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      Abstract


      Background


      Conversion from laparoscopic Adjustable Gastric Band (AGB) to Roux-en-y gastric bypass (RNY) or Sleeve Gastrectomy (SG) is now common. Complication rates up to 25% have been reported. We reviewed the experience at a Metabolic and Bariatric Surgery Accreditation and Quality Improvement Program (MBSAQIP) Center of Excellence.


      Study Design


      Our prospective database was retrospectively reviewed for single-stage conversions over a 10-year period ending in 2017 to assess outcomes compared to primary procedures. In revisions, we reinforce staple lines with buttress material, oversew staple lines in high-risk patients, and avoid stapling or anastomosing into scar capsule tissue. Statistical analysis was performed using t-test, chi-square, Fisher's Exact, McNemar's, and Wilcoxon signed rank tests.
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            Results

          
        


        
          	
            

          

          	
            Primary RNY


            (n = 620)

          

          	
            Conversion to RNY


            (n = 50)

          

          	
            Primary SG


            (n = 1291)

          

          	
            Conversion to SG


            (n = 146)

          
        


        
          	
            Age (years),

          

          	
            43.8

          

          	
            49.7

          

          	
            43.4

          

          	
            46.8

          
        


        
          	
            mean (range)

          

          	
            (18-78)

          

          	
            (24-67)

          

          	
            (13-73)

          

          	
            (23-73)

          
        


        
          	
            Female, n (%)

          

          	
            464 (74.8)

          

          	
            44 (88)

          

          	
            986 (76.4)

          

          	
            128 (87.7)

          
        


        
          	
            BMI, mean (range)

          

          	
            47.6 (28.8-86.0)

          

          	
            46.2 (34-66.4)

          

          	
            46.4 (27.8-87.4)

          

          	
            44.5 (33.4-74)

          
        


        
          	
            Bleed, n (%)

          

          	
            6 (0.1)

          

          	
            0

          

          	
            3 (0.2)

          

          	
            1 (0.7)

          
        


        
          	
            *Leak, n (%)

          

          	
            1 (0.2)

          

          	
            4 (8)

          

          	
            8 (0.6)

          

          	
            0

          
        


        
          	
            Stricture, n (%)

          

          	
            10 (1.6)

          

          	
            0

          

          	
            5 (0.4)

          

          	
            1 (0.7)

          
        


        
          	
            30-day Reoperation, n(%)

          

          	
            16 (2.6)

          

          	
            4 (8)

          

          	
            8 (0.6)

          

          	
            0

          
        


        
          	
            30-day Readmission, n(%)

          

          	
            25 (4.0)

          

          	
            4 (8)

          

          	
            30 (2.3)

          

          	
            3 (2.1)

          
        

      


      *Fishers Exact test for conversion RNY vs. conversion SG leak p = 0.0039

      Fisher's Exact test for conversion RNY vs. conversion SG re-op p = 0.0039


      Conclusions


      The risk of leak appears to be higher with conversion to RNY vs. SG. This finding should be weighed heavily when selecting revision procedures for high-risk patients.
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      Introduction


      Laparoscopic adjustable gastric banding (AGB), once the bariatric procedure par excellence, has diminished in popularity due to insufficient weight loss or band-related complications, which have been reported in up to 53% of cases [1,2]. Currently, many patients with AGB request conversion to another form of bariatric surgery. Conversion from AGB to sleeve gastrectomy (SG) or Roux-en-y gastric bypass (RNY) can be performed in one or two stages. In the single-stage procedure, the AGB components are removed and the gastric sleeve or bypass is created during the same operation. Comparatively, in the two-stage process the AGB hardware is removed in the first stage and the gastric sleeve or bypass is created in a separate, shorter, subsequent procedure [3]. However, prior studies did not find a significant difference in cumulative operating time between the one- and two-stage methods [4]. Single-stage conversion from AGB to SG or RNY has become a valid rescue, in spite of associated perioperative complications, such as stricture, bleeding, and increased length of stay [5].


      Revisions and conversions have now become a significant part of bariatric surgery. According to the American Society for Metabolic and Bariatric Surgery (ASMBS), revisional bariatric surgery includes conversion, corrective, and reversal procedures [6]. Conversion is defined as a procedure that changes the index procedure to a different type. Corrective procedures are those that address complications or incomplete treatment effects of a previous bariatric procedure. Reversals are procedures that restore the original anatomy. However, information regarding surgical outcomes of revisional procedures can be inadvertently muddled. Due to the lack of consensus in the literature, we have defined revision as a recreation of the original procedure and conversion as a change from one procedure to another (eg AGB to SG). The objective of this study was to review the experience of single-stage conversions at a Center of Excellence in the Metabolic and Bariatric Surgery Accreditation and Quality Improvement Program (MBSAQIP). Our hypothesis is that single-stage conversions from AGB to SG or RNY are safe and feasible with a low complication rate.


      Methods


      After obtaining Institutional Review Board (IRB) approval, our prospective database was retrospectively reviewed for primary SG, primary RNY, and all single-stage bariatric conversions from AGB to SG or RNY performed over a 10-year period ending in 2017 to assess short-term outcomes. Factors reviewed included patient demographics (age, gender, weight, body mass index [BMI], co-morbidities), operative details (procedure performed, modality), and outcomes (length of hospital stay [LOS], bleed, leak, stricture, 30-day reoperation, 30-day readmission, 30-day mortality). Patients were categorized into two groups: those who underwent primary bariatric procedures and those who underwent conversion from AGB to RNY or SG. The decision to convert to either RNY or SG was largely based on patient preference. However, if patients were known to have severe gastroesophageal reflux disease (GERD), conversion to RNY was typically performed. Also, if patients were known to have prior extensive mid-abdominal surgeries, conversion to SG was selected.


      Statistical Methods


      Since randomization of patients to primary or conversion could not be done due to the retrospective nature of the study, the AGB-to-SG and AGB-to-RNY conversion groups were compared to the primary SG and RNY cohorts, respectively, using the propensity score method (PSM). PSM was utilized to match patients in each of the two groups on the demographic variables gender, age, BMI, weight, and height in order to reduce the confounding effects of covariates on the targeted outcome variables. Descriptive statistics (mean ± standard deviation and median for continuous data; frequencies and percentages for categorical data) were used to describe the demographic and clinical characteristics of the sample by group. Comparability of the two groups before and after matching was evaluated using the two sample t-test for continuous variables, and the chi-square test or Fisher's exact test, as deemed appropriate, for categorical variables.


      McNemar's test for matched pair samples was used to compare the rates of the primary and secondary categorical outcomes (complications, comorbidities, 30-day readmission, and 30-day reoperation) for the two matched groups. Comorbidities were compared as outcomes in view of the fact that many patients presenting for conversion procedures may have had a significant change in the presence of comorbidities (e.g. resolution of diabetes, new-onset GERD). The Wilcoxon signed rank test was used to compare the two matched groups for continuous measures (i.e. LOS). A result was considered statistically significant at the p < 0.05 level of significance. All analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC).


      Perioperative management


      This institution offers a "Back on Track" Program for patients seeking revision or conversion bariatric surgery for significant weight regain. Extensive preoperative assessments were performed, including nutritional and psychological evaluations. Smoking cessation was required for a minimum of six weeks prior to bariatric procedures and confirmatory testing was done using carboxyhemoglobin and nicotine levels. Non-compliant patients did not undergo elective operation. Oral contraceptive pills were held one month prior to and one month following surgery. Females of child-bearing age were advised to avoid pregnancy for a minimum of 18 months postoperatively. Patients with a known hypercoaguable state were referred to hematology for evaluation prior to surgery. In patients with diabetes, insulin secretagogues were held and injectable insulin given accordingly. Prophylaxis against deep vein thrombosis included the preoperative use of one dose of 5000 units of low-molecular-weight heparin injected subcutaneously in combination with external, bilateral lower-extremity intermittent pneumatic compression. Postoperatively, daily enoxaparin sodium injections were used along with early and frequent ambulation. Patients with a BMI > 50 kg/m2 were also discharged with 40 mg subcutaneous enoxaparin sodium twice a day for 14 days. Following a negative upper gastrointestinal swallow study (generally performed on postoperative day 1), patients were started on a low-sugar, clear liquid diet with supplemental crushed or liquid medications as necessary. Even though this institution has moved away from the use of routine postoperative upper gastrointestinal swallow studies following uncomplicated, primary bariatric procedures, they are still used for patients undergoing bariatric conversions due to the complexity and morbidity associated with the operation.


      Operative technique for conversions


      Conversion to sleeve gastrectomy: Patients were placed in a supine, then reverse-Trendelenburg position and five ports inserted into the abdomen (12 mm left subcostal, 15 mm right upper quadrant, 5 mm bilateral subcostal, 5 mm subxiphoid). Adhesiolysis of the gastric band was performed using ultrasonic shears, followed by band unbuckling and extraction, along with removal of the tubing. The gastric fundoplication was then divided using sharp dissection with careful use of an energy device or with a stapler and articulating dissector if the stomach appeared thickened. Ultrasonic shears were then used to divide the gastrocolic omentum up to the angle of His. The orogastric tube was exchanged for a 38-French bougie, and the stomach divided using a stapler with buttress material (Peri-strips Dry with Veritas, Baxter Healthcare Corporation) reinforcement. A thick-tissue black load was used for the first two staple firings in the antrum along the bougie, followed by a green load up to the angle of His, crossing the staple lines to reduce the incidence of leak. Conversions performed at this institution include key steps in an effort to decrease morbidity: staple lines are over-sewn and/or reinforced with peri-strips in high-risk patients and precaution is taken to avoid stapling or anastomosing into AGB-induced scar capsule tissue. Special care was taken to staple away from the area of AGB scarring due to the relative ischemia of the fibrotic tissue. Finally, a leak test was performed by removing the bougie, replacing the orogastric tube, and instilling methylene blue at a high pressure to facilitate full distention of the stomach with close inspection of the staple line. For robotic cases, 8 mm robotic trocars were used in place of 5 mm laparoscopic ports. In cases when the robotic stapler was used, the staple line was over-sewn with 2-0 silk sutures in a seromuscular fashion.


      Conversion to Roux-en-y gastric bypass: Patient positioning, port placement, band removal, and fundoplication takedown was performed in a similar fashion to that of the gastric sleeve procedure described above. The gastric pouch was then created using a buttress-reinforced stapler going up to the angle of His distal to the level of AGB-induced capsule to avoid incorporation of scar tissue into the staple line. The patient was repositioned from reverse-Trendelenburg to facilitate cranial passage of the ante-colic, ante-gastric Roux limb. The omentum was divided to the level of the transverse colon. The small bowel was then divided 50 cm distal to the ligament of Treitz, a 150 cm Roux limb was measured, and the respective anastomoses were created. Methylene blue was used to perform a leak test via an orogastric tube.


      Results


      The retrospective review revealed 2,816 patients who underwent bariatric surgery over the study period, 196 of whom were conversions from AGB. One hundred seventy-two (87.8%) of the conversion patients were female. Fifty conversions were AGB to RNY (25.5%) and 146 were AGB to SG (74.5%). Tables 1 and Table 2 show the patient demographics for the conversion surgery patient groups compared to the historical control primary surgery groups after PSM.


      Notably, prior to PSM the incidence of GERD was found to be significantly higher in patients undergoing either RNY or SG conversion compared to those undergoing primary RNY or SG. After PSM, the incidence of GERD was still found to be significantly higher in patients undergoing SG conversion compared to primary SG (p = 0.0003, chi-square). Additionally, the incidence of obstructive sleep apnea was found to be significantly lower in SG conversion patients compared to primary SG patients.


      The RNY and SG conversion groups were also compared to each other. The mean age, weight, and BMI of the RNY conversion patients were not significantly different from the SG conversion patients (p = 0.1007, 0.2057, and 0.1167, respectively; unpaired t-test). The number of patients with hypertension was significantly higher in the RNY conversion group compared to the SG conversion group (p = 0.0499; chi-square). There was no difference in the number of patients with diabetes, obstructive sleep apnea, gastroesophageal reflux disease, or osteoarthritis between the RNY and SG conversion groups (p = 0.5536, 0.9167, 0.6766, 0.2045, respectively; chi-square). Thirty-day outcomes were compared between the propensity-matched primary and conversion RNY (Table 3) and SG's (Table 4). The LOS was found to be significantly higher in patients who underwent conversion from AGB to SG compared to patients who underwent primary SG. Table 5 shows the comparison of the surgical outcomes of the RNY and SG conversion groups. The rate of leak, re-operation, and length of stay was found to be significantly lower in patients who underwent conversion to SG compared to those converted to RNY. The operative modality used was also found to be significantly different between the groups. There were no mortalities in either conversion group.


      Discussion


      The ASMBS has published estimates of the number of bariatric procedures performed yearly in the United States from 2011-2017 [7]. Bariatric revisions (conversions, corrections, or reversals) accounted for 14% of the 228,000 total procedures performed in 2017 compared to only 6% in 2011. Bariatric revision procedures are indicated for patients with inadequate weight loss, defined as less than 50% of excess weight loss at 18 months [8], or for patients with weight regain, comorbidity recurrence, or procedure-associated morbidities. Specific indications for reoperation after AGB placement include band slippage, erosion, port malfunction, or patient intolerance [9]. Patients can undergo band adjustment, replacement, or removal with or without conversion to another bariatric procedure. Conversion from a failed AGB to a SG or RNY can be performed in one- or two-stage procedure; however, there is currently no consensus in the literature regarding the optimal choice [6]. Major complications including leak and bleed are associated with both the single- and two-stage approach, with higher rates reported for the single-stage procedure [4,10]. However, LOS was shown to be longer for patients who underwent the two-stage operation [4]. Our single-stage complication rate may be low due to use of either staple line reinforcement with buttress material, over-sewing of the staple line or both in high risk patients, avoidance of stapling across the scar capsule left by the band, and placing the RNY anastomosis below the AGB-induced scar.


      Complications of conversion to RNY or SG after AGB have been reported as high as 46% in previous studies [11-14]. In this study, single-stage conversion from AGB to RNY and SG did not appear to carry an increased risk of stricture, bleed, readmission, or death. However, the risk of leak appeared to be higher with conversion to RNY vs. SG. The decrease in morbidity could be due to the relatively decreased complexity of the SG versus the RNY operation (i.e. fewer anastomoses, less intra-abdominal manipulation). The LOS was also found to be lower in the SG conversion group and may also be associated with technical aspects of the procedure, though further studies are warranted. These findings should be weighed heavily when selecting revisional procedures for high-risk patients. Although RNY has been associated with greater long-term weight loss [15,16], consideration must be given to the increased complication rate associated with conversion to RNY [5-17] when deciding to convert from AGB to either SG or RNY. Surgeons and patients, especially high-risk patients, should thoroughly discuss the potential pros and cons associated with each bariatric conversion procedure.


      Bariatric surgery has been well-established to significantly reduce or even eliminate obesity-related comorbidities, such as diabetes, hypertension, obstructive sleep apnea, cardiovascular disease, and mortality [18-20]. In this study, the incidence of obstructive sleep apnea was found to be significantly lower in patients undergoing conversion to SG compared to primary SG. Recent reviews have specifically assessed the effect of bariatric surgery on GERD [21,22]. The authors reported that in the short-term postoperative period, gastric banding has been associated with alleviation of GERD symptoms. However, long-term follow up revealed a subset of patients who developed new-onset or worsening reflux, the etiology of which could be due directly to GERD or to band-related complications. In comparison, RNY has been associated with sustained resolution of GERD [21] and SG has been associated with worsening of GERD [23] or new-onset in up to 46% of patients [24]. Notably, the incidence of GERD was found to be significantly higher in patients prior to undergoing conversion to either RNY or SG compared to those about to undergo primary operation. The significant increase in GERD was also seen when comparing pre-primary SG to pre-conversion SG groups after propensity score matching. Consequently, the presence of GERD should be strongly taken into account when choosing revisional procedures.


      The focus of our study was on short-term outcomes of patients undergoing conversion from primary AGB to RNY or SG at a Bariatric Center of Excellence. Future studies can assess the role of indocyanine green (ICG) and fluorescence imaging to visualize ischemic gastric tissue in relation to staple lines in order to potentially decrease the occurrence of leaks. Further studies are also underway to ascertain the long-term outcomes associated with single-stage conversions, as well as a comparison to short- and long-term outcomes of two-stage procedures.


      Conclusions


      Single-stage conversion to either SG or RNY can be performed safely (either laparoscopically or robotically) in patients with a suboptimal response to AGB. Weight-loss goals and the presence of comorbidities, specifically GERD, must be weighed with complication risks when selecting conversion procedures, especially in high-risk patients.


      
        Table 1: Patient demographics of the primary and conversion RNY groups. View Table 1

      


      
        Table 2: Patient demographics of the primary and conversion SG groups. View Table 2

      


      
        Table 3: Outcomes of primary versus conversion RNY procedures after propensity matching. View Table 3

      


      
        Table 4: Outcomes of primary versus conversion SG procedures after propensity matching. View Table 4

      


      
        Table 5: Outcomes of conversion operations. View Table 5
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