged in providing care of diabetes/obesity must 
learn to establish boundaries about their key responsibilities, yet keep intersecting 
roles efficient enough to promote patient-centred beneficial communications. This 
core team is experienced-based with relationships made stronger by frequent direct 
communications and shared supportive roles.

6.  Preoperative management of the obese patient

The motivation of a potential bariatric surgery patient and the patient’s under-
standing and knowledge of the pre- and postoperative process and physical restric-
tions are critical to the patient’s success. This member of the obesity surgery team 
should be the healthcare professional at the weight loss centre. The primary care 
physician refers the severely obese patient to the weight loss centre and should be 
a knowledgeable addition to this obesity surgery management team to help in the 
patient’s journey. The candidate for surgery will usually have ongoing health issues of 
which the primary care physician is aware of and can manage and may have psychoso-
cial issues such as the stress of a separation. The referral is the first step in the patient’s 
total management.
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Patients seeking bariatric surgery to induce weight loss do so to resolve health and/
or social issues. The consumption of food plays a major role in all of these aspects of 
human nature. Severely obese patients who cannot control their weight by lifestyle 
modalities such as diet and are experiencing failing health are unable to functionally 
fulfil their roles in society or are experiencing depression will claim they have little 
choice but to seek bariatric surgery. The management of severely obese patients is 
often said to be difficult by physicians who may feel less empathy for these patients. 
Nevertheless, these patients must be given the same thorough evaluation as any 
other patient, perhaps with the addition of more tests and procedures as they do have 
unique medical, anatomical, functional, and psychological issues.

6.1  Medical assessment and screening

A careful examination is essential and should retain indications for the presence of 
acanthosis nigricans, hirsutism, joint enlargement, periodontitis, and skin changes. 
Besides the assessment of weight, waist-hip ratio, intertriginous areas, and ankle or 
knee oedema, an essential goal is the accurate and reliable estimation of body fat, 
muscle mass, weight, and robustness. Further exploration goes together with the 
gathering of objective evidence, such as orthopnoea or snoring (for sleep apnoea-
hypopnoea) and the investigation of the lowest oxygen desaturation during sleep by 
pulse oximetry and the presence of any oedema norms for the Oswestry Disability 
Index (ODI) > 5, and a body mass index (BMI) chart categorising the severity of 
OSAHS (obstructive syndrome of obstructive sleep apnoea-hypopnoea). Based on the 
above data, it is very important to prepare the patient not only for bariatric surgery 
but also to predict his medical condition as much as possible by examining those 
criteria similar to chances for sexual satisfaction.

Preoperatively all patients should be in optimal medical condition before major 
surgery. A thorough history of related obesity- and diabetes-associated problems must 
be obtained. This involves inclusive drug history, the medical exploration of symptoms 
or signs for anxiety, statistical analysis of obesity, pain, dyspnoea, oedema, any indicator 
that reflects, for instance, cardiac failure or sleep apnoea-hypopnoea, and either respira-
tory or liver disorder. Patients with diabetes should be optimally controlled before 
bariatric surgery with HbA1c (glycosylated haemoglobin) < 6.5%, as higher HbA1c is 
associated with higher morbidity in non-diabetic obese patients. History of chronic 
pain, osteoporosis, and the history of previous bone fractures may indicate osteoporosis.

6.2  Nutritional counselling and support

Most patients undergoing surgical treatment are advised to lose weight prior to 
surgery in order to reduce the surgical risk. These patients are typically encouraged 
to follow a diet that is low in sugar, fat, complex carbohydrates, and gluten, while 
ensuring adequate protein intake. They are also encouraged to engage in mild physical 
activity. Therefore, an overly restrictive diet does not appear to be the most appropri-
ate approach. However, once again, there is no consensus on this matter. Currently, in 
addition to nutritional guidelines, we have the option to offer patients an additional 
tool for weight management through endoscopic treatment several months before 
bariatric surgery in an outpatient setting. This option is available to patients who have 
not been able to lose weight through other means or who have experienced signifi-
cant weight loss prior to surgery in a safe manner. The use of this treatment is more 
controlled, particularly for those who have undergone biliopancreatic diversion.
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Morbidly obese patients suffer from micronutrient deficiencies, including a 
lack of intake of vitamins and minerals, as well as malabsorption syndromes due 
to concomitant medication use. Deficiencies in vitamin D, magnesium, zinc, and 
iron are highly prevalent in morbidly obese patients undergoing surgery, regard-
less of the technique used. These patients also typically have reduced levels of 
vitamins B12 and folate, as well as other micronutrients. There is no consensus 
on the recommended intake of vitamins and minerals for preoperative patients in 
order to address these deficiencies. In our institution, we often rely on the current 
recommendations for the general population. Additionally, there is no consensus on 
the type of multivitamin to prescribe, the dosage, or the form (liquid, chewable, or 
bolus). It is important that the formula be highly available and that the capsules be 
small, as a liquid or chewable formulation is preferred to reduce the risk of capsule-
related stricture.

7.  Postoperative care and follow-up

Postoperative care requires weight maintenance if remnant stomach and medica-
tions are not given per orally immediately after the intervention. In some procedures, 
peculiar food forms, such as filling, are recommended. Follow-up examinations 
should be done from the first day after the operation, not only in case of anaesthesia 
difficulties or unusual courses but according to national guidelines. In the Czech 
Republic, the first postoperative follow-up examination takes place 15 days following 
the intervention to remove staples; anti-thrombotic cover and proton pump inhibi-
tion are finished, normal stomach function is usually resumed, and patients start 
taking established diabetes medications there in the morning. Its introduction starts 
on the first day to be taken orally (except suture line leakage or other intra-abdominal 
infection risk) as trans-anastomotic glucose transport is re-established soon after the 
operation. Other novel diabetes medications should not be prescribed to be taken 
by mouth (per oral) before the consultation with the surgeon performed two weeks 
postoperatively. For other indications, the administration of these drugs needs to 
be postponed in some operations, for example, 10 weeks after a bypass because of 
the hazard of anastomosis dehiscence caused by profound hypoglycaemia following 
intranasal glucose intake. Blood glucose levels should be monitored for some time 
even in normoglycaemic individuals. Indication can be given by diabetic ketoacidosis 
at the time of the diabetes diagnosis on the field of established bacterial infection 
with severe hyperglycaemia in a patient with no medical history. Products containing 
glucose should be used for treatment.

Immediate postoperative care after digestive surgery presents several unique 
features. Not only is traditional surgical treatment of diabetes implemented in the 
form of surgery in obese individuals, but glucose metabolism is also modified by 
different mechanisms on the first day after the operation. Novel diabetes medica-
tions largely influence postoperative diabetes therapy. Undiagnosed diabetes may 
complicate postoperative care of other affected patients. Digestive surgery itself poses 
anaesthesia challenges. The timing and nature of carbohydrate repletion following 
bariatric procedures can be novel to anaesthesiologists. Incentive spirometry can be 
effective for reducing episodes of oxygen desaturation. Conversion from parenteral 
to oral nutrition can require longer hospital stays in morbidly obese patients. The use 
of altered anatomy-following procedures and residual obesity will result in frequent 
advice seeking by future anaesthesiologists. Therefore, interdisciplinary approaches 
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should include movement close to the operating room, dietary, psychiatry, in addition 
to endocrinology and other internal medicine specialists, as usual.

7.1  Monitoring for complications

In the long term, as the comorbidities are resolved, direct patients to the complete 
blood analysis to semiannual, for the nutritional assessment of potential micronutri-
ent deficits and the hepatic and renal analysis, in which the nephropathy marker 
should be included.

7.2  Lifestyle modification support

The proposed method of treating the obese and overweight patients with stage-
preoperative preparation for the operation achieves complete preparation of metabolic 
function at a significantly lower level of excess weight. This method is also effective in 
achieving stable weight loss in the early postoperative and follow-up periods, especially 
in patients with a less pronounced feeling of postprandial restriction and reduced 
appetite, which is due to increased glucose and hormone dynamics after overcoming 
full-thickness skin graft. With a smooth beginning of the process of alimentary post-
operative self-reconstruction, due to the booking of part of the surgical weight reduc-
tion effect for maintaining this effect, long-term total preserving the early return of 
the maximum lost weight in the early postoperative period, the appearance and delay 
of the ideal weight, sufficient reduction in weight, and ensuring the absence of weight 
during the whole period of long-term remission during the treatment in general.

Weight loss before bariatric surgery is very important in the treatment of obesity 
(BMI > 35). In addition, weight reduction, especially in patients for surgical treatment 
of diabetes, gives a significant positive effect. If necessary, such patients should be 
treated for years to achieve rapid and stable long-term remission. It is necessary to 
control the accompanying disease, type 2 diabetes, and its comorbid disorder-free 
genesis. It is also advisable to use the techniques for stage reducing and stretchability 
of a standard stomach for general bariatric patients because there is a direct relation-
ship between weight reduction associated with these surgical parameters of the 
bariatric surgery and the degree of normalisation of all types of metabolism, lipid, 
and hormonal spectrum at different stages after surgery. This approach is proposed 
for the patients in whom the preoperative body mass index is more than 35 kg/m2, and 
for the high-risk patients, actual guidelines are recommended.

8.  Conclusion

The success of a multidisciplinary team, as perceived by the healthcare profes-
sionals from different disciplines in managing patients undergoing bariatric surgery 
holistically, included them being able to contribute to the management plan of these 
patients while focusing on the individual needs of each patient. The benefits of a 
multidisciplinary team would delay the known complications associated with obesity. 
However, power struggles, resistance to change, and communication were main con-
cerns about using a multidisciplinary team approach for managing patients eligible 
for bariatric surgery. Clear communication, defined roles, and regular meetings were 
that solutions that would contribute to having an effective multidisciplinary team 
approach for people undergoing bariatric surgery.
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Abstract

The authors will delve into the critical considerations necessary when administering 
anesthesia to obese patients, underscoring the unique challenges this demographic 
population presents. It will describe the necessity of individualized preoperative 
respiratory and cardiovascular assessments, using tools like spirometry and ECGs 
to tailor anesthesia plans. The text emphasizes the importance of respecting patient 
dignity and outlines perioperative strategies for managing altered pharmacokinetics 
and airway challenges in the obese population. They aim to highlight how obesity 
significantly alters the pharmacokinetics of various anesthetic agents, necessitating 
adjusted dosing and vigilant monitoring. Postoperative care focuses on respiratory 
function optimization and mobilization, highlighting the critical role of a multi-
disciplinary team in improving outcomes for obese surgical patients. By reviewing 
the latest research and guidelines, this chapter will provide a thorough overview of 
anesthetic considerations for obese patients, emphasizing the necessity for tailored 
care plans to ensure both safety and efficacy.

Keywords: obesity and anesthesia, pharmacotherapy, anesthetic medications, 
preoperative evaluation, postoperative care

1.  Introduction

Obesity is firmly established as one of the great epidemics of the twenty-first cen-
tury. Affecting both adults and younger people worldwide: now there are 2.5 billion 
overweight adults and over 890 million obese adults and over 37 million children and 
390 million adolescents aged 5–19 yo were overweight or obese in 2022, resulting in 
enormous social and economic impact due to obesity-related health concerns [1].

Obesity can be defined as a disease since it is a physiologic dysfunction of the 
human organism with environmental, genetic, and endocrinologic aetiologies [2]. 
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Obesity most frequently develops when food caloric intake exceeds energy expen-
diture over a sustained period. Factors influencing obesity include either energy 
intake or energy expenditure, and are influenced by genetic, behavioral, cultural, 
and socioeconomic factors [3]. There are syndromes that are associated with obesity, 
including leptin deficiency, Prader-Willi syndrome, and Lawrence Moon-Biedl 
syndrome [4].

Metabolic factors play a pivotal role in energy regulation, involving a complex 
interplay of hormones, peptides, nutrients, uncoupling proteins, and neural regula-
tory substances originating from various sources such as the gut, liver, brain, and 
fat cells. However, the precise mechanisms underlying many of these factors remain 
poorly understood [5].

BMI is the most widely applied classification tool used to assess individual weight 
status (Table 1). The BMI is specifically defined as the patient’s weight, measured in 
kilograms, divided by the square of the patient’s height, measured in meters, yielding 
a measurement bearing units of kilograms per square meter (kg/m2) [6].

Obesity is commonly related to multiple and specific diseases/comorbid states 
that include: resistance, type 2 diabetes mellitus, obstructive sleep apnoea (OSA), 
asthma, chronic obstructive pulmonary disease, hypoventilation, cardiovascular 
disease, hypertension, certain malignancies, and osteoarthritis. Virtually every 
organ system can be included in the extended list of health risks associated with 
having an abnormally elevated BMI. As a result, obesity is also associated with 
early death [7].

2.  Preoperative evaluation of morbidly obese patients

2.1  Assessment of airway and respiratory system

Obesity can impact the respiratory system through different ways. The accumu-
lation of fat in the chest wall, abdomen, and upper airway directly diminishes lung 
volumes, notably the expiratory reserve volume, and induces structural modifica-
tions that disrupt essential ventilatory mechanics [8]. It’s essential to recognize 
that the risk of encountering difficult or failed intubation is significantly higher in 
obese patients. Additionally, adipose tissue functions as an endocrine and paracrine 
organ, generating numerous cytokines and pro-inflammatory agents, which are 
believed to heighten the likelihood of asthma among individuals with obesity [9]. 

Classification BMI (Kg/m2) Risk of developing health problems ASA grading

Underweight <18.5 Increased 1

Normal weight 18.5–24.9 Least 1

Overweight 25–29.9 Increased 1

Obese

Class 1 30–34.9 High 1

Class 2 35–39.9 Very high 2

Class 3 ≥40 Extremely high 3

Table 1. 
WHO classification of obesity.
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Below, we delve into the effects of obesity on the respiratory system and explore 
different measures of respiratory function.

Given the alterations in respiratory function associated with obesity, it’s crucial 
to select the most suitable respiratory function test when evaluating an obese patient 
undergoing surgery, especially when in presence of breathing difficulties. Healthcare 
professionals must discern whether dyspnoea and other symptoms stem from a pre-
existing respiratory disease or are exacerbated by obesity. Thus, test selection should 
align with the patient’s clinical presentation and history [10].

Spirometry remains relatively unaffected by obesity within the mild to moderate 
range, offering valuable insights into airway size and function in these cases [11]. 
Assessing bronchodilator responsiveness is essential due to the heightened risk of 
asthma in this population. Objective measures of airway reactivity, such as mannitol 
or methacholine challenges, may help confirm or rule out asthma, particularly in 
patients unresponsive to typical treatments [12, 13].

While total lung capacity is minimally influenced by obesity, significant abnor-
malities may indicate underlying pathophysiology unrelated to obesity [14, 15]. 
Conversely, reductions in functional residual capacity, associated with changes in 
expiratory reserve volume, are likely attributable to obesity itself [14].

In individuals with obesity, there is an elevation in airway resistance which 
increases the resistive load. This population also experiences reductions in both lung 
and chest wall compliance. The decrease in lung compliance is attributed to breath-
ing at reduced lung volumes, which can induce microatelectasis, while the decline in 
chest wall compliance is due to the mechanical pressure exerted by adipose tissue on 
the rib cage’s capacity for expansion [16–18]. As a result, there is an increase in elastic 
load due to decreased pulmonary compliance. Furthermore, positive end-expiratory 
pressure (PEEPi) is elevated in obese individuals, especially in the supine position, 
reflecting an enhanced threshold load [19]. This phenomenon is likely caused by 
expiratory flow limitation when supine, leading to gas trapping at the end of expira-
tion and consequently, the generation of PEEPi [19]. Correcting for volume-related 
variations, such as specific airway conductance, may better elucidate airway mechan-
ics in obese patients [20].

Gas exchange measures, like DLCO and PaO2, are generally unaffected by obesity. 
Abnormalities in these tests are unlikely to be solely due to obesity and may indicate 
conditions such as obesity hypoventilation syndrome [20].

Cardiopulmonary exercise testing can be invaluable in evaluating exertional 
dyspnoea in obese individuals, providing insights into both cardiac and respiratory 
function [20]. While obesity may have a minor impact on test results, significant 
physiological issues unrelated to obesity may be identified through this testing 
[21–23].

The effect of OSA on perioperative risk remains controversial, but most patients 
are screened for OSA using overnight oximetry using oxygen desaturation index or 
polysomnography, or both, if appropriate [24–26]. If identified with OSA and recom-
mended for CPAP, then patients are encouraged to initiate therapy at home, and it 
should be continued throughout the perioperative period [27, 28].

An Apnoea Hypopnea Index (AHI) score exceeding 30 (Table 2), indicating 
severe sleep apnoea, serves as a cautionary marker and predicts rapid and severe 
desaturation during induction [28].

Another valuable aspect of the preoperative assessment involves reviewing the 
patient’s history of previous surgeries, including any encountered anesthetic chal-
lenges such as difficulty securing the airway or obtaining intravenous access, as well 
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as the need for intensive care unit admission and surgical outcomes, along with the 
patient’s weight at the time. This information can alleviate concerns or facilitate more 
comprehensive preparation for the forthcoming anesthesia care.

2.2  Cardiovascular assessment

The utilization of electrocardiograms (ECGs) plays a crucial role in cardio-
vascular evaluations, facilitating the detection of previously undiagnosed cardiac 
abnormalities, which is particularly vital for obese and overweight patients. These 
individuals are at higher risk of developing arrhythmias, notably atrial fibrillation and 
ventricular tachycardia, which can be identified through ECG monitoring. Various 
factors, including hypoxia and existing heart conditions, often precipitate cardiac 
arrhythmias in this population. Recent studies suggest a strong association between 
obesity and atrial fibrillation, with overweight and obese patients exhibiting a 50% 
increased risk. Mechanisms such as atrial remodeling, elevated blood volume, and 
neurohormonal factors significantly contribute to this risk. Hemodynamic alterations 
in obesity lead to structural and functional changes in the heart, predisposing to atrial 
fibrillation and other arrhythmias [29, 30].

Echocardiography has the capability to assess systolic and diastolic function as 
well as chamber dimensions, though obtaining clear images via the transthoracic 
method can be challenging. Chest X-rays, on the other hand, can be utilized to evalu-
ate the cardiothoracic ratio and detect signs of cardiac failure [30].

Additionally, cardiopulmonary exercise testing serves as a valuable tool in predict-
ing postoperative outcomes and lengths of hospital stay. Understanding various risk 
factors, including the type of surgery, history of cardiovascular diseases, and preop-
erative insulin use, aids in assessing the potential cardiovascular morbidities in obese 
patients undergoing surgery [31].

2.3  Risk assessment

The Obesity Surgery Mortality Risk Score (OS-MRS), as detailed in Table 3, can 
aid in forecasting risk. This score helps in strategizing postoperative care require-
ments; patients with a score between 4 and 5 are considered high-risk and may 
require post-operative critical care admission. While its validation is specific to 
bariatric surgery, its application can extend to patients undergoing non-bariatric 
procedures [32].

Recommended preoperative laboratory evaluations include fasting blood glucose, 
lipid profile, and serum chemistries (evaluating renal and hepatic function), com-
plete blood count, ferritin, vitamins and folate levels [29].

Apnoea severity Apnoea-hypopnea index (events/hour of sleep)

Normal <5

Mild 5 ≤ AHI <15

Moderate 15 ≤ AHI <30

Severe ≥ 30

Table 2. 
Apnoea hypopnea severity index.
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3.  Intraoperative management

3.1  Patient preparation

Obese individuals are aware of societal perceptions regarding their size, and their 
self-image concerns are significant. Maintaining dignity is crucial for them. It’s essen-
tial to have theater gowns in suitable sizes, provide appropriately sized underwear, 
and ensure rooms have accessible toilets and showers that can accommodate their size 
and weight [33].

Obesity increases the risk of deep vein thrombosis, with up to 10 times higher 
incidence post-surgery. Therefore, assessing the risk of deep vein thrombosis and 
implementing prophylaxis measures in accordance with national guidelines is neces-
sary for all obese patients [34].

The current standard practice refrains from administering sedatives or hypnotics 
to these patients until they are on the operating room table, particularly in prepara-
tion for painful procedures like arterial line placement or airway management, 
including airway topicalization. Non-respiratory depressant premedication may 
be incorporated into multimodal analgesia for patients with morbid obesity. This 
approach holds the potential to alleviate preinduction anxiety, reduce anesthetic 
requirements, and mitigate immediate postoperative depressant effects of opioids in 
this high-risk population [35].

A backup plan for airway management, following Difficult Airway Society guide-
lines, must be communicated to the entire theater team. Front-of-neck airway access 
can be challenging, especially in high-risk cases. Identifying relevant landmarks, such 
as the cricothyroid membrane depth and vascular tissue, is crucial to improve the 
success rate of emergency procedures [35].

3.2  Transferring and positioning

It’s crucial to ensure appropriate equipment availability for patient transfers, 
including transportation from home to the hospital, which may require suitable 
vehicles. Chairs, trolleys, beds, and operating tables must safely accommodate the 
patient’s weight and movements. Prior to surgery, confirming that accommodations 
meet safety standards is essential for maintaining dignity. Gel pads should be used 
to prevent pressure points, and vigilance during anesthesia is vital to avoid crush 

Risk factor Point scored

BMI > 50 kg/m2 1

Male 1

Hypertension 1

Age > 45 1

Risk factors for PE (previous VTE, preoperative vena 
cava filter, OSA/OHS, right heart failure, pulmonary 
hypertension)

1

Table 3. 
Obesity surgery mortality risk score (OS-MRS).
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injuries and rhabdomyolysis. Transitioning from the operating table to the ward 
bed can be facilitated with slide sheets or hover mattresses, which can also aid 
postoperative care [33].

3.3  Monitoring

Additionally, alongside standard ASA-required monitors such as ECG, non-
invasive blood pressure, pulse oximetry, end-tidal CO2, and temperature, arterial 
line insertion may be necessary for continuous blood pressure monitoring in cardiac 
patients. To avoid interference with surgical procedures, temperature monitoring via 
an esophageal stethoscope with thermistor placement in the tympanic membrane or 
axilla is preferred over esophageal placement. Urinary drainage catheters are typically 
omitted. Peripheral nerve stimulators gauge muscle relaxant effects, while processed 
EEG like BIS® monitors anesthesia depth, particularly beneficial in laparoscopic 
bariatric surgeries due to unreliable vital sign proxies and frequent sympathomimetic 
support. Intraoperative spirometry and flow-volume loops provide valuable insights 
into surgical and patient status changes. The use of automatic peripheral nerve stimu-
lators simplifies data recording on electronic medical records [36].

3.4  Airway management

Obesity is associated with known aspiration risk factors like hiatus hernia and 
diabetes mellitus with autonomic neuropathy, causing delayed gastric emptying. 
However, obesity alone does not increase reflux and aspiration risk. When there are 
no aspiration risk factors present, like an unfasted patient or intra-abdominal pathol-
ogy, routine rapid sequence intubation (RSI) is not typically necessary [35].

A backup plan for airway management, following Difficult Airway Society guide-
lines, must be communicated to the entire theater team. Front-of-neck airway access 
can be challenging, especially in high-risk cases. Identifying relevant landmarks, such 
as the cricothyroid membrane depth and vascular tissue, is crucial to improve the 
success rate of emergency procedures [35].

3.5  Anesthetic medications

The ideal goal for an anaesthesiologist is to ensure a 100% success rate in achiev-
ing surgical anesthesia, coupled with complete reversibility of the condition and 
the absence of complications or side effects. To achieve this, the anaesthesiologist 
must meticulously adjust the drug doses based on individual patient characteristics, 
thereby providing comprehensive protection against surgical injury while minimiz-
ing the risk of adverse effects. Furthermore, modern balanced general anesthesia 
entails the intricate application of a combination of pharmacological agents, wherein 
multiple drugs are administered simultaneously to address the three primary compo-
nents of anesthesia: hypnosis, muscle relaxation, and suppression of the sympathetic 
response triggered by surgical stress [37].

The physiological alterations induced by obesity can significantly influence 
the distribution, binding, and elimination of anesthetic drugs. Relying solely on 
actual body weight for drug dosing can lead to considerable risks of severe adverse 
events [38].

Obesity results in increased fat and lean masses compared to non-obese individu-
als of the same age, height, and sex. The rise in lean body mass constitutes 20–40% 
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of the total excess weight; however, the fat mass per kilogram of Total Body Weight 
(TBW) increases more significantly than lean mass, leading to a relative decrease in 
the percentage of lean mass and water in obese individuals compared to their non-
obese counterparts of similar age, sex, and height. These alterations in tissue distribu-
tion induced by obesity can significantly impact the apparent volume of distribution 
of anesthetic drugs. Additionally, obesity triggers other changes that affect the phar-
macokinetic profile of anesthetic drugs, such as an absolute increase in total blood 
volume and cardiac output (CO), as well as modifications in plasma protein binding. 
It’s also worth noting that alterations in respiratory and cardiovascular functions 
resulting from obesity may influence the absorption and elimination of inhalation 
anesthetics, which play a crucial role in modern balanced anesthesia [39].

Changes in hemodynamic status and regional blood flow due to obesity can have 
additional implications for the pharmacokinetics of anesthetic drugs. While fat tissue 
typically receives approximately 5% of cardiac output (CO), viscera and lean tissues 
receive 73 and 22% of CO, respectively. Nevertheless, reports suggest that blood flow 
per gram of fat is diminished in obese individuals compared to non-obese counter-
parts, implying a potentially lower proportion of blood flow to fat compared to lean 
mass in obesity. Furthermore, the decrease in cardiac performance induced by obesity 
could exacerbate the reduction in tissue perfusion [37].

The impact of obesity on drug binding to plasma proteins remains uncertain. 
Reports suggest that elevated levels of triglycerides, lipoproteins, cholesterol, and 
free-fatty acids could hinder the protein binding of certain drugs, thereby elevat-
ing their free plasma concentrations. Conversely, the rise in concentrations of acute 
phase proteins, such as a1-acid glycoprotein, seen in obese individuals, may enhance 
the binding of other drugs, thereby lowering their free plasma concentrations [40]. 
Alterations in liver and kidney functions induced by obesity can influence the 
pharmacokinetics of anesthetic drugs. In obese patients, hepatic clearance may be 
impacted by fatty degeneration of the liver, which is a common occurrence, although 
typically hepatic clearance remains normal or may even increase. Concurrently, renal 
clearance tends to rise due to factors like increased kidney weight and glomerular fil-
tration rate. However, prolonged exposure to obesity-related changes can lead to more 
profound kidney damage and the development of chronic renal disease over time. In 
obese patients with renal impairment, standard methods for estimating creatinine 
clearance may prove inaccurate, necessitating adjustments in dosing for drugs elimi-
nated through renal pathways based on directly measured creatinine clearance [39].

The National Audit Project (NAP) 5 study uncovered a higher rate of awareness 
shortly after anesthesia induction in obese patients, which is attributed to the rapid 
redistribution of intravenous (IV) anesthetic agents. To minimize this risk, anaesthe-
siologists should ensure sufficient dosing of Intravenous anesthetic agents, promptly 
administer maintenance anesthetic agents, and consider additional IV boluses before 
airway manipulation or prolonged airway maneuvers [35, 41].

In situations where Total Intravenous Anesthesia (TIVA) is employed, the existing 
models are all based on assumptions derived from the normal-weight population, 
albeit they estimate effect-site and plasma concentrations differently. None of the 
common TIVA models—Marsh, Schnider, or Minto—have been validated for extreme 
weight ranges; all necessitate adjustment and precise titration [42].

The concentration of volatile agents at the effect site is contingent upon pulmo-
nary uptake, the fraction of inspired anesthetic agent, and cardiac output. In obese 
individuals, functional residual capacity (FRC) decreases while cardiac output and 
the size of the poorly vascularized peripheral compartment increase. Consequently, 
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the heightened pulmonary uptake (due to reduced FRC) is counterbalanced by 
extended equilibration (due to increased cardiac output). Furthermore, the impact of 
an enlarged peripheral compartment is lessened by its comparatively deficient vascu-
larity. During prolonged procedures, lipid-soluble agents might accumulate, resulting 
in prolonged offset times. However, in practical usage and for shorter procedures, 
there’s minimal disparity between obese and non-obese patients [43].

Various drugs require dose adjustments based on different body weight param-
eters, particularly when administering to obese individuals. Thiopental, for instance, 
requires adjustment during induction based on Lean Body Weight (LBW) and 
maintenance based on Total Body Weight (TBW). Simulations suggest a 60% reduc-
tion in peak plasma concentration in obese subjects compared to lean ones after a 
250 mg dose, necessitating adjustment to achieve equivalent concentrations. Propofol 
also necessitates LBW-based induction and TBW-based maintenance for obese sub-
jects, with similar induction requirements but increased volume of distribution and 
clearance at steady state with rising TBW. Fentanyl’s clearance correlates with LBW, 
while Remifentanil requires LBW-based infusion to achieve plasma concentrations 
comparable to those in normal-weight subjects. Succinyl Choline, administered based 
on TBW, yields improved intubating conditions, and Vecuronium’s TBW-based doses 
result in longer action durations in obese individuals. Similarly, Rocuronium and Cis/
Atracurium administered based on Ideal Body Weight (IBW) lead to extended effects 
in obese individuals compared to doses based on TBW. These adjustments ensure 
optimal drug effects and patient safety across diverse body types [44].

Etomidate is suggested for individuals facing hemodynamic instability due to its 
minimal suppression of the cardiovascular system. However, its use raises concerns 
regarding potential adrenal insufficiency, which could lead to organ failure. Like pro-
pofol and thiopental sodium, when utilized for induction, necessary dosage adjust-
ments should be based on non-fat body weight, considering both pharmacokinetic 
and pharmacodynamic characteristics [45].

When dosing ketamine, it is advisable to consistently utilize either ideal or 
adjusted body weight for weight-based dosing in obese patients, especially in those 
with more severe forms of obesity (e.g., BMI ≥ 40 kg/m2).

The nutritional status influences the distribution and bonding of local anesthetics. 
Elevated levels of alpha-1 acid glycoprotein might diminish the unbound portion of 
local anesthetics, thereby raising the dosage needed for nerve blocks in obese indi-
viduals. Additionally, the impact of obesity on the epidural space can make central 
neuraxial blocks unpredictable. Generally, dosing based on lean body weight (LBW) 
is advised, although recommendations may differ [46].

Noradrenaline (norepinephrine) and adrenaline (epinephrine), crucial emergency 
medications, are administered based on ideal body weight. Conversely, the minimum 
dose of atropine is calculated according to lean body weight to mitigate the risk of 
paradoxical bradycardia, as lower doses may induce this adverse effect [33].

3.6  Postoperative care and recovery

Recovery should involve maintaining a 30–45 degrees head-up position, with 
early initiation of CPAP potentially aiding in restoring normal respiratory func-
tion. Opioids should be avoided, and early mobilization with regular monitoring by 
an experienced consultant is recommended. Intravenous opioid use should trigger 
continuous SpO2 monitoring and consideration for higher care levels. Patients with 
significant comorbidities should be evaluated for critical care admission [35].
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4.  Conclusion

The anesthetic management of obese patients requires careful consideration and 
tailored approaches to ensure optimal outcomes. Factors such as airway management, 
drug dosing, monitoring techniques, and positioning must be carefully addressed 
to mitigate risks associated with obesity-related complications. Utilizing a multi-
disciplinary approach involving anaesthesiologists, surgeons, and other healthcare 
professionals is essential for comprehensive preoperative assessment, intraoperative 
management, and postoperative care. By implementing evidence-based practices and 
individualized strategies, healthcare providers can enhance safety and efficacy in 
anesthetizing obese patients, ultimately improving patient outcomes and satisfaction.
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Chapter 4

Optimizing Anesthesia: Challenges 
and Solutions in Bariatric 
Procedures
Halil Buluç

Abstract

One of the most pressing issues arising from modern urban life is the  excessive 
caloric intake leading to obesity. Metabolic surgical interventions offer a rapid 
solution to this global crisis. Although our experience with sleeve gastrectomy and 
other surgical procedures grows daily, consensus has yet to be achieved on key aspects 
such as ventilation strategies and the use of recruitment maneuvers. Techniques like 
abdominal plane blocks and opioid-free anesthesia and analgesia are increasingly 
employed, yet each approach carries its own advantages and limitations. Given the 
multifaceted nature of obesity, encompassing unique pathophysiology, pharmacody-
namics, and perioperative considerations, it is clear that a comprehensive, multidisci-
plinary approach is essential for effective management.

Keywords: bariatric surgery, anesthetic management, ventilation strategies,  
pain management, difficult airway management

1.  Introduction

Obesity is a global catastrophe requiring a multidisciplinary approach, now often 
regarded as an endemic disorder and one of the leading preventable causes of death 
[1]. Rather than addressing the underlying causes, humanity often opts for shortcuts 
to manage its problems. In the case of obesity, this approach has led to the increasing 
use of bariatric surgery as a primary intervention. Patients who undergo these types 
of surgeries frequently demonstrate significant improvement in comorbid conditions 
such as diabetes, dyslipidemia, hypertension, and obstructive sleep apnea [2].

As obesity continues to rise globally, the demand for bariatric surgery increases 
daily. Compared to our past experiences, surgery times have significantly decreased. 
As part of an international center, time management is a crucial aspect for our team. It 
has become essential to perform both endoscopy and surgery on the same day [3]. 
Predictive tools such as the apnea-hypopnea index and adipose tissue measurements 

“Symptoms are not just the result of disease; they are also the result of a conflict 
within the person’s inner world”

Carl Gustav Jung
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are crucial in our assessments. However, unfortunately, none of these approaches 
provide one hundred percent accuracy [4]. Recent data indicate that opioid-free anes-
thesia demonstrate superiority over classical approaches [5]. The appropriate use of 
nonsteroidal anti-inflammatory drugs (NSAIDs) and abdominal blocks, such as the 
transversus abdominis plane (TAP) block and erector spinae plane (ESP) block, can 
reduce pain scores, decrease opioid requirements, and enhance ambulation following 
bariatric surgery [6–8].

2.  Understanding obesity as a complex disease

The word “obesitas” itself is derived from the Latin verb “obedere,” meaning “to 
eat up” or to devour. The World Health Organization defines obesity as a condition 
characterized by an excessive accumulation of body fat, which detrimentally impacts 
health and overall well-being [9]. As healthcare professionals, we categorize obesity into 
distinct classes to facilitate more precise management and treatment strategies. This 
classification enables us to tailor interventions according to the severity of the condition, 
improving the likelihood of successful outcomes and optimizing patient care (Table 1).

Body mass index (BMI) has several limitations. It may not accurately reflect body 
composition across different ethnic groups or among individuals with a high degree of 
muscular development. Additionally, BMI does not provide insight into the distribu-
tion of body fat or differentiate between fat and lean mass. Despite these shortcom-
ings, BMI remains a prevalent tool for assessing obesity due to its simplicity and ease 
of calculation, relying solely on weight and height measurements. This widespread 
use is largely attributable to the minimal equipment and expertise required for its 
calculation, which makes it a convenient, albeit imperfect, measure of body fatness. 
The limitations of body mass index (BMI) could contribute to variability in obesity 
research outcomes. Alternative measures, such as the hip-to-abdominal girth ratio 
and skinfold thickness, may offer more precise insights into potentially hazardous 
patterns of fat distribution. Central obesity, characterized by an “apple-shaped” 
body type predominantly observed in males, is associated with higher health risks 
compared to peripheral obesity, which is often described as “pear-shaped” and more 
commonly seen in females. These alternative metrics can better reflect the distribu-
tion of adipose tissue and its implications for metabolic health.

Due to the limitations of BMI in predicting optimal ventilation strategies and 
pharmacological dosing, new alternative concepts have been needed. One method 

Category BMI (kg/m2)

Underweight <18.5

Normal 18.5–24.9

Overweight (pre-obese) 25–29.9

Obese Class I 30–34.9

Obese Class II (severe to morbid) 35–39.9

Obese Class III (morbid to super) 40+

Super obesity 45–50+

Table 1. 
Obesity classification.
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for estimating a healthy weight is the ideal body weight (IBW), which correlates with 
reduced mortality rates based on height and gender. The IBW can be calculated using 
Broca’s index, a widely recognized formula [10].

Ideal body weight (kg) can be determined by subtracting a constant value X from 
the individual’s height in centimeters. The value of X is typically 100 for adult man 
and 105 for adult women.

Another approach is predicted body weight (PBW), a concept akin to ideal body 
weight but more commonly cited in medical literature. Predicted body weight can 
be estimated using specific formulas based on the patient’s height. For males, PBW 
(kg) is calculated by adding 50 to 0.91 times the difference between the individual’s 
height in centimeters and 152.4. For females, the calculation starts with 45.5, and 
similarly, 0.91 times the difference between height in centimeters and 152.4 is 
added.

The third concept is lean body weight (LBW). LBW represents the total body 
weight minus the adipose tissue and includes body cell mass, extracellular water, and 
non-fat connective tissue. LBW typically approximates 80% of TBW in males and 
75% in females.

In morbidly obese patients, an estimation of LBW can be obtained by increasing 
the ideal body weight by 20–30%, which provides a more accurate measure of lean 
tissue mass in this population [11]. Lean body weight can be a valuable parameter for 
calculating ventilation volumes and drug dosing.

Obesity can negatively impact multiple organ systems, leading to a range of 
adverse health outcomes. Excess adipose tissue contributes to systemic inflammation 
and alters metabolic processes, which can adversely affect cardiovascular, respiratory, 
endocrine, and musculoskeletal systems.

3.  Respiratory system and pathophysiology

Fat accumulation in the thorax and abdomen reduces both chest wall and lung 
compliance, leading to shallow, rapid breathing and increased work of breathing, 
especially when lying down. This reduction in lung compliance is partly due to 
increased pulmonary blood volume, which accompanies the overall increase in blood 
volume. In individuals with obesity, the efficiency of respiratory muscles is reduced, 
leading to a decrease in functional residual capacity (FRC), vital capacity, and total 
lung capacity. The reduction in FRC is primarily caused by a diminished expiratory 
reserve volume (ERV), which in turn disrupts the balance between FRC and closing 
capacity, the stage when small airways start to close. Obese patients most commonly 
experience reductions in functional residual capacity and expiratory reserve volume 
as key pulmonary function abnormalities (Figure 1) [12].

Residual volume and closing capacity remain unchanged in obesity. However, the 
reduction in functional residual capacity (FRC), primarily due to a decrease in expira-
tory reserve volume (ERV), can cause lung volumes to fall below closing capacity 
during normal breathing. This situation can cause small airways to close, leading to 
ventilation-perfusion mismatch, right-to-left shunting, and low oxygen levels in the 
arteries (arterial hypoxemia). The effects are worsened by anesthesia and the supine 
position, causing FRC to drop by as much as 50% in anesthetized obese patients, com-
pared to a 20% decrease in those who are not obese. While forced expiratory volume 
in 1 second (FEV1) and forced vital capacity (FVC) generally remain within normal 
ranges, ERV is the most sensitive measure of obesity’s impact on lung function.
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Obesity results in higher oxygen consumption and carbon dioxide production, 
even during rest. This is attributed to the metabolic demands of excess fat and the 
extra strain placed on the body’s supporting tissues. To accommodate these increased 
metabolic needs, the body boosts both cardiac output and alveolar ventilation. 
Despite the basal metabolic rate staying within normal limits when adjusted for body 
surface area, normocapnia is usually preserved through an increase in minute ventila-
tion. This process requires more oxygen, as most obese individuals retain their normal 
responses to hypoxemia and hypercapnia. In morbidly obese patients, arterial oxygen 
levels are lower than expected for non-obese individuals of similar age, both in sitting 
and supine positions. Chronic hypoxemia in these patients can lead to complications 
such as polycythemia, pulmonary hypertension, and cor pulmonale.

4.  Obstructive sleep apnea -central sleep apnea -obesity hypoventilation 
syndrome

Patients with obesity frequently experience obstructive sleep apnea, which is 
marked by intermittent, partial, or complete blockage of the upper airway during 
sleep. In individuals with obesity, this condition is often caused by airway obstruction 
due to an accumulation of excess soft tissue. Nonetheless, central sleep apnea, which 
is driven by disruptions in the brain’s signals to control breathing, can also occur.

OSA can cause several physiological issues, including low oxygen levels, high 
carbon dioxide levels, high blood pressure in the lungs, increased systemic blood 
pressure, and higher red blood cell count due to repeated low oxygen. These abnor-
malities elevate the risk of heart disease and stroke. Additionally, hypoxic pulmonary 
vasoconstriction can lead to right ventricular failure. Respiratory acidosis typically 
occurs only during sleep. The “gold standard” for diagnosing OSA is overnight 
polysomnography (OPS). However, due to its inconvenience, time requirements, and 
cost, many obese patients with suspected OSA may not receive a formal diagnosis 
[12]. During the preoperative visit, look for signs that suggest OSA, such as observed 

Figure 1. 
Spirometric alterations in obesity highlight a significant decrease in functional residual capacity (FRC). Key 
parameters include total lung capacity (TLC) and inspiratory capacity (IC), with a notable reduction in FRC 
being a primary concern.
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apnea episodes during sleep, a BMI of 35 or higher, a neck circumference of 16 inches 
(40 cm) or more, high insulin levels, and elevated hemoglobin A1c. While snoring, 
frequent nighttime awakenings, daytime drowsiness, trouble concentrating, memory 
issues, and morning headaches are common, they are not definitive indicators of 
OSA [13].

It is advisable to conduct a comprehensive preoperative evaluation for OSA well in 
advance of elective surgery. This allows time to develop a perioperative management 
plan. For severe OSA cases, starting continuous positive airway pressure (CPAP) 
before surgery should be considered [14]. Patients with confirmed or suspected OSA 
are at high risk for difficult airways and postoperative lung issues. They should be 
managed with this in mind [15].

Obesity hypoventilation syndrome (OHS), also known as Pickwickian syndrome, 
can develop from long-term OSA and affect 5–10% of severely obese patients. OHS 
combines obesity with chronic hypoventilation, leading to pulmonary hypertension 
and cor pulmonale. The diagnosis of obesity hypoventilation syndrome is sup-
ported by the combination of obesity (BMI >30 kg/m2) and elevated arterial carbon 
dioxide levels (PaCO2 >45 mm Hg), provided that there are no other known causes 
of hypoventilation. Prolonged OSA can alter breathing control, leading to CNS-
mediated apneic events and increased dependence on hypoxic drive for ventilation. 
The primary issue in OHS is alveolar hypoventilation, not related to intrinsic lung 
disease. Other features of OHS include daytime sleepiness, high carbon dioxide levels, 
low oxygen levels, and increased red blood cell count. Right ventricular failure often 
develops, and these patients are also more sensitive to the respiratory depressant 
effects of general anesthetics [16].

5.  Airway management

The airway of obese patients should be approached with caution, as traditional 
teachings and national audits suggest a higher likelihood of airway management 
challenges. However, several studies indicate that, in the hands of experienced practi-
tioners, specific aspects of airway management particularly tracheal intubation may 
not be significantly more difficult than in non-obese patients. Difficulty with laryn-
goscopy and intubation in obese patients typically arises from anatomical factors such 
as a short, thick neck, a large tongue, and excessive pharyngeal soft tissue. Success 
in airway management often depends on a straightforward approach, with careful 
attention to patient positioning before inducing general anesthesia. Proper position-
ing is crucial for creating the best conditions to successfully place the endotracheal 
tube under direct vision.

In our clinical practice, two approaches are crucial. The first is preoxygenation 
or nitrogen washout. Traditional methods recommend administering 100% oxygen 
for two min, but recent research suggests that using 80% oxygen for two min before 
anesthesia induction results in better outcomes and fewer postoperative complica-
tions. A video laryngoscope, with which the practitioner has prior experience, should 
be readily available and prepared for use during intubation.

Factors linked to difficult intubation include being over 46 years old, male gender, 
a Mallampati score of 3 or 4, a thyromental distance of less than 6 cm, and intact 
dentition. Male patients with severe obesity, particularly those with a BMI over 50, 
OSA, or a neck circumference greater than 42 cm, face an increased risk of challeng-
ing mask ventilation and intubation [17].
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In patients with suspected or known difficult intubation, the use of a simple nasal 
cannula or high-flow nasal cannula should be considered as an adjunct during mask 
ventilation. This approach has been shown to extend apnea time by up to 40% and 
help maintain oxygenation, thereby reducing the risk of desaturation during anesthe-
sia induction [18].

When difficult intubation is anticipated, performing the procedure with the 
patient awake, using topical or regional anesthesia along with a fiberoptic device, is 
advisable to maintain spontaneous breathing. It is important to minimize the use of 
sedative-hypnotic medications during awake intubation. Using dexmedetomidine 
for sedation during awake intubation offers sufficient anxiolysis and pain relief 
without causing respiratory depression [19]. Preventing hypoxia and aspiration 
during endotracheal intubation is critical. Having an experienced colleague present 
or nearby during induction can assist with mask ventilation or intubation attempts. 
It is also essential to have a surgeon available who can perform a surgical airway if 
needed. Positioning the obese patient in a “ramped” position, where the upper body is 
elevated, enhances the laryngoscopic view compared to the standard “sniffing” posi-
tion [20]. If oxygen levels cannot be quickly stabilized following extubation, continu-
ous positive airway pressure (CPAP) therapy is advised. CPAP should be continued 
until the patient’s breathing rate and effort return to normal, with no occurrences of 
hypopnea or apnea for at least one hour [21].

Tools to predict difficult intubation in obese patients include ultrasound, which 
quantifies the thickness of soft tissue between the skin and the trachea’s anterior 
surface at the level of the vocal cords. Researchers besides evaluated respiratory tract 
characteristics via measuring distance from the thyroid notch to the mentum, maxi-
mum mouth gap, neck rotational and flexional capacity, Mallampati grading system, 
circumferential measurement of the neck, and the existence of obstructive sleep 
apnea. Among these factors, an increased thickness of soft tissue in the pretracheal 
region, as calculating using ultrasound, and larger cervical circumference has been 
identified as factors suggesting difficulty in difficult intubation when laryngos-
copy was carried out with the patient in the position with head extended and neck 
flexed [22].

6.  Ventilation strategies

Obesity complicates the selection of ventilator settings because weight gain does 
not correspond directly to a proportional increase in lung size. Although similar 
ventilatory parameters used for non-obese patients can be applied, it may be chal-
lenging to keep plateau pressures below 30 cm H2O in obese patients. Higher inflation 
pressures may be more acceptable and tolerated in this population [23].

Various strategies can contribute to protective ventilation. Recommended mea-
sures to prevent ventilator-induced lung injury include using low tidal volumes (VT) 
and maintaining low levels of positive end-expiratory pressure (PEEP) without 
employing recruitment maneuvers [24]. When estimating tidal volume, using pre-
dicted body weight which accounts for the patient’s height and sex may be preferred 
over actual body weight. A low physiological VT is considered lung-protective in 
patients with acute respiratory distress syndrome (ARDS) [25].

Contemporary data indicate that using 6 to 8 mL/kg of tidal volume of predicted 
body weight can help diminish the likelihood of respiratory issues. This approach is 
recommended to be used for patients in general, including those with normal lung 
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function, irrespective of overweight status [26]. Obese individuals are at higher 
risk for developing atelectasis, particularly in the dependent regions of the lungs. 
Combining recruitment maneuvers (RMs) with positive end-expiratory pressure 
(PEEP) can be an effective strategy to enhance gas exchange and improve lung 
mechanics [27].

In our clinical practice, we have observed that each obese patient requires individ-
ualized management. This variability may explain the lack of consensus on optimal 
ventilation strategies, PEEP values, and recruitment maneuvers for obese patients. 
During anesthesia, three key parameters can guide our management: delta PEEP, 
peak plateau pressures, and end-tidal CO2 values. Values slightly above normal ranges 
may be acceptable. Occasionally, end-tidal CO2 values may exceed expected levels. 
This highlights the need for further understanding of how obesity affects human 
physiology.

There is considerable uncertainty about the optimal PEEP level for obese patients 
with healthy lungs, and the effectiveness of PEEP and recruitment maneuvers in 
preventing postoperative pulmonary complications is still not well defined [28]. 
PEEP requirements can vary significantly among patients. Administering low tidal 
volumes during anesthesia and adjusting PEEP settings individually can help reduce 
postoperative atelectasis while enhancing intraoperative gas exchange and driving 
pressures. This suggests that tailoring PEEP levels to specific physiological goals may 
be beneficial for lung protection [29].

High driving pressure (the difference between plateau pressure and PEEP) may be 
linked to a greater risk of severe adverse outcomes in patients with acute respiratory 
distress syndrome (ARDS) [30]. Obese patients may need higher cut-off values for 
protective driving pressure compared to non-obese patients. This is due to their lower 
lung capacity and the physiological changes that occur during surgery [31].

Pressure-controlled ventilation (PCV) can enhance ventilation uniformity across 
different lung regions, reducing the risk of alveolar overdistension and improving 
oxygenation [32]. Conversely, volume-controlled ventilation (VCV) offers more pre-
cise control over tidal volume during procedures that intermittently impact chest wall 
compliance. This method may be associated with a lower incidence of postoperative 
pulmonary complications [33]. A recent systematic review assessed various ventila-
tory strategies for obese patients undergoing bariatric surgery. The review compared 
pressure-controlled ventilation (PCV) versus volume-controlled ventilation (VCV), 
different recruitment maneuvers, varying levels of PEEP, and ratios of 1:1 versus 2:2. 
It included 14 studies with a total of 574 participants. The review revealed significant 
variability in the interventions used, highlighting the ongoing lack of consensus on 
the optimal ventilation approach for obese patients undergoing surgery [34].

7.  Cardiovascular pathophysiology

In obese individuals, blood volume is augmented nevertheless based on the ratio 
of volume to weight, and the condition is lower compared to non-obese individuals 
(50 mL/kg vs. 70 mL/kg). The majority of this additional volume is stored in adipose 
tissue. Blood flow to the kidneys and digestive organs is elevated. Cardiac output rises 
with increased body weight, adding 20 to 30 mL/kg of excess fat due to ventricular 
dilation and higher stroke volume. This increased stress on the left ventricle results in 
hypertrophy, reduced compliance, impaired filling (diastolic dysfunction), elevated 
left ventricular diastolic pressure, and pulmonary edema [35].
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Echocardiographic studies reveal three predominant pathological patterns in obe-
sity: concentric remodeling (thickening of the left ventricular wall without hypertro-
phy), concentric hypertrophy (hypertrophy with increased wall thickness relative to 
the chamber), and eccentric dilated hypertrophy (thickened left ventricular wall with 
reduced wall-to-cavity ratio due to dilation). These patterns indicate early reduced 
ventricular wall compliance and diastolic dysfunction. As cardiac dilation progresses, 
there is a gradual decrease in systolic contractility. Obesity indeed has detrimental 
effects on the cardiopulmonary system (Figure 2).

Figure 2. 
Impact of obesity-induced cardiomyopathy.
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However, it is noteworthy that lower cardiac mortality rates have been observed 
in individuals with mild obesity, a phenomenon known as the “obesity paradox.” This 
paradox refers to the counterintuitive observation that mild obesity might be associ-
ated with better cardiac outcomes compared to normal weight or more severe obesity.

Obesity paradox: Arterial disease is linked to both primary obesity and its associ-
ated comorbid conditions, such as hyperlipidemia and diabetes mellitus. Some studies 
suggest that coronary artery disease risk increases by 50% between normal weight 
and overweight individuals, with the risk rising to a hazard ratio greater than 2.5 in 
severely morbidly obese individuals. Despite this, lower cardiac mortality rates have 
been reported in those with mild obesity. This discrepancy may stem from the limita-
tions of body mass index as a measure of central obesity, which is a more accurate 
indicator of vascular risk. For instance, peripheral vascular disease does not correlate 
with BMI when adjusted for comorbid conditions. In contrast, measures of obesity 
such as waist circumference, waist-to-hip ratio, or waist-to-thigh ratio are associ-
ated with higher vascular risk. This paradoxical observation, known as the “obesity 
paradox,” refers to the phenomenon where obesity is linked to lower mortality rates 
in various conditions, including critical illness, congestive heart failure, and eccentric 
versus concentric cardiac hypertrophy.

Blood flow to fat tissue is about 2 to 3 mL per 100 grams. Excess fat increases 
cardiac output to meet higher oxygen demand, maintaining a normal or slightly 
elevated arteriovenous oxygen difference in the systemic circulation. Ventricular 
dysfunction during surgery can develop due to the immediate delivery of IV fluids 
rapid intravenous fluid administration (pointing to left ventricular diastolic impair-
ment), the undesirable inotropic effects of anesthetic medications, or increased 
pulmonary vascular resistance from low oxygen levels or elevated carbon dioxide. 
Abnormal heart rhythms may be triggered by fatty deposits in the cardiac con-
duction pathways, oxygen deficiency and high carbon dioxide concentrations, 
electrolyte imbalances, atherosclerotic coronary disease, higher concentrations of 
circulating catecholamines, obstructive sleep apnea, and hypertrophy of the myo-
cardium. Common ECG results in individuals with severe obesity frequently exhibit 
diminished QRS voltage, evidence of left-ventricular thickening, enlargement of the 
left atrium, and depressed T-wave morphology in inferior and lateral leads [36].

Among morbidly obese individuals, cardiac output increases more rapidly 
in response to exercise and is often accompanied by elevated pressure in the left 
ventricle at the end of diastole and wedge pressure in the pulmonary capillary bed. 
Corresponding variations can take place in the perioperative timeframe that neces-
sitates a low threshold for thorough cardiac evaluation. A significant portion of 
obese patient experience mild-to-moderate elevated blood pressure, accompanied 
by systolic pressure rising by 3 to 4 mm Hg and diastolic pressure by 2 mm Hg for 
every 10 kg of weight gained. Even normotensive obese individuals typically have 
reduced systemic vascular resistance, which increases when hypertension develops. 
Their expanded blood volume leads to higher cardiac output and a lower calculated 
systemic vascular resistance for a given arterial blood pressure.

Right ventricular dysfunction is notably associated with sleep-disordered 
breathing. The interplay of chronic pulmonary hypertension, often resulting from 
nocturnal hypoxemia, combined with the effects of chronic volume overload due to 
obesity, contributes to progressive changes in the left ventricle. These factors lead to 
right-sided ventricular dilation, along with both systolic and diastolic dysfunctions, 
ultimately resulting in right heart failure.
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7.1 Anesthetic agents: Key pharmacologic principles and dosing strategies

Obese patients may exhibit changes in both pharmacokinetics and pharmacody-
namics, which have significant clinical implications. Understanding fundamental 
concepts such as drug solubility, compartment volumes, distribution, and metabolism 
can be beneficial. However, these interactions are complex, and consulting published 
data are crucial. This complexity contributes to ongoing debate, and special caution is 
advised when using target-controlled infusion algorithms designed for individuals of 
normal weight (Table 2).

In general pharmacokinetic principles, drug dosing typically depends on the 
volume of distribution (VD) for determining the loading dose and the clearance rate 
for setting the maintenance dose, though there are exceptions to this rule [37]. For 
drugs primarily distributed to lean tissues, the loading dose should be based on lean 
body weight. If the drug is distributed equally between adipose and lean tissues, 
the loading dose should be calculated using total body weight. For maintenance 
dosing, if the drug’s clearance is similar in obese and non-obese individuals, LBW is 
used. However, if the drug’s clearance increases with obesity, the maintenance dose 
should be based on TBW. In obese patients, there are often exceptions to standard 
dosing calculations. Even with precise dosing based on lean body weight or total 
body weight, it may be necessary to administer additional doses. This patient popula-
tion requires careful monitoring and adjustment to ensure effective and safe drug 
administration.

Anesthetic agents such as opioids, propofol, and benzodiazepines are known 
to have amplified effects in patients with obstructive sleep apnea. These drugs can 
reduce the tone of the pharyngeal muscles, which is crucial for maintaining airway 
patency [38]. Volatile anesthetics can reduce the ventilatory response to carbon 
dioxide, particularly in children with tonsillar hypertrophy and obstructive sleep 
apnea. In spontaneously breathing, tracheally intubated children with a history of 
OSA, even a small dose of intravenous fentanyl (0.5 μg/kg) can significantly impair 
ventilation and may induce apnea. An opioid-sparing anesthetic approach, includ-
ing the use of local anesthesia, is supported by high levels of evidence and carries 
a strong recommendation grade. Doses of commonly used anesthetic drugs can be 
based on either total body weight or ideal body weight, depending on the drug’s 
lipid solubility. Historically, ideal body weight was equated with non-fat weight, 
suggesting it may substitute for lean body weight or lean body mass (LBM), typically 
approximated as 120% of IBW. LBM is particularly useful for dosing hydrophilic 
medications. In obese patients, the volume of distribution for lipophilic drugs, 

Kinetic property Impact of escalating obesity

Blood volume and cardiac output İncrease

Adipose and lean body mass İncrease

Hepatic blood flow and glucuronidation rate increase

GFR and renal excretion increase

Cytochrome P450 isoenzymes Variable

Renal tubular reabsorption Decrease

Table 2. 
Factors influencing drug pharmacokinetics and pharmacodynamics in obesity.
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such as benzodiazepines and barbiturates, is notably altered, affecting their  dosing 
requirements. Two exceptions to this rule are procainamide and remifentanil. 
Despite being highly lipophilic, their volume of distribution does not correlate with 
the drug’s lipid solubility [39].

For vecuronium or rocuronium, the initial dose should be calculated using ideal 
body weight (IBW), with subsequent doses adjusted based on peripheral nerve 
stimulator monitoring. Achieving complete neuromuscular blockade in morbidly 
obese patients is crucial not only for the convenience of the surgeon but also to ensure 
effective mechanical ventilation. The specific neuromuscular blocker used is less 
important than ensuring adequate depth of paralysis.

Deep neuromuscular blockade (NMB) necessitates timely and thorough reversal 
at the conclusion of surgery. Although the impact of residual NMB has not been 
extensively studied in bariatric surgery, the physiological effects linked to residual 
NMB are likely to be particularly significant in this patient population [40]. Patients 
should undergo complete reversal of neuromuscular blockade and be closely moni-
tored using objective methods for assessing residual blockade both during surgery 
and after reversal at the end of the procedure [41]. Achieving a nerve-stimulated 
TOF ratio of ≥0.9 is crucial for ensuring recovery, as it helps prevent recurariza-
tion and the need for reintubation due to persistent neuromuscular blockade [42]. 
Sugammadex provides significantly faster reversal of neuromuscular blockade com-
pared to neostigmine, reversing moderate block 6.5 times faster and deep blockade 
16.8 times more rapidly. Additionally, its use is associated with fewer adverse events 
than traditional reversal agents [43]. The dosing of Sugammadex should be tailored 
to the degree of neuromuscular blockade and the patient’s body weight to ensure 
swift and complete reversal. Administering a dose of 2 mg/kg IBW ± 40% appears 
to strike an optimal balance between rapid recovery and a favorable side effect 
profile [44].

The confirmed incidence of hypersensitivity reactions to Sugammadex is approxi-
mately 5%, with anaphylaxis occurring in 0.3% of cases, predominantly at the higher 
dose of 16 mg/kg. However, in practice, hypersensitivity reactions are reported at a 
significantly lower rate. For bariatric surgery patients, a dose of 2 mg/kg IBW ± 40% 
is generally considered the most appropriate and safe, minimizing the risk of adverse 
reactions while ensuring effective neuromuscular blockade reversal [45].

Even with the aid of TOF monitoring and the use of Sugammadex, physicians 
must remain vigilant for the possibility of recurarization. Recurarization refers to the 
redistribution of rocuronium or other muscle relaxants, which can be life-threaten-
ing. Patients who have undergone such surgeries require meticulous postoperative 
care to monitor for any signs of residual neuromuscular blockade and ensure their 
safety.

7.2 Standardized anesthetic protocol and opioid-free anesthesia

The use of short-acting anesthetic agents and minimizing opioid administra-
tion during surgery are critical components for optimizing postoperative recovery. 
Anesthesia induction should be ideally calculated based on lean body weight to 
mitigate the risk of hypotension [46]. Anesthesia necessitates a comprehensive 
array of pharmacologic agents to formulate an effective anesthetic regimen that 
ensures adequate sedation, analgesia, amnesia, muscle relaxation, and suppression 
of reflexes. Opioid administration, whether as a bolus or continuous infusion, is 
commonly employed in both major and ambulatory surgical procedures. However, 
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the consumption of opioids is connected to a range of negative effects, including 
reduced breathing rate, breathing suppression, increased sensitivity to pain caused 
by opioids, queasiness and emesis, inability to pass urine, bowel immobility, and 
potential mental and sleep disturbances. The adverse effect profile of opioids can lead 
to delayed recovery and prolonged discharge times from the post-anesthesia care unit. 
Additionally, these effects may contribute to increased rates of unplanned hospital 
readmissions [47]. Given the array of adverse effects associated with opioids, there is 
a growing need for alternative strategies such as opioid-free anesthesia. This approach 
aims to mitigate the complications and enhance patient recovery by avoiding the use 
of opioids altogether.

Propofol is the most commonly utilized agent for induction and has not been 
demonstrated to elevate the risk of rhabdomyolysis associated with propofol infusion 
syndrome in individuals with extreme obesity receiving typical bariatric surgical 
procedures [48]. When volatile anesthetics are employed for maintenance, desflurane 
may provide more rapid emergence compared to sevoflurane or isoflurane in patients 
with a body mass index exceeding 30 kg/m2 [49]. On the other hand, in contrast 
to sevoflurane, which has bronchodilator effects, desflurane can increase airway 
resistance, as well as cause hypertension and tachycardia. Therefore, the choice of 
inhalational agent should be guided by the patient’s comorbidities and other relevant 
factors.

In an opioid-free anesthesia regimen, patients received a dexmedetomidine 
infusion at a rate of 0.5 mcg/kg/h and started 10 minutes prior to induction, and an 
intravenous bolus of ketamine at 0.35 mg/kg was administered before the skin inci-
sion. The combination of lidocaine, dexmedetomidine, ketamine, and magnesium, 
when used in opioid-free anesthesia, may offer enhanced anti-inflammatory effects 
compared to traditional opioid-based approaches, potentially making it a preferable 
alternative [50].

The bispectral index (BIS) is one of several methods employed to monitor the 
depth of anesthesia, aiming to minimize intraoperative awareness and optimize the 
dosage of anesthetic agents. For the assessment of intraoperative awareness, both BIS 
and end-tidal anesthetic gas (ETAG) monitoring are utilized. Studies have demon-
strated that these methods are similarly effective in reducing the incidence of intraop-
erative awareness when compared to reliance solely on clinical signs [51].

Additionally, the judicious use of nonsteroidal anti-inflammatory drugs 
(NSAIDs) can reduce opioid consumption. However, a limitation of most NSAIDs 
is their “low-ceiling” analgesic effect. In contrast, paracetamol does not carry the 
same risk of bleeding, gastric, or renal side effects that can constrain the use of 
NSAIDs [52]. Infiltration of bupivacaine 0.5% before incision has been shown to 
significantly reduce postoperative opioid consumption and alleviate pain following 
surgery [53].

7.3 Postoperative pain management and abdominal plane blocks

Effective pain management is crucial in the postoperative care of obese patients. 
The primary objectives are to provide sufficient analgesia while promoting early 
mobilization and maintaining optimal respiratory function. Although mobiliza-
tion can be challenging in this population, it is essential for preventing complica-
tions such as pressure ulcers, pulmonary embolism, deep vein thrombosis, and 
pneumonia.
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Pain management strategies should encompass the following options: the use of 
multimodal analgesics, regional anesthesia or analgesia techniques, encouraging early 
patient mobilization, providing supplemental oxygen, and elevating the head of the 
bed. Alongside the implementation of a safe analgesic approach, thorough postopera-
tive monitoring is essential to ensure patient safety.

For individuals suffering from obstructive sleep apnea, consideration should be 
given to regional anesthetic approaches to lessen or eradicate the necessity for sys-
temic opioid use, which can pose additional risks in this population. When neuraxial 
anesthesia is used, it is important to carefully assess the positive aspects and potential 
drawbacks of administering an opioid or an opioid-local anesthetic combination, as 
opposed to a local anesthetic alone. If patient-managed systemic opioid therapies are 
necessary, constant baseline infusions should generally be avoided or applied solely 
with careful consideration. To further minimize opioid use, nonsteroidal anti-inflam-
matory drugs (NSAIDs) and other alternative pain management strategies should be 
employed. Additionally, patients at increased perioperative risk due to OSA should 
receive continuous supplemental oxygen until they are able to maintain their baseline 
oxygen saturation while breathing room air. After discharge from the recovery room, 
these patients should be closely monitored with continuous pulse oximetry to detect 
any respiratory compromise.

Bariatric surgery typically causes moderate-to-severe pain, and in patients with 
obesity, the use of opioids can lead to breathing difficulties, so their use should be 
minimized. This study aimed to compare the effectiveness of the newer ultrasound-
guided erector spinae plane block (ESPB) technique and the transversus abdominis 
plane (TAP) block technique against standard care in reducing intraoperative opioid 
use and managing postoperative pain. Both of these techniques are commonly 
used for postoperative pain relief in various types of surgeries. The TAP block, in 
particular, is also frequently employed for pain management after a cesarean section 
performed under general anesthesia (Figure 3) [54].

Figure 3. 
Ultrasound visualization of initial TAP block injection: Needle placement and muscle layer identification.
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8.  Conclusion

In conclusion, bariatric surgery and the management of obesity represent a 
multifaceted medical journey, demanding a nuanced understanding of every aspect 
involved. This chapter has endeavored to shed light on these complexities, particu-
larly in the realm of anesthetic management where significant uncertainties persist. 
Despite the advancements made, there remain unexplored territories and numerous 
gray areas that call for deeper investigation. The field is ripe for further research, and 
as we continue to unravel these complexities, our knowledge and practices will evolve, 
ultimately leading to improved outcomes for bariatric patients.
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Sleeve Gastrectomy: Surgical 
and Endoscopic Approaches
Sedat Carkit and Mustafa Karaagac

Abstract

Sleeve gastrectomy (SG) is the most frequently performed bariatric procedure 
worldwide, accounting for more than 55% of all bariatric procedures. Due to its 
prevalence and its numerous costly complications, such as diabetes and heart disease, 
as well as disability and loss of productivity, obesity is more expensive than any other 
health issue. Diet, exercise, and behavior modification are the foundational elements 
of any meaningful initiative for significant and lasting weight loss. Unfortunately, for 
the morbidly obese, these measures alone almost invariably fail to achieve acceptable 
long-term weight loss. This article will be comprehensive and detail all approaches 
used in the implementation of sleeve gastrectomy, providing readers with all the 
necessary tools to perform an excellent SG.

Keywords: sleeve gastrectomy, obesity, bariatric surgery, weight loss surgery, 
metabolic surgery

1.  Introduction

Sleeve gastrectomy is not an independent procedure but has emerged as a staged 
surgery in bariatric surgeries. Historically, it began with gastroplasty, which was 
performed in anti-reflux surgeries [1]. The first known procedure was carried out 
in March 1988 by Dr. Doug Hess in Bowling Green, Ohio, as part of a more exten-
sive duodenal switch operation [2]. But as time has gone on, sleeve gastrectomy 
has emerged as a stand-alone therapeutic option thanks to its high rate of weight 
loss and favorable safety profile [3]. In high-risk patients with a body mass index 
(BMI) > 50 kg/m2, Almogy et al. suggested longitudinal gastrectomy (LG) as a safe 
substitute for duodenal switch, which was thought to be the most successful weight 
loss procedure at the time [4]. The procedure’s popularity has increased because of 
its high success rate in weight loss and relative simplicity when compared to other 
bariatric operations. The eighth report from the International Federation for the 
Surgery of Obesity and Metabolic Disorders (IFSO) in 2023 states that, with 60.4% of 
all metabolic procedures performed worldwide, sleeve gastrectomy (SG) is presently 
the most often performed bariatric procedure [5].
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2.  Epidemiology

Obesity has been recognized as a chronic disease requiring a multifactorial, 
multidisciplinary approach by the American Medical Association in 2013. This defini-
tion includes several subcategories: deviations from routine physiology, persistence 
for over a year, the necessity for continuous medical treatment, and impairment in 
daily living activities. The prevalence of obesity continues to rise at an alarming rate 
[6, 7]. This increase in obesity prevalence also raises the burden of chronic diseases 
and comorbidities associated with obesity. Therefore, managing obesity has become 
a public health priority. Obesity was always thought to be a problem that primar-
ily affected high-income nations, but in recent years, it has become a major public 
health concern in low- and middle-income nations, encompassing both urban areas 
and underserved regions. The etiology of obesity is complex and only partially 
understood. Genetic, epigenetic, environmental, and psychological factors all play 
varying roles, but conceptually, obesity is an energy imbalance disorder characterized 
by an increase in stored fat that endangers an individual’s organ function, disease 
susceptibility, and overall health. Obesity has been shown to predispose individuals to 
numerous diseases, including cardiovascular disease, diabetes mellitus, sleep apnea, 
and osteoarthritis.

3.  Financial impact

There are studies indicating that obesity significantly increases annual medical 
expenses [8]. This increase correlates with the severity of obesity. Specifically, the 
costs associated with morbid obesity, including hypertension, diabetes mellitus, joint 
diseases, and related surgeries, are substantial.

4.  Psychological impact

The stigma attached to obesity might worsen the problem by encouraging bad 
eating patterns and a decrease in physical activity [9]. Additionally, it has been noted 
that obese people frequently cancel or significantly delay their doctor appointments. 
This avoidance feeds the cycle of health problems associated with obesity and makes 
it more difficult for them to receive the essential healthcare.

5.  Indications and contraindications

Morbid obesity is defined as a body mass index (BMI) of 40 kg/m2 or higher, 
which indicates an individual’s body weight in relation to their height in square meters. 
Overweight is defined as a BMI greater than 25 kg/m2; class I obesity ranges from 30 to 
34.9 kg/m2; class II obesity from 35 to 39.9 kg/m2; class III obesity ≥40 kg/m2; and super 
morbid obesity is defined as a BMI greater than 50 kg/m2 [10]. Patients with severe 
obesity who are unable to lose enough weight with diet, exercise, or other non-surgical 
means may benefit from bariatric surgery. The 1991 National Institutes of Health 
bariatric surgery recommendations were revised in 2022 by the American Society for 
Metabolic and Bariatric Surgery (ASMBS) and the International Federation for the 
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Surgery of Obesity and Metabolic Disorders (IFSO) [11]. The initially defined eligibility 
criteria stipulated that a BMI of ≥40 kg/m2 without accompanying diseases or a BMI 
of 35–40 kg/m2 with some associated disorders (hypertension, dyslipidemia, diabe-
tes, and severe sleep apnea) qualifies for the procedure. Additionally, the American 
Academy of Pediatrics and the ASMBS recommend the consideration of metabolic and 
bariatric surgery (MBS) in children and adolescents whose BMI exceeds 120% of the 
95th percentile or surpasses 140% of the 95th percentile and have serious comorbidities 
[12]. In this patient group, sleeve gastrectomy is the most commonly performed surgical 
intervention due to comparative weight loss outcomes and desired safety profiles [12]. 
For morbidly obese patients with gastrointestinal stromal tumors (GISTs), gastric neu-
roendocrine tumors, or illnesses requiring endoscopic evaluation of the stomach, sleeve 
gastrectomy (SG) is a great choice for weight management [13]. Recent years have seen 
growing awareness of the relationship between obesity and transplantation. Numerous 
studies have demonstrated that obesity causes glomerular hyperfiltration in patients 
with chronic kidney disease (CKD), leading to structural abnormalities in glomeruli 
similar to those seen in cases with reduced renal mass [14]. From a bariatric perspective, 
approximately 21% of patients with CKD are obese [15]. An estimated 750 MBS proce-
dures are performed annually in CKD patients, and 400 to 450 in patients with end-
stage renal disease (ESRD) [16]. These figures indicate that only a small portion of these 
patients are directed toward or undergo these surgeries. However, MBS is used to make 
CKD and ESRD patients suitable candidates for transplantation. According to a 2013 
statement from the American Association for the Study of Liver Diseases (AASLD), 
having a BMI of 40 or higher puts a person at high risk of complications after receiv-
ing a liver transplant [17]. Patients who are extremely obese and have liver disease can 
benefit from bariatric surgery as a bridge to liver transplantation (LT). For this patient 
population, SG is becoming the go-to choice both before and after transplantation [18].

There are very few absolute contraindications for laparoscopic sleeve gastrectomy, 
and they usually correspond with the lists of contraindications for other elective sur-
gical operations. Patients who are considered to be at high risk for surgery should not 
be suggested to have surgery, including those who have uncorrectable coagulopathy or 
are contraindicated for general anesthesia.

Patients with metastatic or incurable cancers, as well as those with irreversible 
cardiopulmonary failure or other organ failures that reduce life expectancy, should 
not have a sleeve gastrectomy. Furthermore, patients who are pregnant or intend to 
get pregnant within a year after surgery should postpone the procedure.

A restricted ability to understand the surgical procedure or the lifelong behavioral 
modifications required for postoperative success and safety are examples of relative 
contraindications. Patients also need to be able, willing, and motivated to follow 
through on dietary supplements, follow-up care, and lifestyle modifications following 
surgery. Relative contraindications for surgery include untreated serious psychologi-
cal illnesses and active substance misuse, particularly drug or alcohol dependency. 
Sleeve gastrectomy should be delayed in individuals with active peptic ulcer disease 
until evidence of successful treatment is obtained.

6.  Surgical procedure

Preoperative antibiotics and venous thromboembolic prophylaxis are given, 
or at least before induction. The patient is placed in a split-leg or supine position. 
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To get into the reverse Trendelenburg posture, utilize a footboard. Port place-
ment is comparable to gastric bypass; however, since stapling is done with one or 
two ports, fewer 12-mm ports are needed. In addition to the additional incision 
for the liver retractor, four or five ports are employed. Two ports measuring 15 
and 12 mm are used, with the remaining ports measuring 5 mm. After then, the 
15-mm port is utilized, for instance, to remove samples. The gastroesophageal 
junction and the proximal stomach are visible due to the retraction of the left liver 
lobe. The Trendelenburg position is reversed for the patient. After locating the 
pylorus, a location on the stomach’s larger curvature that is 4 cm from the pylorus 
is chosen for the first dissection. The antral pump mechanism is maintained at 
this 4 cm separation. Alternatively, the dissection could begin at this place and 
work its way back to the mid-body on the greater curvature. It is easy to enter the 
smaller pouch at this point. The gastroepiploic arcade is separated along the full 
length of the greater curvature of the stomach, including short gastric arteries, 
and the entrance to the decreased pouch is produced using an ultrasonic scalpel or 
bipolar energy device. In order to minimize the quantity of fat linked to the gas-
trectomy specimen and facilitate its removal, dissection should occur extremely 
close to the larger curvature and cut the gastroepiploic veins that are attached to it 
(Figure 1). The fundus is fully mobilized upon division of the phrenoesophageal 
ligament, which also facilitates the diagnosis of hiatal hernias. The distal esopha-
gus is pulled into the abdominal cavity and released from mediastinal attachments 
if a hiatal hernia is discovered. With permanent sutures, the crura are approxi-
mated posteriorly (Figure 2). The mobility of the stomach body is finished with 
the dissection of adhesions to the posterior stomach that are connected to the 
pancreas and retroperitoneum (Figure 3). The anesthetist inserts a bougie and 

Figure 1. 
Release of the greater curvature of the stomach from the omentum.
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removes any orogastric tubes that have been previously inserted before stapling. 
With the surgeon’s assistance and guidance, the bougie is placed along the lesser 
curvature and directed toward the pylorus (Figure 4).

The bougie dilator comes in sizes ranging from 32 to 50 French, however 36 French 
is the most popular size. An Ewald gastric lavage tube, measuring 34 French sizes, is 
a large size that works well for methylene blue leakage testing. It is crucial to keep the 
bougie and stapler separated by 1–2 mm when using a bougie with a smaller diameter. 
With the use of a grasper, the surgeon evaluates this. The right upper quadrant port 
is used to insert the first linear stapler loading, and the sleeve resection is started at 
4–5 cm in front of the pylorus. For the first firing, 60 mm stapler cartridges with a 
closed height of 2.3 or 2 mm are utilized; as the fundus’s tissue thickness lowers, blue 

Figure 2. 
Discovered hiatal hernia repair by permanent sutures.

Figure 3. 
Dissection of adhesions to the posterior stomach with connection to the pancreas and retroperitoneum.
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Figure 5. 
The stapling procedure was performed with the removal of equal amounts of tissue from both the anterior and 
posterior walls.

(1.5 mm) cartridges are employed. Hemostasis is aided by adjusting the stapler height 
to match tissue thickness. Because stenosis is typical at this level, care is exercised 
when stapling in close proximity to the incisura angularis. The anterior and posterior 
walls are taken in equal amounts to prevent the stapler line from bending or spiral-
ing (Figure 5). This is facilitated by stretching the greater curvature when placing 
the stapler. Usually, the stapler needs to be fired six or seven times. It is debatable if 
the stapler line should be reinforced. Roughly 80% of surgeons utilize reinforcing 

Figure 4. 
The bougie is placed along the lesser curvature and directed toward the pylorus.
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material of some kind; 60% use absorbable materials, while the remaining physicians 
suture the stapler line (Figure 6). The use of reinforcing material was linked to a 
lower incidence of stapler line bleeding, according to a 2016 meta-analysis, although 
there was no discernible drop in leakage rates [19]. Suturing the stapler line has not 
shown a clear advantage. The integrity of the stapler line can be tested by injecting 
50–100 mL of methylene blue into saline solution or intraoperative endoscopy, which 
facilitates the detection of stenosis or intraluminal bleeding. Routine intraoperative 
leakage tests lack supporting data for their ability to detect leaks, although they are 
common. Some surgeons perform omentoplasty to restore the natural direction of the 
sleeve, reduce twisting, and further support the stapler line by suturing the gastric 
omentum to the stapler line or reinforcement material. However, data supporting this 
practice are lacking. Drains aren’t utilized frequently. One of the port sites is used to 
remove the specimen. It is usually not necessary to widen the site when using a 15 mm 
port. Every port site with a diameter of 12 mm or more is closed. Using a transab-
dominal suture technique, we typically place two sutures in the 15 mm port site and 
one suture in the 12 mm site. It is not necessary to close the 12 mm sites while using 
non-cutting trocars.

7.  Endoscopic procedure

Endoscopy has become an essential part of managing complications after sleeve 
gastrectomy, and a variety of endoscopic weight loss procedures are being used or 
developed. The American Society for Gastrointestinal Endoscopy’s Standards of 
Practice Committee and representatives from the Society of Gastrointestinal and 
Endoscopic Surgeons and ASMBS published guidelines regarding this matter in 2015. 
They concluded that the use of endoscopy should be decided in close consultation 
between the patient and the surgeon. The ASMBS recommends considering endos-
copy in the evaluation of patients with a history of gastroesophageal reflux disease 

Figure 6. 
Suturing staple line.



Practical Issues in Bariatric Surgery

92

(GERD). The largest unknown is the number of asymptomatic patients who have sig-
nificant endoscopic findings. In a large review of 28 studies involving 6616 patients, 
it was found that the majority of preoperative endoscopic findings (92.4%) did not 
alter the treatment course, but 7.6% had findings that delayed or changed the surgery 
[20]. This supports performing routine preoperative endoscopy to avoid unexpected 
situations during surgery. Therefore, before bariatric surgery, symptomatic patients 
must undergo endoscopy, and preoperative endoscopy should be considered for 
asymptomatic patients.

Many surgeons perform intraoperative leakage tests in the operating room to 
prevent complications after the procedure. The leakage test method can vary from 
using methylene blue via an orogastric tube to insufflation with air through a tube 
or endoscope. When using the insufflation test, the stapler line and any proximal 
anastomosis are submerged under sterile saline, and air is insufflated into the gastric 
pouch. The presence of air bubbles is then assessed to determine if the stapler lines are 
air-tight under hyper-distension. The advantage of an endoscope is that it can be both 
diagnostic and therapeutic during surgery. If a leak is detected, it can be managed 
with endoscopic clips or sutured externally under endoscopic guidance. Furthermore, 
any bleeding along the stapler line can be managed immediately when clinically 
apparent rather than deferring to a potential return to the operating room later. 
Finally, endoscopy allows the surgeon to assess the postoperative anatomy thoroughly 
and ensure that it appears as intended.

After the anatomy of a patient is altered for a weight loss procedure, endoscopy is 
invaluable for assessing patients who return with abdominal complaints, regain weight, 
or develop complications related to their procedures. Understanding the surgical 
anatomy after a bariatric procedure can be challenging, especially if the surgery was 
performed many years ago. The most commonly known procedures include gastric 
bypass, vertical Laparoscopic Sleeve Gastrectomy (LSG), gastric banding, and vertical 
banded gastroplasty. Leaks are one of the most feared complications following bariatric 
surgery. They carry a high mortality rate and are among the complications that surgeons 
most want to avoid. One of the most frequently used interventions for a leak is the use 
of a fully covered stent. The endoscopically placed stent traverses the perforation to 
decrease further contamination. This may allow the patient to continue oral intake dur-
ing the postoperative period. A study describing stenting reported a 90% success rate 
with a healing time of 6 weeks. Stent migration occurred in 8/20 patients, indicating 
an important concern related to these stents and appearing as the Achilles’ heel of this 
management approach [21]. Several preventive methods have been described to prevent 
migration, including suturing or clipping the stent in place. Clips often fail because 
they detach quickly, and stents are usually left in place for four to 6 weeks. Suturing can 
be placed endoscopically, but these devices can be cumbersome in such small areas. A 
sutured stent can be bridged to the nose. Fluoroscopy is necessary to ensure proper stent 
placement. Leaks following LSG can be particularly challenging, as existing stents in the 
United States are not long enough to traverse the entire sleeve. Many individuals use two 
overlapping stents to alleviate this issue. Another approach to leak management is the 
use of endoscopic clips over fluoroscopic guidance. This technology typically works bet-
ter for small, chronic leaks or fistulas measuring less than 1 cm, provided the opening is 
not too small and the edges are fresh. Endoscopic vacuum-assisted closure is now being 
used for sealing large leaks. This technique involves placing a vacuum sponge at the end 
of an orogastric tube into the cavity outside the leak to promote closure over time. This 
is effective for encapsulated leaks. This technique requires intensive management, as 
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it necessitates changing the device every few days like conventional vacuum devices. 
Overall, patients may require 8 to 12 procedures over weeks. The benefit of this tech-
nique is that it can significantly shorten recovery times compared to traditional meth-
ods. If the opening is small but the external cavity is larger, a double pigtail stent can be 
used for internal drainage. This allows the internal drainage of the extraluminal cavity, 
which is especially useful in situations where placing an external drain is difficult. In 
cases where the opening is small, endoscopic septotomy has also been performed to 
ensure better drainage of the extraluminal cavity.

8.  Postoperative care

The defined postoperative care protocol emphasizes a comprehensive approach to 
the patient’s recovery that focuses on pain management, nutritional support, and the 
prevention of complications.

8.1  Pain management

A multimodal pain control strategy is implemented to ensure the effective allevia-
tion of pain. This includes the administration of regular and breakthrough analgesics, 
as well as antiemetic therapy as needed. The goal is to ensure a pain score of less than 
4 on an 11-point scale within 30 minutes post-surgery and to keep patients pain-free 
at rest. Regular assessment of pain and prompt adjustments to the analgesic regimen 
are particularly important for patients with a higher risk of complications due to 
cardiopulmonary issues.

8.2  Nutritional support

Nutritional care begins on postoperative day zero with a liquid diet of clear fluids 
necessary for hydration without overstressing the digestive system. On the first post-
operative day, the diet is advanced to full liquids as tolerated. To enhance recovery and 
wound healing, routine meals along with three daily protein supplement servings are 
provided. A dietitian consults with patients on the first postoperative day to ensure 
understanding and compliance with nutritional plans.

8.3  Deep vein thrombosis

To reduce the risk of deep vein thrombosis (DVT), chemoprophylaxis is initiated 
in most patients on postoperative day zero. However, in patients with coagulopathy 
or those who have undergone complex surgeries, prophylaxis may be delayed until 
the first postoperative day. Decisions regarding extended thromboprophylaxis after 
discharge are based on the patient’s risk assessment tool [22].

8.4  Discharge criteria

Patients are generally discharged on the first or second postoperative day based 
on their ability to tolerate oral intake, effective symptom management, and stable lab 
results along with vital signs. This comprehensive assessment ensures that patients are 
ready to continue their recovery process at home.
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This structured approach to postoperative care aims to optimize recovery out-
comes, enhance patient comfort, and reduce the risk of complications.

9.  Outcomes

LSG (Laparoscopic Sleeve Gastrectomy) is associated with permanent weight 
loss and resolution of accompanying medical issues. While weight loss is somewhat 
lower than that following gastric bypass, it is greater than that achieved with gastric 
banding [23]. The literature reports that excess weight loss within 1 year follow-
ing LSG varies between 51 and 71% [24, 25]. It has been demonstrated that LSG 
improves accompanying medical issues comparably to gastric bypass. Hutter et al. 
[23] found no significant difference in the resolution of medical issues following 
LSG compared to LRYGB, with the notable exception of GERD (Gastroesophageal 
Reflux Disease), which poses a significant risk in LSG procedures. According to one 
study, patients with preoperative GERD do worse after LSG than individuals without 
a history of GERD, especially in terms of morbidity and reoperation rates [26]. Two 
major consensus conferences have been conducted among experts regarding sleeve 
gastrectomy, and their findings were published in the literature. The first consensus 
conference [24] confirmed that this procedure provides a weight loss of 59% excess 
weight in 1 year, decreasing to 50% in 6 years. The mortality rate is 0.33%, and 
serious complications are rare, with leakage (1.1%), bleeding (1.8%), and stenosis 
(0.9%) reported. Experts at the second consensus conference stated that while 
preoperative GERD may not always imply total contraindication, it should be care-
fully evaluated. Randomized, prospective studies have demonstrated that LSG can 
effectively address medical problems and help people lose weight. The STAMPEDE 
trial showed a 24% resolution rate of type 2 diabetes with LSG at 5 years, compared 
to a 5% resolution in the medical therapy group [27]. It was established by the Swiss 
Randomized Trial [25] that LSG and LRYGB both offer similar weight loss benefits. 
Prospective studies continue to show the benefit of LRYGB for type 2 diabetes, 
despite a recent assessment of the data suggesting that LSG may offer similar rates of 
remission [27].

10.  Complications

A relatively low rate of morbidity and mortality is linked to LSG. A recent study 
using a large database found that the risk of significant morbidity was 3.8% and the 
rate of 30-day mortality was 0.1%. Reoperation rates are 1.6% on record [28].

After LSG, stapler line leakage and stapler line bleeding are the most frequent 
consequences. The standard report for stapler line bleeding is approximately 1%; the 
rate drops to 0.75 percent when tissue support material is used. Similar reports place 
stapler line leak rates at around 1%; however, the incidence of leaks could rise from 
0.65% to 0.96% if support material is used [29].

Another frequently reported complication following LSG is stapler line stenosis, 
which typically has an incidence of between 1% and 2% and may require reoperation 
if dilation does not sufficiently relieve obstructive symptoms.

Adapting to the anatomy of LSG may be challenging for some patients. Even if it 
is confirmed that there is no obstructive anatomy after surgery, a small percentage of 
patients (4–6%) experience persistent nausea up to 3 months after the procedure.
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The incidence of late complications following LSG is relatively low, particularly 
compared to LRYGB, which can lead to issues such as bowel obstruction and marginal 
ulcers in the long term. New-onset GERD may develop post-LSG, with an estimated 
incidence of 8% [30].

Data regarding weight regain following LSG has only recently begun to emerge, 
with results approaching 10 years post-application indicating the incidence may not 
be significantly higher than that of LRYGB.

11.  Revision surgery after sleeve gastrectomy

Weight gain, insufficient weight loss, and gastroesophageal reflux illness are the 
most frequent reasons to convert SG to Roux-en-Y gastric bypass (RYGB) [31]. Clapp 
et al. did a meta-analysis assessing the long-term (7 years or more) outcomes of SG 
and found no heterogeneity in the recurrence rate of 27.8% (<50% EWL) (95% CI: 
22.8–32.7%). Weight gain and GERD were reported to have caused revision rates 
of 13.1% (95% CI: 5.6–20.6%) and 2.9% (95% CI: 1.0–4.9%), respectively [32]. To 
gain a better understanding of the safety profile of SG-RYGB, Dang and colleagues 
compared this revision metabolic treatment with primary RYGB (P-RYGB) using the 
Metabolic and Bariatric Surgery Accreditation and Quality Improvement Program 
(MBSAQIP) database.

They found that the probability of major problems was higher for SG-RYGB than 
for P-RYGB (%7.2 versus %5, respectively, p < 0.001). Additionally, there was a statis-
tically significant increase in the incidence of readmission (7.3% compared to 4.8%, 
p < 0.001), reoperation (3% versus 1.9%, p < 0.001), deep surgical site infection (1% 
versus 0.5%, p < 0.001), sepsis (0.3% versus 0.1%, p < 0.001), and postoperative 
hemorrhage (2% versus 1.6%, p < 0.001). The 30-day death rate, however, did not 
differ statistically significantly (1% versus 1%, p = 0.385) [31]. A thorough systematic 
review and meta-analysis was carried out by Dantas and associates with the aim of 
assessing one-anastomosis gastric bypass (OAGB) as a feasible and safe alternative 
after sleeve gastrectomy (SG) that failed because of weight increase or insufficient 
weight loss.

It was observed that the duration from SG entrance to OAGB conversion ranged 
from 38.5 to 68.4 months. The results of the investigation demonstrated that, on aver-
age, OAGB produces superior results for total weight loss (TWL) than does Roux-en-Y 
gastric bypass (RYGB) (p < 0.01) [32]. Despite the fact that there was no statistically 
significant difference in the overall incidence of complications between the two 
surgical techniques, the researchers warn against bias because of study heterogeneity. 
Furthermore, the study indicated that further research should be done in this area 
as there is currently insufficient long-term nutritional data required to support the 
safety profile of OAGB [33].

In a modified Delphi consensus on reoperation after sleeve gastrectomy, pub-
lished recently by Kermansaravi et al., 91.3% of participants agreed that all revision 
procedures after SG should undergo evaluation by a multidisciplinary team (MDT). 
Moreover, 95.6% advised endoscopy (EGD) prior to starting any conversion or revi-
sion. Moreover, 97.8% of respondents said RYGB was a suitable choice. On the other 
hand, the majority (93.3%, 93.3%, and 95.5%, respectively) did not view biliopancre-
atic diversion/duodenal switch (BPD/DS), single-anastomosis duodenal ileal bypass 
(SADI-S), and single-anastomosis sleeve ileal bypass (SASI) as viable alternatives for 
revision following sleeve gastrectomy [34].
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12.  Conclusions

It is evident that the rise in obesity rates is not just affecting adults; younger groups 
are also starting to express concern about it. This pattern is especially concerning 
since it creates the foundation for several health issues in the future. The expand-
ing obesity pandemic emphasizes how urgently a comprehensive plan of action is 
required to address this escalating health issue.

All things considered, sleeve gastrectomy is a dependable and successful surgical 
option, especially for young patients and those with complicated medical require-
ments associated with immune system compromised states or transplants. In 
comparison to previous bariatric operations, this method not only offers a lower risk 
profile but also enables significant weight loss. Future developments in sleeve gastrec-
tomy procedures might make use of advances in technologies and surgical methods to 
boost accuracy and design individualized patient care plans based on comprehensive 
preoperative screening to maximize results.
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Chapter 6

Tips and Tricks in Sleeve 
Gastrectomy
Anıl Ergin and İksan Taşdelen

Abstract

Obesity has become a serious health problem worldwide. Surgery is seen as 
the most important weapon in the fight against obesity. Laparoscopic Sleeve 
Gastrectomy is the most widely practiced obesity surgery technique worldwide. 
Today, this surgery is safely applied to a large number of patients. With the devel-
opment of technology and surgical experience, the mortality and morbidity of 
obesity surgeries have decreased considerably. However, these surgeries still require 
serious experience and knowledge. In this book chapter, we have compiled the 
technical tips of laparoscopic sleeve gastrectomy, key points that will increase the 
comfort of the surgeon and the patient, and tricks that will facilitate the operation 
and shorten the operation time.

Keywords: obesity, bariatric surgery, laparoscopic sleeve gastrectomy, technical tips, 
weight loss surgery

1.  Introduction

Obesity is considered a serious health problem all over the world. Surgery is 
the most effective method in the treatment of obesity. Although many surgical 
methods have been tried in the treatment of obesity, some of them have been 
abandoned due to the difficulty of application and high complication rates. Today, 
Sleeve Gastrectomy (SG) is the most widely used surgical technique in the treat-
ment of obesity worldwide. SG has become the most preferred surgery because it 
is relatively easier to perform than other techniques, has a low complication rate, 
and has similar benefit rates to other techniques. With the development of the 
technique, improvement in the quality of the materials used, and the demonstration 
of long-term results, SG has become a more reliable and predictable operation [1]. 
As the experience and knowledge about this operation, which is performed so 
frequently worldwide, increases, experienced surgeons recognize that there are 
many tricks that facilitate the operation, increase the comfort of both the surgeon 
and the patient, reduce postoperative complications, shorten the hospitalization 
period, and increase patient satisfaction. In this book chapter, we aim to share the 
algorithms and technical details that we have applied in our clinic with over 2000 
cases of SG experience.
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2.  Patient selection and indications

Patients with a BMI between 30 and 34.9 kg/m2 (Class 1 Obesity) with comorbid 
diseases and patients with BMI >35 kg/m2 (Class 2 and Class 3 Obesity) are candidates 
for bariatric surgery regardless of the presence of comorbid diseases [1].

Of course, patient selection cannot be based solely on body mass index. The 
patient’s psychological state, eating habits, socioeconomic level and treatment com-
pliance, comorbidities, and many other parameters significantly affect the success of 
treatment and are very important in patient selection for bariatric surgery.

3.  Preoperative evaluation and consultations

A multidisciplinary approach is one of the most fundamental steps in preparing 
patients for surgery. The patient’s suitability for surgery should be determined by a 
multidisciplinary team. In our clinic, cardiology, pulmonologist, psychiatry, anesthesi-
ology, and endocrinology consultations are routinely performed for all patients before 
LSG and surgery plans are made in line with the recommendations of all branches [2].

In addition to the expert evaluation of the relevant branches, all patients undergo 
preoperative upper gastrointestinal system endoscopy (UGISE) and preoperative 
upper GIS pathologies are also investigated.

All patients receive thromboembolism (TE) prophylaxis with anticoagulant at 
8 hours postoperatively and preoperative compression stockings.

4.  Peroperative approach

4.1  Position of the patient and surgeons

The secret of success in obesity surgeries is a uniform surgery and an established 
system. All surgeries are performed by specialized surgeons who have received special 
training in bariatric surgery and have adopted the same surgical technique. Patients 
are placed in the French position and surgeons and equipment are arranged as shown 
in Figure 1 [3].

4.2  Trocar entry sites and placement of materials

For LSG, 5 trocars are routinely used in our clinic. One 12 mm, one 10 mm, 
two 5 mm, and one liver retractor are used. Liver retraction is routinely performed 
with Nathanson Retractor in every case. Trocar placement is very important for the 
surgeon’s ergonomics during surgery. For this reason, entering the trocars too close 
to each other during trocar insertion will cause the instruments to interfere with each 
other during the operation and will hinder the surgeon. In addition, entering the 
trocars in a direction other than the surgical site will make it very difficult to use the 
instruments in obesity patients with high subcutaneous adipose tissue. Therefore, 
these points should be considered during trocar entry.

4.3  Entry of the first trocar

The entry site and shape of the first trocar is the most important step in the ergo-
nomics of the entire operation. Due to obesity, the thickness of the subcutaneous fatty 
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tissue is very high, which causes the standard trocar size to be insufficient. Therefore, 
we routinely choose a 12 mm long trocar as the first trocar in our clinic. There are 
many techniques for introducing the first trocar; however, we routinely use the direct 
trocar method (Hasson technique). In the absence of a long trocar, pneumoperito-
neum can be created with the help of a Verres needle before the first trocar is inserted 
and the subsequent insertion of the first trocar will reduce the risk of injury [4].

4.4  Pneumoperitoneum

Following the insertion of the first trocar, we wait until pneumoperitoneum is 
achieved. The pressure value we routinely use for LSG is 14 mmHg. Since the intra-
abdominal pressure is higher in patients with obesity, performing the operation at 
the lowest pressure level that can be achieved will be advantageous for the patient in 
many ways. After reaching the desired pressure, the working trocars are entered [5].

4.5  Intra-abdominal exploration

Following the placement of the camera trocar, intra-abdominal structures must 
be evaluated with the help of a camera. Pathologies that may interfere with surgery 

Figure 1. 
Operating room layout [3].
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may be encountered. For this reason, intra-abdominal exploration should be per-
formed prior to intra-abdominal exploration in order to avoid wasting other trocars. 
Conditions such as intra-abdominal adhesions, solid organ tumors, and anatomical 
anomalies due to previous operations should be revealed, and the surgical plan should 
be revised if necessary.

4.6  Liver retraction

In patients with obesity, the size of the liver can be considerably larger than 
expected. Although there are clinics that apply a diet for a certain period of time 
before surgery to reduce this, we do not routinely apply such a diet. Regardless of the 
size of the liver, we use a retractor for liver retractor in all cases (Figure 2).

Although there are many types of retractors that can be used for liver retraction 
(Nathanson, Pretzelflex, and Crow’s foot retractors), we routinely use the Nathanson 
Retractor (NR), which is fixed to the operating table and does not require assistance. 
After intra-abdominal exploration, we decide the size of the NR to be used according 
to the size of the liver [6].

4.7  Emptying the stomach with an orogastric tube

It is very important to routinely empty the stomach with an orogastric tube 
before starting the operation in order to facilitate the manipulation of the stomach, 
to increase the field of view in the left crus dissection, and to select the appropriate 
stapler during the transection phase. In addition to the use of the orogastric tube to 
determine the remaining gastric volume after gastric transection, its use in gastric 
aspiration following trocar insertion is also facilitated by the fact that it is wider and 
easier to apply than aspiration tubes.

4.8  Dissection of gastrocolic ligament

Dissecting the gastrocolic ligament is one of the first and important steps of the 
operation (Figure 3). Bleeding that may occur during this process contaminates the 
surgical field and can distort the surgeon’s view by causing accurate plans to be lost. 
It is best to start the dissecting of the gastrocolic ligament at the level of the incisura 

Figure 2. 
Nathanson retractor placement.
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angularis or slightly superior to it. This is because that the easiest access to the lesser 
sac. Dissection should start as close to the stomach as possible and continue in that 
direction. The reason for this is to avoid damaging the gastroepiploic vessel, which 
is located very close to the stomach and whose tracing can easily enter the dissection 
area.

4.9  Inferior dissection border

In gastrocolic ligament dissection, the distal gastric transection limit should 
be decided and dissection should be performed up to that region of the stomach. 
Excessive dissection may cause disruption of blood supply in this region of the 
stomach. It is generally known that gastric transection can be started at a distance 
of approximately 2 cm to 6 cm from the pylorus. However, we should keep in mind 
that the closer we transect to the pylorus, the more postoperative nausea and vomit-
ing will occur and the greater the possibility of pyloric deformation will be [7]. 
Therefore, starting gastric transection with a distance of 4 cm to the pylorus is the 
ideal approach.

4.10  His angle and crus dissection

This step is one of the most important steps of the surgery. It is one of the indis-
pensable steps for the complete release of the great curvature of the stomach; that 
is, the gastric fundus should not be left wide. Failure of the releasing His angle and 
failure to expose the left crus and completely release the fundus may lead to failure of 
the surgical technique and an increase in the regain rate [8]. Therefore, in our clinic, 
we routinely perform left crus dissection in all patients and make sure that we com-
pletely free the gastric fundus before transection (Figure 4).

4.11  Routine crus dissection and investigation of hiatal hernia

After LSG, lower esophageal sphincter insufficiency is predisposed due to 
impaired His angle and increased gastric mobilization. In addition, bile reflux may 

Figure 3. 
Dissection of Gastrocolic ligament.
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Figure 5. 
Peroperative hiatal hernia repair.

also be seen due to increased intragastric pressure after LSG. These conditions may 
turn into a misery for patients. Therefore, it is very important to perform hiatus 
repair by crus dissection in patients with hiatal hernia and lower esophageal sphincter 
insufficiency in preoperative UGISE. In patients in whom UGISE was not performed 
preoperatively, intraoperative crus dissection should be performed to investigate 
the presence of hiatal hernia [9]. In our clinic, we routinely perform hiatal repair in 
all patients in whom hiatal hernia is detected during routine preoperative upper GI 
endoscopy (Figure 5).

4.12  Release of posterior gastric adhesions

Adhesions located in the posterior part of the stomach may occur for many 
unknown reasons. These adhesions encountered during surgery prevent full mobili-
zation of the stomach and may cause shifts and rotations in the staple line. Therefore, 

Figure 4. 
Dissection of left crus.
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these adhesions in the posterior part of the stomach should be opened by treating the 
small curvature vessels with care and the stomach should be fully mobilized. This will 
prevent rotations in the staple line and distortions in the formation of the B forma-
tion. Since bleeding can be seen during the separation of these adhesions, they should 
be separated with energy devices and the tissue should be treated very carefully. Blunt 
dissection should be avoided as much as possible [10].

4.13  Placement of the orogastric tube

It is preferred that the anesthesiologist in charge of obesity surgeries has special 
training and experience in this field. The anesthesiologist is expected to master 
the interventions performed by the anesthesiologist at some stages of the surgery. 
Before transection of the stomach, an orogastric tube extending to the pylorus is 
inserted into the stomach to ensure lumen patency. Since passing the orogastric 
tube through the pylorus may cause deformity and curvature in the stomach, it 
should be left at the transection start line. While the orogastric tube is brought to 
this area, the anesthesiologist and surgeon should work in coordination and the 
surgeon should guide the orogastric tube to the position where it should be with 
the dressing method.

The size of the orogastric tube depends entirely on the surgeon’s choice. It is 
known that thin tubes can cause strictures and thick tubes can cause insufficient 
weight loss. Therefore, very narrow and very wide orogastric tubes should not be 
chosen. It would be appropriate to choose orogastric tubes with thicknesses between 
32 and 40 French [11]. In our clinic, 36 French orogastric tubes are routinely used 
(Figure 6).

4.14  Stapler selection and transection of the stomach in accordance with gastric 
wall thickness

It is known that gastric wall thickness may vary depending on many factors (age, 
gender, body mass index, infectious pathologies of the stomach, etc.). It has been 

Figure 6. 
Orogastric tube-guided transection of the stomach.
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Figure 8. 
Inserting the last cartridge.

determined in many studies that the antrum is the thickest part of the stomach wall 
and the thickness decreases as you go to the fundus. Therefore, it is necessary to 
make sure that the stapler to be used in the antrum is compatible with thick tissue 
and the stapler to be used in the fundus is suitable for thinner tissues. Staple thick-
ness is distinguished by colors and different companies have different color options. 
Regardless of the manufacturer’s preference, staples with the ability to close thicker 
tissues in the antrum region where the gastric wall thickness is the highest and staples 
with the ability to close thinner tissues as they approach the fundus region should be 
preferred [12]. In our clinic, we complete the gastric transection by using the thickest 
cartridge for the first staple (Figure 7) and a medium-thick cartridge for the remain-
ing gastric tissue.

When determining the superior border during transection of the stomach, a 
distance of 1 cm to the esophagus must be left (Figure 8). Structured tissue corre-
sponding to this distance should be separated from the stomach and prevented from 
entering the staple line.

Figure 7. 
Inserting the first cartridge.
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4.15  Hemostasis in the stapler line

After complete transection of the stomach, bleeding seen on the stapler line should be 
stopped with the help of clips. Bleeding control should be done very carefully. Bleeding 
from the stapler line may occur due to postoperative hypertension or increased intra-
abdominal pressure. Continued suturing of this line is another option to control bleeding 
in the stapler line [13, 14]. In our clinic, both clip application and continue suturing of the 
stapler line are routinely performed. Sheathed staples can also be used to control bleeding.

4.16  Removal of the specimen

Specimen removal is performed through 12 mm trocars. In the removal of the 
specimen, the gastric specimen is grasped from the antrum by sending a grasping 
device through the trocar and pulled out of the abdomen with the trocar (Figure 9). 
Since the antrum wall is thicker, the strength of this region is stronger. Therefore, the 
removal process should start from the antrum. During the removal of the specimen, 
great care should be taken not to open the stomach and not to spill secretions or tissue 
fragments into the abdomen. The stomach should be taken out of the abdomen in one 
piece and with the staple line intact [15].

4.17  Leakage test

Nowadays, many surgeons have abandoned the traditional methylene blue leak 
test after transection of the stomach. However, in our clinic, methylene blue leakage 
test is routinely performed by closing the stomach from the pylorus with an instru-
ment following removal of the specimen. During this test, both the B formation of the 
stapler line can be easily evaluated and the bleeding that may occur due to increased 
pressure can be revealed [16].

4.18  Suturing of the stapler line

Suturing the stapler line to the gastrocolic ligament or omentum is practiced by 
many surgeons because it is effective in both controlling bleeding and preventing 

Figure 9. 
Removal of the specimen.
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the possibility of twist in the postoperative period (Figure 10). Suturing the stapler 
line from the superior border to the inferior border contributes to the return of the 
stomach to its former anatomy and reduces the possibility of stapler line adhesion to 
the liver [17]. In our clinic, the entire stapler line is routinely sutured from superior to 
inferior to the gastrocolic ligament at the end of surgery.

4.19  Drain placement

Placement of a drain at the end of surgery is not routine. This depends entirely 
on the surgeon’s preference. However, routine drain placement after every bariatric 
surgery is not a correct approach. Placing the drain only in cases where there is a pos-
sibility of bleeding or when the surgeon needs it for any reason will prevent unneces-
sary drain complications [18].

4.20  Closure of trocar sites

Patients with obesity are candidates for incisional hernia due to the higher intra-
abdominal pressure compared to normal people. Therefore, it is very important to 
close trocar defects larger than 5 mm. Closure of trocar sites can be quite challenging 
due to the high amount of subcutaneous fatty tissue. There are many instruments that 
facilitate closure of fascia defects. Help can be obtained from these instruments [19]. 
In our clinic, fascia defects larger than 5 mm are routinely closed and Carter-
Thomasson Suture Passer is used for this purpose (Figure 11).

5.  Postoperative approach

Patients should be provided with adequate analgesia and antiemesis in the post-
operative period. In addition, early mobilization and use of anticoagulants for TE 
prophylaxis are very important. In our clinic, patients are routinely mobilized at the 
4th hour postoperatively and anticoagulation with low molecular weight heparin is 
provided at the 8th hour postoperatively.

Figure 10. 
Suturing the stapler line.
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Following mobilization, patients are started on oral water. Water and clear fruit 
juices are given to all patients on the first postoperative day and grain-free soup and 
liquid foods can be given on the second postoperative day.

Although there are approaches such as X-ray-assisted passage radiographs, 
computed tomography, and methylene blue test to evaluate the stapler line after 
surgery, we do not apply any of these to our patients. In our clinic, we perform 
amylase measurement in the drain fluid, which is both radiation-free and easy to 
perform. If the salivary amylase level measured in the drain fluid is above 400 U/L 
and if the amylase level increases in the follow-up, we apply advanced imaging tests 
to the patients. There are also studies that we have proved the effectiveness of drain 
amylase measurement in determining leakage in our clinic, and we have brought it to 
the literature [20]. In addition, we perform additional tests in cases such as tachycar-
dia, hypotension, fever, and severe abdominal pain that may suggest postoperative 
leakage. Apart from this, we do not perform postoperative leakage test in patients who 
do not have any postoperative problems and no drain is placed.

Patients are discharged on postoperative day 3, and anticoagulant use continues 
for 10 days.

Postoperative controls are performed on the 7th day, 1st month, 3rd month, 6th 
month, 9th month, 12th month, 18th month, and 24th month. Afterwards, annual 
follow-up is continued. Dietitian, endocrinology, and psychiatry controls are rou-
tinely performed for all patients in the postoperative period.

Figure 11. 
Closure of trocar sites.
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Chapter 7

Standardization of the Fully 
Stapled Roux-En-Y Gastric Bypass
Isabelle Debergh

Abstract

The laparoscopic Roux-en-Y gastric bypass (RYGB) is a commonly performed 
bariatric procedure known for many years as an effective treatment for morbid obesity, 
and associated comorbidities, such as diabetes mellitus type 2 (DM2), arterial hyper-
tension, and obstructive sleep apnea syndrome (OSAS). In the technical evolution of 
bariatric surgery, this procedure became more and more professionalized and standard-
ized. The fully stapled RYGB has emerged as a gold standard technique, with excellent 
consistency, safety, and efficiency. Also, preoperative and postoperative care evolved 
toward standardized obesity care pathways to enhance a swift recovery. This chapter 
will highlight the surgical technique and detailed principles of the standardized fully 
stapled RYGB and obesity care pathway in our center to optimize patient outcomes.

Keywords: obesity, gastric bypass, bariatric surgery, standardization, roux-en-Y gastric 
bypass, fully stapled gastric bypass, RYGB

1.  Introduction

The concept of RYGB was introduced in the 1960s by Dr. Edward Mason [1], 
initially an open procedure, incorporating both hand-sewn and stapled techniques.

Over time, advancements in surgical technology and an increased understanding 
of bariatric surgery led to the adoption of laparoscopy and fully stapled anastomoses, 
which provided more uniform results and reduced operative and admission time.

In 2009, Dr. Bruno Dillemans described the standardization of the fully stapled 
Roux-en-Y gastric bypass (RYGB) with the circular technique in a large volume center 
[2]. In 2606 patients, minimal morbidity and mortality were reported, proving that 
this procedure ensured patient safety. As streamlined training became possible with 
the introduction of clear, standardized procedures, the education and training of 
surgical teams was facilitated and reproducibility was confirmed a few years later [3].

Continuous improvements were added to this technique, leading to reduced risks 
of complications by adhering to consistent surgical practices [4, 5]. Moreover, the 
beneficial effect of this standardized procedure concerning feasibility and safety 
in complex revisional procedures was investigated and proven on large groups of 
patients that underwent conversion from vertical banded gastroplasty (VBG) to 
RYGB [6–8], or laparoscopic adjustable gastric band (LAGB) to RYGB [9, 10].

New small improvements were made to this classic and solid technique, which we 
describe in this chapter.
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A precise and replicable surgical method and a standardized obesity care pathway 
will lead to improved outcomes, enhanced weight loss, and comorbidity resolution 
in the long term. Data on the weight loss of all RYGB patients in our center between 
2019 and 2024 are depicted in Figure 1. Further long-term analysis will be made in the 
future.

We must embrace exciting surgical innovations such as novel types of surgery or 
robotic procedures and also test them against proven ones. This professionalization of 
obesity care is now more than ever necessary to counter criticism from other health-
care workers in the near future and the pharmaceutical industry.

2.  Preoperative standardization

Patient selection and preparation is of the utmost importance for good short, 
intermediate, and long-term results. In our center, obese patients undergo a complete 
dietetic, endocrinological, and psychological evaluation. The nutritional and psy-
chological evaluation will ensure that patients are mentally and physically prepared 
for bariatric surgery and subsequent lifestyle changes. Laboratory tests may rule out 
hormonal dysfunctions, nutritional deficiencies, and other relevant conditions affect-
ing pre- and postoperative health. Gastroscopy, and sometimes upper gastrointestinal 
series, can identify anatomical anomalies that can affect surgery. Depending on the 
severity of obesity, comorbidities, and motivation, the patient is allocated to conser-
vative treatment with/without medication (incretin mimetics) or a surgical pathway. 
The demographic data of the RYGB patients in our obesity center are depicted in 
Figure 2.

Preoperatively, patients can gain access to a digital tool with information, 
postoperative questionnaires, and measurements for enhancing compliance in the 
long run. All patients will follow a preop diet for 2 weeks, to reduce liver volume 
and steatosis.

In our obesity clinic, several surgeons perform the fully stapled RYGB: more 
than half of the cases are performed with the circular gastroenteric anastomosis, as 
described by Dillemans [2, 4–10] and the remaining part with the linear technique. 
This chapter will describe in detail the circular gastrojejunostomy technique.

Figure 1. 
Excessive body weight loss (EBW) in all RYGB patients between 2019 and 2024 in our obesity center.
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3.  Operative technique

3.1  Material list

• Knife with N 11 blade

• Veress needle (Covidien, USA or Ethicon, USA)

• Trocars: 1 × 5 mm, 4 × 12 mm

• Insufflation tubing

• Suction device

• Orogastric tube: 34 French Calibration Tube (Bariatric Solutions, Switzerland)

• 30° laparoscope

• Light cable

• Ultrasonic dissecting device Harmonic™ AceR laparoscopic shears (Ethicon, 
USA) or Sonicision™ (Covidien, USA)

Figure 2. 
Age and gender distributions of all RYGB patients between 2019 and 2024 in our obesity center.
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• Three laparoscopic clamps (Conmed, USA)

• One Babcock (Conmed, USA)

• Laparoscopic needle holder (Ethicon, USA)

• Echelon flex™ 60 mm blue (3.5 mm): 3 cartridges; white (2.5 mm): 3 cartridges 
(Ethicon, USA); or Endo GIA™ 60 mm purple (3–4 mm): 3 cartridges; 60 mm 
tan: 3 cartridges (Covidien, USA); or IntoCare™ Disposable Powered Endoscopic 
Linear Cutting Stapler IEC 60 mm blue (3.5 mm): 3 cartridges; white (2.5 mm): 3 
cartridges (IntoCare, China)

• DST SERIES™ circular EEA ™ stapler 25 mm blue (3.5 mm) (Covidien, USA); 
or Endoscopic Curved Intraluminal Stapler™ ILS 25 mm (Ethicon, USA); or 
IntoCare™ Disposable Powered Circular Stapler ICS 25 mm (IntoCare, China)

• Two towel clamps

• One polydioxa-none suture (PDS) 3/0 cut at 22 cm (Ethicon, USA)

• Two PDS 4/0 cut at 15 cm (Ethicon, USA)

• Multifire Endo Hernia™ (Covidien, USA) or Filbock™ Non-absorbable 15 cm 
(Duomed, Belgium)

• Endo Close™ (Covidien, USA)

• One Polysorb 1 suture (Covidien, USA)

3.2  Patient positioning and trocar placement

The patient is not wearing antithrombotic stockings. Underpants are allowed, 
must be comfortable, but do not need to be removed. Hair is already removed 
between the nipples and the umbilicus. The patient receives an intravenous dose of 
prophylactic antibiotic (cefazoline or clindamycin in case of penicillin allergy) and 
put under general anesthesia, and a 34-French orogastric tube is placed by the anes-
thesiologist. The patient is placed in a 30° reverse Trendelenburg beach-chair position 
with split legs. This position is not difficult for the obese body and allows optimal 
workspace and access to the upper part of the abdomen. The legs and wrists are fixed 
in a safe and pressure-free position. After disinfection and draping of the patient, 
the surgeon will take place between the patient’s legs. The video processor, the light 
source, and the insufflator are placed on the right side of the patient, next to the head. 
The first assistant will hold the camera and stands at the surgeon’s left. The dedicated 
obesity nurse stands at the surgeon’s right-hand side. Sometimes a second assistant 
is available, but this is not obligatory (right side). After installation of insufflation, 
suction, camera, and an ultrasonic device, the region of all incisions is infiltrated with 
a long-acting local anesthetic. Then, a horizontal 1.5-cm incision is made 8–10 cm 
below the xiphoid. The Veress needle is inserted, intra-abdominal pressure is set at 
15 mmHg, and the abdomen is insufflated with carbon dioxide (CO2). A 12-mm scope 
trocar is placed at first, the 30° angled scope is introduced, the abdomen is inspected, 
and four additional working trocars are placed under direct vision: a 5-mm port high 
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in the epigastric area in the midline, a 12-mm port in the right upper quadrant, and 
two 12-mm ports in the left upper quadrant (Figure 3). Once the insertion of trocars 
is completed, the procedure begins with the creation of the gastric pouch.

3.3  Construction of the gastric pouch

We ask the anesthesiologist to control systolic blood pressure <100 mmHg during 
the construction of the gastric pouch and gastroenterostomy. The 34-French gastric 
tube is positioned in the esophagus.

In general, the size of the pouch is standardized, typically around 15–30 mL, to 
ensure consistent restriction and weight loss outcomes.

The first assistant (left-side surgeon) keeps the liver aside using the right trocar. 
The Babcock forceps are introduced via the left lateral trocar (nurse/second assistant) 
and hold traction on the lesser curvature of the stomach at the level of the antrum. 
The crow’s foot of the nerve of Latarjet is identified and spared. The bursa omentalis 
is accessed 4–5 cm below the gastroesophageal junction by creating a small window 
in the lesser omentum (Figure 4) using a grasper (cranial trocar) and the ultrasonic 
device (left medial trocar). The first assistant will introduce a linear stapler (right 
trocar) through this window. The stomach is horizontally cut over approximately 
60 mm (Figure 5), without completely transecting the stomach. Mostly, a blue/
purple cartridge is used, but cartridges with higher stapler height are necessary when 
tissue is thicker, for example, in redo cases.

Subsequently, the Babcock forceps is repositioned at the lateral part of the newly 
formed stapler line and holds upward and caudal traction on the stomach to reveal the 
posterior gastric wall. The first assistant retracts the liver. Now, posterior gastric adhe-
sions are divided with the ultrasonic device, and the grasper (cranial trocar) is placed 

Figure 3. 
Position of trocars. Cranial trocar (5 mm) predominantly used by the surgeon. Right trocar (12 mm) mainly used 
by the first assistant. Middle trocar (12 mm) for the camera. Left medial trocar (12 mm) only used by the surgeon. 
Left lateral trocar (12 mm) used by the second assistant or dedicated obesity nurse and dilated for the introduction 
of the circular stapler device.
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under the stomach, against the left crus toward the angle of His (Figure 6). The posterior 
dissected tunnel is completed by dividing the last tissue fibers at the angle of His with 
blunt dissection or the ultrasonic device. A second linear 60-mm stapler is introduced 
through the left medial trocar and positioned toward the angle of His starting from 
the most lateral point of the horizontal transection. If visualization is too difficult, the 
Babcock forceps can be placed in this tunnel to aid positioning of the stapler device, 
preventing to leave a posterior sac. The anesthesiologist will guide and check the gastric 
tube, and the stapler is closed and fired (Figure 7). At last, the pouch is finalized by 
vertically firing the last 60-mm cartridges in the direction of and through the created 

Figure 4. 
Entering the bursa omentalis through ultrasonic dissection of the lesser omentum.

Figure 5. 
First horizontal stapler transects the stomach.
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window, along the gastric tube, and well aligned to the previous vertical stapler line 
(Figure 8). Now, the orogastric tube is pulled back into the esophagus.

3.4  Creation of the gastrojejunostomy

Two tissue bites of the lower left corner of the pouch are excised using the ultra-
sonic device (Figure 9). The opening is stretched with two graspers, and a 3/0 PDS 
22 cm purse-string suture is sewn (Figure 10).

Figure 6. 
Dissection of the posterior stomach tunnel toward the angle of His.

Figure 7. 
First vertical stapler, guided by the orogastric tube.
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The second assistant or the dedicated obesity nurse (right-side surgeon) is 
performing some important steps now. The left lateral trocar port is enlarged up to 
2.5 cm, and the interior opening in the abdominal wall is bluntly dilated with a pair of 

Figure 8. 
Placement of the second vertical stapler toward the angle of His.

Figure 9. 
Opening the gastric pouch with an ultrasonic device.
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scissors. Two fingers can be introduced in this port site, allowing the circular 25-mm 
stapler to enter the body. To prevent losing pneumoperitoneum, the skin is closed 
tight around the stapler device using one towel clamp. The anvil is introduced into 
the gastric pouch opening (Figure 11). The body of the stapler device is temporarily 
removed from the abdomen, allowing maximal workspace for the team. The last step 
is completed by tying the purse-string tightly around the anvil. We inspect the future 

Figure 10. 
Sewing of the purse-string suture.

Figure 11. 
Introduction of the anvil in the purse-string at the gastric pouch.
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anastomosis and remove potential disturbing excess mucosa or fat, and veins or arter-
ies to prevent bleeding.

During the next phase, the greater omentum is lifted and the transverse colon is 
visualized. Now and then, the greater omentum is heavy and causes traction on the 
future anastomotic region, obliging us to split the omentum. The first assistant holds 
the transverse mesocolon with a grasper via the right trocar. Now, the ligament of 
Treitz is located, as well as the inferior mesenteric vein, and the root of the transverse 
mesocolon as anatomical landmarks to ensure the start of the jejunum. The jejunum 
is stretched up by the surgeon from this point in an anticlockwise and antecolic 
antegastric direction to the gastric pouch. The length of the biliary limb varies mostly 
between 60 and 80 cm and is rarely longer than 100 cm, depending on the degree of 
tension on the gastrojejunostomy.

The first assistant holds and stretches the jejunum with a grasper at the antimes-
enteric side toward the liver, at 2 cm distally (aboral) of the designated anastomotic 
point. An enterotomy is created by the surgeon 6–8 cm proximal to the future gastro-
enterostomy, and this opening is stretched by two graspers. The second assistant or 
the obesity nurse introduces the circular stapler through the left lateral port site into 
the jejunal loop toward the designated anastomotic region (Figure 12) and perforates 
carefully the spike of the stapler device at the antimesenteric side of the bowel. Next, 
the spike of the stapler is connected to the anvil (Figure 13), and the anastomosis is 
completed by closing and firing the stapler (Figure 14). Afterward, the stapler device 
is removed from the abdomen, the left lateral trocar is replaced with two towel claps 
preventing a leaking pneumoperitoneum, and the tissue donuts are verified on com-
pleteness. The future biliopancreatic limb is disconnected from the alimentary limb, 
by making a mesenteric window with the ultrasonic device (surgeon) 1 cm proximal 
to the gastrojejunostomy and transecting the tissue using a linear stapler with a 
60-mm white/tan cartridge, thus, avoiding a long blind loop (“candy cane”) of the 

Figure 12. 
Introduction of the circular stapler device in the enterotomy. RS: Remnant Stomach; BP: BilioPancreatic limb; A: 
Alimentary limb. S: Surgeon; FA: First Assistant; SA: Second Assistant or dedicated obesity nurse.
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jejunum (Figure 15). Finally, the gastrojejunostomy is inspected, and an extra “good 
night” PDS stitch is placed in case of hematoma, serosal weakness, or high traction.

Ensuring tension-free and well-perfused anastomosis is crucial. The main advan-
tages of the circular technique are that it is a reliable and reproducible technique, with 
a standardized diameter of 25 mm, offering a homogenous blood perfusion, and a 
balanced distribution of traction.

Figure 13. 
Connection of the anvil to the spike of the circular stapler.

Figure 14. 
Circular stapler device is fired.
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3.5  Construction of the Roux-en-Y jejunojejunostomy

The alimentary limb is measured in a distal direction by the surgeon until 100 
to 130 cm, and a small antimesenteric opening is created in the jejunum using the 
ultrasonic device (Figure 16). This opening is stretched with a grasper. The nurse or 

Figure 15. 
Disconnecting the alimentary limb from the future biliopancreatic limb with a linear stapler.

Figure 16. 
Making an antimesenteric opening in the alimentary limb, at the site of the future jejunojejunostomy.
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the second assistant holds this bowel with a grasper (left lateral trocar) placed 1 cm 
distal of this opening, stretching the bowel toward the left lower quadrant.

Secondly, a similar opening is made in the biliopancreatic limb, 5–8 cm proxi-
mal to the enterotomy, and stretched with a grasper. The first assistant (left hand) 
uses the most cranial trocar and holds the jejunum 1 cm distal from the small 
opening, toward the left upper quadrant. The surgeon takes the camera. A linear 
60-mm stapler with a white/tan cartridge is introduced by the first assistant (right 
hand) via the right trocar in the biliopancreatic limb with help from the surgeon. 
The other part of the linear stapler is then placed in the opening of the alimentary 
limb by aiming toward the left lower quadrant. At this part, the grasper of the left 
lateral trocar must let go. After positioning both sides of the stapler in the small 
bowel, the stapler and the future jejunojejunostomy have to be stretched toward 
the left upper quadrant (Figure 17). An inspection is necessary to verify whether 
both sides of the stapler device are well in place, leaving no unused stapler line, 
and placing the stapler in a perfect antimesenteric position preventing bleeding 
before the device is finally fired. The side-to-side jejunostomy is now completed, 
and the stapler removed.

The first assistant takes the camera with the right hand and is still holding 
the jejunum with the left hand (cranial trocar). The resulting enterotomy needs 
to be closed in the next step. The surgeon uses the right and left medial trocar to 
put a PDS traction stitch at the alimentary side of the enterotomy (Figure 18). 
Then, the excess biliopancreatic mesentery is removed toward the aimed jejuno-
jejunostomy (Barcelona-type principle) with the ultrasonic device (Figure 19). 
Make sure to not cause thermal injuries on the jejunum, or to devascularize the 
anastomosis. The defect is closed by a linear stapler through the right trocar 

Figure 17. 
The first assistant ensures a perfect antimesenteric positioning of the linear stapler device, before firing the 
jejunojejunostomy.
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(first assistant) (Figure 20). Before firing, the diameter of the alimentary limb 
entrance toward the enteroenterostomy is verified and the surgeon might carefully 
pull out some extra millimeters of bowel tissue to prevent a narrow entrance. The 
first assistant is still holding the jejunal loop that will soon be removed and pulls 
this excess loop well into the stapler. After firing, this resected piece of bowel is 
removed via the left lateral trocar.

At this moment, the anesthesiologist is asked to start raising the systolic blood 
pressure gently above 130 mmHg.

Figure 18. 
Temporary traction suture at the alimentary side of the enterotomy.

Figure 19. 
The blue line depicts the dissection line of the abundant mesentery at the excess loop of the jejunojejunostomy.
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3.6  Closure of mesenteric gaps

Internal hernia can not always be prevented, but closing both mesenteric gaps 
might certainly help if done in a proper way.

The first assistant holds the mesentery of the alimentary limb with a grasper via the 
right trocar and gives traction toward the right side of the patient. Subsequently, the 
enteroenteric mesenteric gap can be easily visualized. This transverse linear gap can be 
closed with a non-resorbable suture, or in an ergonomic and quick way with a stapling 
device (Endo Hernia™) through the left medial trocar (Figure 21).

The visualization of the Petersen’s space is often more difficult. The first assistant 
(right trocar) has to stretch some appendices epiploica from the medial part of the 
colon transversum toward the right upper quadrant. The transverse mesocolon is 
now stretched, allowing a good view at the J-shaped Petersen’s space for closure with 
a stapling device (Figure 22). Pushing up the transverse colon and omentum with 
the Babcock from the left lateral trocar site might sometimes help in case of severe 
visceral obesity. For closure of this defect with a Filblock™, the same exposure is 
needed. Exceptionally, in complex cases with severe adhesions, too much traction at 
the gastroenterostomy, or poor visualization, the mesenteric defects are left open.

3.7  Methylene blue test at the gastrojejunostomy

The orogastric tube is positioned at the level of the gastrojejunostomy, and leakage 
risk is checked by forcefully injecting a full syringe of 60 mL of methylene blue and 
60 mL of air while obstructing the alimentary limb distally (Figure 23). If at this 

Figure 20. 
The enterotomy of the jejunojejunostomy is closed with a linear stapler device (FA: First Assistant). Meanwhile, 
the FA holds the excess jejunal loop toward the liver, making sure the enterotomy is transected completely (white 
star). The surgeon (S) verifies the diameter of the entrance of the alimentary limb into the jejunojejunostomy, 
preventing kinking or obstruction of the food. Minimal diameter should be equal to or more than the length of an 
opened grasper (2.8 mm).
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Figure 22. 
Closure of the Petersen’s space with a stapling device.

Figure 21. 
Closure of the enteroenteric meso gap with a stapling device.
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point any leakage is present or if some traction is detected, the gastrojejunostomy is 
reinforced with some additional stitches PDS. Using this reliable test, the leak rate of 
a standard RYGB is zero in our team.

3.8  Hemostasis and closure

Meanwhile, the systolic arterial blood pressure is elevated above 130 mmHg. Now 
all dissected regions and stapler lines are carefully checked to prevent postoperative 
intra- or extraluminal bleeding using clips or electrocautery.

The enlarged left lateral trocar port site is closed with one or two stitches with 
the Endo Close™ trocar site closure device, in order to prevent lateral entrapment or 
hernia formation (Figure 24). No drains are placed in a standard RYGB to prevent 
postoperative pain and immobilization.

4.  Postoperative care

Patients are admitted to the recovery room and are monitored for 1 or 2 hours, 
and if postoperative nausea is not too bad, a sugar-free popsicle is offered. Thereafter, 
patients are transferred to the bariatric ward, are stimulated to mobilize a few hours 
after surgery, and to drink water and eat yogurt. Oral and written information is 
offered by visits and brochures of the bariatric surgeon, the dietician, and the physio-
therapist. After one night of monitoring of pain, hemodynamic parameters, mobili-
zation, and oral intake, patients are dismissed (Figure 25).

No liquid, slider food, or ketogenic diet is required after surgery. Normal food rich 
in proteins is immediately introduced. Upper gastrointestinal imaging is not routinely 
performed.

To prevent deep venous thrombosis, patients receive subcutaneous thrombosis 
prophylaxis for 10 days.

Figure 23. 
Methylene blue test.
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In standard conditions, proton pump inhibitors are taken for 3 months to prevent 
marginal ulcer formation. Lifelong or high doses of proton pump inhibitors are 
advised in patients who smoke or patients on anticoagulants, corticoids, or non-
steroidal anti-inflammatory drugs.

Supplementation with bariatric multivitamins and minerals (calcium citrate) is 
standardized to prevent deficiencies.

Standard postoperative care is scheduled with the dietician and surgeon at 
3 weeks, 3 months, 6 months, 12 months, and annually thereafter. A muscle rehabili-
tation program is offered in our hospital during the first 3 months. Extra psychologi-
cal support can be added on demand. Patients can have access to extra support using 
our digital tool, Move Up, with patient information, weight evolution, patient-related 

Figure 25. 
Between 2019 and 2024 a total of 2043 RYGB operations were performed. Mean age of patients was 42 years 
old. Mean length of stay is diminishing over the years toward 1.2 days due to a fast track and enhanced recovery 
protocol.

Figure 24. 
Closure of the left lateral enlarged trocar site.
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outcome measures, questionnaires, training programs, and direct communication 
with the obesity coordinator.

5.  Conclusion

The standardization of the fully stapled Roux-en-Y gastric bypass represents a 
significant advancement in bariatric surgery. By adhering to uniform protocols for 
preoperative assessment, intraoperative technique, and postoperative care, healthcare 
providers can ensure safer procedures, better outcomes, and more efficient training.

The RYGB is associated with good long-term results on weight loss and comorbid-
ity resolution, with minimal operative morbidity and mortality, and can be used even 
in complex revisional bariatric cases.

As the field of bariatric surgery continues to evolve, ongoing research and refine-
ment of these standards will be essential to maintain and improve the quality of care 
for patients undergoing RYGB.

6.  Summary

The standardized fully stapled Roux-en-Y gastric bypass

• Is a safe procedure with quick recovery and minimal postoperative morbidity 
and mortality

• Shows better outcomes of long-term results on weight loss and comorbidity 
resolution

• Allows more efficient training and can be used even in complex revisional 
bariatric cases
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A New Articulating Laparoscopic 
Instrument in Bariatric Surgery
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Abstract

Recent literature confirms an increasing use of robotic surgery in the field of  
bariatrics. However, recent meta-analyses do not to show the advantages of robotics  
compared to traditional laparoscopy in terms of complications, reoperations, and 
hospital stays, despite significantly longer operative times and costs. In this context, 
articulated laparoscopic instruments can be a valid alternative to the more modern 
robotic technology in bariatric surgery. In the last 3 years, we have introduced 
ArtiSential® Articulating Laparoscopic Instruments (LIVSMED, Seongnam, 
Republic of Korea). This new Multi-DOF (Degree of Freedom) laparoscopic instru-
ment provides undeniable advantages due to its extreme flexibility, thanks to the 
double distal articulation, which consent 360° of movement at the surgical site. In 
this chapter, we report our experience with the use of ArtiSential® instruments 
(scissors, graspers, dissectors, needle holders) during bariatric surgery procedures, 
analyzing their advantages and applications.

Keywords: bariatric surgery, sleeve gastrectomy, gastric bypass, ArtiSential, articulated 
instruments

1.  Introduction

Obesity is a worldwide chronic disease with an associated high numbers of costly 
disorders [1]. All over the world, the number of obese and superobese people is 
growing, and bariatric surgery is performed more frequently to avoid serious compli-
cations related to obesity. Lots of therapies could be chosen for patients with obesity 
(e.g., drugs, dietary therapies, physical exercise, etc.), but their effect was unobvious 
for compliance and not effective in the long term [2]. Nowadays, bariatric surgery 
is a validated option performed all around the world with different standardized 
procedures. The effectiveness of bariatric surgery is a significant and sustained weight 
loss related to an improvement of the comorbiditys. Patients can in fact lose 50% or 
more of their excess weight [3]. Bariatric surgery has been shown to improve type 2 
diabetes, high blood pressure, sleep apnea syndrome, hyperlipidaemia, and GERD 
(GastroEsophageal Reflux Disease) [4].

There were lots of bariatric procedures that can be applied in clinical practice, 
including restrictive and malabsorptive ones (Sleeve Gastrectomy, Gastric Bypass, 
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One Anastomosis Gastric Bypass, Adjustable Gastric Band, etc.) [5–6]. All these types 
of surgeries are performed using either laparoscopic or robotic surgery. Both method-
ologies obtained minimally invasive techniques, high-definition vision, and precise 
operation [7], but robotic bariatric surgery may acquire more advantages for both 
patients and surgeons in the long run.

With the advent of robotic surgery, an increasing number of centers in the world 
have challenged their bariatric laparoscopic procedure in robotic and, nowadays, 
robotic surgery is extremely diffused. The robotic system has been the most ergo-
nomic instrument with the widest range of motion, but operative time was showed 
longer in robotic bariatric surgery (RBS) and length of hospital stay was not signifi-
cantly different between RBS and laparoscopic bariatric surgery (LBS). Moreover, 
estimated blood loss was reported no significant difference in RBS. Reoperation 
within 30 days, leaks, strictures, pulmonary embolism, and overall complications 
show no significant difference between LBS and RBS. RBS may be not inferior to LBS 
during different periods for weight loss assessed by Excess Weight Loss (EWL%) and 
Body Mass Index (BMI) loss.

Since its introduction, price and costs represent a critical problem of the robotic 
system, as well as the low cost-effectiveness [8, 9]. The small quantity of units for the 
institution, the need for an operating theater designated for robotic surgery, and an 
expert staff to prepare the console constitute further limits to the diffusion of this 
technology.

Robotic bariatric surgery has also demonstrated that ergonomics has become an 
important issue in terms of surgeons’ fatigability. Based on these problems, a bridge 
can be obtained by articulated instrument introduction. Through time, some articu-
lating laparoscopic devices with increased freedom of movement have been proposed 

Figure 1. 
Handle of the instruments.
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in the market. However, most of them have been unsuccessful [10]. ArtiSential® is 
the first mechanical laparoscopic instrument with the widest angle of motion (360°), 
that perfectly mimics the movements of the robotic joint (Figure 1).

2.  ArtiSential® articulating laparoscopic instruments

Straight laparoscopic instruments are limited because the end terminal is aligned 
on the same axis as the laparoscope. This can lead to a collision between instru-
ments, named also “sword fighting,” which hampers free manipulation during the 
operation. To overcome such limitations, several flexible instruments with articula-
tion have been introduced to overcome the restrictions of maneuverability and for 
use in laparoscopic surgery. One of these is the new device with multi-degree-of-
freedom (DOF) articulation, the ArtiSential, a wide line of single-use articulated 
instruments.

In the last 3 years we have introduced in our experience ArtiSential® Articulating 
Laparoscopic Instruments (LIVSMED, Seongnam, Republic of Korea). It has a 
multi-joint structure that works with a pulley mechanism, whereas the end tool of the 
conventional laparoscopic instrument has no joint. This structure allows the end tool 
of ArtiSential® to move 90° up, down, left, and right. The thumb and index finger go 
into the two holes of the handle (Figure 2). The free manipulation provides intuitive 
movement of the end tool that perfectly matches the movement of the user’s fingers 
and wrists (Figure 3). The rest of the fingers grab the main handle for support. On 
the main handle, there is a lever to activate the “hold” mode. The “hold” mode can fix 
the end effector at any angle (like a conventional instrument) and allow the insertion 
of the instrument into the trocars (Figure 1).

Several different effectors are available, like Fenestrated Forceps, Bipolar 
Fenestrated Forceps, Maryland Dissector, Bipolar Maryland Dissector, Bipolar Precise 
Dissector, Bipolar Curved Dissector, Needle Holder, Precise Needle, Holder Clip 
Applier Medium Large, Monopolar Spatula, and Monopolar Hook. In commerce there 

Figure 2. 
ArtiSential instrument handle. The thumb and index finger, mainly used for grabbing, go into the two holes on 
the handle. The movement of this handle and the end tool show identical motion.
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are 8 mm diameter instruments with monopolar/bipolar connection, and also 5 mm 
diameter instruments (ArtiSential 5), both in standard (38 cm shaft length) and short 
(30 cm) versions.

Like in robotic surgery, Artisential® needs a learning curve, necessary to adapt to 
the new multi-DOF instruments, which can be easily divided by time [11]:

• In the first approach we need 30–60 minutes to understand the motion of the 
instruments;

• The next step requires from 4 to 8 hours in the dry lab to begin confident with 
the motion. This phase is variable in accordance with the experience of the 
surgeon;

• After achieving the motion, it is safe to step to the patient with a single instru-
ment at a time, choosing and alternating dominant or nondominant hand. Also, 
in this phase would be necessary up to 10 consecutive procedures to adjust the 
process and master the use;

Figure 3. 
Instrument hand-end tool coordination. The movement of the thumb, index finger, and wrist perfectly match the 
movement of the end tool.
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• When surgeons are confident with the use of the single instrument, it is time to 
introduce the use of ArtiSential® in both hands;

• The last phase of the learning curve is the introduction of the needle holder 
which has more complex movements and needs an initial attitude to articulated 
instruments suturing.

The learning curve is easily satisfied in a short while and the ability of the surgeon 
can improve fast case by case.

ArtiSential allows for meticulous dissection with two instruments in the small-
est possible space without collision and with maximum control and optimal tactile 
feedback.

With this instrument, it is possible to reduce tissue trauma generated from the 
lateral traction of standard laparoscopic instruments by a perpendicular grip of the 
ArtiSential grasper. A gentle and direct grip is allowed without tension or traction. 
The articulation consents to a wider variety of surgical maneuvers than stray-fixed 
laparoscopic instruments.

The experienced laparoscopic surgeon can achieve difficult suturing tasks with 
the ArtiSential, similar to the robotic system. Another advantage of the ArtiSential is 
it easily usable during every operation, like any other laparoscopic traditional instru-
ment, also in emergency settings, by simply opening the package [12].

A particular attention merits the control part of the instrument, for the cumber-
some appearance that can limit the movements between the camera and the hands 
of the surgeon. Sometimes we need to modify a little the trocar position to avoid 
conflicts (Figure 4).

Surgeons, in the first procedures, can experience physical stress from the heavier 
and bigger instruments compared to conventional ones. This is a temporary draw-
back that will disappear with the use and the exercise. Also, surgeons with small 

Figure 4. 
External vision during surgery.
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hands could have difficulties using it, but, actually, there are adjustable Velcro straps 
attached to the handle rings to fit the user’s fingers.

3.  Tips and tricks with articulated instruments

In our experience, bariatric surgery is an optimal field of application of articulated 
instruments, for multiple dissections, manipulations, and gastrointestinal sections 
and sutures.

3.1  Sleeve gastrectomy

• Entrance and set up: Pneumoperitoneum with Verres needle in the left subcostal 
quadrant. Pneumoperitoneum of 14 mmHg. Positioning of the optical trocar and 
four other operating trocars (1 of 10 mm; 2 of 5 mm; 1 of 15 mm).

• Mobilization of the greater curvature: Incision of the Bertelli peritoneal reflection 
and asportation of the gastric fundus fat. Dissection of the grater curvature 
begins by dividing the greater omentum 6 cm proximal to the pylorus. The 
gastroepiploic vessels are coagulated and sectioned using an energy device for all 
of the greater curvature toward the short gastric vessels. This dissection is contin-
ued to completely divide the gastrophrenic ligament and mobilize the angle of 
His to identify the left crus of the diaphragm. In this phase, ArtiSential® can 
provide a better grip on tissue, with less trauma and with easy movements in little 
space, like during mobilization of the His Angle (Figure 5). It is also very useful 
during diaphragmatic pillar dissection in hiatal hernia repair, frequently per-
formed during all bariatric procedures due to the small space of work (Figure 6).

• Posterior mobilization: After gaining access into the lesser sac the stomach is lifted 
anteriorly, sectioning all the adhesions, until all the posterior gastric wall.

• Bougie placement: We insert a 40 French bougie under laparoscopic visualization 
in the stomach directed to the initial divided omental attachments.

Figure 5. 
Mobilization of the angle of his during sleeve gastrectomy.
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• Creation of a stapled sleeve gastrectomy: A 60 mm endoscopic stapler is inserted in 
the 15 mm trocar and is used for the gastric section. The first firing is begun to 
6 cm to the pylorus along the bougie and parallel to the lesser curvature. Correct 
ArtiSential grasper traction on the margin of the greater curvature is fundamen-
tal to avoid sleeve spiralization. The staple lines are sequentially fired along the 
bougie, remaining 3–4 cm to the angular notch dividing the fundus at a distance 
of 1–2 cm lateral to the esophagus at the angle of His. The resected stomach is 
then removed through the 15 mm port.

• Closure: A fascial closure is done at the 15 mm port site, and skin closure is done 
at all sites.

3.2  Laparoscopic gastric bypass

• Set up: Pneumoperitoneum with Verres needle, in left under costal quadrant, of 
15 mmHg. Positioning of a supraumbilical optical trocar and other four trocars 
(2 of 10 mm; 2 of 5 mm).

• Preparation of the stomach pouch: To preserve the left gastric artery, a retro gastric 
tunnel is formed starting at 5–6 cm below the gastroesophageal junction from 
the lesser curvature in a “peri-gastric” fashioning. With ArtiSential is easy to 
perform the dissection at the angle of His and entering the lesser sac. Using a 
linear stapler the stomach pouch is formed with the bougie as calibration. The 
insertion of the stapler is facilitated by using the end effector of the grasper to 
take up the posterior wall of the stomach.

• Fashioning the gastrojejunostomy: After the omental split, the jejunum measuring 
is started from the Treitz ligament to 60–70 cm, measuring along the grasper 
and the bowel is transported antecolic near the stomach. Counting appears easily 
with the use of ArtiSential atraumatic grasper. The bowel it is opened antimesen-
terically, and a linear stapler is inserted in the proximal direction. The small end 
of the stapler is inserted into the gastric pouch, and a side-to-side 3 cm gastro-
jejunostomy is fashioned to create a small enterostomy. The suture is performed 

Figure 6. 
Suture of the diaphragmatic pillars during hiatal hernia repair.
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rapidly with the ArtiSential device (Figure 7). For completing this anastomosis, 
enterotomy is closed with continuous seromuscular suture. A methylene blue test 
is performed. Starting from the right side of the enterotomy, a running suture 
completes the anastomosis.

• Fashioning the jejunojejunostomy: Again, measuring of the jejunum is started from 
the ligament of Treitz to 120–150 cm. The jejunum is opened antimesenterically, 
and a side-to-side 60 mm jejunojejunostomy is created using a linear stapler. The 
enterotomy is closed using a double suture in a seromuscular running technique. 
Proximal to the anastomosis, the jejunum is separated by a linear stapler, con-
verting the omega loop into a Roux-en-Y Gastric Bypass. The ArtiSential needle 
holder is useful in this operation (with double anastomosis) because consent to 
the surgeon to maintain the same position during all the procedures.

• Drainage and closure: A drainage is placed side to the gastric pouch. All trocars are 
retrieved under view.

3.3  Laparoscopic OAGB (one anastomosis gastric bypass)

• Entrance and set up: Pneumoperitoneum with Verres needle, in left under costal 
quadrant, of 15 mmHg. Positioning of a supraumbilical optical trocar and other 
four trocars (2 of 10 mm; 2 of 5 mm)

• Preparation of the stomach pouch: The pouch is started under the Crow’s Foot (the 
junction of the body and antrum of the stomach) along the small gastric cur-
vature. Like in laparoscopic gastric bypass, ArtiSential can help perform better 
and easier dissection and gastric manipulation while performing the retro gastric 
tunnel (Figure 8). A 20 cm gastric tube is fashioned with multiple 60 mm staple 
firings along a 40 Fr. bougie for gastric calibration tube.

• Gastrojejunostomy: After omental split, the measuring of the jejunum is started 
from the ligament of Treitz to 180–200 cm, according to the Body Mass Index 
(BMI), measured using the grasper and transported antecolic. Counting seems 

Figure 7. 
Gastrojejuno anastomosis during laparoscopic gastric bypass.
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to be easier with the use of ArtiSential. A side-to-side gastrojejunostomy, with a 
length of 4–5 cm, is created on the anterior gastric wall. The enterotomy is closed 
with a continuous seromuscular suture. A methylene blue test is performed. A 
running suture complete the anastomosis.

• Drainage and closure: A drainage is placed side to the gastric pouch. All trocars are 
retrieved under view.

4.  Methods

In this retrospective vision, we performed above 70 surgery procedures with 
ArtiSential® between 2022 and 2024, including bariatric, general, and oncologic sur-
geries. Especially, 46 patients with bariatric conditions, 14 patients with diverticular 
stenosis, 11 patients with colorectal cancer, and three patients with stomach cancer are 
operated on with the ARTISENTIAL® articulated instruments. In this study, we will 
focus on bariatric patients, analyzing perioperative and short-term postoperative data.

All patients are chosen and preoperatively studied according to the Società Italiana 
di Chirurgia dell’OBesità (SICOB) e delle malattie metaboliche Guidelines 2023 and 
the choice to use ArtiSential® is completely random for trying to understand the 
several limitations of the application of the instruments. Retrospectively, we evalu-
ated the data of patients like age, sex, Body Mass Index (BMI), postoperative stays, 
numbers of conversion, intraoperative bleeding, and postoperative complications.

In our excellent bariatric center Società Italiana di Chirurgia dell’OBesità (SICOB), 
two surgeons were implicated in this study, both with experience in the use of 
ArtiSential® and with a large experience in bariatric surgery. They performed 17 
Sleeve gastrectomies, 25 Gastric Bypass, and four One Anastomosis Gastric Bypass 
(OAGB). All procedures were performed laparoscopically with ArtiSential® grasper, 
needle holder, and bipolar forceps.

All procedures are performed with a multi-port technique with five trocars. In the 
sleeve gastrectomy, the surgeon stays between the legs of the patients and operates 
with an energy device in his dominant hand and the ArtiSential® in his nondominant 
hand. Instead, we used ArtiSential® instruments in both hands to perform gastric 

Figure 8. 
One anastomosis gastric bypass (OAGB): performing the retro gastric tunnel.
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bypass and One Anastomosis Gastric Bypass (OAGB), without using any energy 
device (such as ultrasounds or radio frequencies).

5.  Results

In total 46 patients (17 males/29 females) were operated on with the 
ArtiSential® device. In the ArtiSential® group, the patients had a median age of 
38 years (range 23–55 years) and a median Body Mass Index of 48 kg/m2 (range 
36–59 kg/m2) (Table 1).

There were no intraoperative complications, and estimated intraoperative bleed-
ing was less than 30 ml. No cases of conversion laparotomy and no switch to using 
a standard laparoscopic instrument. Surgical time is similar due to procedures that 
we carry out on a daily basis with laparoscopic straight instruments, for Sleeve 
Gastrectomy the median surgical time was 39′, for the Gastric Bypass the median 
time was 76′ and for the One Anastomosis Gastric Bypass (OAGB) was of 65′. On 46 
surgical interventions, there was no intraoperative mortality. In all patients no drain 
was placed (Table 2).

Only one patient, gastric bypass operated, was complicated by bleeding from 
the trocar access, treated with a conservative cure, and dismissed on the 5th day 
of stay. The median length of stay was 3 days (range 2–4 days). There was not any 
other immediate postoperative general complication, and all patient was dismissed 
with a liquid diet for the first month. There was no unrelated readmission with no 
mortality (Table 3).

Operative Time Sleeve Gastrectomy (minutes) ± (SD) 37.78 ± 6.62

Operative Time Laparoscopic Gastric Bypass (minutes) ± (SD) 76.32 ± 9.43

Operative Time OAGB (minutes) ± (SD) 64.97 ± 12.64

Rate of conversions to open surgery number (%) 0 (0%)

Intraoperative Bleeding number (%) 0 (0%)

Intraoperative Mortality (%) 0 (0%)

Table 2. 
Intraoperative data.

Demographics Mean ± SD

No. (Male/Female) 46 (17/29)

Age (years) 38 ± 11.2

Height (cm) 161.6 ± 9.3

Weight (kg) 125.2 ± 23.2

Body Mass Index (BMI) (kg/m2) 48 ± 8.0

EW (kg) 54.6 ± 21.3

Median ASA score II

Table 1. 
Preoperative data undergoing bariatric surgery with the use of ArtiSential.
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In the follow-up to a 1 month, there were no gastric leaks, and the overall late 
complication rate was 0%.

The mean cost of the surgical material for ArtiSential® is 650 € and it is single-
use, higher than the laparoscopic straight instruments, which can be also reusable, 
but significantly lower than the robotic set up. Wristed instruments could represent 
a standpoint for surgeons wanting a benefit from the advantages of robotic surgery 
from a cost-sensitive perspective.

6.  Conclusion

This study has several limitations. First the small number of patients selected, this 
study has a descriptive nature and for this reason is impossible for us to compare the 
standard laparoscopy to the articulated one. This study shows that ArtiSential® in 
bariatric surgery can be safe and feasible, but comparative and randomized trials are 
needed to elaborate more on the results of this work.

Nowadays, articulated instruments are used not only in bariatric but in every field 
of abdominal surgery.

The new laparoscopic articulating devices are safe and feasible options that do not 
increase operative time, length of hospital stay, and intraoperative bleeding.

In our experience, ArtiSential® is helpful for performing otherwise difficult 
tasks in confined anatomical spaces, with lesser trauma on tissue and good tactile 
feedback. Moreover, these articulated instruments are readily available under any 
circumstance and can be used in everyday surgical practice, including emergency 
settings.

The learning curve of ArtiSential® is limited to a few hours in the dry lab and few 
operative cases. Also, the literature does not report a difference in learning between 
experts and young surgeons.

No. of cases (%)

Grade I 1 (0.46%)

Grade II 0

Grade III 0

Grade IIIb 0

Grade IV 0

Grade IVa 0

Grade Ivb 0

Length of stay (days) 3.45 ± 1.29

Table 3. 
Postoperative data. Postoperative complication sorted by Clavien-Dindo classification: Grade I: Any deviation 
from the normal postoperative course without the need for pharmacological treatment, or surgical, endoscopic, 
and radiological interventions. Allowed therapeutic regimens are: drugs as antiemetics, antipyretics, analgetics, 
diuretics and electrolytes, and physiotherapy. This grade also includes wound infections opened at the bedside. 
Grade II: Requiring pharmacological treatment with drugs other than such allowed for grade I complications. 
Blood transfusions and total parenteral nutrition are also included. Grade III: Requiring surgical, endoscopic, 
or radiological intervention Grade III intervention not under general anesthesia. Grade IIIb: Intervention under 
general anesthesia. Grade IV: Life-threatening complication (including central nervous system complications) 
requiring IC/ICU management. Grade Iva: Single organ dysfunction (including dialysis). Grade Ivb: Multiorgan 
dysfunction Grade V Death of a patient.
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Articulated laparoscopic instruments, associated with 3D laparoscopy (like in our 
experience), can be a valid alternative to the more expensive robotic technology. A 
robotic center can also reduce the costs of surgery for procedures with a low cost-
effectiveness ratio, returning from the robotic to laparoscopic articulated surgery.

Nowadays, more study needs to be published with a wider sample and prospective 
view and this is a wider field for research.

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



A New Articulating Laparoscopic Instrument in Bariatric Surgery
DOI: http://dx.doi.org/10.5772/intechopen.1006538

149

References

[1] Ng M, Fleming T, Robinson M, et al. 
Global, regional, and national prevalence 
of overweight and obesity in children and 
adults during 1980-2013: A systematic 
analysis for the Global Burden of Disease 
Study 2013. Lancet. 2014;384:766-781

[2] Courcoulas AP, Christian NJ, Belle SH, 
et al. Weight change and health outcomes 
at 3 years after bariatric surgery among 
individuals with severe obesity. JAMA. 
2013;310(22):2416-2425

[3] Mingrone G, Panunzi S, De Gaetano A, 
et al. Bariatric–metabolic surgery versus 
conventional medical treatment in obese 
patients with type 2 diabetes: 5 year 
follow-up of an open-label, single-centre, 
randomized controlled trial. Lancet. 
2015;386:964-973

[4] Schauer PR, Bhatt DL, Kirwan JP, 
et al. Bariatric surgery versus intensive 
medical therapy for diabetes—3-year 
outcomes. The New England Journal of 
Medicine. 2014;370:2002-2013

[5] Puzziferri N, Roshek TB III, 
Mayo HG, et al. Long-term follow-up 
after bariatric surgery a systematic 
review. JAMA. 2014;312(9):934-942

[6] Li K, Zou J, Tang J, et al. Robotic 
versus laparoscopic bariatric surgery: 
A systematic review and meta-analysis. 
Obesity Surgery. 2016;26(12):3031-3044

[7] Close A, Robertson C, Rushton S, 
et al. Comparative cost-effectiveness of 
robot-assisted and standard laparoscopic 
prostatectomy as alternatives to open 
radical prostatectomy for treatment 
of men with localised prostate cancer: 
A health technology assessment from 
the perspective of the UK National 
Health Service. European Urology. 
2013;64:361-369

[8] Zhang Z, Miao L, Ren Z, Li Y. 
Robotic bariatric surgery for the obesity: 
A systematic review and meta-
analysis. Surgical Endoscopy. Jun 
2021;35(6):2440-2456

[9] Fan G, Zhou Z, Zhang H, et al. Global 
scientific production of robotic surgery 
in medicine: A 20-year survey of research 
activities. International Journal of 
Surgery. 2016;30:126-131

[10] Kim HI, Han SU, Yang HK, et al. 
Multicenter prospective comparative 
study of robotic versus laparoscopic 
gastrectomy for gastric adenocarcinoma. 
Annals of Surgery. 2016;263:103-109

[11] Kim A, Lee CM, Park S. Is it 
beneficial to utilize an articulating 
instrument in single-port laparoscopic 
gastrectomy? Journal of Gastric Cancer. 
Mar 2021;21(1):38-48

[12] Jin HY, Ibahim AM, Bae JH, Lee CS, 
Han SR, Lee IK, et al. Initial experience 
of laparoscopic complete mesocolic 
excision with D3 lymph node dissection 
for right colon cancer using Artisential®, 
a new laparoscopic articulating 
instrument. Journal of Minimal Access 
Surgery. Apr-Jun 2022;18(2):235-240





151

Chapter 9

First Experience with 
Robot-Assisted Bariatric Surgery 
Using the Senhance® System in 
the Treatment of Morbidly Obese 
Patients
Alexander G. Khitarian, Arut V. Mezhunts, Kamil S. Veliev, 
Denis A. Melnikova, Arutyun A. Abovian and Alexander A. Rogut

Abstract

Laparoscopic bariatric surgery is the most effective and long-term treatment for 
obesity. The results of robot-assisted bariatric surgery are studied using the new 
Senhance system in the treatment of morbidly obese patients. The optimal trocar 
placement and robotic arm positioning were analyzed, and the duration of the inter-
vention and the amount of intraoperative blood loss were assessed. In the postsurgery 
period, we studied the number of recurrences, the number of complications, and 
their severity according to the Clavien-Dindo scale, as well as the severity of pain 
syndrome according to the VAS scale. Seventy-four patients were included in the 
study. According to the immediate results of surgical treatment analysis, the average 
duration of robot-assisted longitudinal gastric resection was 87 [67, 120] min; robot-
assisted Roux bypass-116 [78, 139] min; and robot-assisted mini-bypass surgery-96 
[79, 125] min. The mean time of robot-assisted revision surgeries was 141 [112, 184] 
min. There were no complications requiring surgical treatment, as well as complica-
tions related to the cardiovascular system or other. Robotic-assisted bariatric surgery 
using the Senhance system is feasible and safe for the patient. However, considerable 
experience is required, as well as cost-benefit analysis, to assess the feasibility of 
robotic systems in bariatric surgeries.

Keywords: morbid obesity, bariatric surgery, robotic surgery, Senhance robot, sleeve 
gastrectomy

1.  Introduction

Obesity is a serious chronic disease accompanied by a complex of metabolic 
disorders that increase the risk of severe complications and death. The sharp increase 
in obesity prevalence has become a huge global health problem and requires urgent 
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attention from country leaders, health systems, and the medical community. If ongo-
ing trends continue, it is estimated that by 2030, 57.8% of the world’s adult population 
will be overweight or obese [1]. Bariatric surgery is the most effective and long-term 
treatment for obesity [2]. Laparoscopy has been the standard of bariatric surgery for 
many years due to shorter length of hospital stay, faster recovery, and lower incidence 
of postoperative complications compared to open bariatric surgery [3, 4]. In order to 
overcome some technical disadvantages of laparoscopic surgery, such as the lack of 
three-dimensional (3D) images and restriction of freedom of movement due to the 
small articulation of laparoscopic instruments, robotic surgical systems were intro-
duced in 1997 [5]. According to a significant number of studies, robot-assisted bar-
iatric surgery is a safe and effective alternative to traditional laparoscopic techniques 
and demonstrates similar anatomical and functional outcomes at long-term follow-up 
[6–8]. Although some authors have reported no significant benefits in terms of patient 
outcomes with robotic bariatric surgery [9], several articles have reported better clini-
cal outcomes after robotic surgery, especially for revision bariatric surgeries [10, 11].

For a long time, robotic surgery has been paired with the only system available, the 
DaVinci® (Intuitive Surgical, Sunnyvale, CA, USA). Among the alternative technical 
solutions, The Senhance® Surgical System ® Asensus Surgical US, Inc. (Durham, North 
Carolina, USA), a robotic surgical system, became available in 2016. This is a modular 
robotic system, the main differences of which are improved ergonomics for operator, 
fast docking, improved safety (the optimal point of trocar rotation in the abdominal 
wall is calculated by each robot arm—fulcrum point, which avoids rough, traumatic 
manipulations, bruising); Eye-Motion Control technology and haptic feedback, reusable 
instruments that significantly reduce the cost of surgical treatment, advanced artifi-
cial intelligence that allows real-time tissue recognition and marking on the monitor. 
Additionally, the system allows using a wide range of video systems from different manu-
facturers and the same accesses and instruments as for manual laparoscopy. This enables 
the system to be integrated more easily into the daily work of the operating theater.

2.  Purpose of study

The purpose of this study was to examine our own results of robot-assisted 
bariatric surgery using the new Senhance system in the treatment of morbidly obese 
patients.

3.  Materials and methods

The present study is a prospective cohort research including patients who under-
went bariatric surgeries using the Senhance digital laparoscopy system at the Surgical 
Department of Private Healthcare Institution “Clinical Hospital ‘RZhD-Medicine’” 
in the period from January 2022 to May 2023. We performed a total of 74 surgeries. 
Of these, 12 patients underwent robot-assisted Sleeve Gastrectomy (RA-SG), 20 
patients underwent robot-assisted Roux-en-Y Gastric Bypass (RA-RYGB), 36 patients 
underwent robot-assisted one anastomosis/mini-bypass surgery (RA-OAGB), and 6 
patients underwent revisional surgical treatment.

The indications for surgical treatment were indications for standard bariatric 
surgery according to the National Clinical Guidelines for the Treatment of Obesity 
in Adults [12], namely Obesity Stage 3 (BMI ≥ 40 kg/m2) or Obesity Stage 2 
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(BMI ≥ 35 kg/m2) with obesity-related diseases that can be influenced by weight 
reduction (type 2 diabetes mellitus, cardiovascular disease, joint disease, obstructive 
sleep apnea syndrome). All surgeries were performed by a surgical team trained and 
proficient in this robotic system and with considerable experience in bariatric surgery. 
Contraindications were acute gastric and duodenal ulcers, the existence of unresect-
able cancer or if less than 5 years had passed since radical treatment, mental illness, 
and severe irreversible changes in vital organs.

The standard algorithm of examination of an obese patient included the follow-
ing range of tests: general blood analysis, blood lipid spectrum (total cholesterol, 
high-density lipoprotein, low-density lipoprotein, and triglycerides); fasting blood 
glucose, HbA1c, ALT, AST, gamma glutamine transferase, uric acid, urea, creatinine, 
bioimpedanceometry, ultrasound of abdominal organs, ultrasound of lower limb 
veins, echocardiography (ECG), and cardiologist and endocrinologist advice.

We collected data on the duration of surgery, duration of docking, placement of 
trocars and robotic arms and the need to move them during the intervention, the 
incidence of intraoperative complications and the need for conversion to laparoscopic 
surgery, as well as the amount of intraoperative blood loss and early postoperative 
complications, the severity of pain syndrome on the first day after surgery according 
to VAS. To capture the data, we used the TRUST Registry protocol (ClinicalTrials.gov 
Identifier: NCT03385109). All data were summarized and structured into one data-
base using MS Excel 16 (MicroSoft, USA). This study was approved by the local ethi-
cal committee of the Private Healthcare Institution clinical hospital “RZD-Medicine.” 
All patients gave written voluntary informed consent to participate in the study. The 
clinical performance of the patients is summarized in Table 1.

The mean weight in patients undergoing primary bariatric surgery was 
127.2 ± 26.7 kg, the mean BMI was 45.2 ± 10.2 kg/m2, and the mean age of the patients 
was 47.5 years (31–68, [39,55]). The presence of type 2 diabetes mellitus features 
varied in each patient group; the maximum number of patients with type 2 DM in 

Parameter Type of surgical intervention

RA-SG, n = 12 RA-RYGB, n = 20 RA-OAGB, n = 36 RA-revis. n = 6 Total, N = 74

Women 11 18 33 6 68

Men 1 2 3 – 6

Age, years, 
Me [Q1;Q2]

47,5 [39;60] 48 [42;53] 47,5 [41;55] 48 [42;55] 47,75

Weight, kg, 
Me [Q1;Q2]

127,5 
[113;147,5]

110 [106;148] 123,5 [109;147,5] 92 [84;115]

BMI, kg/m2, 
Me [Q1;Q2]

47,6 [37,8;53,5] 42,6 [38,3;47,3] 43,5 [38,2;50,9] 34,1 [28,7;39,4]

Type 2 diabetes 
mellitus

2 11 13 –

Obstructive sleep 
apnea syndrome

7 6 11 –

Arterial 
hypertension

5 12 20 –

Table 1. 
Clinical and demographic parameters of patients.
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relation to the total number of patients was observed in the group of patients who 
underwent RA-RYGB and amounted to 11 patients (55%).

4.  Statistical data analysis

Data were collected and the electronic database was formed using a PC and 
MS Excel 16 software (USA). Statistical processing of data was performed using 
SPSS Statistica 26.0 (USA) and MS Excel 16 (USA). At the initial stage of statistical 
analysis, all quantitative data were tested for conformity to the normal distribution 
law (NDL) according to the Shapiro-Wilk and Kolmagorov-Smirnov criteria, at 
p < 0.05—the sample does not conform to NDL, at p > 0.05—the sample conforms 
to NDL. In groups where samples were distributed according to NDL, it is reasonable 
to present descriptive data in the form of M ± SD, where M is the mean and SD is the 
standard deviation. In groups where samples were not distributed according to the 
NDL, descriptive data are better presented as median (Me), lower and upper limits 
of the interquartile range (range, IQR) as Q1 and Q2 quartile values (or 25 and 75% 
percentiles). Minimum and maximum values are also presented for all samples. For 
nominal and categorical data, descriptive statistics were presented in the form of 
absolute (number of people) and relative (percentage, %) values.

4.1  Surgical intervention technique

All surgeries were performed under endotracheal anesthesia in the Fowler’s posi-
tion with table rotation to the right side of about 150. The height of the operating table 
location before docking was 105 ± 9 cm, and varied depending on the anatomical 
features of the patient and the thickness of the anterior abdominal wall.

The following stages can be conventionally distinguished in robot-assisted bariat-
ric surgery:

5.  Installing ports and instruments

Port positioning during robot-assisted bariatric surgeries is practically the same as 
standard laparoscopy, and the convenience of work is in creating a comfortable angle 
of the robot arms movement, ensured by the use of instruments of different lengths. 
We used five ports as standard: 1 x 12, 3 x 10, and 1 x 5 mm, and arranged them as 
shown in Figure 1.

We used the following instruments to perform bariatric surgeries: 3D camera with 
an angle of 30o Olympus VISERA ELITE II (Olympus Corporation, Japan);

Robotic—atraumatic grasper, needle holder, scissors, ultrasound scalpel (ultra-
sonic), monopolar hook, if necessary—bipolar dissector;

Laparoscopic—Eshelon Flex linear stapling device with 60 mm cassettes in green, 
yellow and blue colors; atraumatic Babcock clamp; atraumatic intestinal clamps, 
grasper, monopolar hook.

5.1  Gastric mobilization

When performing RA-SG, gastric large curvature mobilization was performed in 
a standard way, 2 cm from the pylorus to the angle of His with the use of an ultrasonic 
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scalpel. When performing RA-RYGB, we proceeded to form a tunnel in the hepatic-
gastric ligament at the level of 2–3 branches of the left gastric artery. In the case of 
RA-OAGB, the tunnel on the small gastric curvature was formed 2–3 cm below the 
gastric angle (Crow’s foot of the left nerve of Latarjet). The ultrasonic scalpel was 
used to isolate the gastric vessels and create a posterior gastric space.

5.2  Formation of stomach with linear stapling device

Gastric formation for any type of bariatric surgery, whether RA-SG, RA-RYGB, or 
RA-OAGB was performed in a robot-assisted fashion through standard 12 mm trocars 
from the right and/or left subcostal region.

5.3  Robotic intracorporeal suture

In robot-assisted sleeve gastrectomy, robotic intracorporeal suturing consisted of 
strengthening the stapler suture line. In robot-assisted variants of Roux-en-Y Gastric 
Bypass and One Anastomosis Gastric Bypass, a manual robotic gastrojejunostomy was 
formed.

The robotic manipulator arms were positioned at the operating table, as shown 
in Figure 2, after which they were not required to be moved during the surgical 
procedure.

According to our own previous experience with the new Senhance robotic system, 
as well as to the literature findings, the system allows us to ergonomically perform 
some phases of surgical intervention with robotic assistance and others—laparoscopi-
cally, depending on the convenience and preferences of the surgeon. Thus, during the 

Figure 1. 
Schematic diagram of trocar placement.
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surgical intervention, the planned conversion to a laparoscopic approach to perform 
individual steps, and vice versa, without loss of time and the need to change instru-
ments, was carried out during the surgical intervention.

Switching of robotic instruments on the robot’s “manipulator arms” was per-
formed by the assistant if necessary. The process of switching instruments took 
a fairly short time, about 45–70 seconds. The surgical control unit of the robotic 
system is located in the far corner of our operating theater, which allows the surgeon, 

Surgery Robotic phase Laparoscopic phase

Sleeve Gastrectomy

1—Gastric body and fundus 
mobilization along the greater 
curvature;
3—Robotic intracorporeal stapler 
line oversewing

2—Gastric resection with a linear stapling device

One Anastomosis 
Gastric Bypass

1—gastric mobilization;
4—formation of manual robotic 
gastrojejunostomy

2—forming the small pouch with a linear stapler
3—measuring the small intestine loop, its positioning

Roux-en-Y Gastric 
Bypass

1—gastric mobilization;
3—formation of manual robotic 
gastrojejunostomy

2—forming the small pouch with a linear stapler;
4—positioning of biliary and alimentary loops of 
small intestine, their isolation, length measurement; 
placement of hardware jejunojejunostomy

Revisional surgery

1—Viscerolysis; gastric stump 
mobilization
3—formation of manual robotic 
gastrojejunostomy

2—forming the small pouch with a linear stapler
4—positioning of biliary and alimentary loops of 
small intestine, their isolation, length measurement; 
placement of hardware jejunojejunostomy

Table 2. 
Robotic-assisted and laparoscopic phases of bariatric surgeries.

Figure 2. 
Arrangement of the robot “arms”.
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controlling the manipulators and the camera, to have a good view of everything going 
on in the operating room, near the table, surrounded by the robot manipulator arms.

We believe that the unique advantages of robotic support are most important 
when performing dissection at the cardioesophageal junction (angle of His), manual 
intracorporeal suturing, and working within the same anatomical region. The tech-
nique of using the Senhance system when performing robot-assisted phases of surgi-
cal intervention and performing the planned conversion is summarized in Table 2.

6.  Results

According to the immediate surgical treatment results analysis, the average dura-
tion of robot-assisted sleeve gastrectomy was 87 [67, 120] min; RA-RYGB-116 [78, 
139] min; RA-OAGB-96 [79, 125] min; the mean time of robot-assisted revisional 
operations was 141 [112, 184] min. We separately recorded the time required for 
docking and other phases of robot-assisted surgeries. The duration of each phase of 
surgery is summarized in Table 3.

The volume of intraoperative blood loss was less than 50 ml. There were no 
complications requiring surgical treatment, as well as complications related to the 
cardiovascular system, respiratory organs or other complications within 1 month. The 
immediate results of surgical treatment of patients are summarized in Table 4.

In the early postoperative period, the patients stayed in the intensive care depart-
ment until complete stabilization of vital functions within 2 hours, after which they 
were transferred to the ward of the specialized department. Oral fluid intake was 
started on the first day, and liquid food intake—on the second day. On the first day 
after surgical treatment, we evaluated the degree of pain syndrome severity using 
the visual-analog scale. The average duration of hospitalization after robot-assisted 
bariatric surgery was 5.4 (4–7) days.

During the work with the system, it became necessary in one case to convert from 
robot-assisted to manual laparoscopic surgery when performing revision surgery in a 
patient with severe adhesions in the area of the gastric tube.

7.  Discussion

The Senhance robotic system for digital laparoscopy has several technical advan-
tages, such as haptic feedback, a camera guidance system by operator gaze, ergonomics 
for the surgeon, and reusable instruments compatible with conventional laparoscopic 

Time, min RA-SG RA-RYGB RA-OAGB RA-revis.

Total surgery time, Me [Q1;Q2] 87 [67, 120] 116 [78, 139] 96 [79, 125] 141 [112, 184]

Mean docking time, min. (min-max) 7 (6–9) 9 (8–10) 9 (8–10) 10 (9–12)

Mean time at the console, min. (min-max) 56 (51–68) 84 (75–103) 78 (66–94) 100 (87–123)

Mean time of surgery completion—from the 
moment of robot shutdown to skin closure, min. 
(min-max)

11 (10–16) 12 (10–18) 11 (9–15) 13 (10–16)

Table 3. 
Duration of robot-assisted bariatric surgeries using the Senhance system.
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instruments, which significantly reduces the cost of treatment and simplifies the inte-
gration of the system into the operating room. At the time of publication of this article, 
we found only two studies in the available literature on bariatric surgery using the 
Senhance system. One of them was our article published in November 2023, where we 
described in detail our experience of using this system in bariatric surgery [13]. Tran 
et al. described their experience; however, they only analyzed the surgical technique of 
sleeve gastrectomy [14]. A number of researchers have reported the application of this 
robotic system in colorectal surgery, mainly in the treatment of cancer. For example, 
Spinelli et al. First reported a successful single-center experience with the Senhance 
system, safety and efficacy in various types of surgeries, including colorectal surgeries 
[15]. Samalavicius et al. reported on 13 cases of surgical treatment of colorectal cancer 
using a new robot-assisted laparoscopy and concluded that the system is convenient 
and comparable in results with traditional laparoscopy [16]. In June 2023, Vivianda 
Menke led a publication on the use of this teleoperation robotic system in perform-
ing robot-assisted fundoplication in patients with gastroesophageal reflux disease. 
The authors concluded that the use of the Senhance system demonstrated the safety, 
efficacy, and methodological superiority of robotic fundoplication [17].

The present study demonstrated the practical feasibility of performing bariatric 
surgery with the Senhance robotic system through first-hand experience.

The study has a number of limitations, in particular, the small number of cases 
and the lack of in-house experience with other robotic systems to allow direct com-
parison between them and comparison with traditional laparoscopy. Once a signifi-
cant amount of experience has been accumulated, it is planned to demonstrate the 
comparative advantages of bariatric surgery using the Senhance system, comparing it 
with classical laparoscopic techniques.

8.  Conclusions

Performing robot-assisted bariatric surgery using the Senhance system is feasible 
and safe for the patient. The immediate results of robotic access are comparable to 
laparoscopic access. However, significant experience and cost-benefit analysis is 
required to evaluate the feasibility of robotic systems in bariatric surgery.

Results RA-SG RA-RYGB RA-OAGB RA-revis.

Mean volume of intraoperative blood loss, ml Less than 50 Less than 50 Less than 50 Less than 50

Intraoperative complications – – – –

Frequency of unplanned conversions to open/
laparoscopic surgery, %

0 0 0 1

Length of stay at anesthesiology and ICU, hours 2 2 2 2

Postoperative complications, according to 
Clavien-Dindo

– – – –

Postoperative lethality, % – – – –

Pain syndrome on the first day, according to VAS, 
mm

22,5 (8–31) 22,5 (8–31) 22,5 (8–31) 25,5 (16–33)

Table 4. 
Summarized results of robot-assisted bariatric surgeries using the Senhance system.
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Abstract

Bariatric surgery is currently considered the most effective treatment of morbid 
obesity and its comorbidities, including arterial hypertension, diabetes, OSAS and 
dyslipidemia. However, in a variable percentage of cases, therapeutic success is not 
achieved with primary bariatric surgery. Therefore, in the event of weight regain, 
inadequate weight loss, failure to control comorbidities or long-term complications, it 
is possible to resort to revisional surgery, aimed at relieving weight regain or compli-
cations. Revisional bariatric surgery is technically more complex than primary bariat-
ric surgery because it is carried out in an operative field that is hampered by scarring 
from the first operation and on a modified anatomy. This chapter aims to describe the 
most common scenarios that may set the indications for revisional bariatric surgery, 
the surgical techniques employed in the authors experience and the postoperative 
follow-up.

Keywords: morbid obesity, bariatric surgery, weight regain, inadequate weight loss, 
complications, revisional bariatric surgery

1.  Introduction

Bariatric surgery is approved in the literature as the gold standard treatment for 
morbid obesity and related comorbidities in patients with severe obesity [1, 2]. The 
worldwide obesity crisis has led to an exponential rise in the number of bariatric 
procedures [3]. In the last few years, with the rising demand for bariatric surgery, 
also revisional bariatric surgery is becoming increasingly necessary. Only in the USA 
did revisional bariatric surgery increase by 60% from 2011 to 2019 [4], and today it 
represents around 7 to 15% of the total number of bariatric surgical procedures [5, 6]. 
In the Swedish Obesity Study, the rate of revisional bariatric surgery in adults reaches 
28% [7]; similarly, Shoar et al., in their systematic review, reported this rate up to 
23.7% in adolescent patients [8].



Practical Issues in Bariatric Surgery

164

Revisional bariatric surgery includes a wide range of procedures either to treat 
postoperative complications or to address a failure of the initial procedure.

Brethauer et al., in their “Systematic review on reoperative bariatric surgery” [9], 
define a nomenclature of the procedures:

• Conversion: changing anatomy from one procedure to a different bariatric 
procedure;

• Corrective: re-exploring the anatomy to address complications of a previous 
bariatric procedure;

• Reversal: to restore the original anatomy.

Furthermore, revisional bariatric surgery is technically more challenging than pri-
mary surgery, with a higher morbidity rate than that recorded for the same procedure 
performed as primary surgery [10]. Since revisional bariatric surgery is performed on 
tissues that have had prior surgery and have more adhesions and less vascularity, the 
higher surgical risks associated with the procedure are readily understood.

2.  Indications

Principal indications for revisional bariatric surgery include [11]:

• inadequate weight loss or regain of weight initially lost,

• insufficient resolution or recurrence of a weight-related comorbidity (like type 2 
diabetes),

• onset of symptoms and/or complications related to the primary procedure (gas-
troesophageal reflux disease, bile reflux, fistula, leak, stricture, marginal ulcers, 
protein malnutrition).

Weight regain or inadequate weight loss are the principal indications for revisional 
bariatric surgery, accounting for more than 50% of revisional surgeries [11]. Reinhold 
defined failure of bariatric surgery as loss of <50.0% of the excess weight [12]. More 
recently, a systematic review by Mann [13] found that losing less than 50% of excess 
weight following bariatric surgery was the most widely accepted definition for 
“inadequate weight loss,” and less than 25% excess weight loss was the second most 
common definition.

Depending on the primary bariatric procedure, after surgery, gastroesophageal 
reflux disease (GERD) can worsen or maybe onset “de novo” [14]. GERD is the 
principal complication after primary surgery that leads to revisional bariatric proce-
dures [15]. Furthermore, restrictive procedures like sleeve gastrectomy (SG) have a 
negative impact on GERD, even in patients without preoperative GERD [16], with a 
high prevalence of de novo GERD evaluated by instrumental exams [17]. Mechanisms 
that lead to increased intra-abdominal pressure and consequently to the onset or 
worsening of GERD, and even to Barrett’s esophagus, include hypotension of the 
lower esophageal sphincter, blunting of the angle of His, and increased intraluminal 
pressure [18]. So, GERD is an important problem for many bariatric patients who 
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cannot control symptoms by medical treatments alone, suffer a worsening quality of 
life and only have to recur to re-surgery.

Finally, revisional bariatric surgery is often the only possible treatment for technical 
complications after primary surgery such as fistula, leak, stricture, or marginal ulcers.

3.  Preoperative study

Before revisional surgery, all patients need to undergo a multidisciplinary evalua-
tion that includes:

• behavioral and psychosocial assessment,

• nutritional status investigation, with correction of any deficit,

• laboratory, radiologic, and endoscopic studies.

4.  Revisional surgery

4.1 Revisions after adjustable gastric banding

Laparoscopic adjustable gastric band (LAGB) placement is the procedure with the 
lowest morbidity among surgeries for the treatment of morbid obesity. Nevertheless, 
this technique has shown poor results in weight loss and a complication rate of up to 
30% [19]. The most frequent complication after LAGB positioning is device slippage 
(3–10%), followed by reservoir-related complications (1–5%) and gastric necrosis/
perforation (0.1–0.7%) [20–22]. Moreover, patients often report dysphagia and 
maladaptive eating. The morbidity rate appears to increase by 3–4% for each year 
the device remains in place, and up to a 40% rate of major complications has been 
observed ten years after LAGB implantation [22]. Consequently, discharge of the 
device and revisional surgery, as well as performing another surgical technique, such 
as Sleeve Gastrectomy (SG) or Roux-en-Y gastric bypass (RYGB), becomes neces-
sary in a large number of patients. At the moment, LAGB is the procedure that most 
commonly requires conversion, with variable rates from 30–60% [7]. The surgical 
revision procedure, in addition to higher morbidity [19, 23], is often also difficult to 
define both with regard to the most suitable surgical technique to choose and with 
regard to the correct timing indication for revisional surgery (removal of the LAGB 
and revisional surgery in a single stage or in two stages deferred from each other). In 
a recent survey by Mahawar et al. [11], RYGB emerged as the commonest revisional 
procedure after LAGB, followed by SG and One Anastomosis Gastric Bypass (OAGB), 
and more than half of participants said to prefer a one-stage procedure. All these rea-
sons justify the fact that the number of LAGB procedures has gradually but dramati-
cally decreased in the last two decades because of its short and long-term failure rates.

4.2 Revisions after sleeve gastrectomy

Due to its great diffusion, to date, SG is the most-performed bariatric procedure 
in the world [5]. However, SG increasingly needs to be converted into other bariatric 
procedures. The main causes of SG conversion are inadequate weight loss, worsening 
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of GERD, or appearance of de novo GERD [6, 16]. Various surgical techniques are 
now used in revisional surgery after SG [24]; however, some of these, such as re-
sleeve and sleeve plication, have given poor results [25] and therefore today, they 
only have a marginal role. The most commonly performed surgical procedures in 
revisional surgery after SG include RYBG or OAGB [24], with excellent long-term 
results both in terms of excess weight loss and in comorbidities resolution [26]. One 
of the most recently introduced procedures in bariatric surgery, which is increasingly 
spreading also as revision surgery after SG, is represented by the Single-Anastomosis 
Duodenoileal Bypass with Sleeve Gastrectomy (SADI-S) [27]. In their survey, 
Mahawar et al. [11] reported that RYGB was the preferred procedure by the major-
ity of surgeons, followed by OAGB and SADI-S. Biliopancreatic diversion/duodenal 
switch (BPD/DS) and re-sleeve are, on the other hand, the procedures of choice by a 
minority of surgeons.

4.3 Revisions after Roux-en-Y gastric bypass

Although a minimal rate of RYGB requires revisional surgery, RYGB appears to be 
the most commonly adopted revisional procedure after almost all bariatric procedures 
[11]. In the few cases in which it is necessary to correct an RYGB, the most commonly 
performed procedure is pouch reduction [11]. This procedure can be performed either 
via a surgical or an endoscopic procedure, and it is often associated with the concomi-
tant revision of the gastrojejunal anastomosis. In some cases reported in the literature 
[28], the positioning of a “salvage banding” is described to reduce the size of the gas-
tric pouch and to promote weight loss. In other cases, corrective surgery is indicated 
to treat complications after RYGB, such as gastrogastric fistula or marginal ulcer. 
In the survey by Mahawar et al. [11], bariatric surgeons declared that in revisional 
surgery after RYGB, they preferred surgical pouch reduction or secondary banding, 
followed by stoma size reduction and prolongation of the biliopancreatic limb, lastly 
endoscopic stoma and/or pouch size reduction or conversion to BPD/DS.

5.  Surgical techniques

Bariatric surgical procedures can be classified into three main categories based on 
their functions: restrictive, combined (restrictive and hypoabsorptive), and primarily 
hypoabsorptive [29]. These procedures aim to achieve weight loss through different 
mechanisms. The same applies to revisional bariatric procedures.

Restrictive revisional bariatric procedures include laparoscopic re-sleeve (RLSG) 
after Sleeve Gastrectomy (SG), which reduces the previously created gastric tube, 
bringing it back to about approximately 60–120 mL in size, extending from the 
esophagus to the duodenum. In the SG primary procedure, almost 80% of the 
stomach is removed, leading to a lower amount of hunger-related hormone ghrelin 
produced, appetite reduction and post-prandial early satiety [30]. However, weight 
regains or inadequate weight loss may be observed after SG at medium to long-term 
follow-up, as well as complications such as gastroesophageal reflux disease (GERD), 
setting the indications for revisional procedures.

Combined restrictive and hypoabsorptive procedures performed in our center are 
Roux-en-Y gastric bypass (RYGB) and Single-Anastomosis Duodenoileal Bypass with 
Sleeve Gastrectomy (SADI-S). These surgical techniques combine stomach reduction 
with alterations to the small intestine’s path aiming to reduce absorptive loop length 
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by joining the upper gastrointestinal tract (stomach or duodenum) to the distal small 
intestine. RYGB has evolved significantly since its inception in the late 1970s [31]. 
Nowadays, the gastric pouch has been steadily reduced, and the Roux-en-Y complex 
(biliopancreatic limb, alimentary limb, and common channel) is made up of different 
lengths of the small intestine. While the small gastric pouch and relatively narrow 
gastrojejunal stoma size represent the restrictive features, hypoabsorption is guar-
anteed by the fact that part of the stomach, duodenum, and the upper jejunum are 
bypassed [32].

Laparoscopic Single-Anastomosis Duodenoileal Bypass with Sleeve Gastrectomy 
(SADI-S) is a procedure that has been gaining some popularity in recent years, since it 
has been shown to have a long-lasting and significant impact on weight loss and remis-
sion of comorbidities. When performed as a revisional procedure, it involves a previ-
ously created Sleeve Gastrectomy, in which the gastric tube may need to be resized if it 
is substantially dilated, and includes a duodenum transection after the pylorus, at the 
level of the gastroduodenal artery (GDA), and the creation of a termino-lateral, hand-
sewn omega-loop duodenoileal anastomosis. Due to the complex hand-sewn anasto-
mosis and the delicacy necessary when handling the duodenum, this procedure should 
be reserved for experienced bariatric surgeons in specialized centers [33] and even 
though it causes significant weight reduction, it is linked to greater risks of complica-
tions, such as malabsorption, protein malnutrition, vitamin and mineral deficiencies, 
anemia, osteoporosis, and anastomotic ulceration (Table 1).

5.1 Roux-en-Y gastric bypass (RYGB)

Roux-en-Y gastric bypass is a combined restrictive-hypoabsorptive procedure that 
was introduced in 1966 by Mason. It accounted for over 60 to 70% of all bariatric 
operations in the United States since 2003.

5.1.1 Equipment

Equipment for a laparoscopic RYGB include:

• Orogastric tube

• Liver retractor (Nathanson StrongArm® Complete Systems – Mediflex Surgical 
Products)

• 30-degree laparoscope with light source, monitor and gas insufflation equipment

• Laparoscopic trocars: 5, 10 to 12 mm ports

Patients’ selection criteria for revisional RYGB Patients’ selection criteria for revisional SADI

Weight regain/inadequate weight loss Weight regain/inadequate weight loss after SG

Sweet-eating after SG Planned two-step’s procedure

SG-related GERD Contraindications are Barrett’s esophagus and severe 
GERD

Table 1. 
Shows patients’ selection criteria for revisional RYGB and revisional SADI.
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• bowel-safe graspers and needle holder

• Laparoscopic ultrasonic/radiofrequency dissector

• Laparoscopic suction irrigator

• Laparoscopic clips

• Laparoscopic linear cutting stapler (Endo GIA™ Universal Staplers | Medtronic; 
ECHELON™ Stapler by ETHICON™ | J&J MedTech)

5.1.2 Surgical technique

Laparoscopic techniques vary among surgeons since there is no established 
standardization. The steps of RYGB include gastric pouch creation, creation of the 
biliopancreatic limb, gastrojejunostomy and jejunojejunostomy creation (Figure 1).

Under general anesthesia, the patient’s positioning is in a supine split legs posi-
tion. The lead operating surgeon stands between the patients’ legs once the patient is 
prepped and draped, and the monitor is positioned above the patient’s head, behind 
the left shoulder.

To establish a 12–13 mmHg pneumoperitoneum, we commonly use open access 
and an optical trocar inserted at about 12 cm from the xiphoid process above the 

Figure 1. 
Trocar placement in RYGB.
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umbilicus and on the left of the midline. Two more 12 mm ports are inserted, respec-
tively, in the left and in the right upper quadrants, and two 5 mm ports, just below the 
xiphoid process for liver retraction and in the left lumbar region for the assistant.

5.1.2.1 Step 1: Gastric pouch creation

Adequate exposure of the gastroesophageal junction is essential, which can be 
facilitated by placing the patient in reverse Trendelemburg position and by retract-
ing the left lobe of the liver using a Nathanson retractor (Nathanson StrongArm® 
Complete Systems – Mediflex Surgical Products).

After the incision of the phrenogastric peritoneal reflection with a monopolar 
electrocoagulation hook near the angle of His, and having exposed the left diaphrag-
matic crus and the gastrohepatic ligament, the dissection begins by opening the 
peritoneal reflection along the lesser curvature of the stomach between the second and 
third branch of the perigastric vascular arch, using a radiofrequency device (LigaSure, 
Medtronic, Minneapolis, Minnesota, USA or Enseal, Ethicon Endo-Surgery, Johnson 
& Johnson, Cincinnati, Ohio, USA), to gain access to the bursa omentalis. Once the 
retrogastric window is obtained, the gastric pouch is created by using a linear stapler, 
which is initially directed transversely, tacking a 45 mm bite and then fired vertically 
toward the angle of His, maintaining a distance from 0.5 to 1 cm from this, guided by 
an orogastric tube. MacLean et al. demonstrated that the optimal gastric pouch must 
be 20 to 30 cc in volume [34]. A small opening is then created on the posterior wall of 
the gastric pouch, again guided by the presence of the orogastric tube (Figure 2).

5.1.2.2 Step 2: Creation of the biliopancreatic limb and of the Gastrojejunostomy

The biliopancreatic limb, also known as the afferent limb, includes the duodenum 
and proximal jejunum tract that remains in continuity with the excluded stomach.

The length of the biliopancreatic loop is measured at 100 to 150 cm, starting from 
the ligament of Treitz. At this level, a small opening is created on the antimesenteric 
side of the bowel loop. A branch of a linear stapling device with a 3.5 mm staple height 
is introduced inside the bowel loop, it is closed, and the bowel loop is transposed in 
antecolic, antegastric position in order to be anastomosed to the posterior wall of 

Figure 2. 
Creation of a small opening on the posterior wall of the gastric pouch.
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the gastric pouch. The size of the gastrojejunal anastomosis should be no larger than 
2.5 cm. The remaining opening is hand-sewn with an absorbable continuous suture in 
two layers to close the anterior defect (  Figure 3  ).  

 The biliopancreatic afferent limb contains digestive enzymes secreted from the 
stomach, from the hepatobiliary tract, and from the pancreas.  

  5.1.2.3 Step 3: Creation of the Jejunojejunostomy 

 The length of the alimentary limb is measured at 100–150 cm from the gastroje-
junostomy in order to be anastomosed to the biliopancreatic limb with a side-to-side 
jejunojejunostomy (JJ) anastomosis using a mechanic vascular cartridge. The remain-
ing opening is hand-sewn with an absorbable continuous suture in a single layer to 
close the anterior defect (  Figure 4  ).  

 It is essential to recognize and close, with a non-absorbable suture, the transverse 
mesocolon defect (Petersen’s space) and the mesenteric defect that could be potential 
sites of internal herniation of intestinal loops.  

  Figure 4.
  The Jejunojejunostomy.          

  Figure 3.
  Creation of the gastrojejunostomy.          
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5.1.2.4 Leak test

Before completing the procedure, a leak test of both anastomoses is performed 
while keeping both in view. After positioning a nasogastric tube, and after creating 
a mechanical occlusion downstream of both anastomoses, 150 ml of methylene blue 
dye with saline solution is administered by the anesthesiologist through the nasogas-
tric tube in order to check for any possible leakage.

To create the Roux-en-Y configuration, the biliopancreatic afferent loop is then 
divided with a vascular 60 mm cartridge after opening the mesentery immediately proxi-
mal to the gastrojejunal anastomosis, in order to avoid the so-called “candy-cane” effect.

5.2 Single-anastomosis duodenoileal bypass with sleeve gastrectomy (SADI-S)

Sánchez-Pernaute et al. proposed in 2007 the single-anastomosis duodenoileal 
bypass with sleeve gastrectomy (SADI-S), describing it as a technical simplification of 
the duodenal switch (DS), to reduce its complexity, morbidity and mortality main-
taining the same weight loss and comorbidities resolution results [35].

5.2.1 Equipment

Equipment for a laparoscopic SADI-S include:

• Orogastric tube

• Liver retractor (Nathanson StrongArm® Complete Systems – Mediflex Surgical 
Products)

• 30-degree laparoscope with light source, monitor and gas insufflation equipment

• Laparoscopic trocars: 5, 10 to 12 mm ports

• bowel-safe graspers

• Laparoscopic ultrasonic/radiofrequency dissector

• Laparoscopic suction irrigator

• Laparoscopic needle holder

• Laparoscopic clips

• Laparoscopic linear cutting stapler.

5.2.2 Surgical tecnique

The proposed technique consists of a sleeve gastrectomy followed by an omega-
loop duodenoileal anastomosis with a 250–300 cm efferent limb, as measured in a 
retrograde fashion starting from the ileo-cecal valve (Figure 5).

Under general anesthesia, the patient positioning is in supine, split leg position 
secured to the operative table by foot tops and belts. The table tilt is changed starting 
with anti-Trendelemburg and then to a horizontal position, depending on the step of 
the surgery.
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The procedure begins in the same manner as with a SG, with the surgeon standing 
between the patient’s legs.

To establish a 12–13 mmHg pneumoperitoneum, we commonly use open access 
and an optical trocar placed 2–3 cm to the left of the midline 15 cm caudal from the 
xiphoid process for the placement of the 30-degree lens. Two 12 mm trocars for both 
working hands of the surgeon are placed in the right and left hypochondria, the 
latter close to the costal arch, and two more 5 mm trocars, respectively, on the left 
upper quadrant along the anterior axillary line and below the xiphoid process for 
liver retraction. An accessory 5 mm trocar may be added below the umbilicus in left 
paramedian position during the second phase of the procedure to facilitate bowel 
measurement and creation of the duodenoileal anastomosis.

Figure 5. 
Trocar placement in SADI-S.
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5.2.2.1 Step 1: Mobilization of the stomach

This is the first phase of the operation. In the patient who already had a previ-
ous SG, followed by weight regain or inadequate weight loss, the surgical procedure 
starts with the mobilization of the stomach antrum using a radiofrequency device 
(LigaSure, Medtronic, Minneapolis, Minnesota, USA or Enseal, Ethicon Endo-
Surgery, Johnson & Johnson, Cincinnati, Ohio, USA), removing all adhesions in the 
lesser sac in order to have a complete dissection until the gastroduodenal artery is 
identified. It is important to exclude the presence of a hiatal hernia. In case this is 
suspected preoperatively, the esophageal hiatus should be explored, and the herniated 
stomach should be reduced in the abdomen together with at least 3 cm of the abdomi-
nal esophagus and a hiatoplasty should be performed.

5.2.2.2 Step 2: Duodenal dissection preserving the right gastric artery

The dissection of the first portion of the duodenum is continued from the 
pylorus distally after identification of the gastroduodenal artery. The assistant 
retracts the antrum upwards to facilitate the dissection of the posterior face of the 
first part of the duodenum. The posterior dissection is carried close to the duode-
nal wall with the aim of preserving the right gastric artery in order to guarantee 
the duodenal blood supply. A peritoneal window is created between the first 
portion of the duodenum and the infundibulum of the gallbladder, and an elastic 
tape is passed around the duodenum with an upward traction by the assistant 
in order to complete the preparation of the duodenum. When 2.5–3 cm of the 
duodenum distal to the pylorus have been prepared, the duodenum can be safely 
divided with a 60 mm linear stapler cartridge and 3.5 mm staple heights (Endo 
GIA™ Tri-Staple™ technology – Medtronic; ECHELON™ Stapler by ETHICON™ 
| J&J MedTech).

5.2.2.3 Step 3: Bowel mobilization and duodenoileal anastomosis

The second phase of the operation starts with placing the operative table in a 
horizontal position and with the surgeon and camera assistant moving to the left 
of the patient and a sixth 5 mm trocar which can be optionally placed. The bowel 
measurement starts from the ileocecal valve and proceeds in a retrograde direction 
after intravenous administration of Hyoscine butylbromide 20 mg, to obtain bowel 
relaxation, until 250–300 cm of ileum are counted and marked in preparation for 
an end-to-side anastomosis with the duodenum. It is important that the distal bowel 
should be left at the right iliac fossa to avoid torsion of the bowel during creation 
of the anastomosis. The double-layer duodenoileal anastomosis is created end-to-
side using an absorbable barbed suture (V-Loc™ – Medtronic; STRATAFIX™ - J&J 
MedTech).

5.2.2.4 Leak test

The final check of the anastomosis is performed with a methylene blue test and a 
drain is placed in the left upper quadrant of the patient and in the perianastomotic area.
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6.  Risk stratification for revisional surgery

In our experience with revisional surgery: male gender, a higher BMI, T2DM and 
postoperative complications after primary surgery were associated with higher risk of 
complications (like bleeding, leakage, obstruction, stenosis, trocar site hernia, deep 
vein thrombosis, pulmonary embolism).

7.  Postoperative care protocols

In our center postoperative care protocol includes:

• Upper Gastrointestinal Contrast Study in POD 1

• Blood test analysis (e.g., blood count and inflammatory indices)

• At discharge patients follow a stiff dietary regimen divided into three steps 
(liquid, semiliquid and solid diet), each one 3 weeks long-lasting, with protein, 
vitamins and minerals supplementations according to the type of procedure

• Enoxaparin treatment for 4 weeks

• Proton-pump inhibitor for 6 months for the prevention of marginal ulcers

• Treatment with ursodeoxycholic acid during the weight loss phase to prevent 
gallstone formation (at least 6 months)

8.  Outcomes

Outcomes of revisional bariatric surgery are critically important for both patients 
and surgeons to understand, as these procedures often come with the potential for 
significant benefits but are also at increased risk. Many studies [9, 36, 37] have shown 
that while the complication rates after revisional surgery are generally higher than 
those following primary bariatric surgery, the resultant improvements in weight loss 
and reduction in comorbid conditions can be substantial. This section will examine 
the specific outcomes related to different types of reoperative procedures, including 
those addressing failed weight loss and weight regain, as well as those aimed at treat-
ing acute and chronic complications.

As previously mentioned, one of the procedures that nowadays often requires con-
version is the laparoscopic adjustable gastric banding (LAGB), for its innate potential 
failure due to insufficient and unstable weight loss at mid-term follow-up, especially 
if compared to other primary restrictive procedures like Sleeve Gastrectomy (SG) 
and the need to manage complications like hardware related issues, dysphagia and 
maladaptive eating [38]. Ibrahim et al. reported a high reoperation rate, with nearly 1 
in 5 patients requiring at least one additional gastric band-related surgical procedure, 
and consequently a considerable rise in health costs [39].

The main conversion procedures are laparoscopic sleeve gastrectomy (LSG) and 
Laparoscopic Roux-en-Y Gastric Bypass (LRYGB): both have good outcomes in terms 
of weight loss with a maximum of excess weight loss (EWL) of 74% at 36 months 
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follow-up reported by Hii et al. [40], but clearly there is a higher complications’ rate 
if compared to primary SG and RYGB, due to the scarred tissue of the stomach and 
also a higher reoperation rate. However, LRYGB seems to have better long-term results 
than LSG [41] in terms of weight loss. Anyway, LAGB is progressively disappearing 
[42], so further investigations are beyond our aim.

The other most often revised primary bariatric procedure is SG, for the reasons previ-
ously described, and RYGB represents the most frequent conversion procedure after SG. 
First, it is the most common bariatric procedure performed globally [42] and, secondly, 
up to 30% of the cases require revisional surgery for inadequate weight loss, weight 
regain, and/or the development of severe upper gastrointestinal symptoms (especially 
GERD) [43]. In particular, most patients experience significant symptom improvement 
post-revision, especially when converted to Roux-en-Y gastric bypass (RYGB) [44], which 
is, in fact, the procedure of choice in case of GERD symptoms [45] and weight issues.

Outcomes in terms of weight loss after revisional RYGB are poor if compared 
to primary RYGB, regardless of the index surgery. Dardamanis et al. found a non-
statistically significant difference in terms of BMI between both groups after 5 years 
of follow-up (33.1 kg/m2 for revisional versus 31.5 kg/m2 for primary procedures) and 
in terms of % EBMIL (revisional operations had 60.5% of % EBMIL versus 72% for 
primary operations) after 5 years of follow-up, demonstrating comparable effects on 
weight loss at the price of increased operative time, duration of hospitalization and 
conversion rate in the revisional group [46].

Pędziwiatr [47] et al. report a reduction in terms of %EWL from primary to 
revisional RYGB; on the other hand, they highlight no substantial differences between 
the two groups in terms of comorbidity remission rate (diabetes mellitus and hyper-
tension), but a higher mortality rate, complications’ rate and operative time in the 
revisional group.

Better results in terms of weight loss come from the conversion of SG to Single-
Anastomosis Duodenoileal Bypass (SADI)14 or Biliopancreatic Diversion with 
Duodenal Switch (BPD-DS) [48].

Dijkhorst et al. [49] report a statistically significant difference in terms of total 
weight loss (%TWL) between revisional SADI and revisional RYGB (21.8 ± 11.7 vs. 
7.2 ± 12.5; p < .001) with comparable outcomes in postoperative micronutrient deficien-
cies, complications’ rate, and quality of life (QOL) scores and they do not recommend 
conversion from an SG into an RYGB as a preferred procedure unless GERD or func-
tional problems related to the SG are the primary indications for revisional surgery.

Osorio et al. [48] demonstrate that DS, which was meant to be the original 
surgical step following SG, is slightly better than SADI in weight control, but at the 
price of nutritional issues: patients in fact need extra supplementations in order to 
compensate, vitamin and nutrient deficiencies, so this type of conversion is limited to 
those patients with high-grade obesity and persistent diabetes/hypertension who are 
committed to a strong adherence to follow-up instructions.

Therefore, revisional bariatric surgery is an effective adjuvant therapy in weight 
recidivism, especially with the aim to stabilize weight loss, but in general, results do 
not exceed those obtained with primary surgery (Table 2) [52].

One crucial point of bariatric surgery efficacy is the resolution or the improvement 
of obesity-related comorbidities.

If the metabolic effect is hugely demonstrated for primary bariatric surgery [53], 
the same effect is achievable with revisional surgery in case of relapse after initial 
remission or persistence of metabolic conditions like type 2 diabetes mellitus (T2DM) 
after primary surgery.
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Patients with persistent or relapsed T2DM after bariatric surgery can significantly 
improve glucose control and use of diabetes medications, when eligible for revisional 
surgery, despite the type of index procedure and the type of conversion [54].

Koh et al. [37] demonstrate that revision to duodenal switch (r-DS) had the 
highest proportion of T2DM improvement at 100%, followed by the revision to 
Sleeve Gastrectomy (r-SG) at 98.0%, revision to Roux-en-Y gastric bypass (r-RYGB) 
at 94.0% and pouch/gastrogastric fistula revision after previous Roux-en-Y gastric 
bypass (PGGF) at 76.0%. Similarly, for remission of T2DM, r-DS had the highest 
proportion of 69.0%, followed by r-RYGB at 62.0%, r-SG at 33.0%, and lastly, PGGF 
at 20%. r-DS had the highest proportion of hypertension (HTN) improvement 
at 91.0%, followed by PGGF at 84.0%, r-RYGB at 83.0% and r-SG at 56.0%. For 
remission of HTN, r-DS had the highest proportion at 44.0%, followed by r-RYGB 
at 40.0%, PGGF at 20.0% and finally r-SG at 18.0%. Similarly, they state that the 
hyperlipidemia and Obstructive Sleep apnea syndrome (OSAS) remission rates are 
37% and 86%, respectively, even if a subgroup analysis by type of revision was not 
possible because of a limited number of studies exploring these issues.

Another important issue is the management of complications after primary 
surgery: in fact, complications may be the reason for revisional surgery – in terms of 
corrective and reversal procedures.

The SOReg is one of the most important national registries related to bariatric 
surgery. Axer et al. conducted the largest survey that reports a higher statistically 
significant complications’ rate in terms of both intraoperative and early and late 
postoperative complications after revisional RYGB [55].

The MBSAQIP Data Registry [56] is another data registry that estimates that the 
incidence of at least one complication requiring reoperation or intervention within 
30 days following revisional SG (RSG) is twice as high as compared to primary SG 
(PSG) (1.9 and 2% for RSG vs. 0.9 and 1.1% for PSG respectively, p < 0.05). Length 
of stay and 30-day mortality rates for primary and revisional SG are the same. 
30-day readmission rate of revisional gastric bypass (RGBP) as compared to primary 
gastric bypass (PGBP) was 8.3 vs. 6.3% (p < 0.05). Also, the incidence of at least 
one complication requiring reoperation or intervention following RGBP was 3.9 and 
4%, respectively, versus 2.4 and 2.7% for PGBP (p < 0.05). In addition, readmission 
rates and unplanned admission rates to the ICU were significantly higher for RGBP 
as compared to RSG (8.3 and 2% for RGBP vs. 4.1 and 0.9% for RSG, respectively, 
p < 0.05). The incidence of at least one reoperation or one intervention following 
RGBP was also significantly higher compared to RSG (3.9 vs. 1.9% and 4 vs. 2%, 
respectively, p < 0.05).

Management of early and late complications offers several different options, 
including conservative treatment (like percutaneous drainage, supportive therapy, 
and fasting) to endoscopic treatment to surgery: the choice depends on the general 

Primary Procedure Revisional SG Revisional RYGB Revisional SADI

LAGB %EWL: 55.4 [50]
%TWL: /

%EWL: 60.7 [50]
%TWL: /

/

SG / %EWL: 69.13 [51]
%TWL: 29.45 [51]

%EWL: 87.6 [51]
%TWL: 38.7 [51]

Table 2. 
The comparative outcomes of different revisional procedures at 36 months follow-up.
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conditions of the patients, that is, whether the patient is stable or not, the type of 
primary intervention (each procedure has specific issues to deal with) and the grade 
of the complexity of the complication itself [9].

Protein caloric malnutrition is a critical issue for revisional bariatric surgery: 
symptoms are diarrhea and/or steatorrhea, muscle wasting, edema, and excessive 
weight loss [44]. It can occur after every bariatric surgery, especially when the 
patient’s compliance to nutritional supplementation therapy is not excellent, but it is 
more common after hypoabsorptive procedures, where there is an altered biliary and 
pancreatic anatomy, resulting in digestion/absorption problems. This complication 
may be observed, for example, in up to 38% of patients after One Anastomosis Gastric 
Bypass (OAGB) [44] and other hypoabsorptive conditions.

9.  Conclusion

Revisional bariatric surgery plays a vital role in managing persistent obesity, 
comorbid diseases, and complications, achieving sustained weight loss in patients 
who have undergone primary bariatric procedures. While these surgeries are associ-
ated with higher risks, the overall outcomes in terms of symptom resolution and 
quality of life improvement are positive, although the success rate in terms of weight 
loss is not as high as after primary surgery. Greater efforts should be made in optimiz-
ing patient selection so as to select the right procedure for the right patient, in order to 
enhance the efficacy and safety of every bariatric surgery.

© 2025 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Abstract

Obesity is a very important pathology worldwide, as it is related to heart disease, 
stroke, and type 2 diabetes mellitus. Its treatment is based on comprehensive 
management by a multidisciplinary team with the aim of improving the nutritional 
status of the patients. Various forms of surgical treatment have existed for years, 
with a high risk of complications. Currently, endoscopic bariatric therapies have had 
a great increase and have been innovative tools for the treatment of obesity. They are 
generally based on restrictive mechanisms, through a reduction in gastric volume, 
size restriction, and, in some cases, gastric bypasses, even with little accessibility 
to them in routine practice. However, these techniques have the potential to reduce 
adverse events, hospital costs, and post-surgical recovery times. The following chap-
ter aims to explain the different current and future endoscopic bariatric therapies in 
order to disseminate knowledge about this currently important topic.

Keywords: obesity, endoscopic bariatric therapies, bariatric surgery, nutrition, 
multidisciplinary team

1.  Introduction

Obesity is defined according to the World Health Organization (WHO) as an 
abnormal or excessive accumulation of fat that presents a significant health risk 
and is closely related to long-term complications. Another definition is when there 
is a Body Mass Index (BMI) greater than 30 kg/m2 [1]. This pathology affects more 
than 650 million adults worldwide [2], generating multiple complications such as 
type 2 diabetes mellitus, high blood pressure, hepatic steatosis, and cardiovascular 
diseases [3].

From 1991, when the first guidelines of the National Institutes of Health on gas-
trointestinal surgery for obesity were published, bariatric surgery was the only option 
available as a management for severe obesity [4]; however, it was not available for all 
patients, hence the importance of promoting new therapeutic options with the aim of 
improving the quality of life and avoiding complications.

Currently, there are several therapeutic options for this pathology such as lifestyle 
modification, pharmacological treatment, and endoscopic (metabolic and bariatric) 
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therapies, which offer greater efficacy (10–25%) and are less invasive than bariatric 
surgeries.

Bariatric endoscopic therapies (EBT) are defined as a spectrum of minimally 
invasive techniques and devices that use endoscopic access for weight control and 
resolution or improvement of comorbidities associated with obesity [2].

The main objective of endoscopic treatments is to combine the effect of weight 
loss with an improvement in metabolic complications, since they exert both a restric-
tive and metabolic effect, significantly decreasing morbidity in patients.

These procedures have gained relevance in the medical field, becoming the most 
effective and lasting option for the treatment of obesity, especially in moderately 
obese patients with a BMI of 30–35 kg/m2 or in patients with BMI >40 kg/m2 who do 
not want or are not candidates for surgical procedures [2]. They usually involve the 
stomach; however, there are also procedures that remodel the duodenum or small 
intestine.

The first endoscopic bariatric therapy was the Garren Edwards Bubble, developed 
in 1985; it was discontinued due to its high rate of complications and low efficacy; 
however, it was the impetus for the development of intragastric balloons [5].

In 2015, the American Society of Gastrointestinal Endoscopy (ASGE) and the 
American Society of Metabolic and Bariatric Surgery (ASMBS) defined the safety and 
efficacy of these therapies with a success ≥25% weight loss at 12 months and a low 
rate of complications ≤5% [3, 5].

Later, in 2024, the European Society of Gastrointestinal Endoscopy (ESGE) 
and the ASGE recommended the use of endoscopic bariatric therapies (EBMT) in 
adults with obesity, in combination with lifestyle changes, for patients with a BMI 
greater than 30 kg/m2 or between 27 and 29.9 kg/m2 with at least one obesity-related 
comorbidity. Since EBMT can be used both as primary therapy and as a bridge 
before bariatric surgery, it was concluded not to establish an upper BMI limit for 
consideration [5].

In this same guideline, decreases in total body weight loss (TBWL) of 11.9% 
(95% CI, 7.7–16.0) were observed for subgroups with a BMI of 27.0 to 29.9 kg/m2. 
For patients with class I and II obesity, TBWL percentages ranged from 5.0 to 18.6%. 
In the case of class III obesity, the total weight loss was 13.1% (95% CI, 10.8–15.4) at 
12 months [6].

Bariatric endoscopic procedures can be classified into four groups: (1) procedures 
that reduce gastric volume, (2) procedures that delay gastric emptying, (3) referral 
procedures, and (4) other procedures.

Another classification is depending on the organ of the gastrointestinal tract 
in gastric and intestinal. Gastric interventions induce weight loss and those of the 
intestine have direct effects on metabolic conditions.

Endoscopic therapies work through one of the following mechanisms: the first 
is through the restriction or reduction of gastric capacity, either through the use of 
sutures or endoscopic plicature or the installation of devices that generate a decrease 
in gastric volume; the second by prolonging satiety by delaying gastric emptying; 
the third by reducing the absorption of calories through the postprandial emptying 
of food ingested from the stomach before reaching the intestine; and the fourth is 
focused on the small intestine with the aim of preventing food passage through the 
duodenum through a deviation of the gastrointestinal tract, preventing food from 
mixing with bile and pancreatic acids (blocking metabolic effects) [7].

The most relevant procedures and some examples will be explained below.
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2.  Procedures that reduce gastric volume

The two main approaches to achieving gastric restriction is by filling the stomach 
with a balloon, which limits the space available for food or dividing the size of the 
stomach by using sutures to achieve a decrease in space for food, inducing early 
satiety and decreasing calorie intake [7].

2.1  Intragastric balloons (IGB)

Its goal is to reduce gastric volume. The mechanism of action is the stimulation 
of the mechanoreceptors in the stomach, which then stimulate the vagus nerve by 
sending signals to the hypothalamus that subsequently induces the feeling of satiety 
and decreases gastric emptying.

The first gastric balloon was placed in 1982 by Nieben and Harboe in Denmark 
[8]. There are different shapes and sizes; however, most are round or oval, made 
of silicone, which limits the injury of the gastric mucosa and have an approxi-
mate volume of 400–700 ml. They can be filled with liquid (saline solution with 
methylene blue), gas, or both, demonstrating greater weight loss in those patients 
in whom they were filled with liquid. Its placement is under endoscopic control, 
either with the patient sedated, or it can be swallowed in the form of a capsule, 
being able to be in the body for up to 6 months, and even up to 12 months (Orbera 
365). A decrease of up to 13.2% in total body weight loss at 6 months and 11.3% per 
year [9] has been demonstrated.

The new guideline from ASGE and ESGE indicates that, according to a meta-anal-
ysis, nine randomized clinical trials addressed the TBWL during IGB removal (at 6 
and 12 months), with a sample size of 779 individuals. A significant improvement of 
10.7% in total weight loss (95% CI, 4.1–9.7) was recorded compared to approximately 
3.4% associated with lifestyle changes [6].

IGBs can be used as primary therapy in patients with overweight or mild to mod-
erate obesity, with a decrease in total body weight of 10–12% [10].

The most common and studied intragastric balloon is the Orbera, being the only 
device that has met the standards of Preservation and Incorporation of Valuable 
Endoscopic Innovations established by the ASGE (Figure 1) [2].

Figure 1. 
Schematic representation of intragastric balloon.
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There are some adaptive symptoms that can occur after the placement of a balloon 
such as persistent nausea, vomiting, pain, and generalized abdominal discomfort and 
symptoms of reflux; in case of persistence of obstructive symptoms, it may require 
the early removal of the balloon, which occurs in less than 5% of cases [11]. The 
serious adverse effects reported are mucosal injury, gastric or esophageal perforation, 
balloon migration, obstruction of the outflow, and infections due to excessive growth 
of bacteria in the fluid that fills the balloon.

A risk associated with balloon removal is the possibility of recurrent weight gain. 
Initially, the mechanism of action of IGB for weight loss was thought to be primar-
ily due to the restriction provided by the balloon. However, subsequent analyses of 
gastric emptying have shown that the effects are also partly due to a reduction in 
gastric emptying rate. Therefore, upon balloon removal, not only is the restriction 
lost, but gastric emptying is also restored, emphasizing the need for lifestyle and 
dietary changes [6].

The absolute contraindications for its placement are: presence of gastric, duo-
denal, and esophageal ulcers, regardless of the presence or not of active bleeding, 
previous gastric surgery, gastric and esophageal varicose veins, hiatal hernia >5 cm, 
and the use of anticoagulants [12].

2.2  Transpiloric ferry (TPS)

It consists of a silicone balloon that is anchored in the region of the pylorus, is 
attached to a silicone catheter that is inserted into the duodenum, and has a smaller 
oval balloon at its tip. It is released endoscopically and placed in the stomach; it is 
designed to remain for up to 12 months; after release, peristalsis takes the smallest 
balloon beyond the pylorus, causing an intermittent obstruction of the gastric outlet, 
delaying gastric emptying [13].

Among its advantages are that the filling of the balloon is faster and the gastric 
emptying slower.

It is mainly indicated for obese patients with a body mass index of 30–40 kg/m2 
(Figure 2).

Figure 2. 
Schematic representation of transpiloric ferry.
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2.3  Satiesfera

It is a device consisting of a nitinol guide with oval polyethylene terephthalate 
balls. It is implanted in the pylorus and duodenum endoscopically. Its principle of 
action lies in the decrease in food intake associated with the delay in food transit 
through the duodenum.

3.  Procedures that reduce gastric volume

3.1  Endoscopic sleeve gastroplasty (ESG)

This procedure was described in 2013 by Abu Dayyeh [14] and is performed with 
the OverStich system. Its objective is to imitate surgical gastrectomy, which leads to 
the reduction of gastric volume and the induction of early postprandial fullness. It 
also seems to have a metabolic effect, since it has been shown that there is a significant 
decrease in liver enzymes, glycosylated hemoglobin (HbA1c), triglyceride level, and 
systemic blood pressure [15]. Another advantage is that it is a reversible method. The 
main indications are patients with mild to moderate obesity.

A suture device is placed at the tip of the double-channel endoscope, which is 
equipped with a curved needle guide that allows continuous or interrupted sutures 
along the major curvature of the stomach. The total weight loss reported at 12 months 
was 68.3% [16].

According to the ASGE and the ESGE, when considering the results of the TBWL 
at 12 months in seven randomized studies with more than 340 subjects, a loss of 10.5% 
was observed, representing 4.4 times more compared to lifestyle changes alone [6].

Additionally, the results of the meta-analysis from four randomized controlled 
trials with a minimum of 6 months of follow-up reported a percentage of serious 
adverse events of 3.2%. Selected examples of these events included abdominal abscess 
(0.76%), upper gastrointestinal bleeding (0.76%), malnutrition (0.76%), extralu-
minal bleeding (0.45%), hepatic abscess (0.45%), and abdominal pain, nausea, or 
vomiting requiring prolonged hospitalization (4.07%) [6].

Several studies have been carried out that compare the efficacy and adverse 
effects of this procedure with respect to surgical treatments, with a lower TBWL at 
12 months compared to surgery (17 vs. 30.5%) but with a lower adverse effect rate of 
2.9 vs. 11.8% [17].

Procedure with authorization in force by the Food and Drug Administration 
(FDA) since 2022 (Figure 3).

3.2  Primary endoluminal surgery for obesity (POSE)

It is a bariatric method that uses a flexible endoscope and a minimally invasive sur-
gical approach. The operating system is used without incisions. It is a more complex 
device, equipped with a 54 Fr (Transport)-controlled tube capable of maneuvering 
in four directions and has four channels for specialized instruments to grasp the folds 
of the fabric (g-Lix and g-Prox EZ) to position fabric anchors (g-Cath EZ) and to 
visualize the light [18–20].

In this procedure, the anchor points are placed at the bottom of the stomach, 
creating eight to new folds; usually, three to four are placed at the level of the distal 
body near the antro opposite to the angular incision.
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The total weight loss reported at 12 months was 44.9% [16].
Currently, different variants of plication techniques have been proposed. The 

López-Nava group modified the POSE technique by performing the plication in 
the gastric body to alter its motility (POSE-2), demonstrating a TBWL of 15.7% at 
6 months, without significant adverse effects [20].

Despite the benefits of non-invasive procedures, neither procedure has been 
shown to be as effective as laparoscopic sleeve gastrectomy (LSG) with respect to 
weight loss and BMI; however, a lower rate of complications and a lower in-hospital 
stay after the procedure have been demonstrated [21].

Authorized in 2006 for tissue apposition in the United States, it is still in clinical 
trial and currently awaiting approval by the FDA (Figure 4).

3.3  Percutaneous gastric aspiration therapy

The AspireAssist system (Aspire Bariatrics, Inc. King of Prussia, PA, USA) was 
used for obesity grade 2 and 3, approved by the FDA, being even more effective 
than an intragastric balloon. This procedure consisted of placing a percutaneous 
endoscopic gastrostomy tube associated with an external device, which aspirated 

Figure 3. 
Schematic representation of endoscopic sleeve gastroplasty.

Figure 4. 
Schematic representation of primary endoluminal surgery for obesity.
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approximately 30% of the gastric content after meals, with a TBWL of 18.3% 
(12 months) and 18.7% (48 months). In February 2022, it was withdrawn from the 
market due to lack of funding (Figure 5) [22, 23].

4.  Endoscopic malabsorption interventions

4.1  Duodenal mucosa resurfacing (DMR)

The duodenal mucosa resurfacing (Fractyl, Lexington, MA) is a catheter-
based technique that performs hydrothermal ablation of the duodenal mucosa 
using a balloon filled with hot water. It consists of introducing through the 
mouth to the duodenum and is placed distally to the Váter ampule on a guide by 
fluoroscopy. The 2 cm balloon catheter is designed to isolate the mucosa from the 
rest of the layers of the duodenum via injection of saline solution to subsequently 
perform hydrothermal ablation of the mucosa between the Váter ampule and the 
Treitz ligament.

It has been shown that in patients with type 2 diabetes mellitus, there is a hyper-
trophy of the duodenal mucosa with a greater number of enteroendocrine cells, which 
increases the secretion of gastric inhibitory polypeptide (GIP), which increases the 
level of cyclic AMP in pancreatic β cells by stimulating glucose-dependent insulin 
secretion [20, 24]. This effect causes a decrease in HbA1c of approximately 1.2% 6 
months after the procedure. However, at present, this procedure is only for experi-
mental use (Figure 6).

4.2  Duodenal: jejunal bypass sleeve (DJBS)

The duodenal–jejunal bypass sleeve (Endobarrier) (GI Dynamics, Boston, MA, 
USA. U.S.) is a teflon-coated device that favors the malabsorption process, work-
ing similar to a Roux Y gastric bypass, carrying the food through a thin and flexible 

Figure 5. 
Schematic representation of percutaneous gastric aspiration therapy (AspireAssist system).
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tube of approximately 60 cm to the yeyuno without going through the duodenum 
(duoden-yeyunal bypass), avoiding the absorption of food [20]. The duration of this 
treatment is up to 12 months.

A success rate has been demonstrated with a TBWL of 12.6–35% and a 1% reduction 
in glycosylated hemoglobin compared to patients with only changes in the diet [2, 25].

The FDA suspended the approval of this procedure due to a high incidence of 
liver abscesses; however, there is currently a new STEP-1 trial in the United States 
that began in February 2019 and ends in 2025 to evaluate the reintroduction of it 
(Figure 7).

Figure 7. 
Schematic representation of duodenal - Jejunal bypass sleeve.

Figure 6. 
Schematic representation of duodenal mucosa resurfacing.
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4.3  Gastroduodeno: yeyunal bypass

Endo Bypass System (ValenTx, Maple Grove, MN, EE. USA) is a 120 cm fluo-
ropolymer device that is anchored to the region of the gastroesophageal junction, 
with the aim of bringing the food to the small intestine. It remains in the body for 
up to 12 months, with a total weight loss of up to 35.9%. However, the Endo Bypass 
system is not yet approved by the FDA and the CE (Figure 8) [19, 26].

4.4  The incisionless magnetic anastomosis system

The Incisionless Magnetic Anastomotic System (IMAS), introduced by GI 
Windows (Westewood, MA, USA) [20], consists of creating an anastomosis without 
intestinal incisions through the use of two magnets with the aim of diverting nutri-
ents and bile acids into the ileum, causing a malabsorption process. This procedure 
is performed when a magnet is placed by enteroscopy at the level of the proximal 
yeyunus and terminal ileum through a colonoscopy simultaneously to create an anas-
tomosis by means of local tissue necrosis. The magnets are removed approximately 2 
weeks later through the feces [20, 27].

A TBWL of 14.6% has been demonstrated within 12 months of its completion, in 
addition to a reduction in glycosylated hemoglobin of 1–1.9% in patients with type 2 
diabetes mellitus [28].

The drawback is that anastomosis is not reversible, and there are still no studies 
that report the consequences of long-term malabsorption [20].

5.  Complications

There is evidence that complications after bariatric surgeries are rare; however, 
they can be devastating and even deadly. The mortality rate of the laparoscopic gastric 
sleeve is 0–1.2%.

Figure 8. 
Schematic representation of Gastroduodeno - Yeyunal bypass.
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Complications can be classified into early (leaks (0.1%), stenosis (0.1%), and 
bleeding) and late (stenosis (0.49%) and gastroesophageal reflux disease (GERD) 
(6%) [29].

Bariatric endoscopic therapies, especially GBIs, are safe but, in some cases, 
uncomfortable, mainly causing nausea persisting for more than 7 days; in various 
studies, an early extraction rate of the Orbera IGB of 7% has been demonstrated. 
Among the most serious complications are migration (1.4%) and gastric perforation 
(0.1%), emphasizing that 50% of patients had undergone previous gastric surgeries.

In the AspireAssist, up to 4.1% of adverse effects have been reported; minor 
complications include the presence of granulation tissue in the stoma (40.5%) and 
infection of the stoma (14.4%), and among the severe (3.6%) are gastric ulcers and 
peritonitis [22].

The EndoBarrier has an extraction rate of 18.7%; its main complications are migration 
(4.9%), gastrointestinal hemorrhage (3.86%), obstruction of the device (3.4%), hepatic 
abscesses (0.12%), cholangitis (0.12%), and esophageal perforation (0.12%) [30].

With respect to IMAS, it shows a low rate of complications, mainly related to post-
procedure diarrhea.

The ESSENTIAL trial showed a complication rate for POSE of 4.7% including 
extra-gastric bleeding (0.4%), hepatic abscess (0.4%), chest pain, and fever [31].

6.  Conclusions

Currently, a multidisciplinary team must offer endoscopic bariatric therapies, 
lifestyle modifications, and appropriate nutritional counseling as a fundamental 
tool in the treatment of obesity. There is sufficient evidence of the effectiveness of 
these procedures for the treatment of obesity, as well as certain comorbidities (type 2 
diabetes mellitus).

It is also important to mention that although their effectiveness is usually slightly 
lower than surgical procedures (laparoscopic gastric sleeve), they have the advantage 
of being safer, less invasive, and reversible therapies.

However, despite the fact that there is a wide range of endoscopic therapies 
available, some are still not approved by the FDA for reproduction, in addition to 
the fact that there is a deficiency in training programs by endoscopist doctors, which 
has limited their dissemination and use, hence the importance of knowing this topic 
for the application and dissemination of knowledge and generating interest in new 
therapeutic strategies for this complex pathology that requires a multidisciplinary 
management with the aim of reducing morbidity and mortality in our patients.
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Chapter 12

Endoscopic Sleeve Gastroplasty: 
Technique Evolution
Jimi Izaques Bifi Scarparo and Bruno Sander

Abstract

According to the World Health Organization (WHO), in 2019, 2.3 billion people 
were overweight worldwide. In Brazil, overweight already affects 52.5% of adults, and 
this rate has been increasing every year. New weight loss alternatives have emerged, 
including endoscopic sleeve gastroplasty (ESG), an endoscopic procedure that 
reduces stomach volume through internal sutures, to demonstrate the safety, efficacy, 
and durability of ESG in patients undergoing a new endoscopic suturing technique, 
called Sander-Scarparo Technique, in obese patients. A retrospective study in two 
different health centers, with participants who underwent the Sander-Scarparo 
Technique in ESG, compares them to the traditional technique that was performed 
between July 2017 and December 2019. Participants were distributed into different 
groups, with follow-up time ranging from 12 to 48 months, depending on the inter-
val between the procedure and data collection. All were at least 18 years old, had a 
minimum body mass index (BMI) of 30 kg/m2 (grade I obesity), and had no previous 
bariatric surgery. The variables that may influence the efficacy and durability of ESG 
were analyzed (suture patterns [U versus U + argon (with or without oversuture)]): 
“Sander-Scarparo Technique,” resuture, number of sutures, number of bites, weight 
loss (in kilograms), percentage of total body weight loss (%TBWL), percentage of 
excess weight loss (%EWL), argon plasma electrocautery, and complications and 
intercurrences, in a follow-up of up to 4 years after the procedure, at 12-month 
interval.

Keywords: obesity, weight loss, and slimming, bariatric endoscopy, endoscopic suture 
with overstitch, endoscopic sleeve gastroplasty (ESG), bariatric surgery

1.  Introduction

The development of accessories capable of performing plications and sutures 
that encompass the entire wall of the gastrointestinal tract has made possible the 
development of techniques for gastric volume reduction. “Endoscopic sleeve gastro-
plasty (ESG)” is a term that has been neglected in medical circles of Brazil in order 
to avoid the allusion that this method is bariatric surgery. The most accepted term is 
endoscopic gastroplasty or gastric endosuture. Endoscopic sleeve gastroplasty (ESG) 
is a method of gastric volume reduction, both in length and width, performed using 
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a suture device (Overstitch ™) coupled to a single or double-channel endoscope, 
which allows the creation of suture lines that reach all layers of the gastric wall and 
aims to reduce gastric volume and, thus, cause early satiety, delayed gastric emptying, 
and weight loss [1]. It was first introduced in our country in 2017 and, since then, 
it is estimated that more than 20,000 patients in Brazil have already undergone the 
method by now (2024). Despite literature showing good results of ESG efficacy, 
with a literature review of up to 1600 patients [2], multicenter studies [3] even with 
high-risk patients [4], failures due to insufficient weight loss or regain of lost weight 
sometime after the procedure were also found. Brunaldi et al. [5], even, demonstrated 
that the follow-up of these patients has not been well described and, in addition, in 
some cases there may be ESG failure, with need to review the procedure by means 
of resuturing [6, 7]. Another study showed the feasibility of ESG, even after failure 
of gastric plication (POSE) [8]. As for Lopez-Nava et al. [8], it shows that resuturing 
has been a good alternative in repairing ESG failures, accompanied by weight regain, 
recommending this option in patients in whom the stomach did not maintain the 
tubularized shape. Literature on this subject [9–11] has not yet paid attention to the 
possibility of a relationship between the efficacy and durability of gastric restriction 
and suture patterns or that a reinforcement of the primary suture with the use of 
oversuture may influence the maintenance of the tubularized shape of the stomach. 
Also, it has not been verified, the effect that the number of threads to suture and bites 
(each point applied to pierce the gastric wall) may have on the formation of fibrosis 
between the gastric folds and also establishing a link between nutritional and psycho-
logical follow-up and the results of ESG.

Another valid question is whether the time elapsed after ESG influences the dura-
bility of the tubularized shape, suggesting that gastric volume restriction decreases 
over the months or whether fibrosis and adhesion between the folds occur, even after 
the expected loosening of the sutures. Thus, understanding these variables better can 
contribute to the improvement of suture techniques, and the findings of this study 
may be of great relevance to the medical and scientific community and to society in 
general, since the results, conclusions, and all publications arising from them have 
great potential to indicate changes in the method, with increased safety, efficacy, and 
durability of ESG.

1.1  Authors’ objective

To evaluate the efficacy and safety of ESG, in a 12 to 48-month follow-up, in 
obese patients who underwent the procedure between July 2017 and August 2020 in a 
bicentric study.

The specific objectives of this study were:

a. To identify weight loss after ESG, in short and medium term, at intervals of up to 
12 months, up to a maximum of 48 months.

b. To indicate the durability of gastric diameter reduction, up to 48 months 
after the procedure, from endoscopic verification of stomach tubulization 
maintenance.

c. To demonstrate the efficacy of the Sander-Scarparo Technique on weight loss and 
the durability of the tubularized stomach shape.



199

Endoscopic Sleeve Gastroplasty: Technique Evolution
DOI: http://dx.doi.org/10.5772/intechopen.1006290

2.  Methods

The study was conducted at two independent private Day Hospitals, Sander 
Medical Center, located in the municipality of Belo Horizonte - MG, and Clinica 
Scarparo Hospital Dia, located in the municipality of São Paulo - SP. Participants 
underwent the procedure between July 2017 and August 2020, with data collection 
up to September 2021. This is a longitudinal and retrospective study to obtain infor-
mation on the medical procedure called endoscopic gastroplasty, of a clinical trial 
type. As equipment for performing ESG has already been approved by ANVISA (The 
National Health Surveillance Agency-Brazil), it is thus called post-market surveil-
lance. The initial population of all patients with obesity (BMI > 30 kg/m2), over 
18 years of age, who underwent the ESG procedure at the research center, between 
July 2017 and August 2020, with primary objective of obesity control, and who had 
the more than 12 months of follow-up after the procedure, were included in the 
study. From this initial population, patients who underwent bariatric surgery or who 
became pregnant after ESG and those who did not complete the minimum follow-up 
time of 12 months at the research center were excluded.

2.1  Inclusion criteria

a. Minimum age of 18 years.

b. BMI of 30 kg/m2 or higher.

c. Having undergone ESG between July 2017 and August 2020;

d. Minimum follow-up time of 12 months, carried out at the participating research 
center after ESG.

2.2  Exclusion criteria

a. Having undergone bariatric surgery.

b. Having had a pregnancy after ESG.

c. Patients who underwent the procedure, but for whom data collection was not 
possible.

2.3  Procedures

2.3.1  Pre-intervention

Since ESG is performed under general anesthesia, all patients underwent the 
protocol established by the anesthesia team at the research center, which consisted 
of an eight-hour fast, immediately before the procedure, and, previously, laboratory 
tests (blood count, coagulation test, kidney, liver and thyroid function, blood glucose 
and glycosylated hemoglobin, electrolyte, and B vitamin levels), imaging tests (chest 
X-ray and upper digestive endoscopy), spirometry, electrocardiogram and cardiologi-
cal evaluation, pre-anesthetic evaluation, and other tests that were deemed necessary 
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individually before the procedure. Concomitantly, pre-operative nutritional and 
psychological evaluations were also carried out. All data were stored in a database.

2.3.2  Intervention

The procedure was performed under general anesthesia, with orotracheal intuba-
tion, with the assistance of an anesthesiologist. The patient preparation protocol 
consisted of:

a. Cardiopulmonary and multiparametric monitoring;

b. Patient in left lateral decubitus position;

c. Endoscopic evaluation of the esophagus-stomach-duodenum to:

• Assess whether the gastric preparation was adequate (stomach without food 
residues);

• Prior study of the gastric chamber in relation to its morphology;

• Strategic planning of sites for gastric sutures;

• Application and dotted marking with Argon plasma, in all patients, outlining 
the limits of the area to be sutured, forming an area similar to a right trapezoid, 
with the following limits: 1. Transition from the gastric body to the antrum, 2. 
Lesser curvature, 3. Gastric fundus, 4. Greater curvature. The purpose of this 
marking is to assist in orientation of the sutures throughout the procedure, 
serving as a reference to the stitches limits.

• From January 2020, we also began applying Argon plasma continuously, 
longitudinally between the gastric folds, from the greater curvature to the 
lesser curvature, up to the limits of the suture, from distal to proximal, with 
an average spacing of 3 centimeters between the application lines, with the 
aim of increasing fibrosis and improving adhesion between the sutured 
gastric folds.

Procedure protocol consisted of:

a. Introducing the overtube guided by the dual-channel endoscopic device until it 
fits into the dental arch.

b. Removing the endoscopic device and coupling the overstitch to the device at its 
distal tip and to the working arch next to the channel insertion.

c. Introducing a threaded needle holder into the right channel of the device.

d. Introducing the unexposed corkscrew-type helix through the left channel of the 
device.



201

Endoscopic Sleeve Gastroplasty: Technique Evolution
DOI: http://dx.doi.org/10.5772/intechopen.1006290

e. Testing the suture operation mechanism at least twice before introducing the 
entire assembly through the overtube.

f. Lubricating the entire assembly with xylocaine gel.

g. Introducing the assembled device through the overtube, up to its distal limit, 
without passing and with the balloon cuff still deflated.

h. Inflating the balloon cuff with 7–10 mL of air and activating the use of carbon 
dioxide (CO2) with an appropriate pump.

i. Passing the distal limit of the overtube and heading to the gastric chamber.

j. Starting the gastric sutures, with the first thread, closest to the angularis incision, 
at the transition from the body to the antrum, with an average interval of about 
1 centimeter between the stitches and about 3 centimeters between the suture 
lines, making a U-shape with each thread, being the “U” top at the beginning 
and the end of the suture, on the greater curvature, and the “U” base the lesser 
curvature, in the following sequence of stitches (bites)

Points 1 to 3: Anterior wall.
Points 4 to 6: Anterior wall––2 cm distant and distal to point 1.
Points 7 to 9: Greater curvature.
Points 10 to 12: Greater curvature – 2–3 cm distant from point 3.
Points 13 to 14: Posterior wall.
Points 15 to 17: Posterior wall––2 cm distant and next to point 5.
 Points 18 to 20: Repeat the reverse sequence on the greater curvature of points 3 
and 4.
 Points 21 to 22: Close to point 1 and release needle with continuous pressure on 
the blue button of the needle holder.

k. Performing approaching of the sutured walls with light traction on the suture 
thread to conform the gastric tube and shape the remaining sutures.

l. Performing controlled cutting of the thread with cinch (appropriate thread cut-
ting device) after all walls have been approached.

m. Reassembling the needle holder with a new suture thread; n) Repeating this 
suture pattern as many times as necessary (which occurs, on average, four to 
six times) until the entire body and part of the gastric fundus are completely 
sutured, preserving only the antrum and the proximal part of the fundus.

n. Applying a new layer of suture over the suture that has already been performed 
(U pattern + oversuture), in a new reinforcement pattern which we call “Sander 
Technique” (“Sander Technique” oversuture protocol which started in September 
2018, empirically, using two more threads with several bites over the first layer of 
stitches, with the aim of reinforcing the primary U suture).
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o. Removing the entire assembly to the overtube, with the needle locked, after 
sutures have been completed.

p. Deflating the balloon cuff to remove the assembly.

q. Reintroducing only the endoscopy device after disconnecting the overstitch, for 
revision of the suture made and cleaning of the gastric chamber, as well as revi-
sion of potential hemorrhagic complication.

r. Documenting, by means of photographic images, the entire process and the final 
status.

s. Removing the device to the distal tip of overtube and removing the entire 
assembly, evaluating possible esophageal lesions caused by the introduction of 
the overtube.

t. Placing the patient under anesthesiologist care for anesthetic reversal and post-
anesthetic recovery (RPA).

u. Discharging patients from the hospital with an average time of 3 hours after the 
end of the procedure.

2.3.3  Post-intervention

Discharge was carried out after release by an anesthesiologist, approximately 3 
hours after the procedure. Patients received a prescription for a proton pump inhibitor 
(Dexlansoprazole, 40 mg once a day) for 6 months and symptomatic medications for 
nausea, vomiting, and abdominal pain. The prescribed diet for the first month was 15 days 
of liquid diet and 15 days of soft diet, with the solid diet starting only after the 31st day.

2.4  Follow-up, data collection, and processing

All patients were followed up and their data were collected and recorded in the 
WebClin electronic medical record and in specific and individual anamnesis forms, 
which are part of the care protocol of the study execution center. Number of patients 
in each group gradually decreased due to the number of eligible patients in each of the 
time intervals. Thus, the group that completed 12 months post-procedure included all 
patients included in the study, that is, those who underwent ESG between July 2017 and 
August 2020. The 24-month group was composed of those who underwent ESG from 
July 2017 to September 2019. The 36-month group consisted of patients who underwent 
ESG from July 2017 to September 2018. Whereas the 48-month group included only 
those who underwent ESG in July, August, and September 2017, as will be shown below. 
Thus, the group with the largest number of patients analyzed was the group with 
12 months of follow-up, and the group with the smallest number of patients analyzed 
was the 48-month follow-up group, which included only those who underwent ESG in 
3 months of 2017. Therefore, the smaller number of participants in the groups with lon-
ger follow-up time does not represent a loss of participants over the course of the study 
but reflects the smaller number of participants who were eligible to be part of those 
groups. Weight was analyzed at each time interval, as well as possible post-intervention 
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complications and intercurrences, clinical and endoscopic follow-up data, both with 
regular consultations and with upper digestive endoscopy every 12 months, which 
aimed to evaluate the maintenance of stomach tubulization. This tubulization was 
verified by insufflating air under supervision in the stomach, with the use of an 
endoscope, seeking to find a format that mimicked the surgical sleeve (“sleeve-like”), 
with an approximate visual reduction of more than 40% of the gastric distensibility 
and diameter, with reduction of its volume. The breakdown of data collection, from the 
multidisciplinary follow-up, was carried out in the form shown in Table 1.

2.5  Main clinical variables studied and measures taken

Suture patterns: These variables, explained in the Intervention topic, refer to the 
types of sutures used in the primary procedure. The U pattern was used between July 
2017 and August 2018. From then on, the U pattern plus oversuture (U + OS pattern 
- “Sander Technique”) was used as a protocol. This change in suture pattern occurred 
by the personal and empirical choice of the researcher, with the aim of using oversu-
ture to try to apply a reinforcement over the U pattern suture. When analyzing suture 
patterns in relation to the durability and effectiveness of the procedure, the weight 
variation of the patients was also compared according to the maintenance of endo-
scopic tubulization of the stomach, at predefined time intervals (follow-up time), 
thus allowing the comparison of suture patterns.

Oversuture: From September 2018, the practice of oversuture was used as a proto-
col in the procedures, empirically, using two more threads and several bites over the 
first layer of stitches, with the aim of trying to reinforce the primary U suture. This 
new suture pattern was called the “Sander Technique” and usually makes the gastric 
diameter even narrower, since a new layer of stitches is applied over the U suture 
stitches, further reducing the distensibility and storage capacity of the stomach. 
Therefore, since September 2018, oversuture has been used in most patients, with the 
exception of those in whom the stomach had already reached a very narrow diameter 
after the U pattern and oversuture could cause a very significant restriction to the 
point of negatively affecting the quality of life of these patients or when there were 
technical difficulties in performing the oversuture, such as the limitation of the device 
movement in the gastric chamber.

Resuturing: This variable describes the revision of the primary procedure, when 
there is a failure to maintain the stomach in a tubulized format, allowing it to widen 
again. Resuturing consists of redoing the suture, as in the primary procedure, with 
the aim of tightening the stomach again, seeking the permanence of the tubulized 
format. Resuturing was indicated when the control endoscopy, performed at intervals 
of 12 months, indicated the dilation of the gastric diameter, with early rupture of 

Post-procedure period Physician Nutritionist Psycologist

1st year Monthly Monthly Monthly

2nd year Quaterly Quaterly Quaterly

3rd e 4th years Semi-annual Semi-annual Semi-annual

Source: Research data, 2022.

Table 1. 
Details of the multidisciplinary follow-up period after ESG.
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stitches, without occurrence of fibrosis between the folds and, consequently, without 
consolidation of stomach tubulization.

Time elapsed since the primary procedure: Serial control endoscopies were per-
formed every 12 months.

Number of threads: It was defined according to the observed reduction in the 
stomach diameter as the procedure progressed. The threads are of standard size. As 
in any other type of suture, the closer the stitches (bites), the more thread will be 
used, requiring the use of a larger number of threads. At the same time, increase 
in the number of threads and number of bites also increases the time to perform 
the procedure, since more time is used to perform a suture with a larger number of 
stitches.

Number of stitches (bites): An average spacing of 1 cm between one bite, and 
another was used. A bite was defined as the transposition of the needle with the 
thread of all layers of the gastric wall (mucosa, muscularis mucosae, submucosa, 
muscularis, and serosa). Each bite corresponds to a complete stitch and the suture 
is the sum of all the bites of that thread. To perform ESG, it is necessary to perform 
several sutures, in the body and stomach fundus, using several threads.

%TBWL (% Total Body Weight Loss): Percentage of total body weight lost. This 
variable shows, in percentage, the weight lost in relation to the initial weight and 
serves as a comparison parameter between participants with different initial weights. 
Thus, a patient with an initial weight of 100 kg who has lost 20 kg has also lost 20% of 
TBWL, as well as a patient with an initial weight of 90 kg who has lost 18 kg has also 
lost 20% of TBWL.

%EWL (% Excess Weight Loss): Percentage of excess weight lost. Here is another 
illustrative example to understand this variable––if the patient initially weighs 100 kg 
and his ideal weight to reach a BMI of 25 kg/m2 is 70 kg, then his excess weight is 
30 kg. Consequently, if he lost 21 kg, then he lost 70% of his excess weight.

Weight: This variable describes the weight, in kilograms, measured in the patient at 
each of the evaluations, from the time of ESG.

Absolute weight loss: Measure, in kilograms, of the weight variation, from the larg-
est to the smallest measurement.

Method safety: This variable analyzes complications that occur during the proce-
dure and that determine any type of new intervention, clinical, endoscopic or surgi-
cal, or that prevent the patient from being discharged from the hospital on the same 
day of the procedure. Complications are unfavorable developments, such as a result of 
a disease or a specific treatment performed, or even the appearance of a new disease 
that developed as a consequence of the procedure performed. They are not expected 
events, but rather an eventual risk that depends on the clinical evolution and are per-
sistent unsatisfactory results that may require a complementary surgical procedure. 
Gastric perforation with acute abdomen, with surgical resolution, is an example of a 
complication.

Intercurrences: Intercurrences are events that correspond to the occurrences 
that follow the procedure performed. They are already expected adverse events, 
relatively uniform and predictable to a certain extent, considering the specificity 
of the technique and the individual reaction of each patient. As they are the most 
common findings after gastric manipulation in therapeutic endoscopic procedures, 
abdominal pain and vomiting were described as intercurrences (adverse events) and 
were evaluated in a time interval of up to 15 days after the procedure, since most of 
the intercurrences inherent to the intervention occur in this time interval. Bleeding 
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(upper gastrointestinal hemorrhage - UGIH) is also added as intercurrences, as long 
as it is self-limiting, without the need for any complementary therapy, since it may 
occur relatively frequently at the suture sites, due to the transposition of the needle 
and the superficial laceration of the gastric wall by the helix.

Method effectiveness: Evaluate weight loss and weight loss maintenance. According 
to the recommendation of the American Dietary Association and the Framingham 
Heart Study Group49,50, weight loss greater than 10% of initial total body weight or 
loss of more than 25% of initial excess weight, within 12 months after the procedure, 
was defined as effective. To avoid the analysis of non-sustained weight loss (with 
weight regain in the short and medium term), the analysis was divided into time 
intervals of 12 months, starting 12 months after the procedure up to 48 months after. 
Sustained weight loss could then also be evaluated.

Method durability: Investigates the procedure’s ability to maintain gastric tubuliza-
tion in the short and medium term. The tubulized format of the stomach, gastric 
tubulization or tubulized stomach was defined as the visual reduction of gastric 
distensibility and diameter, by at least 40% of the usual endoscopic pattern, with a 
reduction in its volume, mimicking the endoscopic appearance of the surgical sleeve 
(“sleeve-like”), with or without visualization of fibrous bands between the gastric 
folds. This variable was analyzed by upper gastrointestinal endoscopy performed 
at predefined times, every 12 months, after ESG (from 12 to 48 months after the 
procedure). The variable aims to analyze whether ESG can maintain gastric tubuliza-
tion over time, even after the already expected spontaneous loosening of the threads, 
which occurs throughout the first year after the procedure.

Argon: Immediately before suturing, since January 2020, argon plasma electrocau-
terization (WEM Argon2, with the 60 W - 2 L/min setup) was performed between 
the folds, on the gastric mucosa, in the longitudinal direction, from the greater to 
the lesser curvature, and with an average interval of 3 centimeters between the 
cauterizations, expecting to induce greater fibrosis formation after the procedure, 
facilitating the adhesion of the gastric folds between them. The variable aims to 
analyze whether argon plasma electrocauterization was a facilitator in the formation 
of fibrosis between the sutured folds in the ESG procedure, inducing the maintenance 
of gastric tubulization for a longer time and, therefore, influencing the durability of 
the method.

3.  Results

The initial convenience sample consisted of 208 patients who underwent ESG 
between July 2017 and August 2020. Of these, 19 were excluded from the analyses, 15 
of them because they underwent bariatric surgery after ESG and four others because 
they became pregnant after the procedure. Additionally, of these 19 patients excluded 
from the analysis, 18 did not complete the minimum follow-up time of 12 months 
after the procedure with the multidisciplinary team. Thus, a total of 189 patients were 
analyzed in this study, 144 women and 45 men, with a mean age of 39 years and an 
initial mean BMI of 36.08 kg/m2.

Regarding the follow-up time with multidisciplinary follow-up until data collec-
tion, the first group, of 12 months, had 189 patients; the group with 24 months had 
149; the group with 36 months had 51; and the group with 48 months had 16 patients. 
Whereas in relation to patients who underwent control endoscopy every 12 months, 
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in each of the research periods, in the first group there were 168 participants who 
underwent endoscopy 12 months after the procedure; in the second group, 125 par-
ticipants at 24 months; in the third group, 48 at 36 months; and in the fourth group, 
of the 16 patients who underwent the procedure between July and September 2017, 
12 of them underwent the 48-month follow-up endoscopy and four of them did not 
return to that follow-up endoscopy.

It is observed that the number of patients analyzed decreased gradually, fol-
lowing the inclusion in each group, due to the number of those who were eligible 
in relation to the minimum required follow-up time, in each of the four groups 
(Table 2).

It was found that 87.8% of patients achieved a loss of more than 10% of their total 
initial weight; over 25% of excess weight loss was achieved within 12 months and 
85.1% of those who underwent control endoscopy at 12 months had a tubularized 
stomach.

In 14.9% of cases, there was primary procedure failure and the stomach appeared 
not tubularized and open 12 months after ESG, with visible thread and no fibrosis 
formation, as revealed by control endoscopy. These patients also reported poor weight 
loss, less than 10% of total body weight.

3.1  Bivariate analysis results

3.1.1  Sample description and weight measure evolution

Descriptive statistics revealed that women had a lower average initial weight 
(92.85 kg) than men (121.26 kg). Additionally, women had an average of 27.57 kg 
of excess weight (extra kilos beyond a BMI of 25 kg/m2), with an average BMI of 
35.60 kg/m2, whereas men had an average excess weight of 41.29 kg, with an average 
BMI of 37.93 kg/m2.

It is noteworthy that the minimum age was 18 years, and the maximum age was 
85 years, the lowest and highest BMI values were 30.01 and 46.48 kg/m2, respectively 
(Table 3).

In general, patients’ weight decreased over the months, starting with an overall 
average weight of 99.37 kg on the day of the procedure and ending with an average of 

Period of EGD 
performance

Time interval 
completed after EGD

Patients with 
multidiscplinary consultation

Patients with control 
endoscopy

July 2017 to August 
2020

12 months 189 168

July 2017 to September 
2019

24 months 149 125

July 2017 to September 
2018

36 months 51 48

July, August, and 
September 2017

48 months 16 12

Source: Research data.

Table 2. 
Number of eligible participants in each group, by time interval.
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76.92 kg, with a sustained loss of 21.09% of %TBWL and 70.83% of %EWL, in the 
48-month follow-up group. BMI also showed a reduction from 36.08 to 28.66 kg/m2 
(Table 4).

3.1.2  Comparison between suture patterns (U versus U + OS)

This variable was measured in patients who underwent control endoscopies at 12 
(N = 168) and 24 months (N = 125) after ESG. At 36 and 48 months, there were no 
patients in the U + OS pattern who had reached this follow-up interval to allow for 
this comparison. At 12 months, the percentage of gastric tubularization maintenance 
was observed to be 70.5% in the U pattern versus 97.7% in the U + OS pattern. At 
24 months, 94.0% maintained gastric tubularization in the U pattern versus 93.1% in 
the U + OS Pattern (Table 5).

Specifically in patients who had a tubular stomach on the control endoscopy, in 
terms of %TBWL, the average loss at 12 months in the U pattern was 17.9% versus 
18.8% in the U + OS pattern. Whereas at 24 months, this loss was 20.9% (U) versus 
21.6% (U + OS). The %EWL, in the 12 months, showed a loss of 64.4% in the U 

Patients
Gender

N Mean Inf LIm 
95% 
méd.

Sup 
Lim 
95% 
méd.

Mediana SD Min. Max.

Feminine Initial 
weight

144 92,85 91,36 94,34 93,50 9,05 70,70 119,00

Height 144 1,61 1,60 1,62 1,62 0,06 1,50 1,72

Initial 
BMI

144 35,60 35,14 36,06 35,75 2,81 30,05 42,04

Ideal 
weight

144 65,28 64,47 66,09 65,61 4,92 56,25 73,96

Excess 
weight

144 27,57 26,39 28,75 27,49 7,15 13,39 45,90

Age 144 39,58 37,17 42,00 36,00 14,67 18,00 88,00

Masculine Initial 
weight

45 121,26 116,82 125,71 121,40 14,78 92,50 155,00

Height 45 1,79 1,77 1,81 1,78 0,06 1,62 1,93

Initial 
BMI

45 37,93 36,69 39,18 37,30 4,15 30,01 46,48

Ideal 
weight

45 79,98 78,31 81,64 79,21 5,54 65,61 93,12

Excess 
weight

46 41,29 37,36 45,21 39,68 13,07 16,40 69,60

Age 45 39,27 35,90 42,64 38,00 11,21 18,00 74,00

SD: standard deviation; min: minimum; max: maximum.
Source: Research data.

Table 3. 
Descriptive data of sample by gender.
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pattern versus 60.4% in the U + OS pattern. And in the 24 months, the difference 
was 77.4% (U) versus 68.1% (U + OS). It is important to note that the mean weight 
and initial BMI in patients with U + OS pattern (37.7 kg/m2) was higher than in the U 
pattern (35.2 kg/m2), therefore, the initial excess weight was also higher in patients 
with the U + OS pattern.

Even though the patients did not have a tubular stomach at 12 months, they had 
a higher %TBWL when submitted to the U + OS pattern (−11.43%) compared to 
those with the U pattern (−6.58%). Of the 189 patients who completed 12 months of 
follow-up, 21 (11.1%) could not be evaluated for stomach tubularization because they 
did not show up for the control endoscopy. And at 24 months, 24 patients (16.1%) of 
the 149 who completed this time interval also did not perform the control endoscopy 
(Figure 1; Table 6).

At 12 and 24 months, mean weight of patients with tubularized stomach was lower 
in those with the U pattern compared to the U + OS pattern. However, as patients in 
the U + OS pattern had a higher initial mean weight, the mean absolute weight loss, in 
kilograms, was greater in this suture pattern, with mean weight loss of 17.96 kg (12 M) 
and 20.36 kg (24 M) for the U pattern and 19.82 kg (12 M) and 22.70 kg (24 M) for 
the U + OS pattern (Table 7).

As for when analyzing the data on durability and need for resuturing, in the time 
intervals, according to each suture pattern, in the group of patients who did not need 
resuturing at 12 months, 82.8% had been sutured with the U pattern and 97.1% with 
the U + OS pattern (P-value 0.003), demonstrating that the U + OS pattern had a 
lower percentage of primary procedure failure. Of the 189 patients who reached a fol-
low-up period of 12 months, 18 (9.52%) underwent resuturing at 12 months, because 
they did not keep the stomach tubularized (failure of the primary procedure), with 
83.4% (N = 15) of them having initially undergone the U-shaped suture pattern, and 
only 16.6% (N = 3) of them having undergone the U + OS pattern (P-value 0.021). In 
the remaining intervals, after 12 months, the patients required similar resuturing in 
both suture patterns (Table 8).

Suture pattern

U pattern U pattern + Oversuture P-value

Tubularized 
stomach––12 months 
(N = 189)

N % N %

No 23 26,4 3 2,9 0,000

Yes 55 63,2 87 86,3

Not evaluated 9 10,3 12 11,8

Tubularized 
stomach––24 months 
(N = 149)

No 4 4,8 4 6,7 0,600

Yes 63 75,9 54 81,8

Not evaluated 16 19,3 8 13,3

Tubularized 
stomach––36 months 
(N = 51)

No 5 9,8 0 0,0 —

Yes 36 70,6 0 0,0

Not evaluated 10 19,6 0 0,0

Pearson’s Chi-squared test.
Source: Research data.

Table 5. 
Analysis of gastric tubularization over time, in relation to the absolute number of patients, according to the suture 
pattern.
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Tubularized Stomach 
12 months

Suture pattern

U pattern U pattern + 
Oversuture

Metrics  
12 months

Mean n Mean n P-value

No Weight 85,3 23 85,5 3 0,615

Weight loss −6,09 23 −11 3 0,039

%TBWL −6,58% 23 −11,43% 3 0,031

%EWL 25,23% 23 38,97% 3 0,229

BMI 32,25 23 32,58 2 0,841

Yes Weight 81,6 55 83,8 87 0,153

Weight loss −17,96 55 −19,82 87 0,028

%TBWL −17,91% 55 −18,85% 87 0,035

%EWL 64,39% 55 60,35% 87 0,194

BMI 29,22 55 30,02 87 0,026

Not evaluated Weight 77,7 9 79,5 12 0,669

Weight loss −10,83 9 −15,7 12 0,005

%TBWL −12,27% 9 −16,42% 12 0,016

%EWL 47,38% 9 54,59% 12 0,394

BMI 30,25 9 30,46 12 0,831

Source: Research data.

Table 6. 
Comparison of variables by suture pattern at 12 months.

Figure 1. 
3D images of a tubular stomach after ESG. Source: Images provided by Dr. Luiz Mattar.
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3.1.3  Analysis of number of bites (stitches) and threads and procedure time

In patients with the U + OS pattern, a greater number of bites and threads were 
used than those used in patients with the U pattern. In the U pattern, an average of 
five threads and 95 bites was used, and in the U + OS pattern, an average of seven 
threads and 154 bites.

Patients with the U + SS pattern required more time than those with the U pattern 
(113 minutes versus 97 minutes) (Table 9).

3.1.4  Analysis of complications and intercurrences

The percentage of complications and intercurrences within 15 days after the 
procedure was evaluated and each suture pattern was compared in isolation. The data 
revealed no statistically significant difference between that percentage and  
the patterns (P-value 0.201) (Table 10).

3.1.5  Argon plasma usage

Multivariate analysis over a 12-month period regarding argon usage and its influ-
ence on the tubularized stomach demonstrated a positive outcome for maintaining 
tubularization. However, no significant correlation was found between argon usage 
and gastric tubularization durability in other time intervals (p-value 0.288).

Tubularized 
stomach––24 months

Suture pattern

U pattern U pattern + Suture P-value

Mean 24 months Média N Mean N

No Weight 84,25 4 82,25 4 0,770

Weight loss −6,93 4 −12,55 4 0,149

%TBWL −7,50 4 −13,20 4 0,149

%EWL −25,83 4 40,16 4 0,386

BMI 31,93 4 32,75 4 0,773

Yes Weight 76,11 63 80,38 54 0,003

Weight loss −20,36 63 −22,7 54 0,124

%TBWL 77,40 63 −21,58 54 0,457

%EWL 77,40 63 68,02 54 0,015

BMI 27,73 63 29,06 54 0,001

Not evaluated Weight 82,29 16 — 8 —

Weight loss −15 16 — 8 —

%TBWL −15,26 16 — 8 —

%EWL 53,49 16 — 8 —

BMI 30,21 16 — 8 —

Source: Research data.

Table 7. 
Comparison of variables by suture pattern at 24 months period.
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3.2  Multivariate analysis results

3.2.1  Tubularized stomach

There was a significant difference (P = 0.037) in the percentage of patients with 
a tubularized stomach between 12 and 24 months. When a patient had a tubularized 
stomach at 12 months, the odds of maintaining it at 24 months were 2.43 times higher 
than the odds of having a tubularized stomach at 12 months, counting from time zero 
(procedure completion). There was no significant difference for this variable at other 
times (Figure 2).

a. At 12 months, the odds of a patient with the U + OS pattern having a tubularized 
stomach were 18 times higher than that of a patient with the U pattern.

b. In the U pattern, the odds of a patient with a tubularized stomach at 12 months 
maintaining it at 24 months were seven times higher than the odds of reaching 
12 months with a tubularized stomach, starting from time zero (procedure date). 
As for in the U + OS pattern, this correlation was not detected.

Tubularized stomach 
24 months

Suture pattern

U pattern U + Suture pattern P-value

Resuture N % N %

12 months No 63 72,4 87 85,3 0,001

Yes 15 17,2 3 2,9

Not evaluated 9 10,4 12 11,8

12 ~ 24 months No 63 75,9 56 84,8 0,000

Yes 4 4,8 2 3

Not evaluated 16 19,3 8 12,2

24 ~ 30 No 77 97,5 32 94,1 0,377

Yes 2 2,5 2 5,9

Not evaluated 0 0,0 0 0,00

30 ~ 36 No 49 64,5 0 0,00

Yes 2 2,6 0 0,00

Not evaluated 25 32,9 0 0,00

36 ~ 42 No 46 90,2 0 0,00

Yes 5 9,8 0 0,00

Not evaluated 0 0,0 0 0,00

42 ~ 48 No 15 93,8 0 0,00 —

Yes 1 6,3 0 0,00 0

Not evaluated 0 0,0 0 0,0 0

Source: Research data.

Table 8. 
Comparison of number of resutures by suture pattern, in relation to the absolute number of patients who were 
analyzed in each time interval.
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c. In other time intervals, there was no significant difference in the percentage of 
patients with a tubularized stomach between the suture patterns (Table 11).

3.2.2  Resuture

When evaluating only patients with the U pattern among themselves, the odds 
of requiring resuturing up to 12 months were 8.4 times higher than between 12 and 
24 months. However, there was no significant difference between times for the U + SS 
pattern.

a. At 12 months, there was a significant difference (P-value = 0.003) in the percent-
age of patients with resuturing when comparing the suture patterns. At this time, 
odds of a patient with U pattern requiring resuturing were 6.7 times higher than 
those of a patient with U + OS pattern.

Suture pattern

U pattern U + Suture pattern P-value

Resuture N % N %

Complications No 87 100,0 102 100,0 —

Yes 0 9,9 0 0,0

Intercurrences No 82 94,3 92 90,2 0,201

Bleeding 3 3,4 2 2,0

Vomiting up to 15 days 2 2,3 8 7,8

Pearson’s Chi-squared tests.
Source: Research data.

Table 10. 
Analysis of complications and intercurrences by suture patterns.

Figure 2. 
Influence of time on the tubularized stomach. Source: Research data **H: Time (months); V: Tubularized 
stomach.
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b. When evaluating only patients with the U pattern among themselves, the odds 
of requiring resuturing up to 12 months were 8.4 times higher than between 12 
and 24 months. As for the U + OS pattern, there was no significant difference 
between times.

c. In the 24-month follow-up and beyond, there was no significant difference 
(P-value >0.050) in the analysis of resuturing and its relationship between suture 
patterns.

d. Resuturing did not show a statistical difference in safety when compared to the 
primary procedure. However, in terms of weight loss efficacy, results were similar 
to those already seen in the primary procedure at 12 and 24 months.

3.2.3  Number of bites and threads

a. At 12 months, there was a significant influence (P-value = 0.000) of the number 
of bites on the percentage of patients with a tubularized stomach. For each addi-
tional unit in the number of bites, odds of patient having a tubularized stomach 
increased by 1.04 times.

b. Statistical tests revealed that, from 98 bites onward, there was a significant dif-
ference (P-value = 0.001) in the percentage of patients with a tubularized stom-
ach between 12 and 24 months. After the stomach was tubularized at 12 months, 
odds of it remaining so at 24 months were 4.71 times higher than those of having 
it tubularized at 12 months from time zero, when that number of bites was used. 
There was no significant difference in the percentage of patients with a tubular-
ized stomach between the other times (Figure 3).

Upon examining the influence of time and number of sutures on tubularized 
stomach, it was observed that:

a. For each suture thread unit added to the number of threads, odds of the patient 
having a tubularized stomach at 12 months increased by 2.48 times. However, 
there was no significant influence for 24 and 36 months.

b. When five sutures were used, the odds of a patient with a tubularized stomach at 
12 months maintaining it at 24 months were 4.13 times higher than their odds of 
having a tubularized stomach at 12 months.

Time OR CI - 95% P-value

24/12 2,43 [1,05; 5,58] 0,037

36/12 1,26 [0,45; 3,52] 0,661

36/24 0,52 [0,16; 1,69] 0,275

OR: odds ratio; CI: confidence interval.
Source: Research data.

Table 11. 
Influence of time on the tubularized stomach.
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c. For six threads to suture or more, there was no significant difference in the 
percentage of patients with a tubularized stomach between the time intervals.

d. When analyzing the number of threads to suture and bites in relation to safety, 
no direct statistical relationship was found between these variables.

e. In relation to efficacy and durability, increasing the number of threads to suture 
and bites showed a direct relationship with the maintenance of stomach tubuliza-
tion and weight loss (Figure 4).

3.2.4  Argon plasma usage

Due to a lack of data, the analysis was only performed on patients who had under-
gone the procedure 12 months before. During this period, the use of Argon resulted in 
a 16.1% increase in the percentage of patients with a tubularized stomach (Figure 5).

Figure 3. 
Influence of time and number of bites on tubularized stomach. Source: Research data. V: Number of bites H1: 
Time (months); H2: Tubularized Stomach – No – Yes.

Figure 4. 
Influence of time and number of threads on the tubularized stomach. Source: Research data. V: Number of 
threads; H1: Time (months); H2: Tubularized Stomach – No – Yes.
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3.2.5  Other variables related to weight loss and stomach tubularization

a. At 6 months, patients had lost an average of 11.5 kg (54% of the total weight lost 
over 48 months), at 12 months they had lost an average of 17 kg (79% of the total 
weight lost over 48 months), and at 18 months they had lost an average of 20.2 kg 
(94% of the total weight lost over 48 months). Whereas in the 48-month group, 
patients had a sustained average weight loss of 22.4 kg. Weight loss was greater 
among men than among women.

b. Most patients who reached 12 months with a tubularized stomach reported, at 
time zero a mean weight of 10 kg less than those who reached 12 months without 
a tubularized stomach, indicating a lower initial BMI. There was no significant 
difference in weight between the levels of this variable at other time points.

c. Patients who adhered to nutritional and psychological follow-up had a higher 
average initial weight than those who did not follow up, with those who sought 
nutritional counseling having an average of 9 kg higher and those who sought 
psychological counseling having an average of 6 kg higher.

d. Patients who did a follow-up with a nutritionist and psychologist in the first 
12 months had a greater mean weight loss than patients without follow-up, up to 
the 30-month interval. There was no significant difference (P-value >0.050) in 
weight loss from 36 months onward.

e. There was a significant difference (P-value <0.050) in weight loss between the 
suture patterns up to 24 months, with patients with the U + OS pattern having 
greater weight loss than those with the U pattern.

f. Patients with a tubularized stomach showed greater weight loss than those 
without a tubularized stomach (18 versus 8% %TBWL at 12 months) (Figure 6).

g. The odds of a patient under nutritional follow-up having their stomach tubular-
ized at 12 months were 52 times higher than a patient without this support.

Figure 5. 
Influence of time and argon on the tubularized stomach. Source: Research data. V: Percentage of tubularized 
stomach; H1: Time (months); H2: Argon – No – Yes.
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Figure 7. 
Influence of nutritionist and psychologist on tubularized stomach. Source: Reseach data. V: Percentage of 
tubularized stomach; H1: Time (months); H2: Nutritionist + Psychologist – No – Yes.

h. The odds of a patient without a nutritionist who achieved tubularized stomach 
at 12 months maintaining it at 24 months were 24 times greater than the odds of 
them having achieved tubularized stomach in the first 12 months. In turn, the 
odds of this patient without a nutritionist, who achieved tubularized stomach at 
12 months, maintaining it at 36 months were 21 times greater than the odds of 
them having achieved tubularized stomach in the first 12 months;

i. Odds of a patient with a nutritionist, who reached 12 months with a tubularized 
stomach, of maintaining a tubularized stomach at 36 months was 0.18 times 
lower than the odds of having a tubularized stomach in the first 12 months;

j. The odds of a patient with psychological counseling having their stomach 
tubularized at 12 months were 62 times higher than those of a patient without 
psychological counseling.

Figure 6. 
Influence of time and suture patterns on weight loss. Source: Research data. H: Weight loss (kg); H1: Time 
(months); H2: Suture, U-pattern, U + SS pattern.
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k. Odds of a patient without psychological counseling who achieved stomach tubu-
larization at 12 months maintaining that tubularization at 24 months were nine 
times higher than the odds of having the tubularization in the first 12 months, 
while at 36 months, this odds since the first 12 months was 11 times higher than 
the odds the patient had of having the tubularization in the first 12 months.

l. Odds of a patient with psychological counseling who had stomach tubularization 
at 12 months maintaining this condition at 36 months were 0.04 times lower than 
the odds of having their stomach tubularization in the first 12 months (Figure 7).

4.  Discussion

The initial sample of this study appears to reflect the general profile of patients 
seeking weight loss procedures. When analyzed for excess weight and initial BMI, 
men generally had higher values in these variables. The pattern of these patients seems 
to be reflected in other aspects of the sample, with women having a lower average 
excess weight (27.57 kg above the BMI 25 kg/m2) and lower initial BMI (average BMI 
of 35.60 kg/m2), compared to men. Men also had higher values (average excess weight 
of 41.29 kg above the BMI 25 kg/m2 and average BMI of 37.93 kg/m2). A remarkable 
observation in this study was the gradual decrease in the number of analyzed partici-
pants, by time intervals. This decrease was due to the minimum time required from 
the procedure to data collection, which reduced the number of eligible participants 
for follow-up in each of the four groups. Thus, a reduction in the number of analyzed 
participants was observed, compared to the initial sample, starting with N = 189 in 
the 12-month follow-up group (100%), N = 149 (78.8%) at 24 months, N = 51 (27%) 
at 36 months, and N = 16 (8.5%) at 48 months. Regarding the number of patients who 
underwent control endoscopies at the pre-established times, this decrease compared 
to the number of patients in each group was slightly higher, being 88.9% (N = 168) at 
12 months, 66.2% (N = 125) at 24 months, 25.4% (N = 48) at 36 months, and 6.35% 
(N = 12) at 48 months. However, the sample loss in the first three time groups was 
small (less than 20%) when considering the number of patients eligible for those 
groups, based on the time elapsed since the procedure. In the 12-month group, the 
sample loss was 11.1% (21 of 189), in the 24-month group it was 16.1% (24 of 149), in 
the 36-month group it was 5.9% (3 of 51), and in the 48-month group it was 25% (4 of 
16). Statistical analysis showed that, for the samples of this study, up to the 36-month 
time group, there was a maximum test power of 95% regarding the significance level of 
the sample size and the power of the test. For the 48-month time, a test power of 85%.

Despite ESG procedure being recognized as effective in obese patients [12, 13], 
high-risk patients [14], morbidly obese patients [15] and even in comparison with 
other methods [16], meeting the recommendations of health institutions, manage-
ment of patients who have not achieved success still requires further analysis by 
new studies. In addition, in some patients there is evidence of revision need, due to 
failure of the primary procedure, through resuturing, in addition to the importance of 
constant review of procedures for technical improvement [6]. In this way, this study 
has brought several findings that can contribute in this matter, when considering 
the improvement of procedure for the benefit of the technique, in general, and for 
patients, in addition to bringing suggestions for changes in suture patterns.

One of the findings brought up by this study was the effectiveness in weight 
reduction, with an average initial weight of 99.37 kg and a final weight of 76.92 kg 
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(in the 48-month group), in addition to a reduction in BMI (from 36.08 to 28.66 kg/
m2) and an average loss of 21.09% of total initial weight (%TBWL), and 70.83% of 
excess weight (%EWL).

An additional and original finding of this research on durability and effectiveness 
of the technique was the reapproching of the primary procedure through resuturing, 
as well as the analysis of suture pattern, when comparing the U versus U + OS pat-
terns. The analyses showed that U + OS pattern was more effective in weight loss in 
the first 12 months after the intervention. This pattern also showed greater durability 
(tubularized stomach) up to 12 months. In addition, regardless of the suture pattern 
used, when the stomach was already tubularized at 12 months, it tended to remain 
tubularized after this time interval. When the U + SS pattern was used, tubulization 
occurred more effectively. Additionally, the data show that the U + SS pattern pro-
vided better markers in the first 12 months, such as weight loss, %EWL, and %TBWL.

When analyzing the variable related to the need for resuturing, the use of the 
U + OS pattern was also more effective, since, in both the first 12 months and subse-
quent times, participants in the U pattern research had a greater need for resuturing 
than those with the U + OS pattern. This data is likely also related to the greater 
number of threads and bites used in the U + OS pattern. However, it takes longer to 
perform the procedure.

Regarding the impossibility of establishing a statistical correlation between the 
types of suture patterns and the percentage of complications within 15 days, further 
research focused on this variable is suggested to investigate this relationship more 
thoroughly. In addition, another finding that needs further investigation is the use of 
argon plasma electrocautery and its interference in the procedure durability and the 
need for resuturing. While the present study cannot confirm these hypotheses, mul-
tivariate analysis showed that there may be some influence of argon use on stomach 
tubulization up to 12 months post-procedure.

In general, it is known that fibrosis (mucosa x mucosa and serosa x serosa) occurs 
within 12 months. Tubularization occurs during this period, and thus, the stomach 
is unlikely to open up later, except in cases of repeated dietary excesses that increase 
intragastric pressure to the point of undoing the adhesions between the folds caused 
by fibrosis. As observed in this study, the percentage of patients with a maintained 
tubularized stomach was 85.1% at 12 months and tends to remain so when compared 
to other time intervals. This reinforces the hypothesis that after the consolidation 
of the tubularized stomach shape for up to 12 months, with fibrosis formation, the 
suture pattern used in the primary procedure no longer has relevance to the durability 
of this tubularization. Among the analyzed patients, in the 12- to 24-month period, 
maintenance of stomach tubularization, which was already tubularized, was 2.43 
times greater than the odds of the stomach reaching a tubularized shape between 0 
and 12 months. This confirms that if the fibrosis process occurs within 12 months, the 
odds of stomach opening up after this time tend to decrease. The importance of the 
first 12 months for the subsequent durability in maintaining the tubularized shape of 
the stomach then becomes clear.

Based on the 12-month time frame, it was observed that chances of a patient with 
U + OS pattern having a tubularized stomach were 18 times greater than those of a 
patient sutured with only U pattern, something not observed at 24 months, since 
tubularization occurs within the first 12 months. It is inferred that the U + OS pattern 
was more effective in stomach tubularization formation.

When analyzing the time elapsed since the procedure, a significant difference 
was observed in the percentage of patients with a need for resuturing, comparing the 
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suture patterns (U versus U + OS). This suggests a higher likelihood of reintervention 
in those with the U pattern, within 24 months after the procedure (time for stomach 
dilation due to deficient fibrosis, generally up to 12 months, plus the time required for 
the patient’s decision to undergo a new suture). Furthermore, confirming the stomach 
fibrosis and tubularization process, chances of resuturing at 24 months were signifi-
cantly lower than at 12 months––after fibrosis consolidation, the need for resuturing 
decreases.

Similarly, there was no significant difference in comparison of the suture pattern 
with resuturing after 24 months, which suggests that this data should also be inter-
preted based on the fact that, by this time, fibrosis of the sutured area has already 
occurred. Therefore, regardless of the suture pattern used, once fibrosis sets in, 
chances of the stomach dilating again become the same for both suture patterns.

Another additional finding of this research is that the number of bites (stitches) 
also had an influence on the ESG durability, since for each suture thread unit added 
the number of bites, patient’s chance of having a tubularized stomach increases by 
1.04 times. The central value in the number of bites for increased durability appears 
to be at the statistical cutoff of 98 bites.

A significant decrease in patient weight was observed from the initial measure-
ments. At 6 months, when weight loss is fastest and most influenced by the procedure 
due to the adaptation period, patients had lost an average of 11.5 kg, whereas in the 
48-month group, the average weight loss was 22.4 kg (sustained weight loss). As 
shown in literature on the subject [17, 18], the greatest weight loss typically occurs 
up to the 12th month (with the fastest weight loss occurring in the initial 6 months). 
That is further reinforced by the data from this research, which shows a significant 
difference in weight, with significant weight loss throughout the first year, with a 
tendency for weight stabilization after this time. This is, in fact, one of the great 
advantages of ESG, as it facilitates the maintenance of lost weight and reduces the 
weight regain index.

In the comparison of suture patterns, both the U and U + OS patterns showed 
greater TBWL reduction in the first 6 months and then up to the 12th month, with a 
tendency for patients with the U + OS pattern to have a higher TBWL than those with 
the U pattern. This means greater weight loss in the U + OS pattern, which may be due 
to the fact that when the suture is performed in U + OS pattern, the stomach usually 
has a smaller diameter (tighter) than the U pattern, which leads to greater restric-
tion of food intake volume. This comparative variable of gastric diameter between 
the two suture patterns was not analyzed in this study. At 12 months, patients with a 
tubularized stomach had a higher %TBWL (more weight loss) than patients without 
a tubularized stomach (enlarged stomach with less restriction), confirming literature 
on the subject.

An interesting finding was the relationship between suture pattern and %EWL 
at 12 months. Patients with U + OS pattern had a lower %EWL than those with U 
pattern. However, this finding does not imply greater efficacy of the U pattern, as 
patients with the U + OS pattern had a higher initial excess weight than those with the 
U pattern.

Regarding the analysis of stomach tubularization at 12 months, %EWL was higher 
in patients with a tubularized stomach. In addition, in those in whom stomach tubu-
larization was observed at 12 months (consolidated fibrosis), weight loss and %EWL 
were greater at all time intervals compared to those who did not have a tubularized 
stomach. This reinforces the hypothesis that the smaller diameter of the stomach 
directly influences weight loss.
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5.  Conclusions

The procedure proved to be safe in the short and medium term, without compli-
cations and with few intercurrences, which did not require new interventions. The 
procedure proved to be effective for weight loss in the short term and for weight mainte-
nance in the medium term, with 87.8% of patients achieving over 10% total body weight 
loss (%TBWL) and over 25% excess weight loss (%EWL).

ESG also achieved good durability results, maintaining the tubularized stomach 
shape in the short and medium term. At 12 months, 85.1% of patients maintained a 
tubularized stomach with consolidated fibrosis between the gastric folds, which also 
influenced medium-term durability.

Analyzes demonstrated that the U + OS suture pattern (“Sander-Scarparo 
Technique”) was more durable and more effective than the U pattern alone and 
proved to have better markers in other variables, such as weight reduction, % EWL 
and %TBWL and the need for resuturing.

Use of a greater number of threads and bites had a direct influence on the durabil-
ity and effectiveness of the technique, nonetheless it increased the procedure execu-
tion time. Results suggest that the use of five or more threads, more than 98 bites, and 
the performance of oversuturing as a reinforcement to the U-suture pattern (U + OS) 
directly and positively influenced the consolidation of gastric fibrosis throughout 
the first-year post-procedure and the durability of ESG in the medium term, with a 
reduction in gastric diameter and maintenance of the tubular shape of the stomach.

Thus, ESG has been demonstrated to be durable, safe, and effective for short-
term weight loss and medium-term weight loss maintenance, with sustained weight 
loss exceeding 20% of total initial body weight (%TBWL) and 70% of initial excess 
weight (%EWL), over a 48-month follow-up period.
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Chapter 13

Weight Regain after Bariatric and 
Metabolic Surgery: A Dreaded 
Complication
Asad Ullah, Muhammad Jamil and Johar Jamil

Abstract

The prevalence of obesity is increasing worldwide. It is a chronic relapsing 
disease. It requires a multifaceted treatment approach tailored to the individual’s 
needs. Treatment options include lifestyle modifications, pharmacotherapy, and 
surgery. Bariatric metabolic surgery offers the best option to achieve sustained 
weight loss, alleviation of obesity-associated comorbidities, and improved quality of 
life. However, these benefits are dependent on compliance with long-term lifestyle 
changes. Unfortunately, some patients regain a significant amount of weight after 
the initial weight loss. The etiology of weight regain is not fully clear. Risk factors for 
weight regain after bariatric surgery include behavioral factors, lack of physical activ-
ity, loss of follow-up, hormonal changes, surgical factors, mental health, and psycho-
logical disorders. Ideally, management requires a multidisciplinary team approach. 
Non-invasive treatments include lifestyle modifications, behavioral therapy, exercise, 
and pharmacotherapy. Invasive options include endoscopic interventions and revi-
sional surgery. Non-invasive options are utilized first. The decision about invasive 
therapy should be individualized due to the risk of complications. Future studies 
should aim for early identification of high-risk patients and managing them proac-
tively. Moreover, clinical trials must test the safety and efficacy of existing and novel 
pharmacotherapies in managing weight regain.

Keywords: weight regain, suboptimal weight loss, bariatric surgery, obesity, revision 
surgery, lifestyle interventions, obesity pharmacotherapy

1.  Introduction

Obesity is excessive or abnormal fat accumulation that poses a health risk [1]. It is 
a chronic and recurring condition [2]. Obesity is an important driver of chronic non-
communicable diseases such as coronary artery disease (CAD), hypertension (HTN), 
type 2 diabetes mellitus (T2D), dyslipidemia, certain cancers (endometrial, breast, 
and colon), stroke, osteoarthritis, respiratory disorders, sleep apnea, non-alcoholic 
fatty liver disease (NAFLD), gall stones, certain gynecologic problems (infertility, 
abnormal menses, and polycystic ovary), and pseudotumor cerebri.
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Modest intentional weight loss (5–10%) can significantly improve obesity-related 
morbidity and mortality. Weight loss is achieved via non-surgical and surgical 
approaches. The former include lifestyle modifications, psychiatric-behavior modi-
fication programs, and pharmacotherapy. Lifestyle modifications, which include 
nutritional therapy and physical activity, are hard to implement in primary care 
and have limited long-term efficacy due to non-adherence [3]. Pharmacotherapy 
could induce only a modest weight loss of 3–11% over 2 to 3 years [4]. Bariatric and 
metabolic surgery (BMS) can engender greater and sustainable weight loss in severe 
obesity than non-surgical treatments [5].

A certain degree of weight regain (WR) is natural after any intentional weight loss 
attempt; however, one of the long-term complications of BMS is significant WR [6]. 
The consequences are beyond gaining weight, resulting in recurrence or worsening 
of obesity-associated morbidities. WR could be an isolating and hopeless experi-
ence. Affected patients complain of emotional distress, anger, hopelessness, shame, 
discouragement, frustration, and depression [7]. Managing WR is costly [8].

It is critical to preemptively identify patients at risk of significant WR and inter-
vene early.

2.  Pathophysiology of weight regain

The pathophysiology of obesity is complex and multifactorial. Obesity is the out-
come of the interaction between genetic and epigenetic factors [9]. This interaction is 
influenced by multiple factors such as environment, culture, food, physical activity, 
stress, sleep, and psychosocial factors. Inheritance explains 67% of the variability in 
body mass index (BMI). Approximately 40% of the total variability is attributable to 
the genes controlling food intake, 12% to metabolic rate, 5% to fat oxidation, and 10% 
to spontaneous physical activity [10–12].

The interplay of neuroendocrine, gastrointestinal, and adipose tissue plays a 
pivotal role in energy homeostasis.

The hypothalamus maintains energy and metabolic homeostasis by controlling 
hunger and satiety (Figure 1). It communicates reciprocally with other central and 
peripheral areas through neurotransmitters, afferent/efferent neurons, peptides, and 
hormones [14]. The Arcuate nucleus of the hypothalamus has two distinct neuronal 
populations with opposing effects on appetite. The orexigenic population stimulates 
appetite by releasing neuropeptide Y (NPY) and agouti-related peptide (AgRP). On 
the other hand, the anorexigenic neurons mediate satiety by releasing proopiomela-
nocortin (POMC) metabolites such as melanocyte-stimulating hormone (α-MSH), 
cocaine and amphetamine-regulated transcript (CART) [15]. Other central regions 
such as the nucleus of the solitary tract (NST) of the brain stem, paraventricular 
nucleus (PVN), lateral hypothalamic area (LHA) of the hypothalamus, and postrema 
area (PA) also play a role in energy homeostasis [16]. The reward control and stimulus 
perception areas influence energy intake.

The gastrointestinal tract releases peptide hormones in response to the presence 
or absence of nutrients. The X/A cells in the gastric fundus secrete ghrelin (an orexi-
genic hormone) during the fasting state. Ghrelin activates NPY/AgRP and orexigenic 
neurons in LHA [17]. The prokinetic action of ghrelin on the stomach reduces satiety 
by promoting gastric emptying. Food intake, on the other hand, generates mechanical 
and chemical stimuli, which leads to the release of anorexigenic peptides from the 
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gut. Cholecystokinin (CCK), peptide YY (PYY), and glucagon-like peptide-1 (GLP-1) 
are important hormones. They act either directly at the hypothalamus (PYY bind-
ing to Y2 receptors) or peripherally via mechanical satiety signals through the vagus 
nerve, which interacts with NST and AP (CCK) [18]. Furthermore, the gut hormones 
suppress the orexigenic pathways by activating serotonergic receptors (5HT-1b) in the 
subcortical area [19].

BMS counters some aspects of obesity pathophysiology but does not cure it; hence, 
the risk of recurrence of obesity remains after BMS. The energy balance regulates 
body weight. After BMS, energy intake diminishes, tilting the energy balance to nega-
tive. Both basal metabolic rate and resting energy expenditure decline. These changes 
stimulate increased energy intake and weight regain.

The pathophysiology of weight regain after BMS is poorly understood. Individuals 
who fail to achieve long-term weight loss have a higher level of orexigenic than 
anorexigenic hormones, resulting in increased appetite and energy intake [20]. 
After RYGB, PYY levels increase, and ghrelin levels decline, promoting weight loss 
[21]. Studies show that patients who do not lose adequate weight after RYGB have 
either no difference in pre- and post-surgery PYY and ghrelin levels or insignificant 
changes compared to those who achieved long-term weight loss [22, 23].

Gastro-gastric fistula (GGF) is a complication of RYGB and a common reason for 
weight regain. Ghrelin levels are high in GGF, which declines after correction of GGF 
and gastric stoma lengthening [24].

GLP-1 is an insulinotropic peptide secreted by enteroendocrine L cells in the small 
intestine and certain neurons in NST. It stimulates insulin secretion and inhibits glu-
cagon secretion after food ingestion. After RYGB, GLP-1 levels increase, causing post-
prandial hypoglycemia (a feature of dumping syndrome) and rapid gastric emptying. 
These actions might contribute to weight regain by increasing energy intake [25].

The metabolic profile of adipose tissue changes with the caloric restriction 
after BMS, allowing adipogenesis and diminishing the adipocyte size and insulin 

Figure 1. 
Model of brain regulation of energy metabolism [“Copyright © Year Korean Endocrine Society from Endocrinol 
Metab. 2016, 31; 4: 520. Reprinted with permission from The Korean Endocrine Society.” [13]].
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sensitivity. These modifications increase glucose uptake by the adipose tissue, result-
ing in adipocyte hypertrophy, lipogenesis, and fat storage, a hallmark of obesity [26]. 
In other words, the abnormal adipose tissue in bariatric patients encourages weight 
regain via deflective endocrine metabolic signals. Moreover, the dysfunctional adi-
pose tissue secretes pro-inflammatory adipokine leptin. It is an anorexigenic hormone 
and represents the amount of stored energy in the body [27]. Lower leptin levels are 
reported post-RYGB, compensating for the energy deficit state [28]. Low leptin levels 
initiate homeostatic activities, which promote energy conservation and weight gain. 
For example, it increases the production of endogenous endocannabinoids. These 
chemicals bind with CB1 receptors in adipose tissue and the hypothalamus, leading 
to lipogenesis and secretion of orexigenic factors [29]. It also lowers sympathetic and 
thyroid activity to save energy. Hypoleptinemia increases cortisol levels by stimulat-
ing PVN, which in turn causes appetite and fat storage [30]. Despite all these find-
ings, the role of leptin in weight regain remains controversial.

Non-homeostatic mechanisms also contribute to WR. Functional imaging studies 
show that activating certain areas of the mesolimbic system in the brain promotes 
motivation and the desire to eat a high-calorie diet [31].

In summary, homeostatic and non-homeostatic compensatory mechanisms 
encourage individuals after BMS to relapse into high-energy intake patterns, promot-
ing WR. Further research is required to understand the pathophysiology of WR after 
BMS.

3.  How much weight regain is significant?

Despite its seriousness, there is no standard definition for WR. This dearth hinders 
our comprehension of the problem and interferes with timely intervention. Table 1 
illustrates frequently used definitions in the literature.

It is noteworthy that these definitions are arbitrary and lack association with clini-
cal significance.

Insufficient weight loss (IWL) is defined as excess weight loss (EWL) of less than 
50% 18 months after BMS [36]. IWL is different from WR. It is outside the scope of 
this chapter and has not been discussed further.

4.  Risk factors for WR after BMS

The etiology of WR is multifactorial and overlapping. A systematic review of 25 
studies categorized the causes of weight regain into five categories: dietary, genetic, 
psychiatric, temporal, and surgical or anatomic (Table 2) [37].

> 25% regain of excess weight loss (EWL) from nadir [32]

Weight gain of >10 kg from nadir [33]

>10% weight regain [34]

Increase in BMI of ≥5 kg/m2 from nadir BMI [35]

Table 1. 
Frequently reported weight regain definitions after BMS.
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4.1 Patient-specific risk factors

4.1.1 Lifestyle and behavioral factors

Dietetic and nutritional advice is central to achieving meaningful results after 
BMS. Unfortunately, some patients fail to follow the dietary plan after BMS, result-
ing in suboptimal weight loss or WR [38]. WR is common in patients who continue 
high-calorie diets attributed to large amounts of high-fat food, sweets, junk food, 
and sugary drinks. Studies show a positive correlation between the Healthy Eating 
Index and WR (OR 0.95; p = 0.04) [38]. Eating large meals at night is associated with 
weight reacquisition [39].

Maladaptive eating behaviors such as binge eating disorder (BED), loss of 
control eating (LOCE), and grazing are frequent causes of WR after BMS. In a 
study, 23% of RYGB patients with inadequate weight loss and WR had maladaptive 
dietary habits [40].

The prevalence of BED is higher in patients undergoing BMS. A study reported 
BED in 40% of the cases, depending on the type of weight loss procedure, time after 

Patient related factors
Behavioral factors

• Maladaptive eating behavior

• Physical inactivity

• Processed food

• Liquid calories

Psychological factors

• Depression/Anxiety

• Alcohol & substance use

• Emotional eating

• Difficulty in adopting new habits

Physiological factors

• Genetic predisposition

• Muscle mass wasting

• Abnormal metabolism

Miscellaneous factors

• Lack of long term follow-up

• Medications

• Pre-operative features

Surgery related factors

• Stoma size

• Gastric volume

• Time after surgery

• Dysphagia & reflux

Table 2. 
Risk factors for weight regain after BMS.
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surgery, and method of BED assessment [41]. Furthermore, the prevalence of grazing 
increased from 26.3% pre-surgery to 38% after surgery. More than half of the BED 
cases switched to meet the criteria for grazing due to the inability to consume a large 
amount of food after BMS.

LOCE is defined as either the inability to resist food, stop eating, or be compelled 
to eat. It is associated with subjective distress [42] and WR after BMS [43].

Grazing is unplanned, repetitive, and uncontrolled eating between mealtimes. It is 
reported in 17–47% of the patients after BMS, depending on the assessment method 
and time after surgery [44]. In one study, grazing and LOCE were the two high-risk 
eating patterns linked with WR after BMS [45].

Dysphagia is common after BMS [46]. It is probably the outcome of time-depen-
dent esophageal dysmotility after BMS. Dysphagia sways patients’ choices to a soft or 
liquid diet, which is absorbed quickly and produces less satiety, resulting in increased 
calorie intake.

Macronutrients may contribute to WR. A meta-analysis showed diminished 
calorie [1050 kcal/day (p < 0.001)] and fat intake after BMS, but carbohydrate intake 
was not affected (p = 0.006) [47].

Although BMS improves mobility and reduces the burden of osteoarthritis, activ-
ity levels remain low in BMS patients compared to the general population (48 vs. 53%, 
respectively) [48]. In a study, only 10–26% of BMS patients met the minimal physical 
activity level [49]. It could be partly due to the physiologic reduction in energy expen-
diture and lean muscle mass associated with significant weight loss [50]. Maintaining 
adequate physical activity is an essential factor in sustaining weight after BMS [51]. 
Multiple studies have linked a sedentary lifestyle with WR after BMS [38, 52].

4.1.2 Neuropsychiatric and psychological factors

Mental health disorders (MHD) play an essential role in the causation of obesity 
and, hence, are prevalent in BMS patients. The frequency of a single mental health 
disorder was 40% in a study [53]. The prevalence of two or more MHDs was 33% in 
patients who underwent BMS in this study. Patients with two or more mental health 
disorders were at higher risk of WR (OR = 6.4, 95% CI = 1.3–12.4). Depression is the 
most common psychiatric disorder among BMS patients. It is linked with inadequate 
weight loss and weight regain, but the direction of the association is not clear [54].

Neuropsychiatric disorders promote WR by hindering adherence to the diet and 
behavioral interventions after BMS [55].

Alcohol use disorder (AUD) and substance use disorders (SUD) are associated 
with WR after BMS. Due to the diminished capacity for eating after BMS, some 
patients may seek relief from alcohol or substance abuse to satisfy the brain reward 
system [56]. A systematic review revealed a small but significant risk of new-
onset alcohol use after BMS, especially RYGB [57]. The exact reason for this finding 
is not clear; however, some investigators have shown that the pharmacokinetics of 
alcohol change after RYGB and patients achieve higher blood alcohol levels after 
ingestion of a small amount of alcohol [58]. It is essential to assess the AUD and SUD 
pre- and post-bariatric surgery.

4.1.3 Endocrine and metabolic factors

Reactive hypoglycemia as part of the late dumping syndrome is common after 
esophageal and gastric surgery [59]. It is the consequence of insulin response to the 
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rapid absorption of simple sugars from the small intestine. A study of 36 post-RYGB 
patients showed reactive hypoglycemia in 72% of the cases [25]. Of the 11 patients 
who regained >10% of their weight, 6 had reactive hypoglycemia. In another study, 
WR after BMS in 428 patients was associated with reactive hypoglycemia (OR = 1.66; 
95% CI: 1.04–2.65) [60]. It could be concluded from these studies that reactive hypo-
glycemia might contribute to maladaptive eating disorder and WR.

Furthermore, as discussed in Section 2 of this chapter, other hormonal changes are 
involved in the pathophysiology of WR.

4.1.4 Lack of long-term support

Multidisciplinary support after BMS plays a pivotal role in achieving optimal 
results. The percentage of excess weight loss was 74% in patients who attended all 
follow-up visits for 4 years, compared to 56% in those who were lost to follow-up 
within a year after RYGB [61]. Among patients who stopped follow-up after 3 years of 
LSG, 75% gained 14% weight, compared to only 25% of those who continued follow-
up for 5 to 6 years [62]. Patients who successfully maintained body weight 69 months 
after BMS held support from family, friends, and healthcare professionals responsible 
for achieving favorable outcomes [63].

4.1.5 Miscellaneous factors

Certain pre-operative characteristics may predispose to WR. For example, the risk 
of WR and surgical failure is high in the super-high BMI group [64]. Age, socioeco-
nomic status, gender, time after surgery, and type II DM are linked with WR [65, 66].

Several medications promote WR, such as steroids, contraceptives, hypoglycemic 
agents, antipsychotics, tricyclic antidepressants, lithium, and valproic acid [67].

Individuals with certain genetic variations, e.g., LEPR Lys109Arg, LEPR 
Gln223Arg, LEPR Lys656Asn, and ADRB2 Gly16Arg and Gln27Glu, are prone to WR 
after BMS [68].

4.2 Surgery-related and anatomic factors

The prevalence of weight regain after BMS is poorly reported due to a lack of 
standardized definition and long-term follow-up. It depends on multiple factors, such 
as the surgical technique, time after the surgery, and the definition of weight regain. 
Table 3 summarizes the prevalence of weight regain after commonly performed BMS.

Two common causes of WR after SG and RYGB are dilated gastric/gastrojejunal 
pouch and gastro-gastric fistula (GGF) [74]. Dilated gastrojejunal stoma (diam-
eter > 2 cm) empties rapidly, causing lower satiety. In a retrospective study, dilated 
pouch and stoma after RYGB were observed in more patients with WR (71.2%) 
compared to 36.6% in those with successful weight loss [74]. A cohort study of 205 
patients with WR after RYGB reported a dilated gastrojejunal pouch in 58.9%, an 
enlarged gastric pouch in 28%, and 12.3% had both these abnormalities [75].

GGF is an abnormal communication between the proximal gastric pouch and 
the remnant distal stomach. Food detours to the distal gastric remnant instead of 
the duodenum, increasing the gastric volume and available absorption area. These 
changes counter the purpose of BMS. GGF often requires revision of the surgery. 
A retrospective study of the endoscopic examination in 165 RYGB patients demon-
strated an association between gastrojejunal stoma diameter and weight regain [8]. 
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Every 10 mm increase in the size of gastrojejunal stoma was associated with an 8% 
increase in regaining the percentage of maximal weight loss. Interestingly, the length 
of the gastric pouch was not linked with weight regain.

The estimated weight regain after LSG is like RYGB. Procedure-specific causes of 
weight regain in LSG patients are sleeve dilation, residual gastric volume, retained 
gastric fundus, amount of antral resection, and size of bougie used [33, 76].

One study looked at the association of antral remnant length and weight regain 
after LSG [33]. Patients were divided into two groups, i.e., Group A with an antral 
remnant length of 6 cm from the pylorus and Group B with a shorter antral length 
of 2 cm. Weight regain was defined as >10 kg regain from the nadir weight. Weight 
regain was prevalent in group A compared to group B (22 vs. 4%). In another study, 
weight regain was related to the residual gastric volume using CT volumetry [76]. 
Gastric residual volume above 225 cc was associated with a failure rate of 80%.

5.  Prevention and management of weight regain

The etiology of WR is multifactorial and, therefore, demands a multifaceted 
approach. Contemporary management options are lifestyle modifications, pharmacother-
apy, endoscopic procedures, and surgical revision. Non-invasive options are employed 
initially. Surgical revision is the last resort due to the high complication rate [77].

5.1 Lifestyle modifications/behavioral therapy

The timely introduction of an exercise-based program combined with moti-
vational support and dietary therapy showed promising results in a prospective 
controlled study [78]. Behavioral and physical outcomes improved with physical 
activity.

In a retrospective study, physical activity increased excess body weight loss (72.9 
vs. 76.3%), fat-free mass, and health-related quality of life [79]. Mediterranean diet 
was associated with greater weight loss after BMS in a study [80].

Several studies have shown the efficacy of behavioral therapy in managing WR 
after BMS [81, 82].

A pilot study revealed the effectiveness of 10 weeks of Healthy Eating and Lifestyle 
Post-surgery (HELP) intervention in managing WR after BMS [83]. All patients were at 
least ≥1.5 years post-surgery. The intervention group experienced 5.1% weight loss within 
3 months of the intervention. A retrospective study (n = 44) demonstrated a mean weight 
loss of 2.1 kg after 14.7 months of lifestyle intervention [84].

Surgical procedure Weight regain prevalence (%)

RYGB 17% at 2 years [69]
22.5% at 3 years [70]
26.8% at 5 years [70]
3.9% between 3 and 7 years [71]

LSG 5.7% at 2 years [62]
39.5% at 5 years [72]

LAGB 38% at 10 years [73]

Table 3. 
Prevalence of weight regain after BMS.
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Other studies have refuted the success of lifestyle modifications claimed in some 
studies. A prospective study included 95 WR patients after RYGB (9 ± 4 years out 
of RYGB) divided into lifestyle intervention, Liraglutide, endosurgical Apollo’s 
Overstitch system or implantation of Fobi-ring with pouch sizing [85]. Liraglutide 
and Fobi-ring achieved equal weight loss 24 months after the intervention 
(4.8 ± 2.9 kg/m2 and 5.5 ± 2.9 kg/m2, respectively). Patients in the lifestyle interven-
tion experienced no weight loss, while the endosurgical procedure resulted in a weight 
loss of 1.0 ± 0.9 kg/m2. A randomized study in 3-year post-SG patients with WR 
compared intense exercise to the usual care group [86]. A mean weight loss of 1.2 kg 
occurred within 5 months of intervention. However, 2 months after the intervention, 
1.1 kg weight was regained. Three small studies showed weight loss of 1.6 to 1.5% over 
6–10 weeks [81–83].

5.2 Pharmacotherapy

Drugs are an essential part of AR management armamentarium. Before 2012, 
Orlistat and Phentermine were the only two drugs approved for obesity therapy 
[87]. However, the last few years have witnessed significant advancements in weight 
loss pharmacotherapy. There is no approved pharmacotherapy for post-BS cases. 
However, weight-reducing medications are used off-label to promote weight loss in 
case of AWL or WR.

GLP-1 analogues induce weight loss by reducing gastric emptying, increasing 
food ingestion-related insulin secretion, and inducing satiety via stimulating 
POMC/AgRP [88]. Liraglutide 3 mg for 7.6 ± 7.1 months achieved significant 
weight loss (−6.3 ± 7.7 kg, P < .05) regardless of the type of BMS [84]. Two other 
small studies reported similar results [89, 90]. Semaglutide, another GLP-1 ana-
logue, reduced 6% weight in post-BMS patients who regained 12% of the weight 
in 1 year [91].

Metformin (1800 ± 350 mg/day) induced modest weight loss of 5% in post-BMS 
patients with WR when used as an adjuvant to an ad libitum low-carbohydrate, 
non-ketogenic, or high-protein diet. Fasting glucose, HbA1c, insulin resistance, and 
cholesterol levels improved [91].

Orlistat is a lipase inhibitor; it is used for long-term management. Phentermine 
is a sympathomimetic appetite suppressant and is recommended for short-term use. 
After 2012, a few other weight loss drugs were introduced to the market: Bupropion 
HCl-naltrexone HCl, Lorcaserin HCl, phentermine-topiramate, Liraglutide, and 
recently, Semaglutide was also added to the armamentarium. The first three medica-
tions are centrally acting appetite suppressants, while Liraglutide and Semaglutide 
are glucagon-like peptide-1 receptor agonists. They act peripherally and slow gastric 
emptying.

Few prospective trials have examined the efficacy or safety of these drugs after BS. 
Phentermine-fenfluramine induced EWL of 8–65% over 3 months in patients with 
WR after RYGB or biliopancreatic diversion [92]. In another study, Topiramate was 
used in patients with BED who had a premature weight plateau [93]. After 3 months 
of treatment, EWL increased from 20.4 to 34.1% without readjusting AGB.

Retrospective studies show favorable effects of weight loss pharmacotherapy in 
the BS population. A multi-center retrospective study reported >5% weight loss after 
RYGB/SG in half of the participants [94]. Fifteen different weight loss medications 
were used. Topiramate was the most frequently prescribed medicine. Patients on 
topiramate were twice as likely to lose 10% of their weight (odds ratio 1.9; P.018). 
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Some experts suggest better commencing weight loss drugs when the weight plateaus 
rather than at the weight regain stage [95].

Good-quality randomized studies of pharmacological agents are required in post-
BMS patients with WR to determine their effective and safe use.

5.3 Endoscopic procedures

Various endoscopic interventions are used to manage WR after BMS. Transoral 
outlet reduction (TORe) proved to be safe and effective in dealing with WR 
after RYGB [96]. Patients lost 6.4 to 10.15 kg within 3–12 months of TORe. Other 
studies have confirmed these results, making it a promising option [97]. Two 
common suturing techniques are employed in TORe, i.e., full-thickness suture 
plus argon plasma mucosal coagulation (ft-TORe) and argon plus plasma muco-
sal coagulation alone (APMC-TORe). Both techniques have shown comparable 
results, though ft-TORe requires multiple endoscopies [98]. A modified endo-
scopic submucosal dissection (ESD) for TORe achieves higher weight loss when 
combined with the suturing after RYGB [99]. The ESD-TORe group experienced 
a total weight loss of 12.1 ± 9.3% versus 7.5 ± 3.3% for the traditional APMC-TORe 
with full-thickness suture.

5.4 Revisional surgery

If non-surgical therapies fail to achieve the desirable results, then revisional 
surgery could be considered as a last resort. Revisional procedures carry higher 
morbidity and mortality than primary surgery [100]. Therefore, it is vital to assess the 
risk-benefit ratio in each individual case, ideally by an experienced multidisciplinary 
team. As more BMS procedures are performed, the rate of revisional surgeries is also 
rising [101].

The indications for revisional surgery include enhancing the weight loss, reducing 
the side effects of the primary surgery, or completely reversing the original surgery. 
It could be restorative, e.g., in cases with gastric pouch dilatation or excess fundus 
post-LSG, or corrective, e.g., managing anastomotic stenosis or marginal ulcer or 
augmentation or conversion to another technique [102].

Revisional surgery is performed in approximately 10–20% of the individuals with 
WR who undergo revisional surgery [103].

Some patients with WR require revisional surgery or conversion to another type 
of weight loss surgery. Evidence shows that the prevalence of these procedures has 
increased recently. Contrary to previous studies, a meta-analysis reported the safety 
and efficacy of revisional surgeries [104]. In total, 94 individuals who either had 
inadequate weight loss or regained >20% of the weight lost >1 year after SG under-
went revisional surgery [105]. Median BMI dropped significantly 1 year after revi-
sional surgery (41.9 to 6.3 kg/m2). Revisions included were re-sleeve, RYGB, single 
anastomosis duodenal switch, and biliopancreatic duodenal switch (BPD/DS). The 
highest total weight loss was seen with BPD/DS (21.8 kg) and the lowest (12 kg) with 
re-sleeve.

Some investigators support using silicon gastric rings again to manage WR after 
BMS. Although the short-term data is encouraging, studies with longer follow-up 
exploring less invasive options such as lifestyle modifications, behavioral therapies, 
pharmacotherapies, and invasive options are required.
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6.  Conclusion

Obesity and overweight are global public health problems. Traditional weight loss 
therapies, including lifestyle modifications, behavioral therapies, and pharmacotherapy, 
result in modest weight loss in the long run. Metabolic bariatric surgery is most efficacious 
in achieving significant and sustainable weight loss. Moreover, it improves and remits 
many obesity-related comorbidities, thus enhancing the quality of life. Contemporary 
surgical procedures include adjustable gastric banding, sleeve gastrectomy, Roux-en-Y 
gastric bypass, and biliopancreatic diversion with a duodenal switch.

Despite the numerous benefits of BMS, it has associated side effects and complica-
tions. Weight regain is one of the most dreaded long-term complications of BMS. 
It has a complex and multifactorial etiology. Therefore, it demands a multipronged 
management plan, including lifestyle changes, behavioral therapy, drugs, endoscopic 
procedures, and revisional surgery. Ideally, an experienced multidisciplinary team 
should deliver management. All the stakeholders need to contribute to the preven-
tion and management of weight regain. For example, the surgeon has to perform 
a procedure that suits the patient. The patient must comply with post-operation 
recommendations for the diet and follow-up. Patient education, monitoring, and 
timely interventions must be considered for high-risk individuals. Further studies are 
required to elucidate the exact mechanisms involved in weight regain to establish an 
evidence-based management approach.
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Abstract

Obesity is a global pandemic and bariatric surgery is one of the fastest-growing 
surgical procedures performed worldwide. Roux-en-Y gastric bypass (RYGB) remains 
one of the most commonly performed bariatric procedures, with more than 480,000 
procedures performed in 2022. The RYGB is characterized by a small proximal gastric 
pouch that is divided and separated from the distal stomach and anastomosed to an 
alimentary limb of the small intestine, thus bypassing a large portion of the small 
intestine preventing the absorption of nutrients. Small bowel obstruction after gastric 
bypass is not uncommon; the internal hernia is the most common etiology followed 
by postoperative adhesions, although there are less common causes. Diagnosis can 
be challenging due to the altered anatomy of the gastrointestinal tract; CT imaging is 
frequently used to establish the diagnosis. Since an internal hernia can be a life-threat-
ening situation, early treatment is critical. The management of internal hernias after 
RYGB remains surgical. The urgency of surgical intervention depends on the clinical 
condition of the patient. Surgery should be attempted laparoscopically first if possible.

Keywords: bariatric surgery, internal hernia, intestinal obstruction, obesity, gastric 
bypass, roux-en-y

1.  Introduction

Obesity is a worldwide pandemic, nearly every country in the world is affected 
by it and its increased prevalence shows no significant signs of slowing down any 
time soon. It is estimated that over 4 billion people may be affected by overweight 
and obesity by 2035, compared to over 2.6 billion in 2020 [1]. This reflects an increase 
from 38% of the world’s population in 2020 to over 50% by 2035 [2].

The World Health Organization (WHO) defines overweight and obesity as 
excessive fat accumulation that may impair health [3]. A broader definition of obesity 
would encompass a chronic, systemic, multi-organ, metabolic, and inflammatory 
disease expressed phenotypically by an excess of body fat.

Overweight and obesity are well-known risk factors for other diseases like diabetes 
mellitus, cardiovascular disease, and several types of cancers [4] including breast, 
colon, endometrial, and prostate cancer [5]. Other major comorbidities include degen-
erative joint disease, obstructive sleep apnea, and cholesterol gallstone disease [6],  
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all of which have a major bearing on life expectancy, quality of life, and mental health 
on an individual level, and detriment in work productivity and healthcare costs at a 
population level.

2.  Bariatric surgery

Bariatric surgery is a medical specialty dedicated to the surgical treatment of 
obesity and its comorbidities. It is one of the fastest-growing operative procedures 
performed worldwide, with an estimated >480,000 operations performed by 24 
countries in 2022 according to the 8th Global Registry Report of the International 
Federation for the Surgery of Obesity and Metabolic Disorders (IFSO) [7].

In 1991, the U.S. National Institutes of Health (NIH) created a Consensus 
Conference that established the patient selection criteria for undergoing bariatric 
surgery [8]:

• BMI >40 kg/m2

• Or BMI >35 kg/m2 with comorbidities related to obesity.

• ≥18 years of age

Thirty years later, in 2022, with evidence of good outcomes, a decrease in morbi-
mortality, improvements in patient safety, and development of laparoscopic tech-
niques, the IFSO wrote major updates to the 1991 guidelines [9]:

• BMI >35 kg/m2 regardless of presence, absence, or severity of comorbidities.

• Metabolic disease and BMI of 30–34.9 kg/m2

• Appropriately selected children and adolescents should be considered for surgery

The physiology of digestion and nutrient absorption must be comprehended 
in order to understand the fundamentals of bariatric surgery. As the chime passes 
through the duodenum, pancreatic enzymes break down peptides and carbohydrates, 
and lipids are degraded by the pancreatic lipase and bile. Those nutrients are absorbed 
by the enterocytes and transported to the liver. More than 75% of carbohydrates, 
proteins, and fats are normally absorbed within 70 cm of the small intestine [10].

Bariatric malabsorptive procedures divert the flow of bile and pancreatic enzymes 
from food, thereby avoiding digestion of nutrients in the most proximal part of the GI 
tract where absorption is greater, resulting in reduced caloric intake.

Restrictive procedures, on the other hand, reduce the size or storage capacity of 
the stomach to induce satiety with less food, therefore reducing calorie consumption.

Malabsorptive/restrictive (mixed) procedures use both mechanisms: a restrictive 
component to initiate rapid weight loss, combined with a malabsorptive component 
to ensure long-lasting effects.

According to IFSO [7], the sleeve gastrectomy is the most commonly performed 
primary procedure (defined as the first procedure a person with obesity undertakes 
as a treatment for their obesity) in the majority of reporting countries, accounting 
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for 63.3% of the total number of registered procedures. With 28.8% of procedures, 
Roux-en-Y gastric bypass (RYGB) was the second most common primary procedure. 
In contrast, Roux-en-Y gastric bypass is the most commonly performed revisional 
metabolic bariatric procedure. The revisional procedures are those performed to 
change one type of bariatric procedure to another bariatric procedure, most often 
secondary to a failure of the primary procedure either due to weight gain, side effects 
of the initial procedure, or recurrence of metabolic disorders [11]. Nearly half of the 
revisional procedures correspond to RYGB.

3.  Roux-en-Y gastric bypass

As discussed above, RYGB is the second most common bariatric procedure per-
formed today and has long been considered the “gold standard” of bariatric surgery. 
Although originally performed as an open procedure, it is now almost exclusively 
performed using a laparoscopic approach.

It is important for the non-surgical healthcare professional to have a basic under-
standing of the surgical technique involved in creating a gastric bypass, as altering the 
gastrointestinal (GI) anatomy can lead to potentially serious complications that may 
be life-threatening to the patient.

RYGB is a restrictive-malabsorptive (mixed) procedure that creates a small gastric 
pouch that connects directly to the small intestine. Figure 1. This pouch is created by 
dividing the stomach into two parts. The first one is the most proximal and receives 
up to 30 ml of food, the second is the remaining stomach and does not receive food. 
The surgery also involves dividing the small intestine at a distance of 50 to 150 cm 
distal to the ligament of Treitz. The division of the small intestine creates two limbs, 
the first one is the “biliopancreatic limb” which transports the secretions of the gastric 

Figure 1. 
Schematic representation of a Roux-en-Y gastric bypass. The gastric pouch is anastomosed to the alimentary 
limb. The digestive juices of the remaining stomach and biliopancreatic secretions are carried through the 
biliopancreatic limb. Note the site where the two limbs join. Swallowed food bypassed a portion of the small 
intestine.
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remnant, liver, and pancreas; and the second limb or “alimentary limb” which is anas-
tomosed at one end to the gastric pouch and the biliopancreatic limb at the other end. 
The distance between the two anastomoses is generally 75 to 150 cm. The connection 
of the biliopancreatic and alimentary limbs forms a common duct where pancreatic 
enzymes and bile mix with ingested food.

The surgical technique has two variations depending on the passage of the alimentary 
limb. In the retrocolic technique, the limb is passed through a mesocolic window (creat-
ing the Petersen’s defect), whereas in the anterocolic approach, the limb is localized 
anterior to the colon. As discussed below, this difference in surgical technique creates 
more or less mesenteric defects that may result in a higher incidence of complications.

In summary, RYGB creates a small gastric pouch that restricts food intake and con-
nects it to another distant portion of the intestine, which bypasses a large portion of 
the small intestine preventing the absorption of nutrients until they reach the distal 
part of the intestine where the “common duct” connects the two limbs.

In addition to promoting weight loss through a restrictive and malabsorptive 
mechanism, RYGB induces other physiologic changes in GI hormone secretion, 
intestinal bacterial colonization, bile acid metabolism, and epigenetic changes [10].

The restriction of food passage through the duodenum and jejunum in RYGB is 
thought to induce changes in postprandial gut hormone secretion [12]. For example, 
there is a decrease in the levels of gastrin, a peptide hormone that stimulates the 
secretion of gastric acid and aids in gastric motility. The appetite-stimulating hor-
mone ghrelin is also suppressed postoperatively, as is cholecystokinin, which slows 
gastric emptying and suppresses hunger.

The vast majority of bile acids are reabsorbed in the terminal ileum and reused by 
the liver, forming the “enterohepatic circulation”. In patients with RYGB, the bilio-
pancreatic limb shortens the route for bile acids to reach the ileum, resulting in more 
active bile acid reabsorption [13]. This increased luminal bile acid concentration has 
antibacterial effects, killing certain strains of bacteria and allowing others to sur-
vive, although the contribution of the gut microbiota to the metabolic benefits after 
bariatric surgery has not been elucidated [14].

Finally, epigenetic markers are chemical modifications mediated by DNA enzymes 
that regulate genomic functions. Several studies have shown DNA methylation in 
adipose or muscle tissue after RYGB [15], which may explain the changes in physiol-
ogy and metabolism after bariatric surgery.

4.  RYGB complications that produce intestinal obstruction

RYGB is a procedure with a mortality of 0.5% and a morbidity of 7 to 14% [16]. It 
is not uncommon for patients to present to the emergency department with abdomi-
nal pain after RYGB, so the general practitioner must be aware of the unique compli-
cations of this type of surgery in order to make a prompt diagnosis and avoid delaying 
treatment with potentially fatal consequences.

Small bowel obstruction (SBO) is a common complication of RYGB with a lifetime 
incidence of 6 to 9.6 percent [17] and is one of the most feared complications since it 
can become a life-threatening situation.

The etiology of SBO has numerous causes which makes differential diagnosis 
particularly difficult. Among the diverse etiologies, the most frequent are internal 
hernia, postoperative adhesions, anastomotic stricture, incisional hernia, and intus-
susception. 60% of SBO after a RYGB is due to an internal hernia [18].
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4.1  Roux-en-O misconstruction

One cause of SBO early after surgery (<30 days postoperative) may be the mis-
identification of the alimentary and biliopancreatic limbs during surgery, resulting 
in a loop obstruction as the distal jejunum of the biliopancreatic limb is anastomosed 
to the gastric pouch. A condition known as “Roux-en-O misconstruction” requires a 
second surgical intervention to correct the mistake.

The clinical presentation encompasses abdominal pain, nausea, and bilious 
vomiting. It is an extremely difficult diagnosis to make, as radiological modalities may 
appear normal.

4.2  Internal hernia

An internal hernia (IH) is the protrusion of the bowel through the mesenteric 
defects created by the division of the small bowel to form de biliopancreatic and ali-
mentary limbs or the defect in the mesocolon when a retro colic roux limb technique 
is used. The incidence of IH is higher in the laparoscopic technique rather than in the 
open approach due to lesser postoperative adhesions.

The IH is the most common long-term complication after Roux-en-Y gastric bypass 
with an incidence of 12% without routine closure of the mesenteric defects [19] and 
between 0.9% and 4.5% [20] when mesenteric defects are closed with non-absorbable 
sutures. It often presents as a late complication (>30 days postoperative) of surgery.

There are three potential spaces for internal hernia formation in an RYGB 
depending upon the surgical technique used, as illustrated in Figure 2. When an 
antecolic RYGB is performed, only two spaces are created: a mesenteric defect at the 
jejuno-jejunostomy (also known as Brolin’s space) and a space between the transverse 
mesocolon and Roux limb mesentery (Petersen’s defect). If a retro colic roux limb 
technique is used, another space is added: a defect in the transverse mesocolon [21]. 
The incidences of IH in each space vary among studies.

The clinical presentation of late SBO is variable, ranging from mild digestive 
symptoms to acute abdomen. The reducibility of the hernia, the presence or absence 
of strangulation, and incarceration all influence the severity of the symptoms. 
Abdominal pain is the most common complaint [22], often described as deep, con-
tinuous, and gradual onset, with the majority of patients localizing the pain in the 
left upper quadrant of the abdomen. Few patients report changes in bowel frequency. 

Figure 2. 
Schematic representation of potential sites for internal hernia formation. (A) Defect in the transverse mesocolon, 
(B) Petersen’s space, and (C) Brolin’s space.
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Nausea and vomiting are less common, with less than half of patients experiencing 
these symptoms [23], due to lack of involvement of the alimentary limb.

Because clinical diagnosis is difficult, imaging studies play an important role in the 
evaluation of patients with high clinical suspicion. Abdominal computed tomography 
(CT) is the preferred imaging modality for the diagnosis of IH prior to surgery, as its 
sensitivity and specificity has been reported to exceed 80% [24]. Traditionally, three 
signs have been described [25] with variable diagnostic sensitivity and specificity. 
The “swirl sign”, which is considered the best predictor of IH, consists of the twisted 
appearance of vessels and fat at the mesenteric root; abnormal clustered loops; and 
the “mushroom sign”, which is formed by the herniated mesenteric root in a mush-
room shape with mesenteric vessel stretching.

Other authors have proposed additional signs such as the small bowel (other than 
duodenum) posterior to the superior mesenteric artery and right-sided location of the 
distal jejunal anastomosis [26], or the “superior mesenteric vein (SMV) beaking” [27] 
which consists of decreased caliber of the SMV. Although no sign alone is pathogno-
monic of IH, prompt interpretation of CT may lead to an early diagnosis and prompt 
treatment of a potentially serious complication like ischemia, necrosis, or perfora-
tion of the involved intestinal segment. However, diagnostic laparoscopy should be 
performed immediately if there is any doubt in the imaging studies or if the patient is 
critically ill.

Surgical exploration is recommended for bariatric patients suspected of having 
IH. Either open or laparoscopic exploration can be performed, although the latter can 
be technically challenging due to bowel dilatation which increases the risk of injury 
during trocar placement and also decreased working space.

In both cases, the recommended first step of the procedure is to identify the ileoce-
cal valve and explore the terminal ileum (the common channel) toward the ligament 
of Treitz until the jejuno-jejunostomy is reached [28]. The potential mesenteric gap at 
the jejuno-jejunostomy is then explored. The biliopancreatic and alimentary limbs are 
identified and explored, as well as Petersen’s space and the gap between the trans-
verse mesocolon (in cases where the retrocolic technique was used). All the intestine 
trapped within the hernia defect should be carefully reduced with atraumatic forceps 
to avoid iatrogenic injury. Once all the herniated bowel has been reduced, it should 
be carefully examined to determine perfusion. If perfusion is compromised or frank 
necrosis is encountered, resection with primary anastomosis is required [21].

It is very important that all mesenteric defects are carefully examined and closed 
with non-absorbable sutures if found open, as there is a 14% risk of recurrence of 
IH in the untreated mesenteric gaps [29]. As for the rates of IH in the antecolic vs. 
retrocolic technique, the latter have a lower incidence (1.3% vs. 2.3%), since there is a 
smaller number of mesenteric defects [30].

Because IH is a relatively common complication of RYGB, a single anastomosis 
procedure called open gastric bypass (OAGB) has been developed to reduce the 
incidence of IH. The OAGB eliminates the mesenteric defect in Brolin’s space due to 
the absence of the jejuno-jejunostomy, although the risk of Petersen’s hernia remains, 
with an incidence of IH of 2.8% [31].

4.3  Intussusception

Intussusception after RYGB is a rare late complication of RYGB, with an incidence 
ranging from 0.15 to 4.7% [32]. It is thought to originate from motility disorders 
in the divided small intestine, secondary to the disruption of the natural intestinal 
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pacemakers in the duodenum, and allows for the formation of ectopic pacemakers in 
the alimentary limb [33].

Most intussusceptions after RYGB occur at the jejuno-jejunostomy site and are ret-
rograde (antiperistaltic) [34], telescoping the distal bowel segment into the proximal 
segment. If left untreated, it may progress to bowel ischemia and wall necrosis.

Clinical presentation includes abdominal pain, constipation, nausea, and vomit-
ing, with or without signs of acute abdomen. The most useful diagnostic tool is the 
CT, which shows the classic “target sign” (concentric rings) [35].

Most patients require surgical intervention. If exploration of the jejuno-jejunostomy 
reveals ischemic bowel or perforation, bowel resection is mandatory. If the exploration 
reveals no complications, it can be treated with a reduction of the bowel segment without 
resection, although this approach has a risk of recurrence, so some authors suggest that 
the invaginated segment should be resected whether it is viable or not [36].

4.4  Bezoars

A bezoar is a combination of ingested materials that cannot be digested and are 
therefore retained in the GI tract. They are classified according to their composition, 
with phytobezoars (composed of plant fibers) being the most common type [37]. They 
are a rare etiology of bowel obstruction after RYGB, accounting for <1% of cases [38].

Most patients have a history of gastro-duodenal surgery [39] resulting in altered 
GI anatomy and/or motility. Bariatric surgery may promote bezoar formation due to 
small gastric pouches, decreased gastric motility and acidity, and narrow stomas at 
anastomoses [40]. The most common location of bezoars is the stomach, although the 
bezoar may migrate to the small or large intestine [41].

Reported sites of intestinal obstruction after RYGB include the gastric pouch, the 
gastrojejunostomy, the alimentary or biliopancreatic limb, or, extremely rarely, the 
jejuno-jejuno anastomosis [42].

Clinical presentation varies depending on the location of the bezoar but often 
includes nausea, vomiting, and/or symptoms of gastric outlet obstruction. If compli-
cated by GI bleeding from ulcer or wall necrosis (secondary to increased intraluminal 
pressure), they may present with anemia, bloody stools, or hematemesis [43]. If 
perforation is present, the patient will develop signs of acute abdomen.

Diagnosis requires a high index of suspicion. Plain radiographs may show 
radiotranslucents, ultrasound can show the presence of an intraluminal mass with a 
hyperechoic surface and prominent acoustic shadow, CT can show a round intralumi-
nal mass in the GI tract with retained air bubbles inside, endoscopy is the preferred 
method as it allows direct visualization of the bezoar and allows therapeutic applica-
tions [40, 42, 43].

Current treatment options include chemical dissolution of the bezoar (in the 
absence of SBO) with Coca-Cola [37] or papain [44], an enzyme extracted from 
the Carica papaya plant and used in some meat tenderizing products. Endoscopic 
fragmentation and removal are also possible. In the case of SBO or ileus due to bezoar, 
surgical removal is indicated via enterotomy [43] or the milking technique, which 
consists of pushing the bezoar toward the stomach or through the ileocecal valve, a 
technique that is not without complications [45].

Nutritional counseling is essential to prevent bezoar formation and recurrence, 
which has a 14% risk of recurrence [46]. Dietary counseling should include eating 
small meals, increasing fluid intake, chewing slowly and carefully, and avoiding high-
fiber foods [40].
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4.5  Anastomotic stricture (stenosis)

The stenosis at the gastrojejunostomy after RYGB occurs in up to 27% of 
patients [47]. The etiology is multifactorial, proposed mechanisms involved in the 
formation of stenosis include stomal ulcer, reflux, ischemia of the suture, or an 
inadequate surgical technique (size of circular staple anastomoses, or the initial size 
of the anastomosis) [48].

The gastroenterostomy constructed during an RYBG is made deliberately small to 
archive the restrictive effect of gastric bypass, with an optimal size between 10 and 
12 mm [49]. It has been proposed that clinical manifestations occur when the anasto-
mosis narrows to a diameter of <10 mm [50].

Symptoms include dysphagia, nausea, vomiting, and abdominal pain. Diagnosis is 
usually made by endoscopy, which also allows therapeutic treatment with endoscopic 
dilatation. To reduce the likelihood of recurrence, many authors advocate the use of 
through-the-scope (TTS) balloon catheters and dilatation to at least 15 mm [51]. If no 
improvement is achieved after four consecutive endoscopic dilations, surgical revi-
sion with reconstructive surgery may be indicated.

5.  Conclusions

Bariatric surgery is growing in popularity worldwide as the prevalence of obesity 
increases. As the number of postoperative patients increases, so does the incidence of 
postoperative complications.

Postoperative bariatric surgery patients may seek urgent care at any emergency 
department, so in order to suspect and make a timely diagnosis, emergency physi-
cians and general surgeons should have a basic knowledge of bariatric procedures and 
their potential complications.

Frequently, some of the complications of RYGB manifest as SBO. These include 
internal hernia, intussusception, bezoar formation, and anastomotic stenosis. The 
altered anatomy of the gastrointestinal tract secondary to the creation of a Roux-en-Y 
gastric bypass makes the symptoms very vague and different from classic bowel 
obstruction, making the diagnosis challenging. Misdiagnosis could result in inappro-
priate attempts at non-operative management with delays in surgical consultation and 
treatment with potentially fatal consequences.
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