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Abstract
Obesity and its comorbidities - including diabetes and obstructive sleep apnea - have taken a large and increasing toll on the United States and the rest of the world. The availability of commercial, clinical, and operative therapies for weight management have not been effective at a societal level. Endoscopic bariatric therapy is gaining acceptance as more effective than diet and lifestyle measures, and less invasive than bariatric surgery. Various endoscopic therapies are analogues of the restrictive or bypass components of bariatric surgery, utilizing gastric remodeling or intestinal anastomosis to achieve proven weight loss and metabolic benefits. Others, such as aspiration therapy, employ novel mechanisms of action. Intragastric balloons have recently been approved by the United States Food and Drug Administration, and a number of other technologies have completed large multicenter trials (such as AspireAssist aspiration therapy and Primary Obesity Surgery Endolumenal). Endoscopic sleeve gastroplasty and transoral outlet reduction for endoscopic revision of gastric bypass have proven safe and effective in a number of studies. As devices are approved for use, data will continue to accumulate for safety, effectiveness, and cost effectiveness. Bariatric endoscopists should be prepared to appropriately target and apply various endoscopic bariatric therapies in the context of a comprehensive long-term weight management program.
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Core tip: Endoscopic bariatric therapies (EBT) are entering clinical practice. The bariatric endoscopist must be able to provide comprehensive care to patients who are overweight, have obesity, or have weight-related comorbidities. In addition to performing EBT, the endoscopist should be capable of determining appropriateness for EBT, understanding alternatives, ruling out organic causes for weight gain, and recognizing eating disorders. Patients should concurrently be enrolled in a long-term weight management program in order to maintain the benefits of EBT.

INTRODUCTION
The American Medical Association and other medical societies have stated that obesity is a chronic medical disease[1,2]. The mean body mass index (BMI) in the United States is approximately 28.5 kg/m2 - in the overweight range[3]. Over one-third of Americans are afflicted by obesity - 81 million adults[3]. Far more individuals are overweight. The existence of diet and lifestyle modification programs, medications for weight loss, and bariatric surgery has not reduced the size of the obesity epidemic or the rising burden of weight-related comorbidities such as obstructive sleep apnea and diabetes mellitus. Until recently, patients seeking weight loss therapies have faced a choice between conservative measures (such as diet and lifestyle modification) and bariatric surgery. The former are frequently ineffective over the long term, hampered by complex disadvantageous physiological responses to weight loss[4]. The latter has been relatively underused (47 per 100000 adults in 2012) for reasons including high initial health care utilization, restricted payor coverage in lower BMI ranges, and perceived invasiveness[5].

Endoscopic bariatric therapy (EBT) has the potential to be more effective than conservative measures, and more available and less invasive than bariatric surgery. Several endoscopic therapies for weight loss and control of metabolic comorbidities have been approved by the Food and Drug Administration (FDA), are used outside the United States, are in clinical trials, or are in development (Table 1). Additionally, endoscopic technologies can address weight regain after gastric bypass, averting the need for revisional surgery. This review will focus on endoscopic therapies for weight loss rather than primarily metabolic interventions, although weight loss is closely associated with metabolic benefits. Total weight loss differs from excess weight loss, which is defined as the proportion of excess weight (weight above ideal weight) lost. Primary and revisional endoscopic bariatric therapies, both available and on the horizon, will be discussed herein.

CLINICAL MANAGEMENT

The bariatric endoscopist, whether gastroenterologist or bariatric surgeon, must be able to address the comprehensive care of the patient with overweight, obesity, or weight-related comorbidities. To achieve this, the endoscopist can integrate a team of spe​cialists, retained or available by referral, in nutrition and dietetics, behavioral therapy, and exercise therapy[6]. The endoscopist should be able to assess appropriateness for EBT. This entails understanding of alternatives, including diet and lifestyle therapy, medications for weight loss, and bariatric surgeries, and referral for these when appropriate. Organic causes for weight gain should be ruled out or addressed before EBT is undertaken. Patients should be screened for eating disorders, with referral for management prior to EBT. Before undergoing the procedure, patients should enrolled into a long-term weight management program in order to maintain the benefits of the intervention.

SPACE-OCCUPYING DEVICES

Intragastric balloons

Intragastric balloons are space-occupying devices which replace gastric lumenal volume and may distend the stomach, potentially inducing neurohormonal effects and changes in motility[7]. The gastric balloon was first reported in 1982 and approved for use in the United States three years later. The device was subsequently withdrawn due to a high rate of adverse events, but led to the development of seve​ral successful intragastric balloons in the following decades. 

Application of intragastric balloon therapy should be performed in the context of a comprehensive weight management program that extends beyond balloon explantation. Although the balloon is removed after six months, weight loss should be maintained to the extent possible using the dietary habits, lifestyle changes, and behavioral modification instilled while the balloon is in place. There are several contraindications to intragastric balloon therapy, including prior gas​trointestinal surgery, large hiatal hernia, clotting or bleeding disorders, hepatic cirrhosis, and pregnancy. 

Orbera
Orbera (Apollo Endosurgery, Austin, TX, United States) is a silicone elastomer balloon designed to be implanted in the stomach, filled with saline, and left in place for 6 mo (Figure 1A)[8]. The device (formerly called BioEnterics Intragastric Balloon) has been used outside the United States in over 200000 patients since the early 1990s, and was approved by the FDA in 2015. The FDA-approved indication is for adults with BMI of 30-40 kg/m2.

During the initial endoscopy, contraindications such as ulcer should be ruled out. To place the balloon, the placement catheter is advanced into the stomach under endoscopic visualization. The balloon is filled with at least 400mL (typically up to 700 mL) of saline. Additionally, injection of 10 mL of methylene blue has been reported, which will change the urine color to green in the event of balloon rupture. A soft food and then liquid diet is required in the days prior to removal, and the patient should be nil per os for at least 12 h prior to removal. Removal is performed using purpose-specific tools that fit through the biopsy channel of the endoscope, including a needle to fully aspirate the saline from the balloon and a grasper to hold the deflated balloon during explantation. The balloon should be removed at 6 mo, and the FDA requires a comprehensive 12-mo weight management program to be employed with Orbera placement.

A systematic review and meta-analysis of Orbera found abdominal pain in 33.7% of patients, nausea in 29%, early removal in 7.5%, balloon migration in 1.4%, and gastrointestinal perforation in 0.1%[9]. The meta-analysis found 25.4% (21.5%-29.4%) excess weight loss and 11.3% (8.2%-14.4%) total weight loss at 12 mo after balloon placement. This safety and efficacy performance met the American Society for Gastrointestinal Endoscopy Preservation and Incorporation of Valuable endoscopic Innovations thresholds for clinical adoption of primary EBT in Class Ⅱ or Ⅲ obesity, and for EBT as bridge therapy to reduce the risk of subsequent intervention such as major surgery.

Long-term maintenance of weight loss after Orbera placement has been studied. A study of 500 patients with BMI of 43.7 kg/m2 found that 83% achieved at least 20% excess weight loss at balloon removal[10]. This group had average weight loss of 23.9 ± 9.1 kg and average BMI decrease of 8.3 kg/m2. Five years later, 41% of the group was available for follow-up, and had maintained weight loss of 7.3 ± 5.4 kg and BMI decrease of 2.5 kg/m2.

The effect of Orbera placement on comorbidities has been studied. A multicenter trial of 261 patients with BMI of 27-30 kg/m2 (mean 28.6 ± 0.4 kg/m2) reported excess weight loss of 55.6% at 6 mo and 29.1% at 3 years[11]. The rate of hypertension decreased from 29% to 16%, diabetes from 15 to 10%, and hyperlipidemia from 32 to 21% at 3 years.

Integrated dual balloon system

The Integrated Dual Balloon System (IDB; Reshape, San Clemente, California) comprises two independent silicone balloons attached to a flexible silicone shaft (Figure 1B). Each balloon is filled with up to 450 mL of saline, or 375 mL in females less than 64 inches in height. A mechanical pump is available to control balloon filling. Removal is accomplished using a purpose-specific catheter. The IDB is FDA-approved for adults with BMI of 30-40 kg/m2 and one or more obesity-related comorbidities. The IDB should be removed at 6 mo, and a 12-mo weight management program is required with device placement.

The prospective, randomized REDUCE trial compared IDB (n = 187) with sham endoscopy (n = 139)[12]. Both groups also underwent a medically-supervised diet and exercise program. The IDB group lost 25.1% of excess weight vs 11.3% in the control group. There was a 9% rate of early removal for nonulcer device intolerance. Although 6% of patients experienced a deflation, there were no balloon migrations due to the presence of two independent balloons. The IDB group experienced a 2.2-inch decrease in waist size at 48 wk. The IDB group experienced significant decreases in blood pressure (-8.3/4.3 mmHg), hemoglobin A1c (-0.2 percentage points), and low-density lipoprotein (-4.1 mg/dL) at 6 mo.

GASTRIC REMODELING PROCEDURES

Endoscopic sleeve gastroplasty

Endoscopic sleeve gastroplasty (ESG) is a restrictive procedure which entails endoscopic suturing for gastric remodeling to reduce lumenal volume. ESG may affect accommodation, motility, or both. The procedure creates a narrow tube, but unlike surgical sleeve gastrectomy, ESG does not entail excision of a portion of the stomach.

RESTORe

ESG was first performed in 2008, using the RESTORe endoscopic suturing device (Davol, Murray Hill, New Jersey)[13]. A version of the device had been previously used to perform an endoscopic version of vertical banded gastroplasty[14]. The RESTORe device was capable of deeper-thickness suturing than its predecessor, and suture reloading without device removal. The trial included 18 patients at two sites. Patients lost 27.7% ± 21.9% of excess weight, or 11.0 ± 10 kg, and an average 12.6 ± 9.5 cm in waist circumference. Change in comorbidites was not assessed. Notably, sutures were partially or completely detached in most patients at endoscopic follow-up.

OverStitch

OverStitch (Apollo Endosurgery, Austin, TX, United States) is a full-thickness endoscopic suturing device capable of rapid deployment of interrupted and running sutures and in vivo suture reloading. OverStitch comprises a needle driver attached to the tip of a double channel endoscope, and an actuating handle attached to the handle of the endoscope. A catheter is passed through one channel of the endoscope to function as a suture anchor, and a tissue helix can be inserted through the other channel to bring tissue into the device for full-thickness tissue acquisition. The device can be used to perform a number of procedures, such as stent fixation and perforation repair[15,16].

ESG with OverStitch is performed by placing running sutures, with approximately six stitches each, in a triangular fashion from the anterior gastric wall to the greater curvature to the posterior gastric wall. These are placed starting in the antrum and moving proximally to the fundus. The result is the formation of a tubular sleeve from the esophagus to the antrum, along the lesser curvature. The suture lines are then reinforced with interrupted stitches (Figure 2).

The initial cases of ESG with OverStitch were performed in an international procedure development trial in 2012, which studied multiple formulations of the procedure and resulted in the technique described above[17]. This technique has been applied in multiple series, and the Primary Obesity Multicenter Incisionless Suturing Evaluation (PROMISE) trial[18,19].

A series of 10 patients with average BMI of 45.2 kg/m2 reported excess weight loss of 33.0 kg, and 30% excess weight loss, at 6 mo[18]. Postprandial glucose, measured using area under the curve, demonstrated a significant decrease (36%). A prospective study of 25 patients with average BMI of 38.5 ± 4.6 kg/m2 reported total weight loss of 18.7 ± 10.7% and BMI decrease of 7.3 ± 4.2 kg/m2 at 12 mo[19]. The frequency of behavioral and nutritional contacts during the follow-up period was consistent with success. A prospective study of 25 patients with average BMI of 35.5 kg/m2 reported weight loss of 54% ± 40% at 12 mo (n = 10) and 45% ± 41% at 20 mo (n = 8)[20]. Three serious adverse events were reported: perigastric inflammatory serous fluid collection, pulmonary embolism, and pneumoperitoneum with pneumothorax. Four patients underwent detailed analysis of motility and neurohormonal changes. In this group, ESG was found to decrease caloric intake needed to reach maximum satiety by 59%, leading to decrease of meal duration from 35.2 ± 9.9 min to 11.5 ± 2.3 min. Fasting and postprandial ghrelin levels decreased by 29.4% at three-month follow-up. Insulin sensitivity significantly increased at 3 mo. An international multicenter series of 126 patients with BMI of 36.2 kg/m2 reported BMI decrease to 30.9 ± 0.8 kg/m2 at 6 mo and 29.8 ± 1.4 kg/m2 at 1 year[21]. Weight fell from 101.6 ± 2.3 kg initially to 86.9 ± 3.3 kg/m2 at 6 mo, and 81.8 ± 3.8 kg/m2 at 1 year. Further data regarding weight loss and improvement in comorbidities is awaited from ongoing studies.

PRIMARY OBESITY SURGERY ENDOLUMENAL

Primary obesity surgery endolumenal (POSE) is a restrictive gastric procedure. The procedure is performed using the Incisionless Operating Platform (IOP; USGI Medical, San Clemente, CA, United States). The device creates tissue plications by opposing tissue, and then deploying and anchoring full-thickness stitches. The device uses a four-channel platform, with a 4.9 mm visualization endoscope, a rotatable tissue grasper and suture cutter (g-Prox), a tissue helix (g-Lix), and a suture anchor deployment catheter (g-Cath).

To perform the POSE procedure, the IOP is retro​flexed and used to create two parallel rows with 4-5 plications each. This reduces the fundic apex to the level of the gastroesophageal junction. After the forward view is restored, a ridge of 3-4 plications is then created at the intersection of the gastric body and gastric antrum, across from the incisura. 

A study of 45 patients with average BMI of 36.7 ± 3.8 kg/m2 reported BMI decrease of 5.8 kg/m2 at 6 mo[22]. Excess weight loss was 49.4% ± 21.5% and total weight loss was 15.5% ± 6.1% at 6 mo. Chest pain and low-grade fever were each reported in one case. A study of 147 patients with average BMI of 38.0 ± 4.8 kg/m2 reported total weight loss of 15.1% ± 7.8% and excess weight loss of 44.9% ± 24.4% at one year[23]. Younger patients, and those with higher initial BMI, had more success. No adverse events were reported. The randomized, sham-controlled ESSENTIAL trial has been completed, and data regarding weight loss and resolution of comorbidities are awaited. POSE is under FDA review for approval.

ARTICULATING CIRCULAR ENDOSCOPIC STAPLER

The articulating circular endoscopic (ACE) Stapler (Boston Scientific Corporation, Natick, MA, United States) is a completely rotatable and retroflexable endoscopic stapler. An ultrathin endoscope is used for visualization. Vacuum suction is used to acquire tissue. Full-thickness plications are created by firing 1-cm plastic rings with 8 titanium staples. 

A prospective study of gastroplasty with ACE (performed by creating eight fundic and two antral plications) was performed in 17 patients (Figure 3)[24]. Median BMI fell from 40.2 kg/m2 to 34.5 kg/m2. Median excess weight loss was 34.9% (interquartile range 17.8-46.6) at 12 mo. Comorbidities including dyslipidemia, hypertension, diabetes, and obstructive sleep apnea improved. Endoscopy (performed in 11 patients) confirmed 6-9 extant plications in all cases, with durable gastric volume reduction.

ASPIRATION THERAPY

AspireAssist

AspireAssist (Aspire Bariatrics, King of Prussia, PA, United States) comprises a 30-French percutaneous endoscopic gastrostomy (PEG) tube designed to aspirate gastric contents, a valve port placed at the skin, and a device which connects to the port to flush and then aspirate gastric contents. The device is implanted in a fashion similar to a conventional PEG tube, and the skin port is attached two weeks later. Approximately 20 min after meals, water is infused into the stomach and gastric contents are drained several times. The device was recently approved by the FDA.

Aspiration therapy was studied in a randomized clinical trial of 18 patients (11 AspireAssist, 7 control)[25]. All patients were enrolled in dietary and lifestyle counseling. Of these, 10 AspireAssist (initial BMI 42.0 ± 1.4 kg/m2) and 4 control group patients (initial BMI 39.3 ± 1.1) completed the trial. Total weight loss at 12 mo was 18.6% ± 2.3% with AspireAssist vs 5.9% ± 5.0% in the control group. When given the option, 7/10 remaining AspireAssist patients continued for 12 mo and achieved a total weight loss of 20.1% ± 3.5%. Baseline glucose and lipid values were normal at baseline, and did not show significant changes. No maladaptive eating behaviors, such as increased intake, developed during the study. Complications were primarily related to the PEG tube, including three infections requiring treatment and one persistent fistula after removal which closed without intervention. Abdominal pain at the tube site was successfully addressed by redesigning the device.

A subsequent study of 25 patients with BMI of 39.8 ± 0.9 kg/m2 enrolled patients in a very low calorie diet (VLCD) for 4 wk before implantation of AspireAssist[26]. In per protocol analysis (22 patients), weight loss at 6 mo after aspiration therapy was 16.5 ± 7.8 kg including the VLCD, and 8.0 ± 7.4 kg without VLCD weight loss. Total excess weight loss was 40.8 ± 19.8% at 6 mo, with 14.8% ± 6.3% total weight loss. There was a trend toward improved fasting glucose and hemoglobin A1c, and significant improvement in fasting glucose in patients with type Ⅱ diabetes mellitus. Three of five patients taking medication for diabetes were able to discontinue it. Early adverse events included post-procedure abdominal pain, intra-abdominal fluid collection, and skin breakdown around the stoma; a later skin infection required treated with antibiotics. Moderate abdominal pain was reported by 52% of patients in the first week, and severe pain by 12%.

The multicenter PATHWAY trial randomized sub​jects in a 2:1 ratio to AspireAssist with lifestyle counseling, or lifestyle counseling alone[27]. The BMI of the AspireAssist group was 42.0 ± 5.1 kg/m2, and the lifestyle counseling group had BMI of 40.9 ± 3.9 kg/m2. At 52 wk, per-protocol analysis showed 37.2% ± 27.5% excess weight loss in the AspireAssist group vs 13.0% ± 17.6% in the lifestyle counseling group. The most frequently reported adverse events were perioperative abdominal pain and postoperative granulation tissue and peristomal irritation. There was no evidence of increased caloric intake to compensate for aspirated calories, or of new abnormal eating behaviors after AspireAssist placement. Further results regarding change in comorbidities is awaited.

SMALL INTESTINE, BYPASS, AND METABOLIC TECHNOLOGIES

A number of technologies in clinical trials and under development hold the promise of extending EBT beyond gastric interventions. These devices may confer enhanced metabolic benefits, and may be used in combination with gastric or restrictive procedures in the future. Furthermore, the capability to address the small intestine will close the gap between EBT and bariatric surgery.

Self-assembling magnets for incisionless anastomosis

An endoscopic incisionless anastomosis system (GI Windows, West Bridgewater, Massachusetts) has been developed using self-assembling magnets[28]. Using simultaneous enteroscopy and colonoscopy, two magnets are deployed in the gastrointestinal tract and form octagonal rings. The magnets mate, apply compressive force to the tissue between them, and create a large-bore compression anastomosis over several days (Figure 4). The magnets then disassemble and pass from the gastrointestinal tract. The result is a large-bore anastomosis free of foreign bodies, and a dual-path enteral bypass (with flow of food down both limbs).

Self-assembling magnets for endoscopic anasto​mosis have been studied in two porcine trials. One trial entailed using the system to create a large jejunocolonic anastomosis in 5 pigs[29]. All anastomoses had formed by day 4, and magnets were expelled by day 12. The anastomoses remained patent and leak-free at 3 mo, with dramatically lower weight than controls. No fibrosis or inflammation was found on histologic examination. A separate study used IAS to create a jejunoileal bypass in 8 pigs[30]. The jejunal magnet was deployed endoscopically, although porcine anatomy required laparoscopic assistance for placement of the ileal magnet. A patent leak-free anastomosis was created by day 10, and necropsy at 90 d revealed lack of significant adhesions. Pressure testing proved the anastomoses to be stronger than native tissue. 

The technology is now in human trials. A trial of 10 subjects (6 male) with BMI of 41 kg/m2 reported successful device placement and anastomosis for​mation in all cases[31]. Transient nausea and diar​rhea were reported in most cases. There was no lifestyle counseling or caloric restriction. Mean weight loss at 6 mo was 10.6% total weight loss or 28.3% excess weight loss. Of 4 patients with type Ⅱ diabetes, hemoglobin A1c declined from 7.8% to 6.0%, and fasting glucose fell to 111 mg/dL (a decline of 66 mg/dL). All diabetic patients were able to discontinue oral diabetic medications within 6 mo. 

EndoBarrier
EndoBarrier (GI Dynamics, Lexington, MA, United States) is a Teflon sleeve 60 cm in length that is anchored by a barbed nickel-titanium ring. The device is anchored in the duodenal bulb, and the sleeve extends into the jejunum. Food travels within the sleeve to the mid-jejunum without making mucosal contact, and pancreaticobiliary secretions travel outside the sleeve without contacting food. Placement is recommended for 12 mo.

EndoBarrier is placed endoscopically with flu​oroscopic guidance, under general anesthesia. A guidewire is placed into the duodenum, and the encapsulated device is passed over the guidewire. The sleeve is fully released in the small intestine, and then the anchor is placed in the duodenal bulb just beyond the pylorus. A grasper can be used to collapse the anchor and then remove the device endoscopically (using a foreign body hood).

A systematic review and meta-analysis of EndoBarrier reported 35.3% (24.6%-46.1%) excess weight loss and decrease of hemoglobin A1c by 1.5 percentage points at 12 mo[9]. Adverse events included migration in 4.9%, bleeding in 3.9%, and sleeve obstruction in 3.4%. Enrollment in a US multicenter trial was suspended in 2015 due to the development of hepatic abscess in 4 of 325 patients. 

ENDOSCOPIC REVISION OF GASTRIC BYPASS

Roux-en-Y gastric bypass (RYGB) is a highly effective bariatric and metabolic surgery, capable of inducing total weight loss of 31.5% at 3 years[32]. Weight-related comorbidities such as diabetes mellitus, obstructive sleep apnea, and hypertension frequently improve or resolve after RYGB. However, some patients do not achieve their weight loss goals, and many regain part of the lost weight[33]. The reasons for weight regain are complex, including physiologic adaptation to weight loss. One addressable anatomic factor is dilation of the gastrojejunal anastomosis, which is linearly correlated with weight regain[34]. Anastomotic dilation may attenuate the restrictive component of RYGB, allowing rapid pouch emptying and transit of intake into the Roux limb. Although surgical revision is possible, it is associated with high adverse event rates, perhaps due to complex anatomy, adhesions, scarring, and older patient age[35-37]. Endoscopic revision of RYGB to restore restriction provides an effective option for patients who have failed dietary and lifestyle modification, without the invasiveness of surgical revision.

Transoral outlet reduction (TORe) is performed by using an endoscopic suturing device to place stitches around the gastrojejunal anastomosis, reducing its aperture. The procedure is performed under general anesthesia with endotracheal intubation. Carbon dioxide should be used for insufflation. A standard upper endoscope is used to examine the esophagus, gastric pouch, gastrojejunal anastomosis, Roux limb, and blind limb. Argon plasma coagulation (end-firing, 30 Watts) is used to ablate the anastomotic margin, approximately 5 mm in thickness on the gastric side. Alternatively, a modified endoscopic submucosal dissection can be performed around the anastomosis to expose muscularis, using submucosal injection followed by incision with a needle knife and insulated tip knife - however, this can be technically challenging due to fibrosis and scarring[38]. Next, an overtube should be inserted. In the most basic iteration of TORe, interrupted stitches are placed at the margins of the anastomosis, crossing its lumen, and tightened to appose the sides of the anastomosis. Gastric pouch volume can be reduced by apposing ridges of tissue. 
Transoral outlet reduction with EndoCinch
EndoCinch (Bard Davol, Murray Hill, New Jersey) is a superficial-thickness suturing device which acquires tissue using suction. Endoscopic revision of gastric bypass with EndoCinch was first performed in 2004[39]. RESTORe, a randomized double-blind sham-controlled multicenter trial including 77 patients, established Level 1 evidence for the efficacy of TORe[40]. All patients had anastomotic dilation to > 20 mm. Initial BMI was 47.6 kg/m2. In the TORe group, 89% reached anastomosis aperture < 10 mm. At 6 mo, the TORe group had total weight loss of 3.8%, while the sham group lost 0.3% (P = 0.02). Weight regain was arrested in 96% of the TORe patients during the follow-up period. The TORe group had a significant improvement in systolic and diastolic blood pressure.

Transoral outlet reduction with OverStitch
OverStitch (Apollo Endosurgery, Austin, TX, United States) can be used to perform TORe. The device is capable of performing full-thickness endoscopic suturing, and it is also capable of performing a pursestring TORe with a controlled radial expansion balloon (CRE) inserted through the second channel of the endoscope. Full-thickness TORe with OverStitch has proven more effective than TORe performed with EndoCinch in a matched cohort study[41]. The same interrupted TORe technique was performed with each device. There were 59 patients in each group, matched by anastomotic aperture before TORe, BMI, and age. The OverStitch group lost 8.6 ± 2.5 kg at one year, versus 2.9 ± 1.0 kg when EndoCinch was used. Unlike the basic interrupted TORe technique, the pursestring TORe technique enables consistent and precise sizing of the anastomosis, and it reinforces the entire margin of the anastomosis[42]. To perform pursestring TORe, a running stitch is inserted at least one full turn around the anastomosis. Before it is tightened, the CRE balloon is inserted into the anastomosis and inflated to a size of 8-10 mm. The pursestring is then tightened around the CRE balloon and cinched (Figure 5). A series of 25 patients undergoing TORe with OverStitch reported 5.6 ± 6.2 kg or 12.4% excess weight loss at 6 mo, and 7.5 ± 6.4 kg or 17.1% excess weight loss at 1 year[43]. A long-term series of full-thickness TORe including 150 patients who had weight regain despite dietary and lifestyle measures[44]. Weight loss was 10.5 ± 1.2 kg or 24.9 ± 2.6% excess weight loss at 1 year (n = 109), 9.0 ± 1.7 kg or 20.0% ± 6.4% excess weight loss at 2 years (n = 63), and 9.5 ± 2.1 kg or 19.2% ± 4.6% excess weight loss at 3 years (n = 40).The study did not find a benefit to performing gastric pouch volume reduction concurrently with TORe. Further data regarding change in comorbidities is awaited. TORe with OverStitch is an effective and durable procedure to address weight regain after gastric bypass. 

REVISION OBESITY SURGERY ENDOLUMENAL

Revision obesity surgery endolumenal (ROSE) is performed using the Incisionless Operating Platform (IOP; USGI Medical, San Clemente, CA, United States) described above for POSE. The device has been modified specifically to perform ROSE, with enhanced turning ability and other purpose-specific design changes to ease maneuvering in the small gastric pouch. The procedure reduces gastric pouch volume and anastomotic aperture by placing tissue anchors to create full-thickness tissue plications.

The results of ROSE have been reported in several series. A prospective series of 20 patients (with dilated anastomosis and weight regain) achieved 65% reduction in anastomotic diameter and demonstrated weight loss of 8.8 kg at 3 mo[45]. The device was improved, and a study of 5 patients reported 7.8 kg in weight loss at 3-6 mo[46]. A prospective multicenter series of 116 consecutive patients reported successful procedure completion in 97% of patients, with anastomotic diameter reduction of 50% and pouch length reduction of 44%[47]. Common adverse effects were pharyngitis (41%), nausea and vomiting (12%), and abdominal pain (11%). Additionally, three patients had superficial esophageal injuries, of which one required endoscopic clip placement. At 6 mo, patients reached 18% excess weight loss with loss of 32% of regained weight. A follow-up study was published, reporting weight loss of 5.9 ± 1.1 kg at 1 year, or 14.5% excess weight loss[48]. Endoscopy at 1 year revealed that 92% (of 66 patients available for follow-up) still had anchors in place. Those patients who had initial anastomotic diameter of over 12 mm with reduction to below 10 mm experienced 24% excess weight loss, underscoring the efficacy of outlet reduction. A recent retrospective analysis including 27 patients with initial anastomotic diameter of 21 mm reported long term results: 8% excess weight loss at 1 year (n = 10), -5.8% excess weight loss at 5 years (n = 4), and -4.5% excess weight loss at 6 years (n = 4)[49]. Endoscopy at 1 year found reversion to original anastomotic aperture. Weight regain was attributed to anatomic failure and lack of clinical follow-up. Although data regarding resolution of comorbidities has not been reported, study is ongoing.

Other technologies

Argon plasma coagulation can be used to repeatedly ablate the margin of the gastrojejunal anastomosis, resulting in scarring, decreased anastomotic aperture, and decreased tissue compliance[50]. Further study is ongoing. StomaphyX (EndoGastric Solutions, Redmond, WA, United States) is a full-thickness vacuum-assisted tissue placation platform. The device demon​strated efficacy in some series, but enrollment in a randomized sham-controlled trial was terminated due to failure to achieve the efficacy endpoint[51]. Endoscopic sclerotherapy uses injection of sclerosant (such as 10-25 mL of sodium morrhuate) to reduce anastomotic aperture and compliance; the technique often requires multiple sessions. It demonstrated efficacy in multiple series, but sodium morrhuate is no longer commercially available[52,53].
CONCLUSION

Obesity is among the most consequential health issues in the United States today, and it is emerging as a global epidemic. The burden of obesity and its comorbidities has not been alleviated by currently available diet and lifestyle modification techniques or bariatric surgery. However, a number of endoscopic therapies have developed a track record of safety and efficacy, and others are in clinical trials. Endoscopic revision of gastric bypass is effective and has become commonplace. Primary endoscopic procedures, including intragastric balloons, gastric remodeling devices, aspiration therapy, and small bowel technologies, take advantage of restrictive and bypass techniques that have proven effective in bariatric surgery. In the context of a multidisciplinary weight management program and long-term clinical follow-up, bariatric endoscopists will have multiple options to deliver safe, noninvasive therapy for obesity.
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Figure Legends
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Figure 1  Orbera (A) and IDBS (B) intragastric balloons[8].
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Figure 2  Intact endoscopic sleeve gastroplasty in four patients at 3 mo[17].
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Figure 3  Stomach after plication with ACE Stapler[23].
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Figure 4  Deployment of self-assembling magnets, and human intestinal anastomosis at 180 d[31].  
[image: image6.png]



Figure 5  Use of controlled radial expansion balloon during pursestring transoral outlet reduction[39].
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Table 1  Current status of selected endoscopic bariatric therapies


Device


�
Procedure


�
Mechanism


�
Regulatory status


�
�
Orbera


�
Intragastric balloon


�
Space-occupying device


�
FDA-approved


�
�
Integrated dual balloon


�
Intragastric balloon


�
Space-occupying device


�
FDA-approved


�
�
OverStitch


�
Endoscopic sleeve gastroplasty


�
Gastric remodeling


�
FDA-approved1


�
�
Incisionless operating platform


�
Primary obesity surgery endolumenal


�
Gastric remodeling


�
Under FDA review


�
�
Articulating circular endoscopic stapler


�
Gastroplasty


�
Gastric remodeling


�
In human trials


�
�
AspireAssist


�
Aspiration therapy


�
Aspiration


�
FDA-approved


�
�
Self-assembling magnets


�
Endoscopic enteral anastomosis


�
Dual-path enteral bypass


�
In human trials


�
�
OverStitch


�
Transoral outlet reduction for revision of gastric bypass


�
Anastomotic reduction


�
FDA-approved1


�
�
Incisionless operating platform


�
Revision obesity surgery endolumenal for revision of gastric bypass


�
Anastomotic and pouch reduction


�
FDA-approved1


�
�
1Device is FDA-approved for tissue apposition. FDA: Food and Drug Administration.











