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Abstract
The field of bariatric surgery has been rapidly growing and evolving over the past several decades. During the period that obesity has become a worldwide epidemic, new interventions have been developed to combat this complex disorder. The development of new laparoscopic and minimally invasive treatments for medically-complicated obesity has made it essential that gastrointestinal physicians obtain a thorough understanding of past developments and possible future directions in bariatrics. New laparoscopic advancements provide patients and practitioners with a variety of options that have an improved safety profile and better efficacy without open, invasive surgery. The mechanisms of weight loss after bariatric surgery are complex and may in part be related to altered release of regulatory peptide hormones from the gut. Endoscopic techniques designed to mimic the effects of bariatric surgery and endolumenal interventions performed entirely through the gastrointestinal tract offer potential advantages. Several of these new techniques have demonstrated promising, preliminary results. We outline herein historical and current trends in the development of bariatric surgery and its transition to safer and more minimally invasive procedures designed to induce weight loss. 
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INTRODUCTION 
Over the past several decades, obesity has increasingly become a major health care concern. From 1980 to 2008, the global trend has shown a rapid increase in the mean body mass index (BMI) by a rate of 0.4 kg/m2 per decade[1]. The highest mean BMI among high-income countries is found in the United States[1]. According to the Centers for Disease Control and Prevention National Center for Health Statistics, 35.7% of adults in the US were obese in 2009 and 2010[2]. Although the overall trend continues to rise, the prevalence of obesity may be reaching a plateau as it did not significantly change in 2009 and 2010 when compared with 2003 to 2008[3]. While the increasing prevalence of obesity may be slowing, morbid obesity continues to rise at a brisk rate in the United States[4].
The rise in obesity is a major contributing factor to the growing prevalence of type 2 diabetes mellitus[5,6]. The risk of developing type 2 diabetes mellitus increases proportionally with increasing BMI as each unit of increased BMI correlates with an approximately 12% increase in risk[7]. Obesity has also been significantly associated with high blood pressure, high cholesterol, asthma, arthritis, and overall poor health status[8]. Both the United States Preventive Services Task Force and the National Institutes of Health (NIH) recommend treatment of obesity through improvement of diet or nutrition, increasing physical activity, and behavioral interventions[9,10]. However, treatment of morbid obesity with bariatric surgical procedures has been shown to be significantly superior to intensive medical programs and has demonstrated improvement in type 2 diabetes mellitus indices, sustained weight loss, improvement in quality of life, and amelioration of several cardiovascular risk factors[11-15].
Guidelines set forth by the NIH recommend bariatric surgery as a treatment option for obesity in patients with a BMI ≥ 40 kg/m2 or for patients with BMI ≥ 35 kg/m2 and co-morbidities, for whom other therapies have failed[9]. Some experts have advocated for less stringent guidelines for bariatric surgery as a treatment modality. Although there is data to suggest patients with BMI ≤ 35 kg/m2 would benefit from bariatric surgery[16,17] more extensive and robust data is needed before such widespread recommendations can be made[18] .
Bariatric surgical options are numerous and continue to expand with advancing technology due to the availability of less invasive procedures. In patients who undergo bariatric surgery, the utilization of minimally invasive, laparoscopic surgery provides multiple advantages over the older, open surgical methods. Laparoscopic bariatric surgery provides earlier ambulation after surgery, less postoperative abdominal pain, lower postoperative risks of pneumonia and deep venous thrombosis, decreased length of hospital stay, improved cosmetic appearance, lower risk of postoperative wound complications (including those of infection and hernia development), and an earlier return to societal activities, including their job activities. 
In addition to the increasing number of surgical options, endoscopic techniques that have had varying degrees of success in the treatment of morbid obesity are becoming more widely studied. An array of approaches has been explored ranging from duodenal and intralumenal intestinal electrical stimulation to natural orifice translumenal endoscopic surgery (NOTES). In this article, we review the hypothesized pathophysiology, surgical procedures, and endoscopic procedures currently available as well as future directions in the field of bariatrics.

TYPES OF BARIATRIC SURGERY AND THEIR PROPOSED EFFECTS
The first surgical procedure for the purpose of inducing weight loss was described by Dr. Viktor Henrikson in a 1952 case report discussing resection of the small intestine[19]. Bariatric surgery for the treatment of obesity was studied by Kremen et al[20] in 1954 using dogs as an animal model. They subsequently performed a jejuno-ileal bypass on a human subject. The early forms of bariatric surgical procedures had high rates of morbidity and mortality. With evolution of the field, bariatric surgeries have been altered to increase safety and to allow for fewer adverse effects. The annual number of bariatric surgical procedures performed worldwide has surged since 1998[21], and has now become a widely available and accepted modality for the treatment of morbid obesity. Approximately 146000 bariatric surgeries were performed worldwide in 2003[22]. The upward trend has continued with greater than 340000 annual bariatric surgeries worldwide in 2008 and 2011[23].
The most common bariatric surgical procedures are outlined in Figure 1. Roux-en-Y gastric bypass (RYGB) is  the most commonly performed bariatric surgery worldwide, including in the United States/Canada, Europe, and Latin/South America. Adjustable gastric banding (AGB) is currently the third most common bariatric surgical procedure worldwide, and by 2011 AGB was less commonly utilized (17.8% internationally) compared to 2003 (24.4% internationally)[23]. The major reason for the decline in utilization of AGB has been the pronounced upward trend in the percentage of vertical sleeve gastrectomy (SG) surgeries performed between 2003 (0% internationally) and 2011 (27.89% internationally)[23].  This shift in the choice of laparoscopic surgical procedures may be due to a more rapid and more substantial weight loss after SG; it may be due to the removal of the risk related to the chronic implantation of an adjustable band; it may be due to the removal of requirement of follow up adjustments in individuals with adjustable bands; it may be related to an absence of urgent return visits following the overfilling of adjustable bands. 
The initial versions of AGB were introduced in the 1980’s and then further refined to insertion with a laparoscopic technique in 1993. The advantage of AGB is that it does not involve reduction or stapling of any portion of the stomach, and it does not involve alteration of the anatomy with the creation of a bypass of segments of the small intestine. It is a relatively safe procedure with low morbidity and mortality, and offers patients the potential for minimally invasive adjustments of the band or even a reversal of the procedure. Although the efficacy is not as dramatic as other bariatric surgical procedures, the majority of patients experience greater than 40% of excess weight loss (EWL) within one year[24,25]. The mechanisms associated with weight loss in AGB are not well understood. Weight loss was initially thought to be related to a restrictive mechanism; however, several studies indicate that appetite reduction plays an important role[26,27].  The reasons for this suppression of appetite remain unclear. 
SG is gaining popularity worldwide and is becoming one of the most commonly performed bariatric surgical procedures. The gastric fundus and body are surgically excised, leaving a narrow, tubular stomach along the lesser curvature of the stomach. It allows for an immediate restriction of caloric intake without placement of a foreign body, or the need for adjustments. Although SG is irreversible and has a relatively increased operative risk compared with other bariatric surgeries, the procedure is often less time consuming and requires less time under general anesthesia. The long-term data on the efficacy and durability of this procedure is lacking. Patients experience 65% of EWL within one year and maintain approximately 50% EWL within 6 years[28-30]. Similarly to AGB, weight loss after SG was first theorized to be due to a restrictive mechanism; however, recent studies have indicated that hormonal changes play a critical role[31-33]. 
RYGB continues to be the most commonly performed bariatric surgery performed worldwide and comprises nearly 50% of all procedures performed. Despite its popularity, there is a recent downward trend in the number of RYGB procedures being performed annually worldwide[23], possibly due to the increasing favor gained by SG. In this procedure, a small gastric pouch is created and directly connected to the jejunum, thus bypassing a large portion of the stomach and duodenum. Three channels are formed: the continuous digestive tract (termed the Roux limb), the biliopancreatic limb, and the common channel (between the jejunojejunostomy and the ileocecal valve). Patients with a short common channel (< 120 cm from the ileocecal valve) are at greater risk of developing severe malabsorption than those with a longer common channel[34]. RYGB effectively reduces the gastric reservoir to provide a restrictive component for weight loss, and also creates a malabsorptive component by excluding a variable portion of the duodenum and jejunum to inhibit fat absorption[35]. Hormonal effects may also provide a significant contribution to the efficacy of RYGB related weight loss[36]. In an examination of the potential benefit of probiotics, Woodard et al[37] randomized 44 individuals after Roux-en-Y gastric bypass to receive either placebo control or 2.4 billion Lactobacillus species daily. At 6 mo, there were no differences in weight loss between these two groups. There was reduced breath hydrogen levels in subjects who received daily Lactobacillus, supporting suppression of small intestinal bacterial overgrowth. The importance of gastric bypass surgery in improving patients’ quality of life was supported by improvements in gastrointestinal quality of life surveys in both of the groups. Scopinaro et al[38] initially developed biliopancreatic diversion (BPD) in the mid-1970s. This procedure involves a distal gastrectomy with closure of the duodenal stump. The jejunum is divided and the distal limb (termed the roux limb) is anastomosed to the proximal stomach, while the proximal limb (termed the biliopancreatic limb) is anastomosed to the ileum. Initial versions of this procedure had high morbidity with patients often experiencing dumping syndrome. To resolve this problem, a variation of the procedure, termed biliopancreatic diversion with duodenal switch (BPD/DS), was developed to preserve the pylorus and control gastric emptying. To help maintain the restrictive component of BPD/DS, a partial gastrectomy of 70%-80% of the greater curve of the stomach is performed in a gastric sleeve configuration[39].	
Vertical banded gastroplasty (VBG) is a procedure that was developed in the 1970s and 1980s by surgeons who were attempting to develop a bariatric surgical procedure without significant morbidity. Designed to be a purely restrictive procedure, the gastric anatomy is altered to restrict the daily caloric intake and cause early satiety. The fundus of the stomach is separated with a stapled partition, creating a vertical pouch along the proximal lesser curvature. A narrow band of polypropylene mesh is used to reinforce the outlet of the pouch. This procedure is not technically challenging for most surgeons and has less morbidity than gastric bypass. Despite the excellent short-term outcomes with EWL of 60% or more at one year, patients often do not maintain this level of weight loss and have only 40% of EWL ten years after their surgery. The failure to maintain long-term weight loss is often attributed to dehiscence of the staple line, allowing food to re-enter the main body of the stomach and thus negating the effects of surgical restriction[19]. Because of the aforementioned reasons, this procedure has largely fallen out of favor and accounted for only 0.7% of bariatric procedures worldwide in 2011[23].
GASTROINTESTINAL PHYSIOLOGICAL BASIS FOR WEIGHT LOSS PROCEDURES
Weight loss observed in patients with malabsorptive and/or restrictive bariatric procedures was initially believed to be the result of readily apparent mechanisms. The procedures that have a restrictive component (AGB, VBG, SG, and RYGB) were designed to drastically decrease the size of the stomach. According to this theory, patients experience early satiety with smaller meal portions due to the reduced gastric capacity. If restriction of the gastric capacity was the only mechanism involved in weight loss after bariatric surgery, the body would likely compensate by increasing the intake of calorie-dense food and meal frequency. Paradoxically, after RYGB and vertical gastroplasty, patients were noted to have lower calorie food preferences and consumed significantly smaller meal portions[40,41]. Individuals with VBG do not experience the same degree of effects as they tend to consume a slightly higher proportion of dietary fat and calorie-dense foods when compared to patients after RYGB[42]. There is an abundance of data showing that RYGB causes more significant amounts of weight loss and is more effective at reducing appetite than VBG[13,43-46]. These findings are suggestive of an alternative, underlying mechanism which contributes to weight loss, rather than merely being induced by simple restriction of the gastric reservoir. 
Evidence has been mounting in support of these less well defined physiological changes that, in addition to causing weight loss, also help improve co-morbidities such as type 2 diabetes mellitus. In a large meta-analysis including 22094 patients after bariatric surgery, Buchwald et al[43] found that 1417 of 1846 patients had complete resolution of type 2 diabetes mellitus. Further categorization by type of bariatric surgery shows drastic differences in efficacy. Of those with AGB and VBG, 47.8% and 68.2% had resolution of type 2 diabetes mellitus respectively, contrasted with 83.8% of patients with RYGB, and 97.9% with BPD or BPD/DS. A plausible theory to explain this observation is that RYGB, BPD, and BPD/DS affect glucose homeostasis by a weight loss-independent mechanism. 
Time course studies have further supported the likelihood of physiological and hormonal changes contributing to the efficacy of bariatric surgery. Wickremesekera et al[47] assessed 71 obese patients undergoing RYGB who were categorized into three groups: diabetics, impaired glucose tolerance, and normal glucose tolerance. All three groups had insulin resistance prior to surgery (diabetic patients had greatest insulin resistance), and they all showed improvement of insulin resistance within six days of RYGB. Of the 31 diabetic patients included in the study, only three individuals required medications for treatment of diabetes mellitus at the time of their discharge. Given the lack of any appreciable weight loss six days after RYGB, this finding is consistent with a humoral mechanism for control of hyperglycemia. Similarly, Tsoli et al[48] studied 12 patients undergoing BPD. All of the patients discontinued their anti-diabetic medications postoperatively, and at one month, only one patient still had diabetes. To aid our consideration of the potential mechanisms to explain these clinical findings, the proposed physiological roles of regulatory peptide hormones in the gastrointestinal tract are summarized in Table 1.
Two major hypotheses have been proposed to explain the immediate beneficial effects on type 2 diabetes mellitus seen in patients after duodeno-jejunal bypass (as performed with RYGB, BPD, and BPD/DS) in humans. The “foregut hypothesis” suggests that bypass of the proximal intestines exerts an anti-diabetic effect by disallowing calories from being exposed to the foregut, and thus, preventing release of a diabetogenic, hormonal mediator. An alternative hypothesis is termed the “hindgut hypothesis.” This theory proposes that an increased delivery of calories and nutrients to the distal jejunum and ileum increases the secretion of enteroendocrine hormones, including peptide YY and glucagon-like peptide-1 (GLP-1)[36]. Although the proper mechanism(s) remain unknown, an animal model created to study the differences between these theories supports the foregut hypothesis. This study showed that duodeno-jejunal bypass directly ameliorates type 2 diabetes mellitus independently of food intake, weight, malabsorption, or nutrient delivery to the hindgut. Therefore, unknown or undiscovered factors from the proximal portions of the bowel may contribute to the pathophysiology of type 2 diabetes mellitus[49]. The proposed effects of bariatric surgery on peptide hormones in the gastrointestinal tract are summarized in Table 2.

Peptide YY
The hypothalamus regulates food intake and satiety with neuropeptides. Peptide YY  is a member of the neuropeptide Y family of biologically active peptides and is an important hormone in gut-brain communication[50]. Peptide YY is almost exclusively expressed in the gastrointestinal tract and is primarily secreted from mucosal enteroendocrine L-cells[51]. As shown by our group, Peptide YY is mainly concentrated in the ileum and colon, with the highest concentrations found in the distal colon[52]. Exercise and food intake stimulate the release of Peptide YY causing levels to peak within two hours and remain elevated for several hours[53]. Peptide YY interacts with Y receptors and has an inhibitory effect on gastric emptying and intestinal transit. Expression of Peptide YY has been demonstrated in the hypothalamus and pituitary tissues of human brains, which may suggest a role for Peptide YY as a neurotransmitter involved in the regulation of appetite and energy expenditure[54]. 
Lower fasting plasma Peptide YY concentrations have been exhibited in obese individuals when compared to their lean counterparts[55,56]. After VBG, patients have continually increasing levels of basal Peptide YY concentrations at 6 and 12 mo that correlate with their weight loss and approach the control levels. However, these patients do not have significant postprandial spikes one hour after meals as would be expected with a normal physiological response. This implies that the cause of increases in the basal Peptide YY concentrations may be related to their weight loss rather than the surgical procedure. Although basal Peptide YY concentrations are highest in lean controls, there is no statistical difference compared to patients with RYGB. In response to a meal, RYGB patients have an exaggerated spike in Peptide YY levels. Postprandial Peptide YY concentrations start to rise almost immediately and have been demonstrated to increase as early as two days after RYGB[57] and one week after BPD[58]. At 90 min after a meal, they have approximately two to three fold higher concentrations compared with lean and matched controls[59]. 
GLP-1
Incretins are gastrointestinal hormones that augment insulin secretion from the beta cells of the islets of Langerhan in the pancreas, even prior to elevations in blood glucose. There are currently two hormones that are classified as incretins: glucagon-like peptide or GLP-1 and glucose-dependent insulinotropic polypeptide (GIP). Similar to Peptide YY, GLP-1 is produced by enteroendocrine L-cells primarily located in the distal ileum and colon[60]. There is biphasic secretion of GLP-1 from the gut in response to food intake. The early phase occurs within 10-15 min after ingestion of food and the late phase peaks at approximately 30-60 min[60]. GLP-1 receptors have been identified in a wide range of tissues including the lung, heart, kidney, stomach, intestine, pancreatic islets, and the peripheral and central nervous systems[61]. Similar to Peptide YY, GLP-1 has been implicated in the regulation of food intake and energy homeostasis. GLP-1 delays gastric emptying and acts as a physiological regulator of food intake and appetite, increases satiety, reduces hunger, and plays a role in glucose homeostasis[62-65]. Although there are GLP-1 receptors in the intestines and in numerous areas of the brain, the exact roles of this peptide have not yet been delineated. Several studies have supported the theory that GLP-1 exerts its effects on delaying gastric emptying through the vagus nerve[66-68]. However, animal studies have supported the notion that the effects of GLP-1 may not be solely dependent on vagal afferent signaling, but rather may also involve receptors within the CNS[60].
Although AGB also induces satiety with optimal adjustment[26], it has not been shown to be associated with the exaggerated postprandial hormonal responses seen after RYGB[69]. As seen with Peptide YY, patients have an increased and exaggerated postprandial GLP-1 response after RYGB when compared to lean and obese controls. These hormonal effects, however, were not observed in patients that have lost an equivalent amount of weight from AGB[70]. Elevations of both GLP-1 and peptide YY have been associated with an attenuated appetite after RYGB. Subsequent inhibition of the release of these hormones with octreotide (a somatostatin analogue) causes increases in food intake in patients after RYGB[57]. This finding suggests that these gut hormones play a crucial role in the reduced food intake after RYGB, but not after AGB. The enhanced hormone level response is sustained two years after surgery and may help to explain the maintained weight loss seen with RYGB[71]. 

GIP
GIP is synthesized and secreted from intestinal K-cells, a majority of which are located in the duodenum and proximal jejunum[72]. It is secreted in response to ingestion of nutrients, especially glucose and fat, and is significantly higher after ingestion of large meals compared to small meals[73]. The rate of GIP release is related directly to nutrient absorption, rather than the mere presence of intralumenal food and nutrients. Therefore, malabsorption and decreased nutrient absorption reduces the secretion of GIP[61]. In the pancreas, GIP inhibits β-cell apoptosis and stimulates proliferation of β-cells and glucose-dependent insulin secretion[74]. Although one of the main functions of GIP is its effect on the pancreas, GIP receptors have been identified in the stomach, small intestine, heart, lung and brain[72]. 
Patients with type 2 diabetes mellitus have a severely reduced incretin effect, which is likely multi-factorial in origin. Despite normal or even increased basal and postprandial GIP concentrations[75], its insulinotropic effect is greatly diminished[76,77]. GIP has a sharp postprandial trajectory after RYGB compared to matched controls with caloric restriction. The increment in GIP from baseline to its peak levels were larger and occur much more swiftly in patients after RYGB than with caloric restriction[78]. Despite the sharp increases seen after RYGB, comparisons with AGB reveal even higher concentrations of postprandial GIP after AGB than RYGB[69]. One study compared patients with AGB and SG to patients with RYGB and BPD/DS (defined in that study as restrictive procedures vs. malabsorptive procedures, respectively). Although patients with malabsorptive procedures experienced increased concentrations of GIP, it was not statistically significant. Those with restrictive procedures had much larger longitudinal increases at one month and three months after surgery[79]. These findings may be due to bypass of the K cells in the duodenum and proximal jejunum with procedures such as RYGB and BPD/DS[79]. 

Oxyntomodulin
Oxyntomodulin is another product of the L-cells found in the distal portions of the gastrointestinal tract and is secreted in response to food ingestion[80]. It binds to the same receptors as GLP-1, but with lower affinity. Oxyntomodulin is an anorectic hormone. After a meal, its circulation increases in proportion to the caloric intake and peaks within 30 min, remaining elevated for several hours[53]. It can inhibit gastric acid production and pancreatic secretion, and it delays gastric emptying[81]. Administration of oxyntomodulin causes reductions in food intake in lean and obese individuals and promotes a reduction in body weight[82,83]. The changes in oxyntomodulin concentrations correlate with the changes seen in GLP-1 and peptide YY, which makes it difficult to distinguish its effects from those of other peptides. Various studies have supported the possibility that these three hormones work in synergy and act as a powerful hormonal triad contributing to post-surgical weight loss[80]. After RYGB, the reported results are similar to that reported with GLP-1 and Peptide YY. Patients experience an exaggerated rise in oxyntomodulin levels, more than two-fold higher than controls, in response to an oral glucose load[84].

Ghrelin
Ghrelin is an orexigenic (appetite stimulant) hormone that is secreted from the X/A-like cells within the gastric oxyntic cells[85]. It appears to increase gastric motility, stimulates the hypothalamo-pituitary-adrenal axis, and enhances cardiac contractility[86]. Ghrelin is principally secreted from X/A-like cells within the fundus of the stomach, but may be found in smaller amounts in the duodenum, jejunum, and ileum[80]. Ghrelin also functions as a neurotransmitter and is expressed within the arcuate nucleus of the hypothalamus and periventricular regions[87]. 
In humans, ghrelin demonstrates a diurnal rhythm by rising throughout the day to a zenith at 0100, but then falling overnight to a nadir at 0900. Secretion of ghrelin is stimulated by fasting, by cholecystokinin (CCK), and by gastrin, and is inhibited by food ingestion, by somatostatin, and by growth hormone[80]. There is a clear rise in preprandial ghrelin concentrations followed by a postprandial decline[88]. Patients with anorexia nervosa have high fasting plasma ghrelin concentrations with normalization of levels after weight gain[89]. Similarly, diet-induced weight loss also leads to increases in plasma ghrelin concentrations[90]. Although ghrelin levels decrease postprandially in normal-weight subjects, obese individuals demonstrate a much smaller drop in ghrelin levels after meals[91,92]. Circulating ghrelin concentrations have been found to be negatively correlated with BMI[93]. These findings suggest that ghrelin may be a strong contributor in the regulation of and pathophysiology of obesity. 
The role of ghrelin post-bariatric surgery is complex and difficult to assess. The findings are dependent on several variables including the different types of bariatric surgeries, various levels of weight loss, and different intervals after surgery. One of the first reports of decreased ghrelin concentrations after RYGB was by Cummings et al[90] and similar results have since been replicated by several other studies[94-96]. They compared patients after RYGB to lean volunteers and matched obese patients that lost weight through diet. RYGB resulted in lower fasting, postprandial, and interprandial plasma ghrelin levels compared with obese and lean patients. The decline in ghrelin is almost immediate after RYGB with levels demonstrated to be significantly lower as early as one day after surgery. This decline is maintained for at least two years[97]. 
Similarly, ghrelin plasma levels are noted to decrease immediately with SG as early as one day after surgery, but not with AGB. The ghrelin levels remain low for at least six months after SG[98], but in patients with AGB, levels may actually increase after the surgery[26,98,99]. Plasma concentrations of ghrelin are also increased after BPD[100]. However, when BPD/DS is performed, which includes resection of the gastric fundus, a decrease in ghrelin concentration is observed[101]. A series of studies have demonstrated that bariatric procedures preserving the gastric fundus do not result in decreases in plasma ghrelin, whereas procedures that resect the gastric fundus lead to lower fasting plasma ghrelin concentrations[59,96,102-104]. The exact role and overall effect of ghrelin on weight loss and obesity remains unclear. Despite findings that procedures causing decreases in levels of ghrelin (RYGB and SG) result in better weight loss, effective weight loss is still demonstrated in procedures in which ghrelin increases[80].

Pancreatic polypeptide
There is mounting evidence delineating the role of the vagus nerve in the regulation of the physiology of ghrelin and pancreatic polypeptide (PP). The vagus nerve innervates much of the gastrointestinal tract and helps mediate several hormonal pathways. In humans, blockade of vagal impulses with the use of a non-specific cholinergic antagonist reduces ghrelin secretion[105,106]. Furthermore, administration of exogenous ghrelin to patients with truncal vagotomy after lower esophageal or gastric surgery does not stimulate increased food intake[107]. This suggests that the vagus nerve is involved in the physiological regulation of ghrelin. 
PP has structural homology to peptide YY. It is produced in endocrine type F cells in the pancreatic islets and is released into circulation after food ingestion and exercise. PP serves as a regulatory hormone by inhibiting pancreatic exocrine secretion, stimulating glucocorticoid secretion, and modulating gastric acid and gastrointestinal motility. It is secreted at a low basal rate in fasting states and is markedly increased during all phases of digestion[108]. Intact vagal cholinergic reflex circuits are a major regulator of PP secretion. The release of PP is diminished by atropine (a cholinergic antagonist) in normal patients and is completely abolished in patients with a vagotomy[109,110]. 
PP may be intricately involved in the regulation of food ingestion. Administration of exogenous PP has demonstrated suppression of food intake and inhibition of gastric emptying. After its release, PP has been shown in animal models to have a negative feedback mechanism by acting on receptors in the dorsal vagal complex. Thus, PP has a direct effect on the regulation of vagal input to the stomach and pancreas[108]. Since PP concentrations decrease with inhibition of the vagal cholinergic reflex circuits, however, this suggests that the effect of PP on food intake may be indirect and also regulated through the vagus nerve. After RYGB, PP levels have been shown to decrease as early as one day post-operatively, with subsequent normalization to pre-operative levels one month after surgery. This observation may, in part, be due to vagal dysfunction immediately after surgery with an ensuing return to normal function[111]. A comparison of RYGB with vagal nerve preservation to RYGB with vagal nerve dissection does not reveal any significant differences in the overall long term weight loss after three years[112]. A small study identified higher PP levels after RYGB than in patients with SG, but this finding did not reach statistical significance[113]. 

CCK 
CCK is produced in the I-cells, which are mainly located in the duodenum and proximal jejunum, with small numbers of cells present throughout the rest of the small intestine. It is secreted after food ingestion, especially after meals with high contents of fat and protein[114]. The main functions of CCK are stimulation of pancreatic exocrine secretion, gall bladder contraction, inhibition of gastric emptying, and decreasing food intake[115]. Serum concentrations of CCK rise within 15 min after meals, but have a short plasma half-life of only a few minutes. The anorectic effects of CCK are mediated by its receptors within the central nervous system, which may allow it to operate as a stimulus for satiety[116]. 
A small preload meal causes a normal physiological response of CCK release with subsequent reduction in food intake and decreased sensations of hunger[117,118]. Parenteral administration of CCK has similar effects by increasing fullness and reducing hunger and food intake, irrespective of whether the patient is lean or obese[119,120]. These findings suggest the possibility that obese patients could have a defect in the secretion of CCK. However, this theory has been refuted by studies showing similar postprandial plasma CCK levels in lean and obese individuals[121,122]. Patients undergoing RYGB do not have statistically significant changes in the post-operative CCK levels[123,124]. After VBG, there were no significant changes in the CCK concentrations in response to a meal on consecutive days before and after surgery[122]. However, when comparing CCK levels of morbidly obese patients three months after VBG to that of lean controls, the peak concentration was significantly higher and required a shortened time period to reach its zenith[125]. These data suggest a possible role of CCK in stimulating satiety and encouraging decreased food intake to help achieve greater weight loss after VBG. 

Gut microbiota
The physiology and pathophysiology of the gut microbiota in obesity and in treatment of obesity warrants extensive investigation. There have been preliminary studies examining the role of the gut microbiota in outcomes after bariatric surgery. This is of course a complex area of clinical research due to differences in concentrations of aerobic and anaerobic bacteria in different regions of the gut and due to differences in the composition of bacteria present in different individuals.  
In a study from the Mayo Clinic, Scottsdale[126], nine individuals (3 normal weight, 3 morbidly obese, and 3 after gastric bypass surgery) had extensive studies of their microbial communities. There were 6 major bacterial divisions identified. Firmicutes were dominant in individuals with normal weight and morbid obesity, but were decreased after gastric bypass. Morbidly obese individuals had increased numbers of hydrogen-producing Prevotellaceae and hydrogen-oxidizing Archaea. The authors hypothesized that interspecies hydrogen transfer is an important mechanism for increasing energy update by the human colon in morbidly obese individuals. 
A second study from France examined fecal samples from 13 normal weight individuals and from 30 obese individuals (who had samples obtained before and after RYGB)[127]. The major findings included: (1) Bacteria in the Bacteroides/Prevotella group were lower in obese individals compared to normal weight individuals, but increased 3 mo after RYGB; (2) Escherichia coli had increased 3 mo after RYGB; (3) Lactic acid bacteria decreased by 3 mo after RYBG; and (4) Faecalibacterium prausnitzii was lower in individuals with diabetes mellitus.
The authors hypothesized that components of the gut microbiota adapt to a starvation-like process following RYGB. 
A second French study[128] later reported studies of fecal samples and gene expression in white adipose tissue obtained from morbidly obese individuals before and after RYGB. The authors identified enrichment of gut microbiota after RYGB with 37% of increased bacteria being Proteobacteria. It was reported that there were increased associations between gut microbiota composition and gene expression in white adipose tissue after RYGB. 
Taken together, it is clear that further work is needed to determine how the composition of the gut microbiota and changes in the gut microbiota after bariatric surgery can be used in decision making for the clinical care of morbidly obese individuals who are seeking interventional therapy to induce weight loss. 

HORMONES SECRETED BY ADIPOSE TISSUE
Leptin
The hormone Leptin was originally described as important for suppression of food intake in mice. Human Leptin is a 167 amino acid protein. It is produced by adipocytes of mainly white adipose tissue as well as by brown adipose tissue[129]. Leptin is produced in small amounts by multiple organs.  The major Leptin receptor is expressed in the hypothalamus, the site of regulation of body weight and the sense of hunger. It has been reported that blood levels of Leptin are paradoxically increased in obese individuals[129]. 
 The potential influence of Leptin on outcomes after bariatric surgery is unclear. It has been reported[129] that Leptin administration compared to placebo (delivered by subcutaneous injections twice daily for 16 wk) in 27 women enrolled at least 18 mo after RYGB revealed that Leptin treatment had no effect on body weights. This result was disappointing since multiple groups[130-132] have reported marked postoperative decreases in blood Leptin levels after SG and RYGB. Further clinical research is therefore required to determine whether Leptin is involved in the weight loss process after these bariatric surgical procedures. 

Adiponectin
The hormone Adiponectin is a 244 amino acid protein. Adiponectin is physiologically involved in the regulation of blood glucose levels and fatty acid breakdown or oxidation[133]. It is secreted by adipose tissue, and, interestingly, by the placenta during pregnancy. In adults, there is an inverse relationship between blood Adiponectin levels and body fat percentage. Adiponectin levels may be paradoxically decreased in obese individuals.
 Increases in blood Adiponectin levels after bariatric surgery may be important in postoperative insulin sensitivity[133-135].  It has been reported that Adiponectin serum levels increase after RYGB, even in patients with preoperative body mass index as low as 22 kg/m2[133]. However, investigators in the Swedish Obese Subjects Study have suggested that baseline blood levels of Adiponectin do not predict the treatment benefit of bariatric surgery[136]. Therefore, it is not presently clear how blood levels of Adiponectin could be used to plan future minimally invasive therapy for medically-complicated obesity. 

ENDOSCOPY AND THE POTENTIAL FUTURE OF BARIATRIC PROCEDURES
Although bariatric surgery is an effective therapy in the treatment of morbid obesity and has become a cornerstone, it has risks and limitations. Bariatric surgery is the most effective weight loss treatment; however, it is associated with morbidity, mortality, and has a considerable cost. While laparoscopic procedures have reduced the rate of complications, additional advances are actively being sought to further reduce the overall risk and cost. An ideal operation would provide a safe, durable, and reversible procedure with low peri-operative complications and recovery time, without the need for an incision through the abdominal wall. One obvious candidate to help achieve these goals would include endoscopic approaches with interventions performed entirely through the gastrointestinal tract using flexible endoscopes. Not only is this approach becoming more feasible with technological advancements, but it also introduces new categories of therapy. 
  There are several other types of endoscopic techniques that mimic the anatomic features of bariatric surgery. Two broad categories of endoscopic weight loss modalities include restrictive and malabsorptive therapies. Although these categories are overly simplistic and do not explain the hormonal changes that accompany each type of procedure, they have remained prevalent within the literature. Restrictive procedures attempt to decrease the available volume of the stomach with suturing or stapling devices. Malabsorptive procedures prevent food from contacting the duodenum and jejunum and mixing with biliary secretions until more distal segments of the small bowel. Examples of restrictive procedures include intragastric balloon therapy, endolumenal vertical gastroplasty, transoral gastroplasty, and transoral endoscopic restrictive implant systems. Malabsorptive procedures include the duodenojejunal bypass sleeve (DJBS) system, which has certain adaptations that may act as a combination of both restrictive and malabsorptive procedures, and mimics many of the hormonal changes seen in bariatric surgery. These endoscopic methods are summarized in Table 3. 

Intragastric balloon
The Garren-Edwards bubble (GEB) was the first intragastric balloon widely used in the United States during the 1980s. It was first introduced in 1982 and approved by the Food and Drug Administration in 1985. The GEB was endoscopically deployed in the stomach and expanded using an air insufflation catheter to fill the polyurethane cylinder, which was freely floating in the stomach. It was designed to decrease caloric intake and induce weight loss by increasing gastric distension and satiety and delay gastric emptying[137]. The GEB was less efficacious than bariatric surgery[138] and did not induce statistically significant weight loss in controlled trials. Due to a lack of efficacy and a relatively high cost of this device, it fell out of favor[139,140]. Furthermore, there were several complications including gastric erosions and ulcers, Mallory-Weis tears, small bowel obstruction, and esophageal laceration. Accordingly, the GEB was withdrawn from the market in 1988. 
 The BioEnterics intragastric balloon (BIB) was first introduced in 1999. It consists of an adjustable silicone elastomer balloon with a spherical shape. The potential complications are similar to that of GEB, but occur less frequently[137]. The Food and Drug Administration has not given approval for BIB use in the United States, but it has been studied extensively worldwide and is approved in many regions including Europe, several South American countries, Australia, and Canada. The prospects of long-term therapy with BIB remain limited as it is usually left in place for only six months. Retrospective data revealed a low complication rate of approximately 2.8% with EWL of 33.9% and improvement in pre-operative co-morbidities in 44.8% of patients[141]. Similar results have been confirmed by several studies validating BIB as an effective and safe short-term treatment of obesity[142,143]. A small prospective study compared weight loss achieved with BIB and laparoscopic AGB. Since BIB is only approved for six month intervals, the device was removed at six months and replaced with an identical, new BIB during the same procedure. Similar results were noted in the two groups after six months; however, at 12 mo, patients with BIB had greater weight loss than laparoscopic AGB. After 18 mo (six months after the BIB had been removed), overall weight loss results were similar as the BIB group had regained some of the lost weight[144].
 The long-term outcomes are not as favorable as short-term outcomes with only one quarter of patients maintaining weight loss 2.5 years after intragastric balloon[145]. Thus, some have proposed intragastric balloons as an effective bridge to bariatric surgery. It helps induce pre-operative weight loss to decrease the technical difficulties associated with bariatric surgeries in morbidly obese individuals, and decreases the risk of general anesthesia[146,147]. Furthermore, while it may not change the total weight loss after surgery, pre-operative treatment with intragastric balloon has been shown to reduce intraoperative complications and risk of conversion to open surgery in morbidly obese patients undergoing laparoscopic AGB[148].
 Because of this reported unfavorable long-term outcome, other authors have suggested treatment with serial balloons[149]. In a six year study, 83 individuals with BMI > 40 underwent intragastric balloon placement. After balloon removal, a second balloon was placed in all patients after they had regained ≥ 50% of the weight loss achieved with the initial balloon. A third balloon was placed in 22% of the patients and 1 patient underwent placement of a fourth balloon. At 76 mo of follow up, the mean BMI was 37.6 kg/m2, demonstrating a modest weight loss. Due to the placement of multiple intragastric balloons, this strategy is less likely to be cost effective. 
To address some of the limitations experienced with BIB, the spatz adjustable balloon system (SABS) was introduced. The SABS is composed of a spherical silicone balloon mounted on a catheter placed on one surface. The catheter has two perpendicular loops: one is an easily visible white inflation valve, and the other has a metal chain, which prevents collapse of the balloon and maintains its 7 cm diameter within the gastric lumen to prevent migration beyond the stomach. The device may be removed with a standard polypectomy snare by ensnaring a blue clasp at the end of the larger, metal chain containing loop. A pilot study was completed with 18 patients and demonstrated 26.4% EWL at 24 wk and 48.8% EWL at 52 wk. Six successful downward adjustments were made to help alleviate intolerances including abdominal pain, nausea, and vomiting. Upward adjustments were made in ten patients due to weight loss plateau resulting in additional weight loss. Several adverse events were experienced causing premature removal of the device in seven patients. This also prompted several improvements in the design of the device to help prevent complications[150]. 
Despite improvements in the design of the SABS, studies have shown a relatively high rate of adverse events, which remains one of its biggest limitations. Espinet-Coll et al[151] experienced adverse events in 15% of the devices used in a study involving 107 patients. Four devices developed a leak and the other 12 developed intolerances requiring early explantation. The intolerances cited include anchor migration in seven patients with two developing duodenal ulcers (one of which was surgically repaired), one gastric fundus ulcer, and four clinical intolerances. One case report was published with a patient experiencing migration of the SABS to the jejunum causing obstruction and the patient presenting with abdominal pain, nausea, and vomiting 8 mo after implantation of the device. Exploratory laparotomy was performed with removal of the SABS through a small enterotomy[152]. In a direct comparison of SABS and BIB in a case control study, both devices were well tolerated with similar weight loss after 12 mo. However, the SABS group experienced complications in 17.5% compared to only 2.5% of those with BIB. Device migration was noted in 10% of the SABS group and 15% of patients had to have it removed prematurely[153]. The SABS could potentially be used in the same manner as some studies have demonstrated with BIB. The device may be removed one year after the initial procedure with subsequent placement of a new SABS device. This type of approach could allow placement for up to two years[153]. Although preliminary studies are encouraging, the lack of long-term efficacy and concerns about the overall safety necessitate additional research and possibly further improvements in the design of the device prior to its widespread use. 
Another potential alternative system has been developed by ReShape Medical. The ReShape Duo has been used in Europe for over 2 years. This devise consists of two connected but separate balloons with a total volume of 900 mL. In one small study, three sites randomized 21 patients to a dual balloon system for 24 wk, while 9 patients treated with diet and exercise alone served as the control group[154]. These 30 patients included 26 women and 4 men with an age range of 26 to 59 years-old. At 24 wk, the mean excess weight lost averaged 32% in the dual balloon group and 18% in the control group. Twenty four weeks later, the dual balloon group had maintained 64% of their weight loss. In the dual balloon group, the treatment-related complications included severe nausea in 4 out of 21 patients (19%), gastritis in 1 patient, and transient hypoxia in 1 patient during removal of the balloon devise. No long term study results are yet available for review. 

Endolumenal vertical gastroplasty 
Initial studies of endolumenal treatments for gastroesophageal reflux disease (GERD) introduced endoscopic suturing devices developed to create tissue placation using adjacent tissue folds[155]. This system was marketed as the Bard EndoCinch Suturing System and while it has good short-term outcomes in the treatment of GERD, the long-term results show diminishing efficacy over time[156,157]. The possibility of its therapeutic potential has been extended to treatment of obesity. Endolumenal vertical gastroplasty (EVG) was completed by using a continuous suture pattern to create a narrow, tubular shaped stomach to provide restriction of food intake and to cause early satiety. The underlying hormonal effects of this procedure are unknown as they have not yet been studied. The average procedure time for EVG is approximately 45 min with minimal complications and no serious adverse events. EVG provided outcomes comparable to bariatric surgery with 58.1% EWL at one year[158]. 
A separate device was developed by Bard and named the restore suturing system. This is a single-intubation, multi-stitch device placed at the end of a standard endoscope. An initial pilot study revealed the feasibility and safety of this procedure, but the overall procedure time took an average of 125 min[159]. A one year follow-up revealed only modest decreases in weight, BMI, and waist circumference with a mean of 27.7% EWL. Furthermore, endoscopy at one year found a partial or complete release of plications in 72% of patients[160]. Despite adequate short-term outcomes with EVG, there is a lack of data showing the long-term durability. Given the results noted with the Bard EndoCinch Suturing System in the treatment of gastroesophageal reflux and the limited data about the findings with the restore suturing system, one might expect the efficacy to further decline in longer-term studies. 

Transoral gastroplasty 
An endolumenal procedure termed transoral gastroplasty (TOGA) was developed by Satiety Inc. and involves endoscopic stapling of the lesser curvature of the stomach to create a restrictive pouch. The pilot study for this device did not have any serious adverse events and had good results with 24.4% EWL at six months post-treatment. The study did note gaps in the original staple line in 62% of patients[161]. The TOGA system was subsequently improved by developing overlapping staple lines to avoid gaps from forming and a small follow-up study involving 11 patients was conducted to test the new advancements. This study confirmed the safety of the procedure and resulted in 46.0% EWL at six months[162].
Although there have been good short-term outcomes, there is limited data about the long-term effects. Outcomes measured at one year in a study with 53 patients revealed a total of 38.7% EWL. Complications were reported with one patient developing respiratory insufficiency requiring mechanical ventilation and another with asymptomatic pneumoperitoneum. Furthermore, 23 of the patients developed gaps in the staple line seen on endoscopy[163]. Another recent study involving a comparison of TOGA to RYGB and BPD revealed good outcomes for a select group of patients with TOGA after two years. Although RYGB and BPD had better overall results in the reduction of BMI, the TOGA patients with a lower initial BMI had higher reductions in their BMI than patients with RYGB and BPD[164]. At this time, the TOGA system is not used within the United States. Clinical trials did not reach set targets and research and development of the product was halted indefinitely due to a lack of approval from the United States Food and Drug Administration.
A variation of TOGA was recently described in a clinical study performed at the Mayo Clinic, Rochester by one of us (Gostout CJ) using the commercially available endoscopic suturing device, Overstitch. This novel procedure accomplishes endoscopic gastric volume reduction in a similar fashion to SG. It introduces a series of closely spaced, full-thickness, interrupted sutures through the gastric wall resulting in volume-reducing plications extending from the gastric antrum to the gastroesophageal junction. A pilot study with four patients demonstrated the technical feasibility of this endoscopic procedure without any intra-operative or serious post-operative adverse events[165].
Two additional intralumenal suturing systems have been recently reported. Espinos and associates have described a per-oral system that is designed to place transmural plications in the gastric fundus and distal gastric body using specialized suture anchors[166]. Their clinical study included 45 patients (76% females). A mean of 8.2 plications were placed in the fundus and a mean of 3.0 plications were placed in the distal gastric body. At 6 mo follow up, patients had lost a mean of 49.4% of their excess body weight with no mortality and no operative morbidity reported. This interesting report will require verification of the authors’ results in additional research centers and long-term follow up of weight loss to confirm the utility of this technique. 
In a multicenter report, there has been a recent, partial description of a new transoral suturing device developed by SafeStitch Medical Inc, Miami, Florida, United States[167]. The authors describe four obese patients who underwent proximal gastric placement of gastroplasty sutures after mucosal excisions of gastric tissue. It was reported that at 2 year follow up, the patients had excess body weight lost that ranged from 0% to 68%. This study is quite limited in that it is a small clinical trial with highly variable results. In addition, the physiological basis for the placement of gastroplasty sutures and the mechanisms involved in weight loss are not well defined. 
Despite the promising short-term results of TOGA and its variations, long-term results are not yet available. The durability and extent of weight loss remain in question and thus far, these procedures have not demonstrated clear advantages in efficacy over surgery. These procedures may be advantageous in a select subgroup of morbidly obese patients, but further studies are necessary to elucidate the long-term outcomes when compared to other surgical and non-surgical options. 

Trans-oral endoscopic restrictive implant system 
The trans-oral endoscopic restrictive implant system (TERIS) was developed by BaroSense Inc. and introduced as a new endoscopic therapy for the treatment of obesity[168]. This procedure involves placement of a restrictor with a 10 mm central channel for food passage at the gastric cardia, creating a restrictive pouch. This is considered a permanent implant, but may be removed or modified if necessary. A prospective, observational study was completed to evaluate the short-term safety and efficacy of TERIS. Of a total of 13 patients included in this study, three of them experienced serious adverse events with one developing gastric perforation requiring procedural reversal and laparoscopic treatment and two others developing pneumoperitoneum. The percentage of EWL was 22.2% after three months[169]. While the procedure is feasible and weight loss and improvement in quality of life measures are comparable to restrictive bariatric procedures, the safety profile remains a concern. Technical improvements and long-term data are necessary to make TERIS an effective option in the arsenal of treating obesity. Completion of multi-center feasibility studies would be important in order to evaluate adverse events relating to the procedure and device and the associated overall weight loss. At this time, it does not appear that clinical research studies utilizing TERIS will be proceeding. 

DJBS
Developed as the EndoBarrier by GI Dynamics, Inc. (Lexington, Massachusetts, United States), the duodenojejunal bypass sleeve is an endoscopically implanted, removable, and impermeable fluoropolymer sleeve with a nitinol anchor. The device is deployed into the duodenal bulb under fluoroscopic guidance during endoscopy and extends 60 cm into the small bowel. It is intended to mimic a bypass procedure without the risks and effects associated with surgery. It does not allow food to contact the mucosa of the duodenum and upper portions of the jejunum. It also prevents food from mixing with biliary and pancreatic secretions until more distal segments of the jejunum. The device was initially studied in porcine models without significant adverse events[170], and was later successfully deployed in the first human subject[171]. An open-label, single-center, prospective study including 12 patients revealed good outcomes with 23.6% EWL after 12 wk. Two patients had explantation of the device after nine days secondary to poor placement and there were no severe device-related events reported[172]. In a larger, multicenter, randomized clinical trial involving 41 patients with 30 undergoing duodenojejunal bypass sleeve placement, there were no adverse events. The device could not be implanted successfully in 4 patients, but patients with the device experienced 19% EWL after 3 mo compared to 6.9% EWL in control patients[173].
Another variation of the duodenojejunal bypass sleeve has been tested using a restrictor orifice to add a restrictive component. This device, also endoscopically implanted into the duodenal bulb, has a 4 mm orifice to slow gastric emptying. The device was first tested in porcine models and after safety was established, was used in a pilot study including 10 patients. This open-label, single-center trial investigated the modified duodenojejunal bypass sleeve with restrictor orifice and found the results of duodenal exclusion and delayed gastric emptying to be additive. Patients had an average of 40% EWL after just 12 wk, which compared favorably to results with the unmodified duodenojejunal bypass sleeve after 12 wk. The gastric emptying rate was measured by scintigraphy and noted to be significantly reduced in all patients with the device. There were no clinically significant adverse events, but a majority of patients experienced abdominal pain, while others had nausea and vomiting. These symptoms lead to seven patients requiring balloon dilation of the restrictor orifice[174]. Currently, there are no available data for the long-term outcomes for this device. 
The duodenojejunal bypass sleeve has also been tested in obese patients with type 2 diabetes mellitus. The study included 22 patients and was an open-label trial lasting 52 wk. Only 13 patients completed the entire duration of the study. Reasons for explantation included device migration in three patients, gastrointestinal bleeding in one patient, abdominal pain in two patients, and unrelated reasons in the remaining three patients. The duodenojejunal bypass sleeve improved the overall glycemic status of the 13 patients that completed the entire study and the reported EWL was 39.0%[175]. The duodenojejunal bypass sleeve device already has approval and is being used in several countries. A large, randomized, sham-controlled clinical trial is underway in the United States. The long term results of the duodenojejunal bypass sleeve remain in question as there is no long-term data. Furthermore, the device is only approved for a short duration of 12 mo and placement for longer intervals has not yet been tested. 

Gastroduodenojejunal bypass sleeve 
A novel device was developed by ValenTx Inc designed to mimic the restrictive and malabsorptive aspects of RYGB without the risks of bariatric surgery. An endolumenal, endoscopic gastroduodenojejunal bypass sleeve was proposed to induce short-term weight loss and improvements in co-morbidities. This sleeve is a 120 cm long fluoropolymer deployed through the pylorus with a toposcopic delivery technique with flow and pressure monitoring. Fluoroscopic guidance is used to ensure proper deployment through the duodenum and into the proximal jejunum. The device is then secured at the gastroesophageal junction using endoscopic and laparoscopic techniques. Explantation may be completed with an endoscopic retrieval method. The resulting gastroduodenojejunal bypass sleeve consequently prevents absorption of nutrients in the stomach, duodenum, and jejunum and delivers food directly from the esophagus to the small bowel. 
An initial prospective, single-center trial included 24 patients. Two patients were excluded pre-procedurally and the device was successfully placed in 22 patients. The 12 week study was completed by 17 of the patients, who had a reported 39.7% EWL. There were no serious adverse events experienced and the main reason for early explantation in five patients was pain with swallowing[176]. Further development of this device may eliminate laparoscopic visualization and allow the procedure to be performed entirely endoscopically. Although the early results are promising with weight loss results similar to those reported with RYGB and SG, further short-term and long-term data is needed to establish the clinical efficacy of the gastroduodenojejunal bypass sleeve in the treatment of morbid obesity.

Aspiration therapy
There is an endoscopic weight loss technique termed “Aspiration Therapy” which is not designed to mimic the physiological effects of bariatric surgery[177]. In this endoscopic technique, a specialized tube called as aspiration tube or A-Tube (Aspire Bariatrics, King of Prussia, Pennsylvania, United States) is placed percutaneously, leaving both an intragastric portion with holes to permit aspiration as well as a skin port. Ten to 14 d after A-Tube placement, individuals in this single center trial were instructed to aspirate their gastric contents 20 min after any breakfast, lunch or dinner that included more than 200 kcal. In this trial involving 11 subjects, ten individuals completed the first year of the study. These ten subjects lost a mean of 49% of their excess body weight at 1 year. Seven of these 10 subjects were able to maintain their weight loss at 2 years after enrollment in this study. This of course is a small, single center clinical study. More extensive validation will be required for assurance that the subjects are not simply being allowed to or encouraged to develop a potentially harmful eating disorder. 

OTHER PROCEDURES
Other techniques have been proposed to induce weight loss by attempting to alter normal physiology. These techniques, as shown in Table 4, are summarized in the below section. 

Electrical stimulation
Several animal and human studies have been completed on the effects of electrical stimulation of the stomach and intestines as a mode of therapy for morbid obesity. Animal studies have shown promising results with electrical stimulation of the intestines, which causes gastric relaxation, delays gastric emptying, and accelerates intestinal transit normally slowed by the ileal brake[178-180]. In humans, gastric electrical stimulation was found to be a safe and feasible therapy for morbid obesity. Several trials showed significant amounts of weight loss due to reduced gastric accommodation, delayed gastric emptying, and increased intestinal transit[181-184]. Direct comparisons of these studies is difficult as several different approaches have been attempted including laparoscopic and endoscopic placement of electrodes. Additionally, the exact placement varies with some studies placing electrodes in the distal stomach and others in the duodenum. Although these results have been encouraging, many questions remain about this modality of therapy and its long-term results. 
Another area of active research has been vagus nerve stimulation (VNS). As previously noted, the vagus nerve plays an important role in the hormonal regulation pathways involved with satiety and short-term regulation of food intake. Bodenlos et aldemonstrated that depressed patients experience a significant change in ratings of cravings for sweet foods with acute activation of a VNS device[185]. Similarly, providers administering treatments with cervical VNS for adjunctive therapy of severe, treatment-resistant depression noted significant weight loss proportional to the initial BMI, with more severe obesity yielding greater amounts of weight loss[186]. While truncal vagotomy has also successfully been used in the treatment of obesity[187,188], its effects may not be maintained over time, possibly owing to the development of collateral innervations[188]. 
A new therapy termed VBLOC for Vagal BLOCking therapy was developed for the treatment of obesity using intermittent intra-abdominal vagal blocking with high-frequency electrical currents. During a laparoscopic procedure, electrodes are placed on the anterior and posterior vagal trunks near the gastro-esophageal junction. A neuroregulator is placed subcutaneously and an external controller is used to program the device. This procedure does not require any anatomical modification or tissue compression within the gastrointestinal tract. An open-label, multi-centered trial was conducted to assess the feasibility, safety, and efficacy of VNS. Patients had a mean EWL of 7.5%, 11.6%, and 14.2% at four weeks, 12 wk, and six months, respectively. There were no device-related serious adverse events and patients were noted to have decreased caloric intake, early satiety, reduced hunger, and decreased plasma PP levels[189]. 
The EMPOWER study was a randomized, prospective, double-blinded trial that included 294 patients from 15 centers. All patients had an implanted VBLOC and were randomized to treated or control groups for 12 mo. Device-related complications were observed in 3% of patients with nearly half due to preexisting conditions. After 12 mo, the EWL for the treated and untreated groups were 17% and 16%, respectively. There was no statistically significant weight loss between the two groups. However, the authors suggest that electrical safety checks of the equipment deliver a low charge for electrical impedance, safety, and diagnostic checks, which may have contributed to the weight loss observed in the control group[190]. Despite promising results seen in the initial studies, the most extensive study to date was unable to demonstrate a clear advantage with the use of VBLOC. Given the favorable safety profile and ease of placement of the device without alteration of the gastrointestinal anatomy, further studies are needed to determine its long-term efficacy and feasibility in the treatment of obesity. 

Intragastric botulinum toxin injections
Botulinum toxin (BTX) acts to inhibit acetylcholine release at the neuromuscular junction and causes a local paralysis. This agent has been studied in the treatment of obesity with injections into the wall of the stomach to inhibit motility and delay gastric emptying. Initial experiments in animal models showed that injection of BTX into the gastric antrum caused a reduction in food intake and caused a reduction in body weight[191]. Initial human studies showed the overall safety of the procedure with no clinically significant adverse events. However, the overall outcomes were mixed. Some patients reported early satiety, but BTX injections did not provide a clear benefit for weight loss[192-194]. In double-blinded, randomized, controlled trials with BTX injections in the gastric antrum, the effects of gastric emptying were variable. Although some patients reported a reduced appetite, the amount of weight loss was not statistically significant[195,196].
A slight variation was attempted by Foschi et al[197] with intraparietal endoscopic administration of BTX into the gastric antrum and fundus. This double-blinded controlled study found a prolonged gastric emptying time and reduced maximal gastric capacity for liquids. Patients treated with BTX had significantly greater amounts of weight loss after eight weeks. Given the minimal adverse events noted in studies and the widespread availability, BTX has the potential to have a large role in the treatment of obesity. However, additional investigation into the sites of BTX injection and the optimum dosage are necessary. One major limitation with BTX is its relatively short duration of action, which is approximately three to six months. Furthermore, data regarding long-term outcomes is lacking and additional studies may be warranted. 

NOTES
NOTES procedures provide the obvious advantage to patients of a surgical procedure without the externally visible incision and resultant scars. There are several advantages to performing traditional surgical procedures with endoscopic access through natural orifices, including reduced complications and duration of hospitalization and a faster recovery period. Although the endoscope has traditionally been used for treatments within the gastrointestinal lumen, recent ventures have explored translumenal access to intra-abdominal structures. Technological advancements in endoscopy combined with efforts to find less invasive, safer therapies in the field of bariatrics have cultivated endolumenal bariatric surgery. 
The basic principles of NOTES began with the description of the first percutaneous endoscopic gastrostomy tube insertions[198]. Multiple novel experimental techniques were described in animal models as this new form of minimally invasive surgery became more feasible[199-205]. With continued development of the technique, one of the main difficulties encountered was achieving adequate spatial orientation. Hybrid versions with the use of standard laparoscopic vision together with endoscopic surgical procedures were first tested for feasibility in animal models[206] and later used in animals to perform more technically advanced procedures including SG[207,208].
Using a hybrid technique with a transvaginal and transgastric approach, the first RYGB was described in a human cadaver to demonstrate the feasibility of the procedure[209]. A similar study by Hagen et al[210] attempted RYGB in cadavers, but they experienced several obstacles. Difficulties included bowel manipulation and measurement, tissue dissection, stapler manipulation, and anvil docking. Furthermore, the total procedure time was approximately 6-9 h. While the authors found the procedure to be feasible, they noted a lack of proper instrumentation as a major barrier. The hybrid form of NOTES was used by Ramos et al[211] in the first description of SG performed in four patients using a transvaginal approach. The total operative time was 90 to 100 min and the procedure was shown to be feasible and safe with no short-term complications reported. In order to enhance the ability of the operators in helping to navigate the instruments, an image registration system has been evaluated in cadavers. Operators were better able to reach their intended targets as this system provided them with enhanced navigation without the need for previous training or knowledge of the system[212]. However, this system has not been widely tested and is not currently used in conjunction with NOTES. 
There are several limitations to the growth and expansion of NOTES, which initially generated high expectations. Advanced spatial and endoscopic skills are required by practitioners to apply new techniques and learn to operate new technology. Additionally, the advancement in technology in production of the next generation of endoscopic tools in the United States has been slowed by economic considerations and stringent regulatory standards[213]. With the increasing interest and growing number of studies on NOTES, the Society of American Gastrointestinal and Endoscopic Surgeons and the American Society for Gastrointestinal Endoscopy assembled a Joint Committee to review ongoing issues involving NOTES. As a part of this effort, the Joint Committee formed an organization called the Natural Orifice Surgery Consortium for Assessment and Research (NOSCAR). In their most recent publication, NOSCAR notes that a major roadblock to further advancement of NOTES remains within the regulatory and reimbursement arenas. Innovative technology to enable the performance of NOTES is mostly being developed by small startup companies that cannot withstand regulatory and reimbursement difficulties of the industry. Another challenge considered by NOSCAR is the difficulty in defining the optimal human procedures for the first widespread application of NOTES. The best potential human applications are considered to be transanal/vaginal colorectal surgery, endolumenal myotomy for achalasia, and staging peritoneoscopy for GI malignancies. Despite the promising research and growth of NOTES in bariatrics, applications to this field are not currently considered as one of the most promising areas of growth by NOSCAR[214]. 

CONCLUSION
Obesity and its associated co-morbidities are on the rise worldwide and have reached epidemic proportions. To help treat this growing and devastating disorder, the field of bariatrics has been evolving and growing over the past several decades. Surgical procedures have been developed and refined to help manage obesity, and over time, the safety and efficacy of bariatric surgery has improved. Due to the significant benefits and minimal associated risks, bariatric surgery is now the preferred modality of therapy for morbidly obese individuals, especially those with co-morbidities. 
Surgical options for medically-complicated obesity currently are supported by the best available data and generally provide the best outcomes. However, attempts to replace invasive techniques, with their related morbidity and mortality, are the driving factors behind studies of newer, minimally invasive procedures. Our therapeutic armamentarium continues to expand for treatment of morbid obesity and its medical complication as new research is completed and novel techniques are assessed. Preliminary results in several of these areas are promising and provide patients and practitioners with a potential future array of options and modes of therapy, yet many questions remain regarding the safety, efficacy, and durability of these new procedures. With continued research and additional technological advancements, new safe and effective minimally invasive treatment options appear to be on the horizon.
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Figure 1 Comparison of bariatric surgical procedures. The major restrictive bariatric procedures depicted at the top of the figure include the adjustable gastric banding and sleeve gastrectomy. The restrictive and malabsorptive procedures are depicted in the bottom of the figure. There are elements of both food restriction as well as malabsorption in patients who have undergone either Roux-en-Y gastric bypass or sleeve gastrectomy with duodenal switch. The major malabsorptive bariatric procedure is the biliopancreatic diversion. Reprinted by permission from Ref [34].























Table 1 Proposed physiological roles of gastrointestinal peptide hormones
	Hormone
	Localization
	Proposed physiological roles

	Peptide YY

	Ileum and colon

	Inhibits gastric emptying/intestinal
transit; possible blockade of hunger

	Glucagon-like
	Ileum and colon
	Delays gastric emptying;

	Peptide 1
	
	Incretin: Augments insulin secretion

	Glucose-dependent
insulinotropic peptide
	Duodenum and
proximal jejunum
	Incretin: Augments insulin secretion

	
	
	

	Oxyntomodulin
	Ileum and colon
	Blockade of hunger;
inhibits gastric secretion and emptying

	Ghrelin
	Gastric fundus
	Appetite stimulant;
increases gastric motility

	Pancreatic polypeptide
	Pancreas
	Suppresses food intake;
inhibits gastric emptying

	Cholecystokinin

	Duodenum and
proximal jejunum
	Suppresses food intake;
initiates satiety;
inhibits gastric emptying



	










Table 2 Gastrointestinal peptides hormones after bariatric surgery
	Hormone
	Bariatric surgery
	Blood hormone levels

	Peptide YY
	RYGB
	Increased postprandially

	Glucagon-like
peptide 1
	RYGB
	Increased postprandially

	
	
	

	
	
	

	Glucose-dependent
insulinotropic peptide
	RYGB and AGB
	Increased postprandially

	
	
	

	
	
	

	Oxyntomodulin
	RYGB
	Increased postprandially

	
	
	

	Ghrelin
	RYGB and SG
	Low Fasting and Postprandially

	
	
	

	Pancreatic polypeptide
	RYGB
	Decreased

	
	
	

	Cholecystokinin
	VBG
	Increased


RYGB: Roux Y gastric bypass surgery; AGB: Adjustable gastric band; SG: Vertical sleeve gastrectomy; VBG: Vertical banded gastroplasty.










Table 3 Endoscopic techniques for treatment of obesity
	Technique
	Proposed mechanisms of action

	Intragastric balloon	
	Increases gastric distension and satiety and  delays gastric emptying

	Endolumenal vertical gastroplasty
	Restriction of food intake and

	
	Induce early satiety

	Transoral gastroplasty
	Restriction of food intake

	Trans-oral endoscopic restrictive
Implant system
	Restriction of food intake

	
	

	Duodenojejunal bypass sleeve

	Reduced intestinal digestion and  absorption
And delayed gastric emptying

	Gastroduodenojejunal bypass sleeve
	Prevent absorption of nutrients

	Aspiration therapy
	Reduced presence of available nutrients





Table 4 Miscellaneous techniques for treatment of obesity
	Technique
	Proposed mechanisms of action

	Electrical stimulation
	Reduced gastric accommodation and

	
	Delayed gastric emptying

	
	

	Intragastric botulinum toxin injections
	Prolonged gastric emptying time and

	
	Reduced maximal gastric capacity

	
	

	Natural orifice translumenal
Endoscopic surgery
	Transluminal access to intra-abdominal 
Structures
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