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Abstract
BACKGROUND
Transoral outlet reduction (TORe) is a minimally invasive endoscopic revision of Roux-en-Y gastric bypass (RYGB) for weight recurrence; however, little has been published on its clinical implementation in the community setting. 

AIM
To characterize the safety and efficacy of TORe in the community setting for adults with weight recurrence after RYGB.

METHODS
This is a retrospective cohort study of argon plasma coagulation and purse-string suturing for gastric outlet reduction in consecutive adults with weight recurrence after RYGB at a single community center from September 2020 to September 2022. Patients were provided longitudinal nutritional support via virtual visits. The primary outcome was total body weight loss (TBWL) at twelve months from TORe. Secondary outcomes included TBWL at three months and six months; excess weight loss (EWL) at three, six, and twelve months; twelve-month TBWL by obesity class; predictors of twelve-month TBWL; rates of post-TORe stenosis; and serious adverse events (SAE). Outcomes were reported with descriptive statistics. 

RESULTS
Two hundred eighty-four adults (91.9% female, age 51.3 years, body mass index 39.3 kg/m2) underwent TORe an average of 13.3 years after RYGB. Median pre- and post-TORe outlet diameter was 35 mm and 8 mm, respectively. TBWL was 11.7% ± 4.6% at three months, 14.3% ± 6.3% at six months, and 17.3% ± 7.9% at twelve months. EWL was 38.4% ± 28.2% at three months, 46.5% ± 35.4% at six months, and 53.5% ± 39.2% at twelve months. The number of follow-up visits attended was the strongest predictor of TBWL at twelve months (R2 = 0.0139, P = 0.0005). Outlet stenosis occurred in 11 patients (3.9%) and was successfully managed with endoscopic dilation. There was one instance of post-procedural nausea requiring overnight observation (SAE rate 0.4%). 

CONCLUSION
When performed by an experienced endoscopist and combined with longitudinal nutritional support, purse-string TORe is safe and effective in the community setting for adults with weight recurrence after RYGB. 

Key Words: Transoral outlet reduction; Purse-string; Roux-en-Y gastric bypass; Obesity; Endoscopic revision; Weight recurrence; Gastrojejunal anastomosis 

Maselli DB, Chittajallu V, Wooley C, Waseem A, Lee D, Secic M, Donnangelo LL, Coan B, McGowan CE. Transoral outlet reduction: Outcomes of endoscopic Roux-en-Y gastric bypass revision in 284 patients at a community practice. World J Gastrointest Endosc 2023; In press

Core Tip: Given the chronic, progressive nature of obesity, weight recurrence after Roux-en-Y gastric bypass (RYGB) is common. Transoral outlet reduction (TORe) is a minimally invasive, same-day, Food and Drug Administration-authorized endoscopic procedure that restricts the gastrojejunal anastomosis to facilitate safe and clinically meaningful weight loss in patients experiencing post-RYGB weight recurrence. To date, nearly all TORe literature has originated in the academic setting. Here, we show that TORe is safe, effective, and technically feasible in the community setting when performed by an experienced bariatric endoscopist and coupled with longitudinal aftercare. 

INTRODUCTION
The Roux-en-Y gastric bypass (RYGB), characterized by its restrictive and hypoabsorptive properties, is one of the most effective therapeutic interventions for obesity. Following RYGB, patients typically reach their weight nadir between 18-24 mo, corresponding to an approximate 35% total body weight loss (TBWL). However, over the five subsequent years, there is a linear recurrence of 20%-30% of the maximal weight previously lost, thereby increasing risk for the exacerbation or recurrence of weight-associated medical conditions[1–3]. Post-RYGB weight recurrence rates range from 24%-79%, depending on patient characteristics and assessment methodology[4–6], and greater than one-third of patients will have a clinically significant weight recurrence surpassing 25% of their initial weight lost[7]. One of the strongest predictors of weight recurrence is time from RYGB, underscoring obesity’s chronic, progressive nature, even after one of the most effective weight loss options currently available[8].
This natural history has led to a substantial increase in the number of revisional procedures after metabolic and bariatric surgeries-from 9480 cases in 2011 (6.0% of bariatric procedures) to 42881 cases in 2019 (16.7% of bariatric procedures)[9]. Weight recurrence after RYGB is multifactorial, and one component is dilation of the gastrojejunal anastomosis (GJA), which has been linked to a reduction in satiation from the RYGB and increased caloric intake[10]. While revisional surgery can include restriction of the gastric pouch and outlet, as well as other techniques, these interventions are associated with increased operative risk and are not widely offered after RYGB, leading to a management gap for individuals with weight recurrence[11,12].
The emergence of endobariatric therapies has provided a minimally invasive alternative for weight recurrence after metabolic and bariatric surgeries. Transoral outlet reduction (TORe) using the Apollo ReviseTM System (Apollo Endosurgery, Inc., Austin, TX, United States) is now the first and only United States Food and Drug Administration (FDA)-authorized device for reduction of the GJA to induce weight loss in adults with weight recurrence after RYGB with body mass index (BMI) between 30-50 kg/m2. TBWL after TORe ranges from 3.5%-8.6% at one year[13,14], with published durability of weight loss both after three years (TBWL 6.9% ± 10.1%) and five years (TBWL 8.8% ± 12.5%)[15]. 
While the principle behind TORe remains consistent—namely, reduction of the GJA—the technical approach is heterogeneous. Endoscopic suturing patterns for GJA reduction include interrupted, sequential, or purse-string suture closure, with greater efficacy at one year observed from the purse-string technique[14,15]. The GJA reduction may also take the form of argon plasma coagulation (APC) with or without full-thickness endoscopic suturing[16]. Furthermore, existing publications of TORe nearly exclusively arise from tertiary hospital-affiliated centers, further limiting our understanding of how to successfully implement TORe in the community setting.
To address knowledge gaps surrounding the safety, efficacy, and feasibility of TORe for weight recurrence after RYGB in an ambulatory, community setting, we performed a retrospective review of prospectively collected data from 284 consecutive adults who underwent purse-string TORe with longitudinal nutritional support at a single community practice with expertise in endoscopic bariatric therapies. 

MATERIALS AND METHODS
The study was approved by an Institutional Review Board (WCG IRB, Puyallup, WA) and was performed in accordance with the ethical standards of the 1964 Declaration of Helsinki. Informed consent was obtained from all individual participants included in the study. This was a retrospective study of prospectively collected data from a single community practice with expertise in endoscopic weight loss procedures. Consecutive patients aged 21 years and older undergoing TORe by a single endoscopist (Christopher E McGowan) from September 2020 to September 2022 for weight recurrence after RYGB were included. Patients were excluded from this study for the following: anti-obesity medication use within the study duration following TORe; excess weight loss (EWL) from initial RYGB < 25%; time from RYGB < 2 years; GJA diameter < 20 mm at time of TORe attempt; presence of a gastro-gastric fistula, and presence of a silastic ring at the GJA. In addition, all patients needed to describe lack of satiety from meals during their consultation to be a candidate for TORe. All subjects were self-pay. All patients underwent TORe as a same-day procedure with comprehensive virtual follow-up offered by licensed registered dieticians and scheduled visits with a medical team of physicians and nurse practitioners.

Procedural technique
All procedures were performed under general anesthesia. The steps of the TORe procedure are shown in Figure 1. First, an endoscopic evaluation with a single-channel gastroscope was performed to identify anatomy, including the gastric pouch, GJA, and blind and efferent limbs of the jejunum. TORe diameter was estimated by standard foreign body forceps, as implemented in guidelines and studies of TORe[17,18]. If present, visible surgical material was removed from the GJA with forceps and/or endoscopic scissors. If no contraindications to TORe were identified, gastric tissue surrounding the GJA was circumferentially ablated using APC (80 W, 1.2 L/min2) for a golden-brown effect approximately 5-10 mm in width. A dual-channel therapeutic gastroscope equipped with a full thickness endoscopic suturing system (Apollo Endosurgery, Inc., Austin, TX, United States) was then used to perform a purse-string outlet reduction as described previously[14]. Outlet reduction was performed with suture tightening over a through-the-scope fluid-filled balloon inserted through the GJA and into the efferent limb for a consistent final outlet diameter. For gastric pouches > 2 cm in length, full-thickness suturing of the gastric pouch from the anterior to posterior direction was performed to reinforce the outlet and reduce the size of the pouch. All reinforcement sutures were placed within the pouch distal to the level of gastroesophageal junction. 

Outcomes
[bookmark: _Hlk134695220]The primary outcome was TBWL at twelve months from TORe. Post-TORe TBWL was expressed as a percentage and was defined as follows: (Weight at time point after TORe – weight at TORe)/ (weight at TORe) × 100. Thus, weight loss from original RYGB is not incorporated into post-TORe TBWL. Secondary outcomes included technical success; TBWL at three months and six months from TORe; TBWL at 12 mo from TORe by obesity classification; clinical response rates at 12 mo by TBWL category; EWL and body mass index (BMI) at three months, six months, and twelve months from TORe; and predictive factors of 12-mo TBWL after TORe that included age, sex, BMI, time from RYGB to TORe, percent weight recurrence from RYGB at time of TORe, procedure duration, number of sutures, post-TORe GJA diameter, and number of follow-up visits attended. Technical success was defined as the ability to perform circumferential ablation and purse-string suture pattern (i.e. not resorting to interrupted or running suture patterns). Weight recurrence was expressed as a percentage of weight lost from RYGB and was calculated as (weight at time of TORe – lowest weight after RYGB)/(weight at time of RYGB – lowest weight after RYGB) × 100. At 12 mo from TORe, TBWL < 5% was considered non-response; < 10% was considered suboptimal response; ≥ 10% was considered clinically meaningful; and ≥ 15% was considered optimal response. Follow-up visits included those with either a registered dietician or medical team provider (physician or nurse practitioner). Serious adverse events were reported throughout the study and graded according to the lexicon[19]. Rates and resolution of post-TORe outlet stenosis were also reported. 

Outlet stenosis and dilation
For patients who experienced post-TORe outlet stenosis, endoscopic dilations of the GJA were performed using a single-channel gastroscope and a through-the-scope fluid-filled balloon to dilate the GJA, with the goal of dilation to 2 mm beyond the initial post-TORe outlet diameter.

Statistical analysis:
A biomedical statistician performed the statistical analysis of this study. One-way ANOVA was used to evaluate differences in TBWL at 12 mo between obesity classes. The remaining study data were summarized with descriptive statistics. Continuous variables were summarized with means, standard deviations, medians, and ranges. Categorical variables were summarized with counts and percentages. Multiple linear regression was performed at the 12-mo visit to evaluate predictors of TBWL and included dependent variables of age, sex, BMI, time from original RYGB, percent weight recurrence, GJA diameter, or number of sutures used.

RESULTS
Patient and procedural characteristics
Patient characteristics are shown in Table 1. This study included 284 consecutive adult patients (91.9% female, mean age 51.3 years, mean BMI 39.3 kg/m2) who underwent TORe from September 2020 to September 2022 for weight recurrence after RYGB, without use of anti-obesity medications in the 12 mo following TORe. At the time of TORe, eight subjects (2.8%) had pre-obesity (BMI 25.0-29.9 kg/m2), 74 (26.1%) had class I obesity (BMI 30.0-34.9 kg/m2), 90 (31.7%) had class II obesity (BMI 35.0-39.9 kg/m2), and 112 (39.4%) had class III obesity (BMI ≥ 40.0 kg/m2). 159 (56.0%) patients had at least one of the following comorbidities: hypertension, hyperlipidemia, type II diabetes, or obstructive sleep apnea. From time of RYGB to post-RYGB weight nadir, the cohort had experienced TBWL of 40.5% ± 10.0%. From post-RYGB weight nadir to time of TORe, the cohort had experienced weight recurrence of 35.4% (range 5.3%-128.0%). TORe was performed an average of 13.3 years from their RYGB, took a mean of 27.5 ± 5.8 min to perform, and involved outlet reinforcement/pouch reduction sutures in 67.2% of the cases. Technical success for purse-string outlet reduction was 100%. The median pre-TORe GJA diameter was 35 mm (range 20-50 mm), and the median post-TORe GJA diameter was 8 mm (range 5-10 mm). Procedural characteristics are summarized in Table 2. 

Follow-up and subject accountability
Of the 284 patients in the patient cohort at the time of data evaluation, 234, 187, and 110 were eligible for follow-up at three, six, and twelve months, respectively. Of patients eligible for follow-up, follow-up rates were 84.2%, 79.7%, and 77.3% at three, six, and twelve months, respectively. For those with 12 mo of follow-up, patients attended a median of 8 follow-up visits after TORe (range 1-17 visits).

Efficacy
TBWL following TORe was 11.7% ± 4.6% at three months, 14.3% ± 6.3% at six months, and 17.3% ± 7.9% at twelve months (Figure 2). Clinical response rates for the overall cohort are shown in Figure 3. Weight loss was similar between obesity classes at twelve months, with mean TBWL of 12.6% ± 4.3% for pre-obesity; 17.4% ± 7.8% for class I obesity; 16.4% ± 8.4% for class II obesity; and 17.3% ± 8.0% for class III obesity (P = 0.36). TBWL was 18.2% ± 7.2% for those with BMI exceeding 50 kg/m2 (n = 11). For the overall cohort, EWL was 38.4% ± 28.2% at three months, 46.5% ± 35.4% at six months, and 53.5% ± 39.2% at twelve months. For the overall cohort, BMI was 39.3 ± 6.6 kg/m2 at baseline, 35.0 ± 6.4 kg/m2 at 3 mo, 34.6 ± 7.0 kg/m2 at 6 mo, and 33.9 ± 6.9 kg/m2 at 12 mo. The number of follow-up visits attended was the strongest predictor of TBWL at 12 mo (R2 = 0.139, P = 0.0005). There was no association between TBWL at 12 mo and patient age, sex, BMI, time from original RYGB, percent weight recurrence, GJA diameter, or number of sutures used. Two patients (0.7%) underwent upper endoscopy to manage insufficient clinical response. One underwent a repeat TORe with APC + endoscopic purse-string suturing for GJA dilation, and one underwent APC alone for mild stomal dilation. The overall weight trajectory of the cohort from RYGB to 12 mo after TORe is illustrated in Figure 4.

Safety
There were no instances of death, gastrointestinal bleeding, gastrointestinal tract leak or perforation, infection/sepsis, or pulmonary embolism from TORe. 283 patients (99.6%) were discharged home same-day, and one subject (0.4%) required in-patient observation for persistent vomiting, which self-resolved, representing a serious adverse event rate of 0.4%. 

Outlet stenosis
Eleven patients (3.9%) developed post-TORe stenosis requiring GJA dilation. Components of outlet stenosis and management are shown in Table 3. Of the eleven patients with post-TORe stenosis, the majority (55.6%) had their GJA narrowed to 8 mm at the time of TORe. The average time from TORe to symptom onset suggestive of stenosis was 56.5 ± 30.6 d, and average time from TORe to endoscopic dilation of stenosis was 87.7 ± 60.6 d. Nine patients (81.8%) responded to a single dilation, whereas two (18.2%) required two separate endoscopic procedures for resolution. While none of these eleven patients had a history of type II diabetes, non-steroidal anti-inflammatory drug use, or tobacco use, five (45.5%) had a history of GJA stenosis following RYGB. 

DISCUSSION
This study demonstrates that purse-string TORe, when performed by an experienced bariatric endoscopist and supported in conjunction with longitudinal nutritional follow-up, is safe and effective in the community setting for the management of weight recurrence after RYGB. The weight loss and safety outcomes in this cohort satisfy the expert-level thresholds for clinical adoption of a novel endoscopic bariatric therapy[20]. Over 80% of the cohort achieved > 10% TBWL, a threshold observed to have a meaningful impact on weight related medical conditions[21]. 
Notably, TORe appears safe and effective for a wide range of BMIs, including those above or below the FDA authorized ranges of 30-50 kg/m2. While further study is needed, we believe this shows TORe is a reasonable, minimally-invasive option for patients with BMI exceeding 50 kg/m2, particularly given the risks of revisional surgery[12]. Additionally, obesity is a chronic, progressive disease, and increased weight recurrence attenuates the success of a revisional surgery and heightens the risk of weight-related medical conditions[22,23]. Therefore, our practice is to implement TORe for patients with weight recurrence after RYGB early, even for those with a pre-obesity on a case-by-case basis, as was done here for eight subjects. 
While our cohort’s rates and severity of weight recurrence comport with the existing literature[2,7], a 12-mo TBWL of 17% from TORe is discordant with the published TORe experience[14,15,24]. In a systematic review and meta-analysis of thirteen studies and 850 patients, Dhindsa et al[25] noted a mean TBWL of 8.55% at 12 mo from TORe. While these studies also employed the same full-thickness suturing device and were predominantly female participants, major differences included the inclusion of only studies conducted at academic centers in both the inpatient and outpatient setting, inconsistent use of purse-string technique and ablation, and inclusion of patients on concomitant anti-obesity medications. 
We suspect that this discrepancy is driven by two important factors within our cohort: first, consistent use of the purse-string technique, which leads to superior weight loss outcomes compared to other suture patterns for TORe[14]; second, longitudinal and frequent follow-up with medical and nutritional support, which is a critical factor in weight loss and weight loss maintenance in endobariatric therapies[26,27]. In this cohort, attendance of follow-up visits was the strongest predictor of weight loss from TORe, a feature largely afforded by a dedicated team of registered dieticians and the transition to a telemedicine care model amid the coronavirus-19 pandemic. Regular outpatient follow-up with reinforcement of non-pharmacotherapy comprehensive lifestyle programming likely maximizes the therapeutic effect of the TORe procedure. Finally, this may also be a result of a self-pay model in our practice, which may confer a higher degree of patient investment in weight loss efforts.
As such, we recommend that gastroenterologists or surgeons looking to incorporate TORe into their offerings perform the purse-string technique and provide longitudinal aftercare. The purse-string technique is more challenging to master than alternative techniques[28]. While published data on the learning curve for TORe are sparse, our experience mirrors that of the endoscopic sleeve gastroplasty, for which 25-50 cases are needed, at minimum[29]. However, a novel endoscopic suturing simulator has shown promise in markedly reducing the number of cases needed for independence in TORe, including among novices[30]. 
Intriguingly, pouch reduction did not contribute to a greater weight loss at one year. This is suggestive of a few possibilities: first, narrowing of the GJA disproportionately governs satiation signals compared to pouch restriction, and second, mucosal ablation and purse-string suturing of the GJA may lead to a durable construct that is not enhanced within the first year by additional reinforcement sutures. Mucosal ablation of the pouch in combination with endoscopic suturing was not performed in this study, and the effect of this is not known at this time. Other factors previously shown to be associated with greater weight loss after TORe—including degree of weight recurrence following RYGB, smaller GJA post-TORe, greater change in pre- to post-TORe diameter, and number of pouch sutures— were not noted in our study[16,31,32].
For those wishing to provide or undergo this procedure, it is important to be cognizant of post-TORe stenosis. This presents as a consistent inability to pass ingested meals with subsequent regurgitation and is not responsive to prolonging a liquid diet. From our cohort, post-TORe stenosis followed a predictable timeline, predominantly occurring within a few weeks of starting a regular diet (day 50 in our program). The major risk factor appears to be GJA stenosis after RYGB; thus, it is routine to ask about this during consultation for TORe at our center. In these patients, our approach is modified by narrowing the GJA to 10 mm rather than 8 mm, our current standard practice. The rate of post-TORe stenosis observed in this cohort is consistent with those published by Jaruvongvanich et al[16] but nearly ten times higher than those observed in Jirapinyo et al[31] and Dhindsa et al[25]. We suspect that this is driven by the high wattage (80 W) mucosal ablation—which is associated with a higher absolute rate of stenosis—plus the purse-string suture technique[33]. The combination of these approaches may be more likely to induce an overly robust healing response beyond the original post-TORe diameter in a predisposed patient. Nevertheless, given that this combination technique offers superior weight loss outcomes, we contend this is an acceptable risk, provided patients are sufficiently counseled and aware that it typically resolves with one to two endoscopic dilations. 
Adverse event rates in our cohort were otherwise lower than other published studies, with only one patient admitted for overnight observation of persistent nausea and vomiting with self-resolution and no reported occurrences of bleeding or abdominal pain[25]. Still, as with other endoscopic suturing procedures, TORe can be associated with a low but serious risk of gastrointestinal bleeding, intraabdominal infection, perigastric leak, and perforation[25,34]. It is therefore critical to inform patients about warning signs and symptoms and to ensure that they have direct access to an on-call physician for assessment and risk stratification should concerns arise. Though this study showed that TORe can be successfully and safely performed in a community ambulatory surgical center, these rare complications may require inpatient management. As such, community physicians performing TORe should have privileges at or at least a relationship with nearby hospitals. 
Strengths of this study include a consistent TORe procedural technique and a high subject accountability rate over twelve months. Study limitations include its single-center, retrospective design, and procedural performance by a single experienced endoscopist with expertise in endobariatric procedures, as these limit the generalizability of our findings. Restricting the study duration to 12 mo was necessary due to loss of follow-up beyond this time point but precludes understanding of TORe durability beyond one year. Other limitations include lack of follow-up on comorbidity resolution and lack of capture of improvement of dumping syndrome, for which TORe is a proposed therapy[34,35]. Finally, the results here are, by definition, from those patients who continued with follow-up, and—given that follow-up support is linked to improved weight loss outcomes in endobariatrics—this cohort may over-represent weight loss response[26,27]. For this reason, we emphasize the importance of both TORe technique and aftercare in the interpretation of these data.
Ultimately, TORe provides a critically needed tool for addressing weight recurrence after metabolic and bariatric surgery for those wishing to avoid the risks of revisional surgery. While there are still challenges, including accessibility due to the lack of widespread insurance coverage in the United States and inconsistency regarding what constitutes sufficient training to obtain competency in TORe[36], the procedure nevertheless fits well within the model of obesity as a chronic, progressive, relapsing disease state, particularly as it has been shown to be safe to use with anti-obesity pharmacotherapy[15,37] and, as seen with two patients in our cohort, can be repeated to enhance weight loss effect. 

CONCLUSION
When performed by a physician with experience in endoscopic bariatric therapies, TORe is a feasible, safe, and effective approach to weight recurrence after RYGB in a community-based practice. Successful TORe implementation should focus on mucosal ablation with purse-string technique and frequent, intensive aftercare. Patients and providers should be aware of the risk of post-TORe stenosis that responds well to non-urgent endoscopic balloon dilation. 

ARTICLE HIGHLIGHTS
Research background
Given the chronic, progressive nature of obesity, recurrence of 20%-30% of weight lost is common in the decade following Roux-en-Y gastric bypass (RYGB).

Research motivation
Surgical interventions for weight recurrence after RYGB carry heightened risks. Patients may be more amenable to the minimally-invasive endoscopic revision known as transoral outlet reduction (TORe). Though United States Food and Drug Administration-authorized, very little data exists on the implementation of TORe in the community setting.

Research objectives
To clarify the safety, efficacy, and technically feasibility of TORe in the community setting.

Research methods
This was a retrospective evaluation of a prospectively-maintained cohort of adult patients undergoing TORe in an ambulatory surgical center at a practice with expertise in endoscopic bariatric therapies. The primary outcome was total body weight loss at 12 mo. Secondary outcomes included excess weight loss within the first year, safety, predictors of total body weight loss (TBWL) response at 12 mo, and rates of post-TORe gastrojejunal anastomosis (GJA) stenosis.

Research results
In this cohort of 284 adults who underwent TORe in the community setting for weight recurrence following RYGB, 12-mo total body weight loss was 17.4%, and 81.2% achieved ≥ 10% TBWL. The number of follow up visits was the strongest predictor of 12-mo TBWL. Serious adverse events were rare and included one episode of post-operative nausea and vomiting requiring hospitalization (0.4%). Post-TORe stenosis occurred in 3.9% of subjects after an average of 57 d from TORe and was successfully managed with 1-2 endoscopic dilations. In this single largest cohort of patients undergoing TORe with a consistent purse-string technique, the procedure was shown to be safe and effective in the community setting. 

Research conclusions
When performed by experienced endoscopists and supported by longitudinal nutritional aftercare, purse-string TORe is an effective, safe, and feasible tool in the community setting to address weight recurrence after RYGB.

Research perspectives
Further study of TORe should evaluate the impact of the procedure on weight related comorbidities, which are shown to reemerge with weight recurrence after RYGB. Investigation into application of TORe to other metabolic and bariatric surgeries with a GJA (such as the one-anastomosis gastric bypass) and other clinical entities in RYGB (such as dumping syndrome and bile acid reflux) will also be valuable to the field. 
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Figure Legends
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Figure 1 Steps of transoral outlet reduction. A: examination of the pouch, outlet, and jejunal limbs. Gastrojejunal anastomosis (GJA) appears dilated; B: Circumferential mucosal ablation with argon plasma coagulation of the gastric tissue of GJA; C: Purse-string suturing of the outlet using the Overstitch endoscopic suturing system; D: Cinching of the suture over a through-the-scope fluid-filled balloon positioned through the outlet into the efferent jejunal limb; E: Final view of GJA after transoral outlet reduction; F: Healed appearance of GJA 12 wk after transoral outlet reduction. 
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Figure 2 Total body weight loss after transoral outlet reduction. Weight loss from time of transoral outlet reduction (TORe) is represented over the following year. Total body weight loss represents response to TORe and does not include initial weight loss to gastric bypass. TORe: transoral outlet reduction. 
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Figure 3 Clinical response rates at 12 mo from transoral outlet reduction. The percentage of the cohort achieving a total body weight loss response category at 12 mo is shown. Total body weight loss represents response to transoral outlet reduction and does not include initial weight loss to gastric bypass. TBWL: Total body weight loss. 
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Figure 4 Weight trajectory of cohort. The mean and standard errors for weight at Roux-en-Y gastric bypass (RYGB), post-RYGB weight nadir, transoral outlet reduction (TORe), and the year after TORe are depicted for the cohort. Time for post-RYGB weight nadir is not known or specified. This figure illustrates the importance of TORe to interrupt and reverse the post-RYGB weight recurrence trajectory. RYGB: Roux-en-Y gastric bypass; TORe: Transoral outlet reduction.


Table 1 Patient characteristics
	[bookmark: _Hlk126914481]Patient Characteristics
	Value

	[bookmark: _Hlk144718098]Weight at time of RYGB (kg)
	

	Mean ± SD
	134.2 ± 26.0

	Median, range
	130.0, 72.7-231.8

	Post-RYGB weight nadir (kg)
	

	Mean ± SD
	79.0 ± 16.3

	Median
	75.0, 51.8-147.7

	[bookmark: _Hlk144718395]Weight recurrence from post-RYGB nadir to TORe (%)
	

	Mean ± SD
	39.5 ± 19.8

	Median, range
	35.4, 5.3-128

	Duration from RYGB to TORe (yr)
	13.3 ± 5.8

	Weight at time of TORe (kg)
	

	Mean ± SD
	109.1 ± 20.7

	Median, range
	106.8, 72.7-171.4

	BMI at time of TORe (kg/m2)
	

	Mean ± SD
	39.3 ± 6.7

	Median, range
	38.3, 26.5-60.0

	Class of obesity at time of TORe, n (%)
	

	Pre-obesity (BMI 25.1-29.9 kg/m2)
	8 (2.8)

	Class I (BMI 30.0-34.9 kg/m2)
	74 (26.1)

	Class II (BMI 35.0-39.9 kg/m2)
	90 (31.7)

	Class III (BMI ≥ 40.0 kg/m2)
	112 (39.4%)

	No. of female subjects (%)
	260 (91.9)

	Age at time of TORe (yr)
	

	Mean ± SD
	51.3 ± 7.9

	Median, range
	51, 32-72

	Obesity-associated medical problems at time of TORe, n (%)
	

	Hypertension
	90 (31.7%)

	Dyslipidemia
	74 (26.1%)

	Diabetes, type II


	31 (10.9%)

	Obstructive sleep apnea
	18 (6.3%)


Data are represented as mean ± SD and/or median, range. RYGB: Roux-en-Y gastric bypass; TORe: Transoral outlet reduction; BMI: Body mass index.
Table 2 Procedural characteristics of the transoral outlet reduction, n (%)
	Procedural characteristics
	Value

	Procedure duration (min)
	27.5 ± 12.9

	Procedure Technique
	

	Purse-string of GJA only
	93 (32.7)

	Purse-string of GJA + 1 reinforcement suture in pouch
	98 (34.5)

	Purse-string of GJA + 2 reinforcement sutures in pouch
	93 (32.7)

	Pre-TORe GJA diameter estimation (mm)

	

	Mean ± SD
	33.4 ± 6.5

	Median, range
	35, 20-50

	Post-TORe GJA diameter (mm)
	

	Mean ± SD
	7.6 ± 1.0

	Median, range
	8, 5-10


Data are represented as mean ± SD and/or median, range. GJA: Gastrojejunal anastomosis; TORe: Transoral outlet reduction.

Table 3 Clinical features of stenosis of the gastrojejunal anastomosis after transoral outlet reduction, n (%)
	No. of patients with stenosis
	11 (3.9)

	Post-TORe GJA diameter (mm)
	

	5
	1 (0.35)

	6
	57 (20)

	7
	39 (13.7)

	8
	158 (55.6)

	9-10
	25 (7.4)

	Not reported
	4 (1.4)

	Post-Stenosis dilation diameter for resolution (mm)
	

	10
	6 (54.5)

	11
	1 (9.1)

	12
	2 (18.2)

	13.5
	1 (9.1)

	15
	1 (9.1)

	Days from TORe to symptoms suggestive of stenosis
	56.5 ± 30.6

	Days from TORe to first endoscopic dilation for stenosis
	87.7 ± 60.6

	No. of endoscopic dilations to resolve stenosis
	

	1
	9 (82)

	2
	2 (18)

	Medical history of patients who developed stenosis
	

	Post-RYGB Stenosis
	5 (45.5)

	Diabetes, Type II
	0

	NSAID Use
	0

	Tobacco use
	0


All data is present for the eleven patients who developed gastrojejunal anastomosis stenosis after transoral outlet reduction (TORe), except for days from TORe to symptoms suggestive of stenosis, which was available for ten patients. Data represented as mean ± SD, where appropriate. GJA: gastrojejunal anastomosis; RYGB: Roux-en-Y gastric bypass; NSAID: Non-steroidal anti-inflammatory drug; TORe: Transoral outlet reduction.
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