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Abstract

Over the past 30 years, the field of endoscopy has witnessed several advances. With the advent of endoscopic mucosal resection, removal of large mucosal lesions have become possible. Thereafter, endoscopic submucosal resection was refined, permitting en bloc removal of large superficial neoplasms. Such tech​niques have facilitated the development of antireflux mucosectomy, a promising novel treatment for gas​troesophageal reflux. The introduction and use of over the scope clips has allowed for endoscopic closure of defects in the gastrointestinal tract, which were traditionally treated with surgical intervention. With the development of per-oral endoscopic myotomy (POEM), the treatment of achalasia and spastic disorders of the esophagus have been revolutionized. From the submucosal tunnelling technique developed for POEM, Per oral endoscopic tumor resection of subepithelial tumors was made possible. Simultaneously, advances in biotechnology have expanded esophageal stenting capabilities with the introduction of fully covered metal and plastic stents, as well as biodegradable stents. Once deemed a primarily diagnostic tool, endoscopy has quickly transcended to a minimally invasive intervention and therapeutic tool. These techniques are reviewed with regards to their application to benign disease of the esophagus. 
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Core tip: Antireflux mucosectomy is an endoscopic antireflux procedure showing promising results in pa​tients with refractory gastroesophageal reflux. Over the scope clips and esophageal stents permit safe endoscopic closure of esophagogastric defects, decreasing the requirement for surgical intervention. Per-oral endoscopic myotomy allows the precise performance of endoscopic myotomy for the treatment of spastic esophageal motility disorders with the efficacy of a surgical myo​tomy without the associated surgical morbidity. Per-oral endoscopic tumor resection  enables en bloc endoscopic removal of subepithelial tumors (SETs) and is both a diagnostic and therapeutic intervention for esophageal SETs. These techniques will expand the boundaries of therapeutic endoscopy, decrease the need for surgical intervention, and improve patient outcomes.
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ENDOSCOPIC ANTI-REFLUX PROCEDURES AND ANTI-REFLUX MUCOSECTOMY 

Background 

Gastroesophageal reflux disease (GERD) is one of the most common gastrointestinal problems with an estimated increasing prevalence of over 25% in North America[1,2]. Consequently, it is a source of significant morbidity as well as considerable healthcare costs. In the United states alone, an estimated 9.3 billion dollars was incurred in direct healthcare cost as a result of GERD[3]. 

The standard surgical treatment for GERD is the Nissen fundoplication, where the fundus is wrapped around the lower esophagus to reinforce the lower esophageal sphincter (LES). This produces excellent short-term results and is generally safe with a post-operative complication rate of approximately 2%[4]. A recent multicenter randomized trial showed that there was no significant difference in symptom remissions at five years follow-up between oral esomeprazole therapy and laparoscopic Nissen fundoplication[5,6]. Studies with longer follow-up, have reported relapse rates of up to 50% at 12 years post-laparoscopic Nissen fundoplication[7,8]. Furthermore, reoperations in these patients has increased morbidity and relapse is still a possibility[9,10]. 

Recently, there has been great interest in pursuing endoscopic alternatives to laparoscopic antireflux surgery. There are three categories of such procedures; endoscopic devices for gastric plication, injection/implantable substances at the gastro​eso​phageal junction (GEJ) and ablative therapies. 

Endoscopic suturing devices allow plication 1-2 cm below the GEJ with the goal of reinforcing the LES, mimicking laparoscopic anti-reflux surgery. Depending on the device used, total procedure times vary from 30-60 min. However, due to safety, cost, and questionable long-term efficacy, many of these devices are no longer available. One currently available device is EsophyX® (EndoGastric Solutions, Washington, United States) which is marketed to deliver transoral incisionless fundoplication. Due to the fact that long-term efficacy data are not available, significant cost of the device, and the need to confirm safety and define optimal technique, it has not become widely used[11]. 

Injectable treatments where liquid chemical polymers are directly injected into the LES result in bulking and reinforcement of the natural barrier to reflux. These treatments demonstrated promising early results, but have been removed from the market due to safety concerns related to transmural injection resulting in mediastinits, pericarditis, and death[12-14]. 

Ablative therapy consists of thermal energy de​livered to the GEJ, which results in tissue remodeling that provides reinforcement to the LES. Stretta® (Mederi Therapeutics Inc., Connecticut, United States) is a currently available device which delivers low radiofrequency energy. The Stretta device has been available in the United States since 2000 and has good safety data, contrary to many of the previously mentioned therapies. In short and mid-term follow-up, there is evidence of significant improvement in subjective and objective indicators of GERD. Long-term efficacy has not been consistently demonstrated with some series showing 60% of patients proceed to antireflux surgery, while other series have shown a more durable res​ponse[15-19].
Many of the studies on endoscopic antireflux pro​cedures are limited to small single-center case series demonstrating good short-term improvement in sym​ptoms. However, consistent long-term durable efficacy has not been shown, with the few randomized control studies failing to show improvement over sham control arms. Due to the lack of convincing evidence for adequate long-term symptom control, associated high-cost and some safety concerns endoscopic antireflux procedures have failed to become widely used. 
With the introduction of strip biopsy by Tada et al[20] in 1984, endoscopic resection with local injec​tion of hypertonic saline injection (ERHSE) by Hirao et al[21] 1988, cap EMR by Inoue et al[22] in 1990 and subsequent development of ESD in Japan, rese​ction of superficial gastrointestinal neoplasia was revolutionized[20-24]. The safety and efficacy of EMR/ESD have been well reported and are now widely applied by endoscopists around the world[23-25]. A known com​plication of esophageal EMR/ESD, particularly when more than two-thirds circumferential, is stricture de​velopment[26-28]. The exact mechanism of stricture formation is unknown. However, from experimental models it has been shown to involve acute infla​mmation, angiogenesis, fibrous hyperplasia with replacement of the submucosa with dense collagen fibers, and ultimately, atrophy of the muscularis propria[29,30]. In 2003, Inoue et al[22] reported a case of circumferential EMR for short-segment Barretts with high-grade dysplasia that was found on endoscopy performed for objectively confirmed (24-h esophageal pH test​ing) reflux symptoms. A circumferential EMR was performed extending to include a 2 cm wide portion of the gastric cardia. It was hypothesized that this would improve the reflux symptoms by causing fibrosis at the gastric cardia resulting in reinforcement of the LES. As expected, excellent symptomatic and objective (normalization of 24-h esophageal pH testing) improvement resulted and the patient has remained off of PPI for over 10 years[31]. Then in 2014, Inoue et al[32] published a series of 10 patients that received the antireflux mucosectomy (ARMs) procedure for refractory GERD showing excellent results both subjectively and objectively. 

Indications

Patients with GERD that are considered for ARMs are those without a large sliding hiatus hernia that have been objectively confirmed to be PPI refractory on 24-h esophageal pH testing. The presence of Barrett’s esophagus does not preclude the performance of ARMs.
Technique 

The ARMs procedure can be performed with ESD or EMR and is generally as follows: Step 1: Marking of area for mucosectomy. Mucosal reduction is planned along lesser curve of the gastric cardia in crescentic fashion (Figure 1A). When retroflexed in the stomach, the length of preserved mucosa on the side of the greater curve is estimated at twice the diameter of the endoscope (approximately  2 cm); Step 2: Submucosal injection. Both EMR and ESD can be used depending on the experience of the operator and the presence of mucosal lesions. Submucosal injection is made along the markings to ensure adequate lift to prevent deep injury or perforation; and Step 3: Mucosectomy. The mucosectomy is performed via EMR or ESD (Figure 1B).

Safety 

In the first two cases of ARMs, circumferential muco​sectomy was performed which resulted in stricture formation, however these were successfully treated with balloon dilation. Subsequently, all ARMS were performed in a hemi-circumferential or crescentic fash​ion that produced adequate fibrosis to alleviate GERD without stricture formation[32]. 
Efficacy
All patients had significant improvement in subjec​tive and objective indicators of GERD. The DeMees​ter, heartburn and regurgitation scores all showed significant impressive improvement. Twenty-four hours esophageal pH testing showed the mean fraction of time at pH < 4 improved from 29.1% to 3.1%[32]. 

Conclusion

This series of ARMs showed promising safety and efficacy, however, the sample size was small, owing to the low incidence of GERD in Japan. Larger randomized sham-controlled studies with long-term follow-up are required to confirm these findings. Unique aspects of ARMs as an endoscopic treatment for GERD is that the safety of EMR/ESD has already been established, and endoscopists are already familiar with these techniques. These facts would allow ARMs to potentially be performed by most endoscopist with expertise in esophogastric EMR/ESD. In addition, there is no requirement for new, expensive specialized equipment. Thus, if future studies confirm the early promising results of ARMs, it has the potential to become a widely used endoscopic treatment for GERD, as it would meet the demands of safety, efficacy and cost-effectiveness. 

OVER-THE-SCOPE CLIPS

Background 

The over the scope clips (OTSCs) were initially intro​duced for closure of perforations and for mechanical hemostasis of complicated arterial bleeds of the gastroin​testinal tract. The OTSC consist of a nitinol alloy with a similar shape to a bear trap. The clip, is preloaded on a clear applicator hood which is mounted onto the scope tip. The deployment system is analogous to that of a variceal banding device with the string running through the working channel of the endoscope and is fastened to a rotatable handle that is attached to the port of the working channel. 

Indications

Specifically pertaining to the esophagus, the OTSC has successfully been used for refractory bleeds (non-variceal), closer of iatrogenic perforations, Boerhaa​ve’s syndrome, anastomotic leaks, tracheaesophageal fistula and securing fully covered self-expandable metal stents (SEMS)[33-43]. 

Technique

After mounting of the OTSC, the target area is identi​fied, suctioned into the hood and the clip is deplo​yed bringing the tissue into apposition. Alterna​tively, one of the available graspers or anchor can be used, allowing for dimproved apposition of the defect and better visualization of the tissue prior to clip deployment (Figure 2). Once the clip is deployed a permanent closing force of 8-9 Newtons (N) is applied to the tissue without causing necrosis[43]. Depending on the indication, different teeth are available; rounded (type a, Figure 2B left) for atraumatic application, pointed (type t, Figure 2B middle) and long pointed (type gc, Figure 2B right) for more tissue apposition. Some of the challenges with the OTSC device are that it limits sharp angulation which can make maneuverability in the esophagus more challenging and the attached OTSC device slightly impairs the endoscopic view. 
Safety 

Complications with the OTSC have been uniformly rare in all the published series, the majority reporting no or few complications[33-41,43-52]. However, isolated cases of esophageal perforation, inadvertent tongue piercing and intestinal obstruction (from accidental inclusion of opposing walls into the OTSC) have been reported[44,51,53]. 

Efficacy

The OTSC device has been shown to be safe and effective for refractory arterial GI bleeding and closure of iatrogenic perforations 20 mm and smaller[47,51]. The successful closure of anastomotic leaks and fistulas in case series has been largely favorable, but efficacy has varied widely between 38%-100% in published series, due to heterogeneity of cases, series size and operators experience[36-38,40-43,45,48-51,54,55]. However, two recent meta-analysis showed success rates of 80%-100% for both perforation and fistula closure, with failure usually associated with chronic fibrotic fistulas[52,56]. Most recently the European Society of Gastrointestinal Endoscopy released its position statement on iatrogenic endoscopic perforations and endorsed the use of the OTSC device for closure of iatrogenic esophageal perfo​rations[57]. 

Conclusion

Multiple studies have reported that the OTSC device has good clinical efficacy for closure of esophageal, perforations, fistula and anastomotic leaks with few complications. Depending on the expertise available  the OTSC device can be considered an early treatment option for esophageal perforation, leaks and fistula. 

POEM

Background 

Achalasia is an esophageal motor disorder resulting from inhibitory neuron dysfunction causing loss of peristalsis and impaired LES relaxation. This leads to impaired food bolus propulsion and stasis in the esophagus. Patients may experience dysphagia, regurgitation, chest pain, weight loss and heartburn[58-60]. The conventional  treatments are laparoscopic Heller myotomy (LHM) and pneumatic dilation (PD). The first account of an endoscopic myotomy dates back to 1980 by Ortega et al[61] in Venezuela, where they described two 1cm long myotomies to a depth of 3 mm performed at the LES in 17 patients. In 1997, Pasricha et al[62] in the United States, described an experimental technique on a bovine model, where a mucosal incision was made five centimetres above the GEJ and a balloon was placed into the submucosal space to create a tunnel down to the GEJ, where a myotomy of the circular muscle was performed[62]. In 2010, Inoue et al[32] in Japan modified the endoscopic myotomy procedure such that it permitted safe and effective human application. Since the introduction of POEM, there has been an dramatic increase in POEM studies and the procedure is now being performed worldwide. 
Indications

Currently, there are no universal guidelines for the indication of POEM. It is the opinion of the authors of this review that with the reported efficacy and safety from our center, that POEM can be considered a first line treatment for achalasia. POEM has been safety performed in patients with previous PD, LHM, Botox injection, and even previous POEM. In our center, it has also been safely performed in patients with type 1 and type 2 sigmoid achalasia as well as octogenarians. Other motility disorders such as diffuse esophageal spasm (DES), nutcracker esophagus, Jack-hammer esophagus, and hypertensive LES have also been successfully and safely treated with POEM. 
Technique 

The first successful case of POEM in a human was performed September, 2008 by Haruhiro Inoue. Since then, it has been widely accepted and performed with many slight variations to the original technique. The procedure as performed at our center is as follows (Figure 3): Step 1: Submucosal Injection and Incision. After the area of mucosal incision is chosen (approximately 13 cm above the GEJ for standard myotomy) 10 cc of saline with indigocarmine is injected into the submucosa and a 1.5-2 cm longitudinal inci​sion is made with a triangle-tip knife (KD-640 L; Olympus). To avoid mucosal injury, the submucosal tunnel is dissected as close as possible to the circular muscle; Step 2: Creation of the submucosal tunnel. After enough space is created in the submucosa, mucosal entry is achieved and the tunnel is carefully extended  down to the gastric side for approximately 3 cm; Step 3: Endoscopic myotomy. The circular muscle fibers are carefully dissected with the Triangle tip knife. When there is no abnormal contraction of the esophageal body or symptoms of chest pain, the standard myotomy is 8-10 cm; and Step 4: Closure of Mucosal entry. After completion of the myotomy and good hemostasis is confirmed, prophylactic antibiotic is instilled into submucosal tunnel and the mucosal entry site is clipped closed. 

The main technical limitation to the performance of POEM is the presence of severe submucosal fibro​sis which limits the ability to safety perform the submucosal tunnel and can occur when patients have had severe esophagitis, multiple previous endoscopic treatments, extensive esophageal EMR/ESD in the POEM field or radiation therapy.

Safety

Complications include; capnomediastinum, capnop​eri​toneum, intraprocedural and delayed bleeding, mu​cosal laceration/ischemia and GERD. The vast majority of complications reported have been treated conservatively and there have been no mortalities reported or requirement for conversion to open surgical procedure[63-73]. The most robust data comes from the international POEM survey (iPOEMS) database, reporting major complications occurred in 3.2% of 841 cases[74] which were treated conservatively without sequelae. In comparison, the large European trial comparing PD and LHM showed a 4% perforation rate for PD and a 12% rate of mucosal tear for LHM[75]. 

There is heterogeneity in reporting and classification of complications, partially accounting for the variability in reported complication rates (Table 1). Therefore, a standardized, internationally agreed upon adverse event reporting system for POEM is required. However, it is important to note that all the reported complications have be​en treated successfully endoscopically, with needle decompression or conservative management  without any significant sequelae. 

Efficacy
POEM is now being performed globally with excellent clinical results, with patients showing improvement of mean Eckardt scores from 5.4-8.8 pre-POEM to 0.4-1.7 post-POEM[63-68,76-81]. In addition, many series have reported decreases in LES pressure and barium column height[63-67,76-79,82]. Success rates, defined by a post-POEM Eckardt score ≤ 3, are summarized in Table 1. Multiple comparative studies have shown that POEM is at least as effective as LHM with shorter hospital stay and decreased post-procedure pain[76-78].

POEM has also been shown to be effective in patients with previous LHM. Zhou et al[83] reported a mean improvement in Eckardt score of 9.2 to 1.3, and Onimaru et al[81] reported a mean improvement in Eckardt score of 6.5 to 1.1. Patients who have failed Botox injections or PD have also seen comparable improvements post POEM[84].
Expanded Indications for other spastic esophageal motility disorders

Generally, other spastic disorders of the esophagus that have been treated surgically require a longer myotomy necessitating thoracotomy. This is another advantage of POEM, where a long myotomy can be performed without increased invasiveness or complications. From the iPOEMS database, the POEM procedure was performed in 25 DES patients, 106 Nutcracker patients, and 58 Hypertensive LES (HTLES) patients. Compared to achalasia, POEM was equally effective in Nutcracker esophagus and HTLES, but less effective for DES[74]. In the recent series by Sharata et al[73] that included 12 Nutcracker esophagus, 5 DES, and 8 HTLES patients, complete dysphagia relief was achieved in 70.8% of non-achalasia cases, while chest pain was relieved in 91.5%[73]. There are also two case reports demonstrating successful application of POEM for Jackhammer esophagus[86,87].

Areas of controversy

In our center, the majority of POEM cases were per​formed at 2 o’clock (anterior-lesser curve) or 5 o’clo​ck (posterior-lesser curve) positions. In some cases, previous procedures such as LHM, POEM, or ESD (for esophageal lesion) had been performed, precluding safe submucosal tunnelling in the normal location and alternate positions were used. At present there are no studies to guide which site of standard myotomy is most optimal. This will hopefully be addressed with a large multicenter, randomized trial in the near future. 

A selective circular muscle myotomy is normally performed in our center. Nevertheless, some centers prefer a full thickness myotomy. Li et al[88] compared full thickness myotomy with selective circular muscle myotomy and found no difference in either efficacy or adverse events. However, shorter operative times are observed with full thickness myotomy[88]. Until there is more evidence, we suggest an isolated circular myotomy to prevent potential damage to adjacent structures and.

Conclusion 

Over 2000 POEM procedures have been performed worldwide. Most of the of the studies show excellent efficacy with low rate of major complications, all of which have been managed without sequelae. There is also growing evidence for the use of POEM for other spastic disorders of esophagus. Over time, POEM may arguably become the standard of care for achalasia and other spastic disorders of the esophagus. 

PER-ORAL ENDOSCOPIC TUMOR RESECTION

Background

Subepithelial tumors (SETs) of the upper gastroin​testinal tract are generally uncommon with an incidence of about 0.4% of all routine esophagogastric  endoscopic examinations[89]. Gastric SETs have a malignancy rate of approximately 50%, in contrast, esophageal SETs are usually benign leiomyomas and only 1%-3% harbor malignancy[89-91]. Generally, SETs are asymptoma​tic and found inciden​tally on endoscopic or radiologic ex​a​mination for unrelated symptoms or screening. However, larger SETs can cause dysphagia, chest pain, regurgitation and blee​ding[92,93]. Traditionally, excision of symptomatic SETs has been performed with open surgical, laparoscopic or thoracoscopic techniques. These procedures are invasive, associated with significant health-care cost and morbidity[94-96]. In addition, if the lesion in question is benign it is difficult to justify surgical excision with associated surgical morbidity. With the introduction of POEM, the submucosal tunnelling technique has been subsequently applied for Per-oral endoscopic tumor (POET) resection by Inoue et al[97] in 2012. The technique has allowed SETs to be removed from the esophagus and gastric cardia, safety and effectively. Since its first description, multiple series have been published supporting its safety and efficacy. 

Indications

Most of the SETs removed via POET have been benign. The presumptive diagnoses were made using a combination of endoscopy, endoscopic ultrasound (EUS) and CT scan. Indications for resection were presence of symptoms, enlarging tumor or unclear diagnosis in which resection was diagnostic. 

Technique

An essential part of POET (and POEM) is use of low flow carbon dioxide insufflation to prevent complication from barotrauma as noted by Wang et al[98], where air insufflation was used in the first half of their series, which resulted in high rates subcutaneous emphysema, pneumothorax and pneumomediastinum. Subsequently, they used carbon dioxide insufflation for the remaining cases and did not have further adverse events related to insufflation[98]. The POET technique can be summarized as follows with the various steps shown in Figure 4: Step 1: Submucosal Injection and Incision. The area of mucosal incision is generally 5 cm proximal to the tumor and is made as described for POEM; Step 2: Creation of the submucosal tunnel. The submucosal tunnel is extended 1-2 cm distal to the tumor to ensure sufficient working space for the dissection of the tumour; Step 3: Tumour Resection. Once the mass is identified and the tunnel is sufficient, resection of the tumor can proceed. Careful dissection of the mass from the muscular layer should be performed to prevent rupture of capsule or perforation of the overlying mucosa. Tumors that extend to the deep muscular layer can be removed with a full thickness resection of the circular and longitudinal muscles. The free tumor can be withdrawn through the mucosal incision using a snare, grasping forceps or suctioning into the transparent hood; and Step 4: Closure of Mucosal entry. The tunnel is re-examined to confirm adequate hemostasis and the mucosal incision is closed with endoscopic clips. There are also reports of using endoscopic staples, OTSCs, as well as covered metal stents to seal the mucosal incision site[99-102].

Patients are managed analogous to post-POEM patients. Patients are kept nil per os for 24 h. Day 1 post-procedure the patient has an endoscopy as well as a contrast study to check for leak. Some centers perform routine post-procedure CT scan to check for insufflation related complications and perforation[103]. The patient’s diet is advanced to clear liquids day-1 post-procedure, and advanced to regular diet by day 4 if asymptomatic. Endoscopy and endoscopic ultrasound are generally performed for follow-up on patients that underwent POET resection. If the lesion removed is malignant or with malignant potential, closer follow-up is performed and includes a CT scan to assess for tumor recurrence and the occurrence of distant  metastasis[98,104]. 

Safety 

Almost all of the reported complications have been insufflation related (subcutaneous emphysema, pneu​mo​peritoneum and pneumomediastinum). All were managed with decompression or conservatively without sequelae. Analogous to POEM series, there is variability in reporting and classification of compli​cations. 

Efficacy
Nearly all series report 100% successful resection (refer to Table 2). With almost all being en bloc with intact capsule. A complete resection refers to an en bloc resection of the tumor with intact capsule. This factor is important to prevent seeding especially if the pre-procedure diagnosis is suggestive of a malignant or pre-malignant lesion. The limiting factor for resection of SETs via POET is size. The largest SET removed to date was 60 mm × 28 mm × 22 mm[100]. The tumor (known to be a leiomyoma) required fragmentation to be extracted. In addition, the mucosal incision could not be closed and necessitated placement of fully covered SEMS. Anecdotally, it appears that the upper limit for a complete resection is 4-5 cm depending if the shape of the tumor allows for extraction through the mucosal incision site. The efficacy data is summarized in Table 2[97-99, 105-111] below. 

Conclusion

Subepithelial tumors of the esophagus and cardia are usually incidental findings on endoscopic or radio​logic examinations for unrelated symptoms, with the ma​jority being benign. With the moderate yield of EUS, morbidity and costs and surgical resection, a minimally invasive diagnostic and therapeutic procedure is required for the management of SETs. The careful performance of POET is effective and safe, and with continued supportive evidence will likely be performed with increased frequency for resection of most esophageal and gastric cardia SETs, with surgical resection reserved for very large or malignant SETs. 

STENTS 

Background

When first introduced in 1959, esophageal stents were placed intra-operatively and were indicated only for palliation of dysphagia for non-operable malignant strictures[112]. Endoscopic stents were subsequently introduced in 1977, but were plagued with high complication rates[113]. Since then, SEMS have become widely used for palliation of dysphagia for non-operable malignant esophageal strictures with good safety, efficacy, and cost effectiveness data[114,115]. With the success of SEMS for malignant esophageal disease, there was an effort to expand the use of uncovered/partially covered SEMSS for the use of benign esophageal disease. However, it was found early on that SEMS resulted in increased complications when used for benign disease. Such complications included migration, tissue ingrowth, stent induced stenosis, development of tracheoesogeal fistula, and hemorrhage[116-118]. 

With the hope to ameliorate the serious issues encountered with SEMS when used for benign disease, manufacturers introduced the fully covered self-expandable metal stents (FCSEMS), fully covered self-expandable plastic stents (SEPS) and biodegradable stents (BDS). 

Indications

For patients with iatrogenic perforations, tracheoe​sophgeal fistula, and/or surgical interventions compli​cated by anastomotic leaks, the treatment has traditionally been surgical. However, with the advent of FCSEMS and fully covered SEPS, these have been increasingly used as means to prevent reoperation and to allow healing to take place. Another emerging use is for refractory benign esophageal strictures in which traditional management with dilation has failed. 

Equipment

There are currently a variety of stents available de​pending on the country. Below is a brief summary (Table 3) of the general differences between the FCSEMS, SEPS and BDS with focus on benign esophageal strictures. Examples of each group are shown in Figure 5. 
Technique

Once the stricture has been deemed refractory and stenting is considered, or a defect requires closure, then the choice of stent depends on the position and length of stricture/defect and preference of the endoscopist. The length of the stent should be at least about 3-4 cm longer the stricture/defect. The endoscopist should carefully assess the stricture/de​fect noting the proximal and distal margins, the dis​tance from the upper esophageal sphincter and LESs. The stricture/defect should be greater than 2 cm distal from the upper esophageal sphincter, as if this distance is less it increase the risk of of pain, globus sensation, aspiration pneumonia or development of tracheoesophageal fistula. If the stent is to be deployed across the LES, a stent with an antireflux valve can be considered if available. Once the location of stent placement is chosen, the proximal and distal margins can be marked endoscopically (submucosal injection of radiopaque substance or placement of clips), by specific anatomic landmarks under X-ray or placement of radiopaque markers on the patient. If simultaneous endoscopic visualization is desired, an ultra-slim scope can be used transnasally. Under fluoroscopic control, the stent is deployed keeping adequate margins on both sides. Endoscopic clips, OTSCs or an endoscopic suturing device can used to decrease the risk of stent migration[34,119-122]. After deployment, the stents will radially expand and shorten reaching their final form. 

Efficacy

Efficacy is defined as technical and clinical success. Technical success is defined as successful deployment of the stent and clinical success is the achievement of the intended clinical outcome (improvement in dysphagia, closure and healing of defect). FCSEMS and fully covered SEPS show excellent technical and good clinical effica​cy for the closure of benign gastrointestinal disruptions with a technical success of 91% and clinical success of 81%[123]. In the cases where only partial closure fully covered achieved, surgical reinvention is still often avoided[123]. 

Unfortunately, for benign strictures, the clinical efficacy of FCSEMS and fully covered SEPS is less promising than for benign disruptions with a range of clinical success of 40%-50%[124,125]. Biodegradable stents were introduced with the hopes of improving the shortcomings of modest clinical efficacy of FCSEMS and fully covered SEPS. Unfortunately, the clinical efficacy of BDS has not differed significantly compared to its predecessors, with a mean clinical success rate of 47%[126]. However, in the pediatric population, with the use of custom made plastic stents higher efficacy has been demonstrated. Also, with the stents fastened to a nasogastric tube with an external silicon bar at the naris to avoid distal migration, much lower migration rates have been observed[127,128].

Safety 
FCSEMS and fully covered SEPS have a modest com​plication rate, with the most common being stent migration at about 25%-30% with some evidence that the risk of migration is higher with SEPS[129,130]. The risk of migration may also be higher for proximal and anastomotic strictures[131]. Other rare complications of FCSEMS and fully covered SEPS include perforation, tissue hyperplasia, stent induced strictures, hemorr​hage, and post-procedure pain. A very rare but dreaded complication is the development of an aortoenteric fistula, which is usually fatal[132-134]. BDS have a lower risk of migration of about 20% and fewer complications overall, but may have increased post-procedure pain[126,135,136]. 

Conclusion

There is mounting evidence for the efficacy of FCS​EMS and fully covered SEPS for closure benign gastrointestinal disruptions with a moderate risk of stent migration. For refractory strictures, the efficacy is less promising likely owing to varying techniques, heterogeneity of patients and the severity of stricture pathology being treated. Depending on the individual case and the experience of the endoscopist, FCSEMS, fully covered SEPS, and BDS are potential options for select patients with refractory strictures. The particular choice of stent depends on the endoscopists preference and experience, perceived risk or migration, tissue hyperplasia and other complications. Hopefully with improvement in stent design, refinement in technique and patient selection, there will be improved clinical efficacy and safety for stents used for benign esophageal strictures. 

SUMMARY 

Endoscopy has drastically advanced from being primarily a diagnostic tool to becoming the favored modality for treatment of benign disease of the eso​phagus. Promising efficacy and safety data of POEM and POET is accumulating, and with careful application, these procedures may soon be heralded as the standard of care for various diseases. Despite being a novel procedure, there is extensive experience with the technique used in ARMs in the setting of EMR/ESD. With the early promising results of ARMs, it has the potential to become a prominent treatment of GERD if efficacy confirmed by larger randomized control trials. OTSC usage is becoming widespread and has a remarkably low complication rate with good efficacy in facilitating the closure of esophageal perforations, fistula, and leaks. At present, the evidence for treatment of benign esophageal disruptions is promising and FCSEMS and SEPS should be considered in their treatment. However, for benign esophageal strictures the evidence for the use of FCSEMS, fully covered SEPS and BDS has been conflicting, but with further improvement in stent design and refinement of technique, there is potential for improved clinical efficacy. 

With the ongoing introduction of novel procedures and equipment, it is critical that patient safety remain the top priority. International collaboration in the form of large multi-centered trials provide the opportunity to optimally study safety and clinical efficacy of newly introduced equipment and techniques.
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Figure Legends
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Figure 1  Completed antireflux mucosectomy. A: View on expiration; B: View on inspiration.
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Figure 2  The over the scope clip device. A: Clip mounted onto the distal tip of an endoscope with Twin Grasper projecting from the working channel; B: The different over-the-scope clip tooth configurations available. (With permission from OVESCO Endoscopy, Germany).
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Figure 3  Steps in Per-oral endoscopic myotomy. A: Submucosal injection; B: Mucosal incision; C: Submucosal tunneling; D: Completed tunnel; E: Circular muscle myotomy; F: Closure of mucosal incision.
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Figure 4  Per-oral endoscopic tumor resection of Leiomyoma. A: Subepithelial tumor (SET) (black arrow) and incidental papilloma (red arrow); B: Mucosal incision with TT knife; C: Creation of submucosal tunnel; D: First encounter with SET in tunnel; E: Dissection of tumor; F: Dissected SET; G: Completed full thickness resection; H: Closure of incision; I: Extracted SET with intact capsule. 
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Figure 5  Examples of biodegradable stent,  fully covered self-expan​dable metal stent and self-expandable plastic stent. A: Biodegradable stent (ELLA-CS, Czech Republic) composed of polydioxanone monofilament; B: Fully covered Evolution® stent composed of nitinol silicone coating (Cook, United States); C: Fully covered silicon constructed Polyflex® stent (Boston Scientific, United States).
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Table 1  Series reporting Eckardt post Per-oral endoscopic myotomy for achalasia


  Ref.


�
Country


�
No. of patients 


�
 Success rate (%)


�
Complications (%)


�
Mean follow-up (mo) 


�
�
  inoue et al[82] 2010a


�
Japan


�
  17


�
100


�
  0


�
  5


�
�
  von Renteln et al[79] 2012


�
Germany


�
  16


�
  94


�
   12.5


�
  3


�
�
  Swanstrom et al[67] 2012 


�
United States


�
  18


�
100


�
   16.7


�
11


�
�
  Ren et al[85] 2012 


�
China


�
119


�
  94


�
55


�
  3


�
�
  Costamagna et al[65] 2012 


�
Italy


�
  11


�
100


�
  0


�
  3


�
�
  Lee et al[66] 2013 


�
South Korea


�
  13


�
100


�
  0


�
  7


�
�
  Hungness et al[76] 2013 


�
United States


�
  18


�
  89


�
22


�
  6


�
�
  Teitelbaum et al[77] 2013


�
United States


�
  12


�
100


�
NR


�
  9


�
�
  Zhou et al[83] 2013b


�
China


�
  12


�
  92


�
   16.7


�
10


�
�
  Von Renteln et al[64] 2013c


�
International 


�
  70


�
     82.4


�
   14.3


�
12


�
�
  Sharata et al[84] 2013d


�
United States


�
  31


�
100


�
   12.5


�
  6


�
�
  Freidel et al[68] 2013 


�
United States


�
  45


�
  95


�
33


�
  3


�
�
  Inoue et al[80] 2013 


�
Japan


�
300


�
100


�
  6


�
12


�
�
  Sharata et al[73] 2014 


�
United States


�
  75


�
  98


�
11


�
16


�
�
  Bhayani et al[78] 2014 


�
United States


�
  37


�
100


�
   13.5


�
  6


�
�
  Minami et al[63] 2014


�
Japan


�
  28


�
  96


�
0


�
  3


�
�
aEckard score was not used, but rather a dysphagia symptoms score which decreased from mean of 10 to 1.3; bAll patient had previous laparoscopic Heller myotomy; cEuropean and North American; dIncluded other spastic esophageal disorders, total 31 achalasia cases; Complications rate reported is for all 40 cases performed. NR: Not reported.





Table 2  Series reporting on safety and efficacy of per-oral endoscopic tumor resection


  Ref.


�
Country


�
No. of patients


�
Mean tumor size (mm)


�
Complete resectionb  (%)


�
Piecemeal or disrupted capsule  (%)


�
Complications


(%)�
�
  Inoue et al[97] 2011a


�
Japan


�
  9


�
   29.4


�
100 (7/9)


�
0


�
    0


�
�
  Cai et al[105] 2012


�
China


�
  1


�
20


�
100


�
NS


�
100


�
�
  Gong et al[106] 2012 


�
China


�
12


�
   19.5


�
83.3 (10/12)


�
16.7 (2/12) 


�
     16.7


�
�
  Xu et al[107] 2012 


�
China


�
15


�
19


�
100


�
0


�
     13.3


�
�
  Liu et al[103] 2013 


�
China


�
12


�
   18.5


�
100


�
0


�
    66.7


�
�
  Xu et al[108] 2013


�
China


�
23


�
21


�
100


�
0


�
  39


�
�
  Wang et al[99] 2013


�
China


�
18


�
33


�
NS


�
NS


�
     16.7


�
�
  Chen et al[109] 2014 


�
China


�
  1


�
#1 = 25


#2 = 30 �
100


�
0


�
0


�
�
  Kumbhari et al[100] 2014


�
United States


�
  1


�
60


�
0


�
100


�
NS


�
�
  Lu et al[110] 2014 


�
China


�
42


�
   12.1


�
97.7 (44/45)


�
2.3 (1/45)


�
     15.6


�
�
  Ye et al[104] 2014 


�
China


�
85


�
   19.2


�
100


�
0


�
      9.4


�
�
  Wang et al[98] 2014


�
China


�
57


�
   21.5


�
100


�
0


�
  21


�
�
  Lu et al[111] 2014c


�
China


�
18


�
21


�
100


�
0


�
     11.1


�
�
aThe 2 subepithelial tumors (SETs) that could not be resected were 60 and 75 mm in size and an adequate endoscopic field for safe extraction was not possible; bComplete resection refers to en bloc extraction of the tumor with intact capsule and clear margins; cSeries included only cardia and gastric SETs. NS: Not specified.





Table 3  General differences between stents for benign esophageal disease


  Stent type


�
Advantages


�
Disadvantages


�
�
  FCSEMS


�
No requirement for pre-dilation


Recapture is possible�
Expensive


High migration risk


Increased tissue hyperplasia�
�
  SEPS


�
Cheaper than other covered stents


Decreased tissue hyperplasia�
High migration risk (potentially more than FCSEMS)


Require manual loading


Require pre-dilation�
�
  BDS


�
No need to remove


Less migration risk�
Expensive


Increased risk of post-procedure pain


Require manual loading


Require pre-dilation�
�
FCSEMS: Fully covered self-expandable metal stents; SEPS: Self-expandable plastic stents; BDS: Biodegradable stents.








