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1	� Introduction

Global obesity is rising at an alarming rate, with estimates predicting that by 2030 
nearly 1 in 2 adults will have obesity (BMI ≥ 30 kg/m2), and 1 in 4 adults will have 
severe obesity (BMI ≥ 35 kg/m2) [1]. It is well studied that obesity increases the risk 
of other chronic medical conditions, including type 2 diabetes mellitus, cardiovascu-
lar disease, cerebrovascular, chronic kidney disease, nonalcoholic fatty liver disease, 
metabolic syndrome, and many cancers. With an increasing number of patients with 
severe obesity and related comorbidities, there is an increasing role of bariatric sur-
gery in managing these conditions, especially diabetes. Each year there is an increase 
in the number of bariatric procedures performed in the US as per the American 
Society for Metabolic and Bariatric Surgery (ASMBS) estimate of bariatric surgery 
numbers. The most significant upsurge seen in the number of sleeve gastrectomy 
(SG) performed rose from 17.8% of total procedures performed in 2011 to 61.4% of 
total procedures performed in 2018 [2, 3]. This increasing popularity of SG over the 
past decade has been due to its safety profile, technical ease, and excellent long-term 
efficacy. However, a blanket prescription of this procedure should be avoided, and an 
effort towards more personalized and evidence-based procedure selection should be 
adopted. In this chapter, we will first explore the current indications for metabolic and 
bariatric surgery, followed by a criterion that makes SG a better surgical option.
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2	� Current Eligibility Criteria for Bariatric Surgery

In 1991, National Institutes of Health (NIH) Consensus Development Panel first out-
lined the universally accepted guidelines for surgery for obesity and weight-related 
disease [4]. Since then the guidelines have been repeatedly revised and expanded 
over the years, most American and international societies have agreed on general 
guidelines for the indication of bariatric and metabolic surgery as listed below.

•	 Adults with a BMI ≥ 40 kg/m2 regardless of comorbid illness.
•	 Adults with a BMI 35.0–39.9 kg/m2 with comorbidities, including:

o	 Type 2 diabetes (T2D)
o	 Hypertension
o	 Hyperlipidemia
o	 Obstructive sleep apnea (OSA)
o	 Nonalcoholic steatohepatitis (NASH)
o	 Pseudotumor cerebri
o	 Gastroesophageal reflux disease
o	 Asthma
o	 Venous stasis disease
o	 Severe urinary incontinence
o	 Debilitating arthritis
o	 Impaired quality of life

•	 Adults with a BMI 30.0–34.9 kg/m2 with severe comorbidities listed above, 
especially T2D.

•	 Furthermore, potential surgical candidates must have the following conditions:
•	 Inability to achieve a healthy weight loss for a while with prior weight loss 

efforts.
•	 Absence of drug and alcohol problems
•	 No uncontrolled psychological conditions
•	 A capacity to understand the risks and commitment associated with the surgery.

3	� Age

In their Consensus Statement of the NIH Consensus Development Conference 
(1991) and the International Federation for the Surgery of Obesity and Metabolic 
Disorders (IFSO) has age criterion—between the ages of 18 to 65 years [4, 5]. 
However, there is considerable flexibility in these recommendations [6]. In recent 
years, there is a growing interest in the use of bariatric surgery at the extremes of 
age. Bariatric surgery in the adolescent will be discussed in-depth in another sec-
tion later in the chapter. Briefly, the ASMBS pediatric committee recommends an 
adult BMI threshold selection criterion as it appears to be appropriate for adoles-
cents, with some modification about associated comorbid disease thresholds [7]. A 
significant concern when dealing with adolescents is their degree of maturity and 
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onset of puberty. These need to be taken into account when surgical treatment is 
recommended along with other psychological factors, metabolic issues, functional 
comorbidities, quality of life, and attention to long-term health risks in the absence 
of treatment in a patient who otherwise has a long life expectancy [6].

In the advanced age (>60 years), the higher perioperative risk due to anesthe-
sia, complex medical comorbidities, and increased risk of mortality from com-
plications have been cited as risk factors precluding bariatric surgery some series 
[8]. Besides, the elderly are less compliant with new dietary and lifestyle changes. 
However, more recent studies have shown not only low morbidity and mortality 
but a clinically significant weight loss and improvement in comorbidities in older 
patients [9–14]. In their comparison of patients > 60 years who underwent bariat-
ric surgery from 2009 to 2013, with those who underwent bariatric surgery from 
1999 to 2005, Gebhart et al. found a significant decrease in mortality (0.3%) [15]. 
A systematic review by Giordano et al. of 26 articles with 8,149 patients showed 
a pooled mortality of 0.01%, and the overall complication rate was 15%. More 
recently, Nor Hanipah et al. suggested that bariatric surgery is safe and effective in 
patients aged ≥ 75 years older when carefully selected [14]. Similarly, Susmallian 
et al. analyzed the results of bariatric surgery in elderly patients (>65 years) for 
three years [12]. They noted a perioperative complication rate of 9%, with 1.3% 
needing re-operative intervention. These rates are slightly higher than those for 
the younger patient. However, most complications result from an increasing num-
ber of comorbidities seen in these patient populations. Often these complications 
do not need a major intervention. The authors believe that patients should not be 
denied bariatric surgery solely based on their age. It is vital to carefully counsel 
the elder patient about their slightly increased risks of morbidity and the possibil-
ity of less satisfactory outcomes.

4	� BMI

From its inception, patient selection based on NIH Consensus statements for bari-
atric procedures has been based on BMI [4]. This selection criterion is inadequate 
as BMI is a poor indicator of adiposity, metabolic disease, and cardiovascular risk. 
It is a well known fact that a higher composition of visceral fat is associated with 
increased liver, muscle and pancreatic fat that results in a higher metabolic con-
dition in individuals with same BMI [16–19]. BMI does not account for differ-
ent body composition related to gender or age; that is, females and older patients 
have high body fat compared to males and younger patients, respectively. Also, 
there is an interracial difference in fat distribution; for example, an Asian has more 
body fat than a Caucasian with the same BMI [20]. The BMI criterion for bariat-
ric procedures should be adjusted for ethnicity (e.g., 18.5–22.9 kg/m2 is healthy 
range, 23–24.9 kg/m2 overweight, and ≥25 kg/m2 obesity for Asians). The recent 
ASMBS updated position statement on bariatric surgery in class I obesity recom-
mends patients with a BMI of 30 to 35 kg/m2 with obesity-related comorbidities 
be considered for surgical intervention after the failure of nonsurgical treatments 
[21]. This is particularly relevant for uncontrolled type 2 diabetes patients, as there 
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are high-quality data that show significant benefit. Presently, patients in the 18 to 
65 age group who have class I obesity along with severe comorbidities have the 
best evidence for bariatric and metabolic surgery.

5	� Procedure Selection

A bariatric procedure should be selected based on individualized therapy goals, 
personalized risk stratification based on the patient’s medical history, and avail-
able surgical expertise. Aminian et al. developed and validated an individualized 
metabolic surgery (IMS) score to aid the evidence-based procedure selection for 
T2D [22]. The IMS score uses four independent predictors of diabetes remission—
preoperative duration of T2D, HbA1C level, number of diabetes medications, and 
insulin use before surgery. This was the largest reported cohort of patients with 
T2D (n = 900), which had a minimum 5-year glycemic data after RYGB and SG 
(median follow-up time of 7 years, range: 5–12 years). The IMS score categorizes 
T2D into three validated stages of severity to guide procedure selection—mild, 
moderate, and severe. In mild disease (IMS score 25 points or less), SG and RYGB 
are recommended as both are highly effective in the treatment of T2D. However, 
RYGB results in slightly higher long-term diabetes remission rates and a reduction 
in the number of diabetes medications. In severe T2D (IMS Score > 95) where there 
is a limited functional beta-cell reserve in the pancreas, both procedures have simi-
larly low efficacy in achieving diabetes remission, reduction in HbA1C level, and 
use of diabetes medications. In the large intermediate disease group, RYGB is rec-
ommended over SG as it achieves better long-term diabetes remission, this is likely 
related to its more pronounced effect on the gut hormones and neuroendocrine 
milieu. In the original cohort with the intermediate diabetes severity, long term 
diabetes remission was observed in 60% of patients who underwent RYGB ver-
sus 25% of those who had SG. The IMS score calculator (smartphone application) 
computes a score when the patient’s data are entered, and recommendation for an 
average surgical risk patient is provided. Given that the IMS cohort had patients 
with higher BMI and involved mostly patients from the US and Spain, it may not 
accurately apply to patients with class I obesity or Asian ethnicity. Another limi-
tation of this model was that it did not include bariatric surgical procedures with 
more potent metabolic effects such as malabsorptive procedures (Duodenal Switch, 
SADI). Generally, RYGB and SG appear to be similarly effective in improving 
hypertension, dyslipidemia, and quality-of-life indices [23–26].

6	� Other Considerations in Decision-Making

A procedure may be preferred over the other depending on the individual patient’s 
condition [22, 25]. In patients with extremely high BMI and higher surgical risk, 
SG may be chosen because the limited working space makes a bypass procedure 
challenging and unsafe. After losing weight, these patients may be a candidate for 
diversionary procedures.
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SG is favored in patients with multiple small bowel diseases like Crohn’s dis-
ease [27], multiple small bowel resection, dense adhesions, large complex ventral 
hernias due to technical reasons [25].

Compared with GI bypass procedures, SG has minimal effect on the pharma-
cokinetics of medications as it does not alter gut absorption. This makes SG most 
suitable in patients with complex psychiatric and addiction history requiring psy-
chotropic polypharmacy [22, 24, 28].

SG is a better choice for patients who smoke [29, 30] or are dependent on 
chronic nonsteroidal anti-inflammatory drugs as it circumvents the risk of mar-
ginal ulceration seen in RYGB patients [25].

Similarly, in patients with history of duodenal ulcer, increased risk of gastric 
cancer, or patient in whom access to distal stomach, duodenum, and biliary tree 
would be necessary in future, SG is a prudent choice, as RYGB precludes easy 
access to the remnant stomach and duodenum.

RYGB would be preferred over SG in patients with severe gastroesophageal 
reflux disorder (GERD) or Barrett’s esophagus [28]. There are concerning reports 
of worsening or development of de novo GERD after SG, which may progress to 
Barrett’s esophagus. Although its significance has yet to be determined, GERD 
after SG can be effectively treated with medical therapy in most cases. In 5% to 
10% of patients with GERD after SG, medical management is ineffective control-
ling the symptoms. In these cases, a conversion to RYGB is warranted [25].

In patients with osteoporosis or decreased bone density, SG may be a bet-
ter option compared with RYGB. Calcium and vitamin D deficiencies are com-
monly seen after bariatric surgery that is responsible for the accelerated bone loss. 
Multiple studies have shown more significant bone loss after RYGB than SG at 
the femoral neck [31, 32]. Comparative studies have noted a significantly increase 
in circulating bone turnover markers such as CTX, PINP, TRAcP5b in the RYGB 
compared with SG [33]. This could also be related to the different hormonal 
responses induced by these procedures [33–35].

A meta-analysis of 12 studies concluded that RYGB surgery is associated with 
a higher risk of renal stone and increased urine oxalate and calcium oxalate super-
saturation [36]. In an another meta-analysis, SG was associated with reduced kid-
ney stones formation (pooled risk ratio of 0.37, 95% CI 0.16–0.85) compared with 
RYGB that was associated with increased risk (pooled risk ratio of 1.73, 95% CI 
1.30–2.30) [37]. The overall pooled risk ratio of kidney stones in patients undergo-
ing bariatric surgery was 1.22 (95% CI 0.63–2.35). It has been postulated that the 
fat malabsorption induced enteric hyperoxaluria results in an increased risk of kid-
ney stones in RYGB and other malabsorptive procedures.

Portomesenteric and splenic vein thrombosis (PMSVT) is a rare but potentially 
severe complication after bariatric surgery. A meta-analysis and systematic review 
of 41 studies reported that SG is associated with remarkably increased risk of 
PMSVT when compared with RYGB [38]. The estimated incidence was 0.4%, and 
43% of patients had a history of the hypercoagulable disorder. Hence, in patients 
who have hypercoagulable disorders, an RYGB would be recommended.
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Patients with increased risk of colon cancer need special consideration. In gen-
eral, following bariatric surgery, the risk of hormone-related cancer like breast, 
endometrial, and prostate cancer reduces. However, an English study has shown 
that gastric bypass was also associated with a greater than two-fold increase risk 
of colorectal cancer (odd ratio 2⋅63, 95% CI 1⋅17 to 5⋅95) [39]. Similar results 
were seen in an earlier Swedish study [40] and a Nordic study, they also noted the 
increased risk is exaggerated with longer follow-ups [41]. There are some postula-
tions to explain this anomaly to the protective effect of bariatric surgery on overall 
cancer incidence. The inflammatory environment stimulates hyperproliferation of 
the bowel mucosa after RYGB in a rat model [42]. Furthermore, similar results 
of increased proliferation of rectal mucosa along with elevated bio-marker levels 
were seen in patients who underwent RYGB [43]. The changes in the gut micro-
biome that partially mediates the metabolic changes could be responsible [44, 45]. 
In summary, the increased risk of colorectal cancer is that following RYGB, the 
local mucosal changes occur secondary to the malabsorptive effects and changes 
in the gut microbiome. The authors recommend that patients with an inherent 
increase risk of colorectal cancer undergo SG.

Management of blood sugar in some patients with type 1 diabetes after bariat-
ric surgery can be extremely challenging. Particularly, some patients with type 1 
diabetes may develop severe hypoglycemia after diversionary bariatric procedures. 
In patients with type 1 diabetes, SG, which is associated with more predictable 
absorption of carbohydrates and fat-soluble nutrients, would be a preferred proce-
dure, unless there is a reason not to perform SG [46].

Outlined in Table 1 is the bariatric procedure selection (RYGB or SG) based on 
the patient’s condition.

7	� Summary

•	 In conclusion, for better outcomes, it is crucial to guide patients towards the 
most suitable bariatric procedure depending on their obesity-related comorbidi-
ties and overall medical conditions.

•	 BMI ≥ 40 kg/m2 or BMI ≥ 35 kg/m2 with obesity-related comorbidities are 
used as eligibility criteria for bariatric surgery selection. However, there are 
reliable data that support the positive impact of these operations in patients with 
lower BMI (30–35 kg/m2) with uncontrolled metabolic conditions.

•	 The current review of the literature indicates that RYGB and SG have positive 
effects on improvement of T2D and that RYGB has a more substantial effect on 
remission. RYGB and SG appear to be similarly effective in improving hyper-
tension, dyslipidemia, and quality-of-life indices.

•	 The IMS score is an evidence-based and validated prediction tool that can help 
in a personalized selection process of metabolic surgery in patients with T2D 
and obesity.

•	 The surgical risk, differential impact of each procedure on weight and other 
obesity-related diseases (e.g., GERD), presence of other medical and mental 
problems, patient’s behavioral factors (e.g., postoperative compliance, active 
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smoking), medications (e.g., chronic nonsteroidal anti-inflammatory drugs, 
immunosuppressive medications, or psychotropic polypharmacy), and patient’s 
values and goals should be considered when the patient and medical team make 
a shared decision about the most appropriate surgical procedure [25].
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