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Abstract
AIM: To evaluate the feasibility and outcomes of laparoscopic Nissen fundoplication after failed transoral incisionless fundoplication (TIF).

METHODS: TIF is a new endoscopic approach for treating gastroesophageal reflux disease (GERD). In cases of TIF failure, subsequent laparoscopic fundoplication may be required. All patients from 2010 to 2013 who had persistence and objective evidence of recurrent gastroesophageal reflux disease (GERD) after TIF underwent laparoscopic Nissen fundoplication. Primary outcome measures included operative time, blood loss, length of hospital stay and complications encountered.

RESULTS: A total of 5 patients underwent revisional laparoscopic Nissen fundoplication (LNF) or gastrojejunostomy for recurrent GERD at a median interval of 24 mo (range, 16–34 mo) after TIF. Patients had recurrent reflux symptoms at an average of 1 month following TIF (range, 1-9 mo). Average operative time for revisional surgical intervention was 127 min (range, 65-240 min) and all surgeries were performed with a minimal blood loss (< 50 mL). There were no cases of gastric or esophageal perforation. Three patients had additional finding of a significant hiatal hernia that was fixed simultaneously. Median length of hospitalization was 2 d (range, 1-3 d). All patients had resolution of symptoms at the last follow up. 
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INTRODUCTION
Gastroesophageal reflux disease is a pathology of significant prevalence, with an estimated 10%-20%[1-4] of the United States population experiencing symptoms weekly. The resultant morbidity of such a widespread condition has under-recognized implications on the health of populations and healthcare expenditures. Though medical management can be effective, symptomatic relief is dependent upon long-term therapy and adequate compliance[5]; approximately 10%-40% of patients have refractory symptoms[6,7]. 
The significant numbers of patients who are refractory to medical therapy undergo interventions that alter gastroesophageal anatomy to address the underlying mechanisms responsible for pathologic reflux: transient lower esophageal sphincter relaxations (TLESRs), a hypotensive lower esophageal sphincter, and anatomic disruption of the gastroesophageal junction. In the past decade, transoral incisionless fundoplication (TIF)[8-13] has been employed as a less-invasive alternative to Nissen fundoplication, a surgical procedure known to be effective in refractory gastroesophageal reflux disease (GERD).
TIF is performed using an endoscopic plication device that circumferentially deploys polypropylene fasteners to create a neogastro-esophageal valve after invaginating the lower esophagus into the gastric fundus. The lengthened esophageal gastric junction (EGJ) has been found to reduce the number of post-prandial TLESRs and decrease EGJ distensibility, resulting in improvement in liquid-containing reflux while maintaining the ability to vent gastric air. The largest multi-center prospective study to-date (n = 86) reported 56% of patients were cured of GERD based on symptom reduction and discontinuation of PPIs[14]. Esophageal acid exposure was decreased in 61% percent of patients, and the study reported a significant increase in mean LES pressure from 12 to 18 mmHg; 81% of patients achieved complete cessation of proton pump inhibitors after 12 mo. 
Even though initial studies have shown promise, a few series have also reported substantial treatment failure rate[15-18]. Such patients develop recurrent/persistent GERD after TIF and are considered for further antireflux surgeries. In these instances, laparoscopic Nissen fundoplication (LNF) is the next recommended intervention, but becomes technically more challenging due to deranged anatomical variation secondary to endoscopic alterations, and may potentially lead to increased complications[19]. 
In the context of preliminary outcomes considerably different from primary LNF, further data is needed in order to provide patients accurate counseling in the risks and benefits of undergoing a technically challenging LNF after TIF. The purpose of this study was to evaluate the feasibility and outcomes of laparoscopic Nissen fundoplication after failed TIF at our institution.

MATERIALS AND METHODS
All patients from 2010 to 2013 who underwent revisional antireflux surgery after a previous TIF and had persistent objective evidence of recurrent GERD were included. Recurrent or persistent disease was determined if patients had chronic GERD (> 6 mo) hypotonic or lower esophageal sphincter (< 30 mmHg), presence of a pathologic 24 h esophageal pH monitoring.
Patients subsequently underwent a LNF or a laparoscopic gastrojejunostomy by a qualified surgeon experienced in the procedure. Where appropriate, all LNFs involved entire mobilization of the prior TIF fundoplication(Figure 1A), mobilization of the esophagus with at least 3 cm within the abdominal cavity (Figure 1B), mobilization of the gastric fundus (Figure 1C), posterior closure of the crura and a 360° fundoplication resulting in at least a 3 cm wrap. Patients were followed for resolution of symptoms, and primary outcome measures included operative time, blood loss, length of hospital stay and complications encountered.

RESULTS
In 4 years, a total of 5 patients underwent revisional surgery due to persistent/recurrent GERD. 4 patients underwent revisional laparoscopic nissen fundoplication (LNF) and one underwent laparoscopic gastojejunostomy at a median interval of 24 mo (range, 16–30 mo). Sixty percent (n = 3) of the patients were males, with a median age of 57 (38-71) years, and a median BMI of 23.7 (23.1-27.8) kg/m2.Three of the patients developed recurrence of symptoms within one month following TIF, with the remaining two patients remaining at 5 and 9 mo. 
The median operative time for revisional fundoplication was 98 min (range, 65-240 min). Three patients had an additional finding of a sliding hiatal hernia that was fixed simultaneously. One patient was found to have TIF fasteners placed superior to the gastroesophageal junction that had partially disrupted, as well as fasteners that were visible under the serosa of the stomach (Figure 1D). One patient that underwent gastrojejunostomy did so because of her history of open fundoplication followed by TIF previously. She had persistent dysphagia that resulted in her TIF being taken down in conjunction with resection of the fundus so a repeat fundoplication was not an option. 
The revisional LNF was performed after taking down the adhesions from TIF and full mobilization of the prior fundoplication. A 3cm wrap was performed in all patients, and crural closure was ensured. Hiatal hernia where present was reduced simultaneously. One patient with a large hiatal hernia for which mesh was placed for reinforcement of the crural closure.The median operative blood loss was 50 mL (range, 30-50 mL). There were no cases of gastric or esophageal perforation.A median length of hospitalization was 2 d (range, 1-3 d) and were discharged after they tolerated a post Nissen/mechanical soft diet. Median follow up was 1 mo (range, 1-6 mo) at which point none of the patients had persistence of reflux symptoms. 

DISCUSSION
An estimated 2/3rd of patients with non-erosive reflux disease will relapse with discontinuation of PPIs[20]; with nearly all patients relapsing with erosive disease[21]. Additionally, as an estimated 40% of patients have symptoms of GERD unresponsive to PPIs[22], definitive treatments for GERD will likely remain an area of investigation. Current evidence[23] suggests that laparoscopic Nissen fundoplication is superior to medical management for patients with normal esophageal length and motility, with 98% of patients cured of symptoms after 3-mo follow up. The procedure is however associated with 7% morbidity, primarily new-onset dysphagia. TIF is one of several techniques recently developed to provide a less-invasive definitive treatment for the millions of patients refractory to medical management.
Recent literature regarding TIF outcomes report inferior resolution of symptoms in comparison to LNF. A review of 15 published studies on TIF in 2013 reported overall patient satisfaction of 72%, PPI discontinuation in 67% of patients, a major complication rate of 3.2%, and a failure rate of 7.2%[24]. The largest prospective study of TIF outcomes (n = 84)[14] reported two instances of esophageal perforation upon device insertion, and one case of postoperative intraluminal bleeding. Another study following 38 patients also reported one case of intraluminal bleeding[18]; 36% of these patients also chose to undergo a revisional LNF. Mortality has not been reported to date.
The relatively high failure rates of TIF in comparison to LNF indicate that a subset of refractory patients will eventually seek revisional procedures. Only three studies have been published assessing the outcomes of revisional LNF. An early study from the Netherlands in 2010[19] identified 11 patients who underwent LNF from 88 patients who underwent TIF. Three of these patients were found to have complete disruption of fasteners; another five patients had partial disruptions. Following revision, all patients had normalized esophageal acid exposure, but there was not a significant improvement on the quality of life, primarily associated with dysphagia refractory to dilation in three patients. Complications included two instances of gastric perforation, one conversion to an open procedure, and the development of a sub-phrenic abscess in one patient requiring surgical exploration.
A subsequent publication from the Netherlands followed 15 patients who underwent revisional laparoscopic anti-reflux surgery from a cohort of 43 patients who received a TIF at their institution[25]. Seventy-sixpercent of these patients had disruption of TIF fasteners; all revisional procedures were performed laparoscopically without a need to convert to an open surgery. There was one reported instance of gastric perforation during dissection of the endoscopic fundoplication. Similar with the previous study, dysphagia occurred in 33% of patients; 27% required one or more pneumodilations for their symptoms. While there was a statistically significant improvement in quality-of-life measures in comparison to baseline, significance was not achieved when comparing post-TIF and post-revisional LNF scores.
A recent study by Perry et al[26] evaluated outcomes pertaining to the safety of performing a revisional procedure; 66 TIF patients were followed, 7 of whom underwent a LNF. Two of these patients had persistent symptoms immediately after TIF, while the remaining five developed recurrent symptoms between 5 and 33 mo. All patients were found to have partially dislodged TIF fasteners (Figure 1D), with one patient noted to have a significant hiatal hernia. There were no instances of gastric or esophageal perforations. Median operative time was 97 (48-122) min, with an estimated blood loss of 10 (0-50) mL. All patients were discharged on the first post-operative day.
All of these studies documented technically challenging revisional operations involving significant lysis of adhesions, which were implicated in the reported instances of gastric perforations and conversions to open surgeries. Our intra-operative findings were in concordance, but as was concluded by Perry et al[26], the absence of operative complications in our patients would suggest that revisional LNF can be safely performed in experienced hands. Additionally, the higher rates of dysphagia and the inferiority of symptom resolution in comparison to primary LNF were not observed in our patients.
Disrupted TIF fasteners were also observed in our patients, which is in agreement with these previous studies that have proposed disruption as the primary mechanism of TIF failure. There is no literature describing how this disruption occurs, which may be associated with inadequate endoscopic technique or a limitation of the device itself. However, significant hiatal hernias were present in 3 of our 5 patients, which may suggest that there are potentially identifiable anatomical variables that are predictive of fastener disruption and/or TIF failure.
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Background
Gastroesophageal reflux disease is pathology of significant prevalence, with an estimated 10%-20% of the United States population. Transoral incisionless fundoplication (TIF) has been employed as a less-invasive alternative be effective in refractory gastroesophageal reflux disease (GERD) and few series have also reported substantial treatment failure rate. 

Research frontiers
To outline the feasibility and safety of laparoscopic Nissen fundoplication following transoral incisionless fundoplication. 

Innovations and breakthroughs
[bookmark: OLE_LINK1860][bookmark: OLE_LINK1861]TIF is associated with persistent GERD in few subset of patients. Even though the results of TIF failure cannot be generalized, patients do explore other option. Laparoscopic Nissen has been the gold standard treatment for managing GERD even in patients who have had other antireflux procedures. In expert hands, it can be done without any major morbidity or mortality.

Applications 
[bookmark: OLE_LINK2204][bookmark: OLE_LINK2135][bookmark: OLE_LINK2585][bookmark: OLE_LINK2586][bookmark: OLE_LINK2709][bookmark: OLE_LINK2926]Patients with persistent GERD after TIF should undergo Nissen fundoplication by experienced people in high volume centers.

Peer review
The numbers presented in this study are very small so care must be taken before generalizing these results. More studies need to be conducted to evaluate more options after failed TIF.
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Figure 1 Intraoperative view. A: The mobilization (arrow) of the prior transoral incisionless fundoplication; B: The mobilization of the esophagus with at least 3 cm within the abdominal cavity; C: The mobilization of the gastric fundus for a 360º Nissen fundoplication; D: The prior transoral incisionless fundoplication fasteners visible under the serosa of the stomach attached to the esophageal wall (arrows).
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