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Abstract
Advances in stents design have led to a substantial increase in the use of stents for a variety of digestive diseases. Initially developed as a non-surgical treatment for palliation of esophageal cancer, the stents now have an emerging role in the management of malignant and benign conditions as well as in all segments of the gastrointestinal tract. In this review, relevant literature search and expert opinions have been used to evaluate the key-role of stenting in gastrointestinal benign and malignant diseases.
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Core tip: Endoscopic stenting plays an indispensable role in the treatment of benign and malignant digestive strictures and leaks. In this review, we summarize data from randomized clinical trials or prospective studies together with meta-analytical data, when applicable; to present the most updated recommendations in stenting of gastrointestinal diseases.
Mangiavillano B, Pagano N, Arena M, Miraglia S, Consolo P, Iabichino G, Virgilio C, Luigiano C. Role of stenting in gastrointestinal benign and malignant diseases. World J Gastrointest Endosc 2015; In press
INTRODUCTION
Stenting has become an optimal option for the treatment of a variety of gastrointestinal malignant and benign diseases, which plays a vital role in alleviating obstructive symptoms such as dysphagia, pain, and improving patients’ quality of life.
Over the past 30 years, dramatic changes have occurred in the composition and design of stents and their application to digestive disorders.

For example, stent composition began with plastic, evolved into self-expandable metal stents (SEMSs) and may soon evolve into biodegradable stents. At the same time, indications for stenting that began with esophageal cancer now include benign and malignant disorders involving a variety of sites in the gastrointestinal tract.

This paper will outline the indications and outcomes of stenting, the techniques of placement, composition and design of stents and prospects for new and improved stents.
TYPES OF STENTS AND PRINCIPLES FOR STENTING 
A stent is a cylindrical medical device used to widen a narrow or stenosed lumen in order to maintain the patency of the lumen. The first stents were made of hard plastic and were used for obstructive esophageal cancers. Whereas early stents were mostly composed of plastic, the majority of contemporary stents are metal stents that are composed of either nitinol or stainless steel.
Nitinol mesh has improved the quality of the stents, replacing the other materials. This nickel-titanium shape-memory alloy is soft and flexible, with smoother wire ends, reducing the risk in and overgrowth.
Metal stents are available as uncovered, partially covered (PC), or fully covered (FC). An uncovered SEMS consists of a mesh that is bare and expands into the stenosis. A FCSEMS consists of a mesh stent that is covered by a membrane throughout its length. A PCSEMS consists of a stent with a membrane covering and uncovered proximal and distal ends of the stent.
Recently, FC self expanding plastic stent (SEPS) and biodegradable stent was developed. SEPS is made of woven plastic strands, while biodegradable stent is made from commercially available polydioxanone absorbable surgical suture material. Polydioxanone is a semicrystalline, biodegradable polymer. It degrades by hydrolysis of its molecule ester bonds, which is accelerated by low pH. The amorphous regions of the matrix deteriorate first and the crystalline portion deteriorates later.
Most of the metal stents on the market are mounted on a delivery system that consists of two coaxial tubes, but there is also a type of metal stent mounted on a delivery system with a user-friendly braided-suture release mechanism and it is deployed by pulling a ring attached to the suture string, thereby unraveling the string and slowly releasing the stent (Ultraflex esophageal or colonic stents, Boston Scientific/Microvasive, Natick, Massachusetts).
There are 2 types of delivery systems: through the scope (TTS), able to pass through the operative channel of the endoscope, and over the wire (OTW) that does not pass through the operative channel of the endoscope. The main differences between the delivery systems are the design of the handles, the lengths and the diameter, which determines the means of deployment.

Although the majority of deployment systems release the stent initially at the distal end of the catheter, there are some types of gastrointestinal stents available in both a proximal and distal release system (i.e., Ultraflex esophageal stent NG/Boston Scientific and the esophageal Nit-S®/TaeWoong). In contrast to most SEMSs, which are sold in a constrained packing, the SEPS requires mounting onto the delivery catheter just before use. One important aspect of deployment is the variable degree of foreshortening that occurs with a majority of SEMSs and SEPS during the transition from the compressed to fully expanded state. The endoscopist must anticipate and allow for this foreshortening to ensure appropriate placement. 
Before stenting firstly the lesion should be endoscopically or radiologically evaluated, the proximal and distal aspects of the lesion identified and a guide-wire advanced through the lesion, and the stent positioned across and then deployed under fluoroscopic and/or endoscopic guidance by release of the constraining mechanism.

Esophageal stents: Table 1
The SEPS Polyflex® (Boston Scientific) is a stent of polyester braid completely covered in silicone membrane. The stent need to be loaded prior to insertion into a large diameter delivery device (36-42 Fr) and is available in different sizes (diameters of 16, 18, and 21 mm and lengths of 9, 12, or 15 cm). Are available with proximal flare diameters of 20, 23, and 25 mm, the proximal end is flared for preventing distal migration with radio-opaque markers at the ends and in the middle for a more precise placement (Figure 1).
The most common used esophageal FC-SEMSs are: the Wallflex® (Boston Scientific), Niti-S® (TaeWoong), Evolution® (Cook Medical), Alimaxx-E® (Alveolus, Charlotte, NC, USA), SX–ELLA® stent Esophageal HV (Ella-CS, Hradec Kralove, Czech Republic) and the Hanaro® (M.I. Tech stent) and most of these stents are also available PC.
All these stents are made in nitinol and released OTW, the Alimaxx, Wallflex, Hanaro, SX–ELLA® and Evolution have a distal release, while Niti-S has both distal and proximal release.

The Alimaxx, Niti-S, Hanaro and Evolution are covered in silicone, while the Wallflex stent has the covering made of Permalume®, a particular type of silicone that diminish the food impaction. Actually the only FCSEMS with a possibility of a delivery-system TTS is the Niti-S.

The Wallflex, Alimaxx, Niti-S and Hanaro presents the same OTW release mechanism (the delivery system consists of a coaxial tubing assembly that constrains the stent on the delivery catheter shaft until the stent is released), an innovation, allowing a best control of the release, was recently projected by Cook Medical for the Evolution. The delivery system is composed by a “plastic handgun”. With one hand and a squeeze of the trigger, the handle gives a precise control over stent deployment and recapturability. To shift between stent release and recapture, it needs switch the “directional button”. There is furthermore a “point-of-no-return” reference mark that alerts when stent recapture is no longer possible.
The Ultraflex (Boston Scientific/Microvasive, Natick, Massachusetts) esophageal stent is another type of prosthesis that has a flared proximal end (23 or 28 mm), available uncovered and PC (the PCSEMS version have 1.5 cm of bare nitinol configured into wire loops at each end, thus sharp elements are absent) and is marketed with both a proximal and distal release design. This stent is highly flexible and is mounted on a delivery system with a user-friendly braided-suture release mechanism, deployed by pulling a ring attached to the suture string, thereby unraveling the string and slowly releasing the stent.

The Taewoong Medical produce specifically designed Niti-S stents. The Niti-S Conio Stent (Taewoong Medical, Seoul, South Korea) is a stent for hypopharyngeal stenosis. The stent have a body with a diameter of 12, 14 or 16 mm, and only the proximal crown has a diameter greater than the body of only 2 mm (14, 16 and 18 mm), to prevent distal migration and reduce the feeling foreign body (Figure 2). The Niti-S Beta stent (Taewoong Medical, Seoul, South Korea) is a newly design OTW stent with distal release with two rings in the body, for the anti-migration mechanism, produced for the treatment of complications of bariatric surgery. The biodegradable implant (ELLA BD stent) (Ella®-CS, Hradec Kralove, Czech Republic) is composed of polydioxanone which is a semi-crystalline polymer biodegradable (Figure 3). 

The OTW delivery system has a diameter of 9 mm, the diameter of the stent is 25 mm, while the length varies between 6 and 13.5 cm. After the release in the esophageal lumen, the complete expansion of the stent occurs in 24-48 h. The degradation of the implant begins after 4 wk and the ninth week the radial force (RF) has been reduced by half, therefore the stent does not have to be removed.

The best way to release an esophageal stent is the combined endoscopic and fluoroscopic approach, expecially in presence of a leak, despite some expert endoscopist, only in selected cases, place the stent only with endoscopic control.

Gastro-duodenal stents: Table 2
Different types of enteral stents are actually in use, all with a delivery system TTS (10 Fr) which needs a working scope channel of 3.8 mm. 

All the commercialized stent are made in Nitinol, except for the Enteral Wallstent, known as a stainless steel stent, made with a mix of materials called Elgiloy® (Eligoy Inc., Elgin, IL, United States) (cobalt, chromium, nickel, iron, molybdenum, manganese). The Enteral Wallstent is characterized of an excellent RF but with the tendency of straightening, increasing the risk of stent impaction in the angulated sites.

An important role in the gastro-duodenal obstruction is played by two relevant features of the stents: the RF and the axial force (AF). 
RF is the expanding force. AF is a force that maintains the stent straight after its placement. Combination of the two forces is more effective than only RF or AF, respectively. The AF straightens the stent, and plays a fundamental role in covered stents. The nature of the nitinol confers to these stents an optimal AF and RF.
Almost all of the TTS SEMS allow re-sheathing of the stent and TTS delivery systems also necessitate a kinking-resistant guide-wire. Delivery systems are available in different lengths (135, 180, and 230 cm). An important characteristic of duodenal stents is the diameter. For obtaining an adequate food transit has to be used stents with a diameter > 20 mm. Some stents have distal flared extremity to improve the anchorage and can be covered and uncovered. The choice of a covered versus an uncovered stent depends by the endoscopist, evaluating fatures and site of the lesion. Uncovered SEMS are generally used, in this site, because of the low risk of migration. The flexibility of the uncovered stents allows following duodenal angulations, despite could exercitate high pressure on the angulated strictures. The mesh pressure on the mucosa induces epithelial regeneration, that leads to ingrowth, can contribute to stent occlusion. Then, the placement of a covered-SEMS is preferable in non-surgical patients, or patients with a high risk of mortality and morbidity, with a life expectance > 2-3 mo. Covered stent are generally indicated in the treatment of the tissue ingrowth inside an uncovered stent. 

Materials used for covered stent are polyurethane, silicone, and expanded polytetrafluoroethylene. Covered SEMS are conceived to prevent tumor ingrowth and for closing fistula, if present; the only disadvantage of these stent is the tendency to migrate. 
Two stents are currently marketed for the closure of fistulas post-sleeve gastrectomy, both over-the-wire (OTW): the Beta-stent® (Niti-S - TaeWoong), with lengths of 15, 18 and 23 cm and a diameter of 24 and 28 mm, and the Hanaro® stent (M.I. Tech) with lengths of 18, 21 and 24 cm and a width of 30 mm diameter. Both the two stents must be placed under fluoroscopic vision, after placing a stiff guide-wire in the duodenum, and present the proximal tourniquet on the crown for removal.
Duodenal stricture evaluation with X-ray enema before the endoscopy is generally not required. The passage of orally administered water soluble contrast through the duodenal stricture is generally delayed because of the gastrectasia, presence of residual food and delayed stomach emptying.

Furthermore, assessment of concomitant proximal jejunal strictures is not satisfactory due to the small amount of contrast that can pass the duodenal stricture. For these reasons stricture assessment during duodenal stenting procedure is preferred. Computed tomography is helpful to exclude the presence of peritoneal carcinosis.

To avoid aspiration, insertion of a naso-gastric tube 24 h before the procedure to empty the stomach, and the prone position during the procedure, are recommended.

Commercially available TTS SEMS require an operative endoscope (3.8 mm diameter working channel). Operative duodenoscopes offer a better visualization of the duodenal stricture lumen, the elevator helps the orientation of the catheter, grips of the guidewire, and the delivery system. Duodenoscopes are also useful for the treatment of a concomitant biliary stricture. 

Duodenal stenting placement is performed under fluoroscopic guidance because both endoscopic and radiological controls are preferable. Stricture study is performed by contrast injection above the stenosis to assess diameter and length of the stricture; when the duodenal stricture is passed with an ERCP catheter, with or without a wire, contrast is injected downstream for evaluating the patency of the GI lumen, distally to the stenosis. Another accessory, that could be useful in the angulated stricture, is the sphincterotome. Balloon dilation before stent placement is not necessary (it increases the risk of perforation), and a stiff or super-stiff guide-wire is generally preferred. When the guide-wire is correctly in place distal to the stricture the stent catheter is advanced OTW. It is important the choice of a stent few centimeters longer than the stricture to be sure of a correct stenting of the stricture. If possible, the stricture can be measured by a centimeter guide-wire. The presence of a possible angulation of the bowel, immediately after the stricture, has to be considered. In this case the length of the stent should be chosen to avoid stent impaction on the gut wall. In presence of short stenosis of the upper duodenal genu, it is a 6 cm length stents, with the proximal extremity deployed through the pylorus, has to be chosen, avoiding covering the papilla for a possible further ERCP. The majority of the delivery stent systems allow re-sheathing of a partially deployed stent, permitting further adjustments, before the release, if the position is not correct. If the stent is accidentally released beneath the stricture, it should be immediately replaced with a tooth-rat forceps. If the placed stent is shorter than the stricture, a second stent can be released, with the proximal part inside the first.

The correct position of the stent has to be radiologically documented immediately after the deployment, injecting contrast inside the stent. Completely stent expansion is generally obtained at 48 h.
Colo-rectal stents: Table 3
Over the years have been progressively introduced various types of stent. Material was initially steel (Z-stent® Cook Medical) or Elgiloy (Wallstent®, Boston Scientific) and subsequently the nitinol. The stents actually available are all in nitinol and can differentiate between them for the shape, the size, the type of mesh, the presence or absence of coverage, the catheter carrier (TTS or OTW) and the release system. The stent OTW, typically have a 16 Fr catheter and can be used, in consideration of the length and rigidity of the catheter carrier, only for strictures of the rectum or sigmoid typically within 30 cm from the anus. For stenosis located further upstream in the bowel, for anatomical reasons, it needs to use TTS stents. The Wallflex® (Boston Scentific) and Niti-S® (TaeWoong) are the most used stents to date and on which there are more data in the literature. The Evolution® stent (Cook) (Figure 4) instead is the most recently introduced on the market and which presents a delivery system that allows a best control of the various phases of the stent placement.

In the study of an occluded patient the diagnostic steps should go include the execution of a contrast medium CT scan that can be extremely useful both to evaluate the seat, the extension and nature of the stenosis, both to obtain a more comprehensive assessment of the situation abdominal (cecal diameter, exclusion of a bowel perforation or evaluation of liver metastases or peritoneal carcinomatosis). In general the onset of symptoms, their severity, and the distension of the cecum are the elements allowing the assessment in how many hours must be executed an attempt of endoscopic stent decompression. In most situations the endoscopic intervention can be performed within 6-8 h from the evaluation, for which reason even if the patient were to arrive later in the evening in the emergency room the stent placement could be deferred to the next morning. Logistically, it is necessary to have an X-ray room, a doctor and one or two experienced nurses or two doctors and a nurse, endoscopic instruments of different sizes to meet all anatomical situations and accessories needed for stent placement (guidewires, catheters, sphincterotome). 

Stent TTS have a delivery catheter with a diameter of 10 Fr for which they pass in the channels of 3.8 mm diameter endoscope (standard colonscope, operative gastroscope and duodenoscope). Before placement of the stent is recommended the execution of a rectal enemas toileting which serve to clean the intestinal tract below the stenosis, thus facilitating the endoscopic exploration and identification of the stenosis. The procedure is almost always very well tolerated with minimal sedation with low doses of benzodiazepines. The anesthesia care should be required only for patients very sufferers or those with medical critical conditions.

For the possibility of ab-ingestis polmonitis, it is suggested to leave the stomach in a naso-gastric tube. It is also prudent to work with a very low level of endoscopic insufflation to avoid excessive distension of the colon upstream of the stenosis that could jeopardize the success of the maneuver.

It is preferable the patient lie supine to facilitate the radiological anatomy and identification of markers for the positioning of the stent. After reaching the stenosis, the next step is to cross the stricture with a guide-wire and an ERCP catheter. If the stenosis is very tight, long or very difficult to pass, it is suggested the use of a hydrophilic guide-wire, maybe with curved tip to avoid the risk of making false roads with a rigid (stiff) wire. In some occasional situations, in which the position of the stenosis is very lateralized respect to the endoscopic view for which the catheter fails to be directed in the stenosis, could be use a sphincterotome or, finally, the duodenoscope, having a different viewing angle, which allows to direct the tip of the catheter to the site of stenosis and facilitate the progression of the guide. Once passed the stenosis under radiological assistance, the wire must be withdrawn, injecting contrast medium to identify the correct position of the catheter, check the anatomy of the stricture and colon upstream. After that, a stiff guide-wire will be advanced across the catheter, far beyond the stenosis. This is useful to obtain a sufficient amount of guide-wire beyond the stenosis for all the maneuvers of the wire handling to give tension and straighten to the stent facilitating the advancement on the stricture. Dilation of the stricture before the release of the stent should be avoided because is a risk factor for intestinal perforation.

The choice of the stent will have to keep in mind the location and lenght of the stenosis. It is suggested to use stent with a length of at least 3-4 cm greater than that of the stenosis to allow a good adaptation of the stent also in very angled position where a stent too short might tend to straighten the curve inside and get in tension on the contralateral bowel wall, increasing the risk of dislocation and perforation. Once advanced the stent in the stenosis, the release should be supervised radiological and endoscopic (in the case of stents OTW is suggested to advance a small-caliber endoscope in parallel to the catheter carrying the stent). It is advisable to release the stent in a slow and gradual to always have full control of the maneuver. In the case of TTS stent is important that the endoscopist tends to progressively retract the catheter outside of the stent. Once completed the release, a last check radiological and endoscopic will be necessary to assess the proper expansion of the stent within the stenosis and evaluate the passage of air and fecal material through the stent. 
ESOPHAGEAL DISEASES 
The SEMSs have acquired a well-defined role in the palliation of dysphagia in patients affected by esophageal malignant strictures, with a technical success greater than 95% with regard to their positioning and the ability to quickly resolve the dysphagia in almost all of the patients, reducing the rate of complications during the positioning phase thanks to the small diameter of the delivery catheter, and this, together with the use of an pediatric endoscope, makes unnecessary the preliminary expansion[1,2].
There are several types of esophageal SEMSs actually available for the treatment of malignant and benign esophageal stenosis[3].
The esophageal SEMSs are currently available uncovered, PC (only in the extremes do not have coverage) that FC[4]. 
The latter have attracted the interest of clinical researchers to evaluate their role in benign stenosis, esophageal mainly because complete coverage would allow their extraction after a certain time. In addition to the FCSEMS is necessary to consider the other two implants which are used in benign esophageal disease, the SEPS (Polyflex®, Boston-Scientific, Natick, MA, United States) and the biodegradable stent (Ella®-CS, Hradec Kralove, Czech Republic).
Benign esophageal diseases 
Esophageal strictures: Before starting the endoscopic treatment is necessary to establish the real not malignancy of the stenosis, performing multiple biopsies and, when necessary, using endoscopic ultrasound (EUS) or other radiologic techniques. Essential is the classification of the dysphagia, so as to record the variation in the course of treatment (Table 4)[5].
The benign strictures are relatively frequent finding in clinical practice. In the past peptic strictures were prevalent, but are currently most commonly encountered those caused by caustic and radiotherapy. Esophageal strictures have been recently described in endoscopic mucosal resection (EMR), when circumferential and after endoscopic submucosal dissection (ESD)[6].
Generally most of stenosis responds to a few[7] sessions of endoscopic dilatation, but from 25% up to 30 % requires a larger number of dilatation[8]. There are, however, “complex” strictures that do not respond to dilatation therapy, even if repeated over time (Table 5).
The anastomotic strictures, post-caustic ingestion stenosis and stenosis resulting from radiotherapic treatments, have a low rate of response to endoscopic therapy: more than 40% tend to recur[9,10]. The most difficult to treat are the hypopharyngeal strictures, generally refractory.
It was moreover proposed the definition of “refractory stenosis” as: (1) absence of inflammation or motility disorders in presence of stricture; (2) impossibility of maintaining ≥ 14 mm diameter after 5 sessions of dilation performed with a interval of 2 wk (refractory stenosis); and (3) impossibility of maintaining ≥ 14 mm diameter for 4 wk after reaching a 14 mm diameter (recurrent stenosis)[11].

In addition to the expansion, have also been proposed other treatments, such as injection, at the level of the four quadrants of triamcinolon and, where appropriate, in particular in the anastomotic stenosis, the incisions of the fibrotic ring with a diathermic needle[12,13]. When these measures fail and dysphagia persists it is mandatory to evaluate the possibility to place a stent that, in addition to determining a laceration of the scarred submucosal layer and muscle of the esophageal wall, it maintains a constant pressure for the entire duration of its stay in the esophagus.
Anastomotic leaks
Total gastrectomy and esophagectomy are generally associated with high rate of morbidity and mortality even in specialized centres. The National Esophagogastric Cancer Audit of England and Wales published a rates of 8.3% of anastomotic leak after esophagectomy and 5.9% after total gastrectomy[14]. 
Although the improvements in the anastomotic techniques, anastomotic intrathoracic leak is generally associated with bacterial contamination, abscesses, and successive fistulas into pleural cavities. The continuous leakage of gastric juices and saliva into the pleural and mediastinal cavities can be life-threatening, with 30%-40% of post-surgical deaths[15].
Different treatments are described for the management of the esophago-gastric and the esophago-jejunal anastomotic leak. Some authors suggested the surgical treatment, but others prefrer a conservative approach with perianastomotic drainage, parenteral support and nasogastric decompression, and i.v. antibiotic therapy. All of these patients should be treated in appropriate critical care units[16]. 
The fibrin glue associated to metallic clips has been successfully used in small esophageal leaks[17,18]. An endoscopic stenting remains an attractive option, and SEPS and PC or FC-SEMS ensure good results, although the loading kit device and the delivery of the plastic stent can be difficult in non-expert hands. The leak closure rates ranges from 60 to 100% with an healing rates > 90%[19,20]. Leak closure should be confirmed by contrast medium injected during the endoscopic procedure. Stents removal is planned at different times, depending by the size of the leak, but the stents are generally removed from 14 to 28 d from the placement with a previous clinical evaluation of healing of the absence or sepsis, radiologically documented. 
The majority of the published studies suggest the stent placement immediately after the diagnosis of the leak for minimizing the contamination of the mediastinal cavity[21]. In some cases, the delayed placement can result in the healing of the anastomotic leak. Patients in which a covered stent is placed present an earlier oral intake (11 d vs 23 d), short ICU stay (25 d vs 47 d), and a less hospital stay (35 d vs 57 d). The in hospital mortality ranges from 0% to 20%, in different published series, lower if compared to the groups treated conservatively[22].
Acute and spontaneous esophageal perforations
Esophageal perforation is a life-threatening condition generally requiring surgical intervention. The management of the esopgaheal acute perforation (iatrogenic or spontaneous) is be divided into two groups: conservative and operative. Because of the rarity, the literature on this issue is based mainly on small series and case reports. Surgical repair seems to be the treatment of choice when an early diagnosis is made. The reported mortality in literature ranges from 0% (when the treatment starts within 24 h) to 30% if the treatment is delayed[23].
The conservative treatment is based on broad-spectrum i.v. antibiotic, parenteral nutrition and percutaneous drainage of the collections, when present. Ivey et al[24] showed as conservative therapy is appropriate only in presence of a perforation > 5 d; absence of sepsis; wide cavity at radiological imaging draining back into the esophageal lumen and absence of contamination of the pleural space[24]. A recent review advices that conservative treatment is feasible, with a survival rates of 60%-70% if the perforation are promptly diagnosed, but the need of the surgery is mandatory in case of failure[25].
Griffin et al[23] showed as in the management of spontaneous esophageal perforation (Boherhaave Syndrom’s) they did not use stents. They suppose that the stent may prevent adequate drainage of sepsis, but can be subject to dislocation in absence of a stricture. Moreover, Authors recommend a non-operative management only in selected cases, especially when unfit for surgery[23].

Only three case reports are present in literature about the treatment of spontaneous esophageal perforations with the placement of the SEPS. In the first case the SEPS was placed at 24 h, in another case after three weeks, in association of chest drainage, broad-spectrum i.v. antibiotic therapy and fibrin-glue injection, and, in the last case, the stent was placed 10 d later. All of the patients survived, and the immediate radiological study after stent placement did not show contrast medium outside from the esophageal lumen[26,27]. Oral intake was started in all of the three patients within 7 d, and were discharged between 7 and 21 d after stent placement.

The stent removal was scheduled between 5 and 10 wk. In two of the three treated patients, the stent was found into the gastric cavity.
Type of esophageal stents and outcomes

Self-expandable plastic stent: The SEPSs (Polyflex®) are usually placed with fluoroscopic assistance, but, in selected cases, deployment only under endoscopic view has been reported. A stent longer from 2 to 4 cm than the stenosis should be used for allowing a 1 to 2 cm extension above the edges of the lesion. Based on the RF of the SEPS, the completely expansion of the stent is obtained from hours to days[28,29].
The delivery device of the SEPS is larger and more rigid, if compared to other delivery system, with a non flexible tip. The assembly of the delivery device can sometimes be difficult in less well trained centres with low volume of cases, than these characteristics increase the challenging of the SEPS placement. The retraction rate of the SEPS is about 18% of the stent length before the release. The delivery system not allows the recapture. Because of the rigidity of the delivery system, it is suggested the neck hyperextension using a super-stiff wire. This may increase the risk of perforation, especially in presence of angulated strictures. This has been demonstrated in a prospective randomized trial (RCT) comparing 3 types of stents (Ultraflex, Niti-S and Polyflex); although dysphagia relief was achieved with all three types of stents, technical problems during stent release are encountered generally during SEPS placement than the other two SEMSs[30]. 
The SEPS presents some advantages if compared with PC-SEMS, as an easier removal and a less migration[31]. The soft material confers to the stent a well-balanced RF, adapting it to the wall of the esophagus, with a more probability of leak closure. The fully silicone covering does not allow granulation tissue ingrowth with minor overgrowth. It results in a possible successive easier repositioning and removal. The SEPS is available in different diameters and lengths, the exact diameter of stent has to be chosen on the basis of the size and site of the stricture (associated or not with a leak). There is no published evidence that the placement of large-diameter SEPS reduce the migration rate[32].

The SEPS presents other several drawbacks such as: the release takes place very fast, leading to the onset of severe sternal pain which can sometimes persist even one week and the diameter of the introducer system that is excessive, especially in the presence of a “complex stenosis”.
The first study of the placement of SEPS in 15 patients reported a technical success, clinical success and a migration rates of 100%, 80% and 6.6% respectively[33].
Dua et al[34] in prospective study including 40 patients reported a clinical success of 40% and a migration rate of 22%, with a death due to a bleeding caused by erosion of the esophageal wall by SEPS[34].
A recent systematic review of the literature that has considered 10 studies with a total of 130 patients evidenced a technical and clinical success of 98% and 52%, respectively. The rate of migration (< 4 wk) was 24%, while complications were observed in 9% of patients with one death (0.8 %)[35]. There is no consensus on the time to remove SEPS, but generally it is advisable the retrieval the stent after 6 wk, to prevent the onset of serious complications.
Partially-covered self-expandable metal stent
These stent should be not used in benign pathology because of the proliferation of granulation tissue through the proximal and distal uncovered mesh makes their removal difficult. One study that included 29 patients with benign esophageal strictures, reported the appearance of new stenosis the ends of the prosthesis in 41% of cases, migration in 31%, retrosternal pain and reflux in 21%, trachea-esophageal fistula in 6%[36]. Sometimes, in special cases where it cannot be used a stent completely covered for the high risk of migration, you can insert a PC-SEMS PC. To render its extraction after 6 weeks, you can resort to the method indicated by Hirdes et al[37] aimed at eliminating the granulomatous tissue ingrowth present at the ends of the prosthesis: in it is placed a SEMS completely covered with similar diameter and length and leaving it up to a maximum of two weeks. In this way the pressure of the stent will determine the necrosis of granulation tissue between the meshes, thus making possible the extraction of both stents[37].
FC self expandable metal stent 
The complete coverage of the stent facilitates the extraction after a predetermined period of time, but could increase the risk of migration. This problem can be reduced if the endoscopist is able to perform an appropriate stent choice, in length and size. The capability of auto-conforming and the diameter should be considered in each individual case. A larger diameter will oppose effectively the migration and in presence of the fistula, and the perfect adhesion of the proximal crown to the wall to effective impermeability to liquids.
Eloubeidi et al[38] in 7 patients with benign strictures placed the Alimaxx-E (Alveolus, Charlotte, NC, United States) FCSEMS. The resolution of dysphagia was observed in 29%, while the migration occurred in 36% of the cases, half of the patients developed an ulcer distally to the FCSEMS and the 23% proximally, however these lesions were solved after the removal of the stent[38]. Additional studies have reported a migration rate to 37% up to 50%, a resolution of dysphagia to 21% up to 100 % of cases and the extraction of the stent was possible in all of the cases[39,40]. 
A meta-analysis that compared SEPS and FCSEMS in esophageal refractory strictures, included 8 studies with a total of 199 patients, found an improvement of dysphagia in the 55.3% patients treated with SEPS and in the 21.8% of the patients treated with FCSEMS, however these data must be accepted with extreme caution because in 6 of the 8 studies was used the SEPS[41].

The FCSEMSs are effective also in the treatment of benign fistulas, perforations and anastomotic leakage. 
Van Heel et al[42] treated 33 patients with esophageal perforation (19 iatrogenic type, 10 Boerhaave’s syndrome and 4 other pathologies), the closure of the perforation was obtained in 32 (97%) patients, recurrence occurred in 37% of cases, which required further stenting (3 patients were treated surgically), and the stents were removed within 6 weeks of the placement without major complications[42].
A systematic review, that included 25 studies with a total of 267 patients, showed that the closure of the perforation was successful in 85% of patients, surgery was necessary in 13% and that patients treated with SEPS required a greater number of endoscopic reinterventions compared to patients treated with covered metal stents (26% vs 13%, P < 0.001)[43].
A particular problem is posed by the hypopharyngeal stenosis resulting from surgery and radiotherapy for cancer ear nose and throat[44,45]. Fibrosis caused by radiotherapy are interested in full thickness bowel and the remodeling of the stenosis is virtually impossible. Expansions of periodic increase fibrosis and therefore the risk of perforation. Generally, the appearance of a fistula requires, when possible, the surgery, with a considerable rate of mortality and morbidity. In these patients has proved useful the use of Niti-S Conio Stent (Taewoong Medical, Seoul, South Korea). The preliminary results are encouraging, but it is necessary to include a larger number of patients to assess the efficacy[46].
Biodegradable stent
The biodegradable implant (Hella® stent - Ella®-CS, Hradec Kralove, Czech Republic) was introduced in the clinical setting in 2008.

One study that included 21 patients with refractory strictures reported a significant improvement in dysphagia at a mean 53 wk of follow-up, 45% of the had not dysphagia at the end of the study, the migration rate was 9.5%, 3 patients complained of retrosternal pain after the release of the stent and one patient presented a slight bleeding after the procedure[47].
Van Boeckel et al[48] compared the outcomes of SEPS (20 patients) and biodegradable stent (18 patients) in refractory strictures. In the group treated with SEPS, 6 (30%) patients were completely free of dysphagia with a median follow-up of 385 d while 10 (50%) had a recurrence of dysphagia, 1 severe bleeding and 1 perforation occurred. In the group treated with biodegradable stent, 6 (33%) patients were free of dysphagia with a median follow-up of 166 d, recurrence was observed in 12 (67%) patients and 2 severe bleeding and 2 cases of severe retrosternal pain occurred. The rate of endoscopic re-intervention was lower in the SEPS compared to the biodegradable stent grosup (15 vs 21)[48]. 
Malignant esophageal disease
Esophageal Stents in malignant diseases are mainly placed in presence of unresectable carcinoma of the esophagus, with a short life expectancy, and suffer from marked esophageal stenosis or fistula[49]. Other malignant conditions in which patients are eligible for stent placement are extrinsic esophageal compression or fistula formation as a result of pulmonary cancer, mediastinal cancer or metastatic disease. The main advantages of stent therapy are successful insertion of the device in almost all cases with rapid (24-48 h) improvement of dysphagia. Disadvantages of the stent therapy are the re-occurrence of dysphagia in up to one-third of patients, and other stent related complications, including hemorrhage, pain and fistula[50]. Although most stents are placed in the distal or mid esophagus, insertion in the cervical esophagus is most rarely and it is considered equally effective with dedicated stent[51].

Both SEMS and SEPS are most used in esophageal malignant diseases. Actually to prevent tumor ingrowth PC or FC SEMS were used[51]. Although a FC-SEMS prevents tissue ingrowth over the full length of the stent, it presents a considerable migration risk[52].
Palliative treatment for malignant esophageal strictures
In the last 12 years, only five RCTs comparing different types of stent in patients with malignant esophageal strictures were published[53-56].

The first study randomized 100 patients to treatment with one of three SEMS: the PC-Ultraflex® stent (Boston Scientific, United States), the PC-Flamingo Wallstent® (Boston Scientific) and the FC-SEMS Gianturco Z-stent® (Wilson-Cook, Denmark). The three stents were equally effective in improving dysphagia scores without a significant difference in major complication rate.

The second trial randomized 53 patients with a distal esophageal tumor to a PC-Flamingo Wallstent® (Boston Scientific) or the more flexible PC-Ultraflex® stent (Boston Scientific). Clinical outcome was satisfactory in both groups without significant differences in improvement of dysphagia scores and complication rates.

A third study randomized 101 patients to a Polyflex® (Boston Scientific) or Ultraflex® stent (Boston Scientific), showing similar effectiveness in palliation of dysphagia. However, complications, especially late migration, occurred significantly more often after placement of a Polyflex® stent.
The fourth randomized study with 125 patients evaluated the Ultraflex® stent (Boston Scientific), the FC-double-layered Niti-S stent® (Taewong Medical, South Korea), and the Polyflex stent® (Boston Scientific). The Ultraflex® and Niti-S® stent were equally effective with equal overall complication rates, but recurrent dysphagia generally occurs more frequently with the Ultraflex® stent (52% vs 31%), mainly caused by a higher rate of food obstruction. The Polyflex® SEPS was associated with high failure of stent placement (17%) and increased migration risk. Because of a wider diameter of the Polyflex® delivery system, insertion is technically more difficult and dilation had to be performed more frequently. Furthermore, SEPS conform less easily to a stricture, making them more susceptible to slipping.

Observational series had initially demonstrated effectiveness of SEPS in malignant esophageal obstruction; however, the randomized studies revealed an unacceptable high complication rate[57,58].

A recently trial included 80 patients with dysphagia caused by malignant stenosis. Patients were randomized into two groups: PC-Evolution® stent (Cook Medical, Ireland) and Ultraflex® stent (Boston Scientific). The Evolution® stent was related with a significantly lower rate of stent dysfunction (8% vs 40%) and major complications (8% vs 25%). These data could not be confirmed in another single arm study, which included 44 patients with malignant dysphagia. In this study, the Evolution stent dysfunction rate was much higher (25%), mainly caused by tumor in- or overgrowth[59].
Stent innovations include anti-reflux and anti-migration features. The anti-reflux features were particularly developed for stents bridging the lower esophageal sphincter. This was generally done by attaching a valve to the distal end of the stent, inhibiting backflow from gastric contents into the esophagus. Theoretically, this should prevent reflux symptoms, esophagitis, and possibly aspiration. Although some studies have indicated that anti-reflux stents reduced gastro-esophageal reflux, a recent meta-analysis did not identify a significant difference in adverse events, symptoms and quality of life reflux-related[60]. Therefore, the use of anti-reflux stents has largely been abandoned. Antimigration features include uncovering of distinct areas of the metal mesh and a wider diameter of the stent flares, as well as addition of struts or rings to the outer side of the stent serving as anchoring devices. Both the Alimaxx-E® (Alveolus, United States) equipped with outer antimigration struts and the SX–ELLA® Esophageal HV stent (Ella-CS, Hradec Kralove, Czech Republic), with an anti-migration ring fall in the latter category. Several studies, however, have shown that, in spite of these design modifications, these stents frequently dislocate[61,62]. In addition, the SX-Ella stent seems to be associated with a major number of adverse events, such as hemorrhage, fistula formation, and severe pain, which likely relate to excessive pressure of the anti-migration ring. 
The Niti-S stent has a dog-bone shape to prevent migration. Two design of the stent are present in commerce: a fully-covered self expandable metal stent and a double-layered covering with an FC inner layer made of polyurethane and an outer uncovered nitinol mesh to facilitate the attachment of the SEMS to the wall. Several studies have reported good clinical efficacy and acceptable migration rates (up to 12%) with both types Niti-S® stents[63,64]. In one study, the double-layered version was associated with a significantly lower combined recurrent dysphagia and complication rate than the single layer version (12% vs 58%). However, the high complication rate of the single-layered Niti-S® stent used in that study was not confirmed in a recent large single arm study[65]. The FC-Wallflex® stent (Boston Scientific) is characterized by two migration-resistant features: distinct shouldering at both sides and internal covering. This stent has so far only been evaluated in one study for the treatment of neoplastic stenosis. Although the migration risk was low (9%), major complications were commonly seen (30%), which might be associated to the relatively high Wallflex® RF[66].

In summary, the available studies suggest that no major differences in efficacy and safety exist between different stents. However, there is still insufficient evidence to recommend one type of SEMS in the treatment of malignant dysphagia. Specific features reduce migration rates of FC-SEMS; however, they can also induce traumatic injury and lead to major adverse events.
Palliative treatment of malignant fistula
Fistulas usually result from infiltration of esophageal cancer to the respiratory tract or pleural cavity. Additionally, lung and mediastinal cancers can penetrate to the esophagus, also creating fistulas. Multiple series have reported on the use of covered SEMS to seal off fistulas, with closure rates ranging between 73% and 100%[67-69]. At the same time, it is also crucial that pleural and mediastinal fluid collections are drained aggressively. Both PC and FC-SEMS can be used as long as the covering completely seals the fistula. Unfortunately, randomized studies to recommend a specific type of SEMS are lacking. The largest non-comparative series to date reports on 61 patients with esophago-respiratory fistulas treated with covered SEMS. Ten patients also required a trachea-bronchial stent to seal the fistula. Complete fistula healing was reached in the 80% of the cases (49 subjects); the re-intervention was effective in the majority of 17 patients in whom the fistula had re-opened. Based on these data, and in the absence of effective alternative treatments, SEMS is considered the treatment of choice in malignant fistulas[70].
Bridge to surgery and SEMS 
Nowadays, neoadjuvant chemoradiotherapy improves long-term survival after esophageal surgery[71]. Stent insertion before neoadjuvant therapy is an interesting new concept in the management of resectable esophageal malignancy. It could be useful as a bridge to surgery during the neoadjuvant chemotherapy, improving nutritional status by ensuring oral solid intake without the need for nasoenteral or percutaneous feeding tubes. Because esophagectomy is scheduled shortly after termination of neoadjuvant therapy, late stent-related complications can be averted. This approach has been evaluated in several studies, using different types of stents and various neoadjuvant regimes[72-74]. Stents were either extracted prior to esphagectomy or removed during surgery. They appear effective in improving dysphagia and maintaining nutrition. However, complications, although rare, may occur. These include esophageal perforation requiring urgent surgery, and stent migration. The latter has in case series been reported to result in small bowel perforation or obstruction. Furthermore, in one study, the number of patients proceeding to curative resection was surprisingly low due to progression or discovery of metastatic disease[75]. These findings indicate that adjunctive studies will clarify the use of the stents meanwhile the patient underwent neoadjuvant chemotherapy before implementing such use in regular practice. These studies should also clarify concerns about the possible spreading of viable tumor cells in the circulation after stent placement.
COMPLICATIONS OF ESOPHAGEAL STENTING
Recurrent dysphagia

Recurrent dysphagia remains a problem after stent insertion and occurs in almost one-third of patients. Endoscopic reintervention is successful in most cases[76]. In cases of tumor over- or ingrowth, insertion of a second stent is effective to restore luminal patency. This can also be considered in cases of stent migration. Conio et al[77] in 2010 described the possibility to treat the dysphagia because of the over- or ingrowth by placement of a SEPS. They evaluated 13 patients, previously treated with metal stent developing dysphagia because of tissue in/overgrowth, underwent self-expandable plastic stent (SEPS). Before SEPS placement, the dysphagia score ranged from 3 and 4. After 1 wk from the stent placement the dysphagia score was 0% in 100% of the cases. All of the patients were free of dysphagia till their death. Mean survival after self-expandable plastic stent placement was of 4 mo[77].
However, either endoscopic repositioning or exchanging for a new stent is preferable. Obstruction due to impacted food can easily be managed by endoscopic stent clearance.
Another rare late complication is spontaneous stent fracture with collapse. The stent-in-stent technique seems safe and effective in these situations and can also be used to facilitate removal of the fractured SEMS[78].
Leak
Esophago-respiratory fistulas are mostly seen several months after stent placement. Due to the RF and resulting pressure necrosis, which is most extreme at the level of the flares, it is usually seen next to the proximal or distal margin of the stent. In these cases, placement of an additional covered-SEMS is an effective method.

Retro-sternal pain

Another complication is the development of retrosternal pain after stent insertion. Didden et al[79] found a 60% rate of moderate to severe pain in a prospective assessment of 50 patients after esophageal SEMS insertion for malignant stenosis.
Pain lasted for an average of 10 d and 91% of patients required analgesics, with good effect in all patients without the need for stent removal in any of them.
GASTRIC AND DUODENAL DISEASES 
Benign diseases

Complications of bariatric surgery: The sleeve gastrectomy (SG), described for the first time by Gagner et al[80] in 2003 is currently a well standardized therapeutic option for the surgical treatment of different degrees of obesity[81,82]. The described complications of the SG include bleeding of the suture line and the stenosis, while the dehiscence of the suture line is the most serious event associated with a high morbidity rate and for whose management have been proposed different therapeutic approaches[83,84]. 
The re-intervention is often required even if burdened by a high rate of morbidity and mortality.
  In recent years some endoscopic methods such as the use of covered-SEMS, have been mostly used for the treatment of anastomotic leakage with the aim of obtaining a non-minimally invasive surgical repair of the fistula[85,86].
The dehiscence of the suture line of the SG could be present in 0.5%-7% of the cases, even if could be underestimated; a detailed review of the American Society for Bariatric and Metabolic Surgery shows an overall rate of complications after SG variable between 0% and 24% with a percentage of dehiscence of 16%-20% of the cases[87]. The esophago-gastric junction and the proximal portion of the stomach near the corner of His are the points where most of you will be dehiscence[88,89]. 

The use of FC-SEMS in the treatment of dehiscence of the suture line of the SG was proposed by several authors in recent years[90].
The stent constitute a physical barrier between the fistula and the content intraluminal favoring the healing and the closure of the wall defect at the same time allowing the nutrition per os. The results of this method are reported in the literature as never variables, even if it is mostly case reports or small case series, so at present there are no extensive data statistically reliable.
Two stents are currently marketed for the closure of fistulas post-SG: the Beta-stent® (Niti-S - TaeWoong), and the Hanaro® stent (M.I. Tech). There are no data about, it is recommended the extraction of the stent between 6 and 8 wk. Currently there are no data comparing the two stents. The migration of the stent is the most common complication, reported in 30% of cases in some papers[87,91] and up to 42%-50% of cases in others[90,92]. The two ends of the stents slightly flared and high profile allow a good anchor. The body of the stents is longer than any of the esophageal stent allowing the opening of the proximal bell at the level of distal esophagus and the distal to the level of the duodenal bulb, by eliminating the pressure gradient, favoring the closure of the wall defect. The large diameter ensures excellent fit of the prosthesis to the wall of the gastric tube.
Malignant gastric outlet obstruction
Gastric outlet obstruction (GOO) is generally secondary to bilio-pancreatic and others. More rarely is due to gastric neoplasia[93]. Gastrojejunostomy (GJ) was the only therapeutic chance till the advent of the SEMS and is characterized by and higher mortality and morbidity, delayed symptoms resolution and longer hospitalization stay when compared to endoscopic stent placement[94,95].
In the last 20 years we observed an emerging role of self-expandable metal stent for palliation of GOO, substituting the GJ. A meta-analysis evaluating nine studies and 307 endoscopic and surgical intervention for palliation of malignant GOO evidenced better clinical success, minor morbidity and mortality, lower time-related procedure and hospital stay for endoscopic stent placement [96]. The rate of endoscopic clinical success was 84%-93%, with a technical success of 93%-97%[97,98]. 
The correct evaluation of the patients undergoing endoscopic stenting or surgical GJ plays a key role in the management of the malignant GOO. The GJ, in the opinion of some authors, is suggested in patients with a life expectancy more than 6 mo[99] despite a prospective randomized trial suggests GJ when the life expectancy is > 2 mo, and endoscopic SEMS when < 2 mo[100].
During the choice of the stent the endoscopist has to consider the site and the morphology of the stricture. The mean time for endoscopic duodenal SEMS placement is 17.5 min and the use of duodenoscope could be useful because offer a better view of the duodenal stenosis, moreover, the scope elevator allows also the orientation of the device used, maintaining correctly in place the wire during devices exchange. The use of the duodenoscope is also suggested from some authors in presence of a challenging situation: a concomitant biliary obstruction[101,102]. 
The concomitant bilio-duodenal strictures are classified in three types: type I: involving duodenal bulb/upper duodenal genu in absence of involvement of papillary area; type II: involving the medium and distal portion of the duodenum and the papillary area; and type III: involving the distal portion of the descending duodenum in absence of involvement of the papillary area[103].
In the type II, when a duodenal SEMS is placed, a particular condition is created, the “jailed papilla”. ERCP with biliary drainage through the metal mesh of the duodenal SEMS is possible fenestrating the SEMS with argon plasma coagulation (APC)[104]. In case of ERCP failure, percutaneous trans-hepatic biliary drainage is needed.
Actually the reported clinical success rate of duodenal stenting for GOO is 84%-93%, with a technical success of 93%-97%[98,99,101].

Tissue over- and ingrowth, food impaction and stent dislocation are the possible adverse events after SEMS placement, requiring endoscopic intervention in 20%-25% of the patients. Stent migration is more frequent for the covered than the uncovered SEMS[102].

Other complications of enteral SEMS are, bowel perforation and bleeding (< 1%), sometimes due to the uncovered ends of the SEMS[105,106]. The mesh pressure on the epithelium induces tissue regeneration, resulting in the ingrowth of the tissue, conditioning stent failure[107,108]. Then, the placement of a covered-SEMS is preferable in non-surgical patients, or patients with an high risk of mortality and morbidity, with a life expectance > 2-3 mo. Covered stent are usually placed inside of an uncovered stent, in presence of tissue ingrowth or for tumor recurrence and if a leak is present[109,110]. The disadvantage of the covered SEMS is the tendency to migration, even more rare for uncovered SEMS. The migration of a stent might be due to an inadequate stent diameter or after chemotherapy, if a reduction of the neoplastic mass is obtained[111].

COLON AND RECTUM DISEASES 
Benign disease
Colo-rectal benign strictures are likely to endoscopic treatment: anastomotic strictures, post-ischemic, Crohn's disease strictures and post-actinic stenosis[112]. Among these, the most frequent is the anastomotic stenosis. It appears on 22%-30% of patients undergoing colorectal surgery and is the most benign colonic pathology treated endoscopically, especially with pneumatic (balloon) or mechanical (Savary) dilation.

Stenting in non neoplastic colorectal stricture is proving to be a viable therapeutic alternative with the intent to bring down the number of endoscopic sessions required to achieve the resolution of the stenosis itself. The data published so far on the use of stents in this setting are still limited and often conflicting.
In the benign stenosis the stents are used with the aim of solving the occlusion or sub-occlusion bowel, which is sometimes an emergency surgical. On the use of stents in benign colorectal diseases are still a few data and with time follow-up is limited, lacking in the literature randomized studies. The results on the efficacy and safety of stents in benign colo-rectal obstruction is controversial because of the high numbers of adverse events, especially considering the high migration rate[113].
Published studies have demonstrated that colonic stenting in the benign disease has a technical success variable from 85% to 100% with a complication rate of around 30%. The most serious complications observed, although rare, are leaks, bleeding and perforation but the most frequent adverse event is SEMS dislocation[114].
Furthermore, from the “case series” published on colo-rectal inflammatory diseases treatable with SEMS, diverticular stricture are those associated with the higher rate of complications. In fact, as noted by the study of Keranen et al[115] the endoscopic stenting in diverticular stenosis is burdened by a considerable risk of adverse events (as leaks, abscesses and perforations) with the need for surgical management in 70% of patients treated with stent[115]. Therefore, the use of stents in diverticular stricture is actually not recommended. The most frequent stricture treated by insertion of stent is than the anastomotic one. 
Self-expandable plastic stent
Published data on the use of self-expandable plastic stent in non-neoplastic colonical and rectal diseases consists of case reports and series only[114,116].

Dai et al[114] described a series of 14 patients with benign colon and rectal diseases in which SEPS was implanted, anastomotic leak healing in 67% of the patients (4/6) and colonical disobstruction was obtained in the 50% of the patients (7/14). In 2 of 7 patients (28.5%) re-intervention was performed because stricture recurrence at 37 mo[114].
FC self-expandable metal stent

Actually, the biggest series on the use of the FC-SEMS was published in 2013 by the French Society of Digestive Endoscopy (SFED). The study includes 43 patients with bowel obstruction because of anastomotic, post-ischemic or post-radiotherapy stenosis. Stent placement was successful in the 100% of the patients. Clinical success was 81%. Stent migration was in 63% of the cases. The median left in place of the stent was of 21 d. Statistical analysis evidenced that FC-SEMS with a diameter less than 20 mm have a major risk of migration. Recurrence of occlusion was observed in 53% of the cases (23 patients). No predictive factors for occlusive or sub-occlusive symptoms recurrence were individuated at multivariate analysis[117].

Biodegradable stents
Although the use of this stent is limited to benign esophageal strictures, its application on colonic benign stenosis are reported.

Recently was reported its successful use for the treatment of a sigmoid stricture due to Crohn disease[118], however the majority of the published studies on the use this stent in colo-rectal benign strictures is referred to anastomosis.
Perez-Roldan et al[119] treated with the biodegradable stent 7 patients with postsurgical colorectal stricture and 3 with rectocutaneous fistula. In 9 patients the biodegradable stents were correctly placed; one early migration was observed. In one patients stent placement was not possible because of the distance to the anal orifice (30 cm) and the deformed anatomy site. Leak healing was obtained in 100% of the cases, despite recurrence was observed in one. Symptoms relief was observed in the 83.3% (6/7) of the occluded or sub-occluded patients; in the other case, the stent migrated 72 h after the placement[119].
Repici et al[120] studied 11 patients with anastomotic strictures within 20 cm from the anus, refractory to 3 sessions of endoscopic dilation. They obtained 100% of technical success. In the first 14 d after endoscopic stent placement Authors observed 4 dislocations, with subsequent stricture recurrence. Of the 7 cases with completely meshes biodegradation, 5 had no more symptoms and benign stenosis resolution. In 2 patients surgery was needed. The described clinical success was of 45%[120].
Malignant disease 
The endoscopic colo-rectal stenting is indicated for bowel obstruction caused by neoplastic stenosis of the colon-rectum determining a bowel obstruction.
Endoscopic stent placement is also indicated for decompression before of elective surgery (bridge to surgery) in patients affected by colo-rectal neoplasia to avoid emergent surgery and as palliation in presence of patients unfit for surgery candidates because of advanced disease or their poor clinical conditions.
The very low stenosis, which are less than 5 cm from the anus are a contraindication to the stenting. In the case of very low stenosis the use of the stent is invariably associated with the appearance of tenesmus, anal pain and incontinence, making intolerable the presence of the stent in the distal rectum.
More than 20% of patients with acute colo-rectal neoplastic occlusion present metastases and 2/3 of them are unfit for surgery[121,122].
Then, the SEMS placement, especially in patients not suitable for surgery, allows a re-canalization of the bowel patency, avoiding surgery.
In patients with advanced colo-rectal neoplasia causing bowel obstruction surgical intervention with stoma creation is generally performed, with negative implications for patient quality of life[123]. The endoscopic stenting by use of SEMS is nowadays accepted in the palliative therapy of the colo-rectal cancer, becoming a valid alternative to surgical stoma. 
Different studies evaluated the role of the SEMS in the palliation of colo-rectal cancer. Three randomized studies are present in literature comparing endoscopic stenting with surgery in patients unfit for surgery affected by colo-rectal neoplasia, causing bowel obstruction. 
In these 3 RCTs studies the technical and clinical success was of 92% and 92% respectively, with a morbidity rate of 30% (11/37) in the patients underwent endoscopic stenting and 17% (6/36) in the patients underwent surgery, and a mortality of 8% (3/37) only in the stent group[124-126]. Two of the three Authors of the RCTs suggest su​perior efficacy and safety of the SEMS group if compared to surgery for palliation of colorectal cancer obstruction, differently to the reported data by the Dutch Stent-in I multicenter RCT. However, in palliated patients with a longer lifespan, SEMS placement in comparison to a colostomy, presents an improvement of the life quality, and with a reduction in cost and length of hospital stay[127,128]. Stents used were the WallFlex (Boston Scientific). The study was closed before the total patients enrollment for the high recorded numbers of perforations related to the SEMS placement, with 3 consequently deaths in 10 patients of the group undergone stenting. Authors had not a clear reason for justifying the high rate of perforations. They supposed a doubtful safety of the Wall​Flex.

Moreover, no supporting results have been showed by other studies in which WallFlex SEMS was tested as palliative treatment in referral centres. This studies show as the experience of the endoscopist could be an explanation for the high rate of adverse events reported by the Dutch group[129-131].

Bridge to surgery has to be seriously considered in presence of patients with acute obstruction and fit for surgery. SEMS placement provides to bowel patency restoration allowing colonical preparation for surgery and an eventual pre or intra-operative endoscopy for the research of syn​chronous neoplastic and non-neoplastic diseases. The curative intent for these patients is a single-step interven​tion with primary anastomosis, especially when a laparoscopic ap​proach is possible.
However, the role of SEMS as bridge to surgery, has been widely debated, because several RCTs studies have shown conflicting and mixed results.
In the 6 RCTs in which endoscopic stenting was evaluated as bridge to surgery (171 patients) compared to emergency surgical resection (169 patients), the technical and clinical success of stenting was 79% and 77% respectively, with a morbidity rate of 33% in the SEMS group and 53% surgical one with a comparable mortality rate (7% vs 8%)[132-137].

Notably evident is the difference in results between RCTs studies carried out in single centers vs those carried out in multicenters, particularly with respect to the stent placement outcomes and for the elevated number of stent-related perforations.

An elevated number of stent-related perforations were reported only in the studies specifically designed as multicenter trials and these studies were stopped prematurely.

In these trials, Pirlet et al[133] reported 3 stent-related perforations in 35 patients randomized to the stenting strategy and van Hooft et al[134] reported 6 stent-related perforations in 47 patients in the stenting group. The elevated number of perforations in these studies remains unexplained.

The worst results in SEMS placement outcomes come from RCTs which are specifically designed as multicenter trials involving low-volume centers. In the of Pirlet et al[133], of the nine participating centers, two of them enrolled 3 patients and one only 1 patient; in the study of van Hooft et al[134] 21 on 25 endoscopic centers were not referral.
The problem is that in planning RCTs regarding colonic stent placement, the need for involving multiple centers caused the inclusion of endoscopists with limited specific experience and low performance in placing stents. Therefore, this reality could result in confounding data on the real efficacy of the stenting strategy.
Huang et al[138] published a recent systematic review and meta-analysis evaluating safety and efficacy of colo-rectal stent placement as bridge to surgery compared to emergency surgery and considered for inclusion the 6 RCTs studies in english language and also another study in chinese language[138].

The technical success of colo-rectal stenting was of 76.9%, in absence of significant statistically difference in the postoperative mortality (10.7% vs 12.4%). The study evidenced lower morbidity (33.1% vs 53.9%, P = 0.03), higher rate of successful primary anastomosis (67.2% vs 55.1%, P < 0.01) and lower rate of definitive stoma (9% vs 27.4%, P < 0.01) for the group undergone stent placement[139].
None oncologic adverse events were recorded in the bridge to surgery group, but a major rate of lymphatic invasion was found[140-142]. No significant difference in survival were founded over 5 years (60% vs 58%)[143].

Colon stenting procedure does carry some risks, and complications are usually divided into early (within 30 d), including perforation, misplacement, and bleeding, and late, which include migration, reocclusion, tenesmus and delayed perforation.

The most common adverse event described in literature after stent placement as the migration (11%) SEMS obstruction caused by in and overgrowth tissue (12%) and bowel perforation (4.5%), as showed from a systematic review involving 88 published studies[144].

Stent obstruction is generally due to fecal impaction after tissue in or overgrowth, determining the long-term outcomes of the metal stent. The rate of SEMS oobstruction by tissue in or overgrowth increases with the time because of the natural tendency of the neoplastic tissue to advance; then, SEMS occlusion is more frequent in patients in which the SEMS is placed for palliation. Literature data evidenced a 16% of SEMS occlusion when the treatment is made with palliative intent[145].

The endoscopic SEMS placement inside a stent is actually the best treatment to solve the stent obstruction due to the tissue in or overgrowth[146].

The migration of a SEMS could be asymptomatic or may cause occlusive or sub-occlusuve symptoms. More rarely is the bleeding. Tenes​mus may be present when the SEMS reaches the rectum. Removal of a mi​grated stents from the rectal ampulla is not a challenging situation and can be also performed manually. Risk factors related to migration are the covering of the stent and the diameter < 24 mm. Some Authors stated that chemotherapy could be also related to the migration because of tumor reduction[147-149].
When the patient becoming symptomatic, the migration of the stent could be treated with the placement of a second one.
Bowel perforation is typically regarded as the only serious complication and is generally procedure or stent related. Most of the perforation occurred within 7 d after stent placement and may be caused by the SEMS delivery insertion into the stricture before the stent deployment, pneumatic dilatation of the stenosis or incorrect advancing of the wire. More rarely the perforation is due to the decubitus of the flared ends of the SEMS on the colonic wall. Over inflation with air can cause a perforation in a yet dilated colon far away from the site of obstruction, usually in the cecum[150-152].
Datye and Hersh[153] reviewed the factors involved into the bowel perforation after stent placement, collecting the data from 82 published articles with 2287 patients. They showed a mortality rate related to perforation of 16.2% for patients who had stent-related perforation. The majority of adverse events (> 80%) were recorded within 1 mo from SEMS deployment, and 50% within 24 h from the pro​cedure. Concomitant chemotherapy, steroids, and radiotherapy were significantly associated with perforation[153].

Bevacizumab therapy is considered now a considerable risk factor for post-stent​ing bowel perforation. The anti​angiogenic effect could impair the colonic wall promoting the perforation at the site of maximal stent exercised pressure. Moreover, this perforation risk might be not dependent from the SEMS placement because is nowadays well known that spontaneous bowel perforation can occur during the ad​dition of bevacizumab to chemotherapy[154,155].
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Table 1 Characteristics of the most commonly used esophageal stents

	Producer
	Model
	Material
	Diameter mm (body/flare)
	Length (cm)
	Type and characteristics

	Merit Endotek
	Alimaxx-E®
	Nitinol
	18/22
	7-10-12
	Fully-covered with anti-migration system

	Merit Endotek
	EndoMAXX®
	Nitinol
	19/24 - 23/28
	7-10-12-15
	Fully-covered with anti-migration system

	Boston Scientific
	Ultraflex®
	Nitinol
	18/23 - 23/28
	10-12-15
	Uncovered and partially-covered

Possibility of distal or proximal release

	Boston Scientific
	Flamingo Wallstent®
	Stainless steel
	20/30
	12-14
	Partially-covered

	Boston Scientific
	Wallflex®
	Nitinol
	18/23 - 23/28
	10-12-15
	Partially and fully-covered

	Boston Sientific
	Polyflex®
	Polyester
	16/20 - 18/23
	9-12-15
	Plastic stent

	Cook Endoscopy
	Evolution®
	Nitinol
	20/25
	8-10-12.5-15
	Partially and fully-covered

	Ella-CS
	SX-ELLA® HV
	Nitinol
	20/25
	8.5-11-13.5-15
	Fully-covered with collar anti-migration system

	Ella-CS
	SX-ELLA® Flexella
	Nitinol
	20/25
	8.5-11- 13.5-15
	Fully-covered

Possibility of distal or proximal release

Possibility of anti-reflux valve

	Ella-CS
	FerX-ELLA® Boubella
	Stainless steel
	20/25
	9-10.5 -12-13.5 -15-16.5- 19.5-21
	Fully-covered

Possibility of anti-reflux valve

	Ella-CS
	SX-ELLA® Danis
	Nitinol
	25/30
	13.5
	Fully-covered (with balloon/specific for variceal bleeding)

	Ella-CS
	SX-ELLA® Danis Seal
	Nitinol
	25/30
	13.5
	Fully-covered (specific for leaks)

	Ella-CS
	Ella BD stent®
	Biodegradable polymer
	18/23 - 20/25 - 23/28 - 25/31
	6-8-10 -13.5
	----------------

	Endochoice
	Bonastent® ER
	Nitinol
	18/24
	6-8-10 -12-14-16
	Fully-covered 

Possibility of anti-reflux valve

	M.I. Tech
	Hanarostent®
	Nitinol
	18/24 - 20/26 - 22/28 
	8-9-10-11-12-14-15-16-17
	Partially and fully-covered

Possibility of double covered configuration, anti-reflux valve and asymmetrical configuration

	M.I. Tech
	Hanarostent® ECBB
	Nitinol
	36-30-20-26

(Diameter Central/ Extremities)
	18-21-24
	Fully-covered (Bariatric surgery)

	Micro-Tech
	MT® Esophageal stent
	Nitinol
	18/24 – 20/26 – 22/28
	8-10-12
	Uncovered, partially and fully covered

Possibility of anti-reflux valve and radioactive system

	Micro-Tech
	MT® Cardia stent
	Nitinol
	16/22- 18/24 - 20/26 - 22/28 - 24/30
	9-10-11 -12-13
	Partially and fully-covered

	Micro-Tech
	MT® Retrievable stent
	Nitinol
	14/20 - 16/22- 18/24 - 20/26 - 22/28 - 24/30
	7-8-9-10-11- 12
	Fully-covered

	TaeWoong Medical
	Beta-Stent Niti-S®
	Nitinol
	18/24 – 20/26 – 22/28
	10-12-14-15-16-18-20
	Fully-covered (Fistula after bariatric surgery)

	TaeWoong Medical
	Mega-Stent Niti-S®
	Nitinol
	18/24 – 20/26 – 22/28
	10-12-14-15-16-18-20
	Fully-covered (Stricures or fistula after sleeve gastrectomy)

	TaeWoong Medical
	Niti-S Conio®
	Nitinol
	10/12 – 12/14 – 14/16
	6-8-10-12-14-15
	Fully-covered (Hypopharyngeal strictures)

	TaeWoong Medical
	Niti-S Cervical®
	Nitinol
	16/18 – 18/20
	6-8-10-12-14-15
	Fully-covered (Upper esophageal strictures)

Possibility of distal or proximal release

	TaeWoong Medical
	Niti-S®
	Nitinol
	16/24 – 18/26 – 20/28
	6-8-10-12-14-15
	Partially and fully-covered

Possibility of distal or proximal release for OTW stent

Possibility of TTS 10.5 Fr delivery system

	TaeWoong Medical
	Niti-S® double layer
	Nitinol
	16/24 – 18/26 – 20/28
	6-8-10-12-14-15
	Fully-covered with additional uncovered nitinol mesh

Possibility of distal or proximal release

Possibility of anti-reflux valve


Table 2 Characteristics of the most commonly used duodenal stents

	Producer
	Model
	Material
	Diameter (mm) (body/flare)
	Length (cm)
	Type and characteristics

	Boston Scientific
	Wallstent®
	Elgiloy
	20/22
	6 - 9
	Uncovered

	Boston Scientific
	Wallflex®
	Nitinol
	22/27
	6 – 9 – 12 
	Uncovered

	Cook Endoscopy
	Evolution®
	Nitinol
	22/27
	6 – 9 – 12
	Uncovered

	Ella-CS
	SX-ELLA® Eneterella
	Nitinol
	20 – 22 – 25 (no flare)
	8.2 – 9 – 11.3 – 13.5
	Uncovered

	Endochoice
	Bonastent® P
	Nitinol
	20
	6 - 8 - 10
	Uncovered

	M.I. Tech
	Hanarostent®
	Nitinol
	20/25 - 20/26
	8 – 9 – 11 – 14 
	Uncovered and partially-covered

	Micro-Tech
	MT® Duodenal stent
	Nitinol
	20/26
	6 - 8 - 10
	Uncovered, partially and fully-covered

	TaeWoong Medical
	Niti-S® D-type unflared
	Nitinol
	18 – 20 – 22 – 24 
	6 – 8 – 10 – 12 – 14 – 15 
	Uncovered

	TaeWoong Medical
	Niti-S® S-type flared
	Nitinol
	18/26 – 20/28 – 22/30 – 24/32 – 26/34 – 28/36 
	6 – 8 – 10 – 12 – 14 – 15 – 16 
	Fully-covered

	TaeWoong Medical
	Niti-S® Comvi unflared
	Nitinol
	18 – 20 – 22
	6 – 8 – 10 – 12
	Partially-covered


Table 3 Characteristics of the most commonly used colo-rectal stents

	Producer


	Model
	Material
	Delivery system and diameter
	Diameters (mm) (body/flares- flanges)
	Length (cm)
	Type and characteristics

	Boston Scientific
	WallFlex®
	Nitinol
	TTS, 10 Fr
	25 (body) - 30 (proximal flange)

22 (body) - 27 (proximal flange)
	6, 9, 12
	Uncovered

	Boston Scientific
	Ultraflex precision®
	Nitinol
	OTW, 16 Fr
	25 (body) - 30 (proximal flange)
	5.7, 8.7, 11.7
	Uncovered

	Boston Scientific
	Wallstent®
	Stainless steel
	TTS, 10 Fr
	20 (22/minimal to no flare)
	6, 9, 12
	Uncovered

	Cook Endoscopy
	Evolution®
	Nitinol
	TTS, 10 Fr
	25 (body) - 30 (both ends flanged)
	6, 8, 10
	Uncovered

	EndoChoice
	BONASTENT®
	Nitinol
	TTS, 10 Fr and 12 Fr
	22, 24, 26 (minimal flare)
	6, 8, 10
	Uncovered and partially covered

	Ella-CS
	SX-ELLA® Enterella
	Nitinol
	TTS, 10 Fr
	22,25 (no flare)
	7.5, 8, 9, 11, 13.5
	Uncovered and fully covered

	Ella-CS
	SX-ELLA® Enterella
	Nitinol
	OTW, 15 Fr and 18Fr
	22,25, 30 (no flare)
	8.2, 9, 11.3, 13.5
	Uncovered and fully covered

	Endochoice
	Bonastent® C
	Nitinol
	TTS, 10 Fr
	22, 24, 26
	6 - 8 - 10
	Uncovered and fully covered

	Leufen Medizintechnik
	Aixstent®
	Nitinol
	OTW, 24 Fr
	30 (body) - 36 (both ends flared)
	8, 10
	Uncovered and partially covered

	Micro-Tech
	MT® Colon and rectum stent
	Nitinol
	TTS, 10 Fr
	25 (body) - 30 (both ends flanged)
	8, 10
	Uncovered

	Micro-Tech
	MT® Colon and rectum stent
	Nitinol
	OTW, 24 Fr
	30 (body) - 36 (both ends flanged)
	8, 10, 12
	Uncovered and partially covered

	Micro-Tech
	MT® Rectum stent
	Nitinol
	OTW, 24 Fr
	20, 26, 30 (body) – 24, 21, 36 (both ends flanged)
	6
	Fully covered

	M.I.Tech
	Hanarostent®
	Nitinol
	TTS, 10.2 Fr and 10.5 Fr
	20,22, 24 (body) - 26, 28, 30 (both ends flared)

(flanged and symmetric and asymmetric)
	6 - 16
	Uncovered and fully covered

	M.I.Tech
	Hanarostent®
	Nitinol
	OTW, 24 Fr
	20,22, 24 (body) - 26, 28, 30 (both ends flared)

[flanged and symmetric and asymmetric]
	6 - 16
	Uncovered and fully covered

	M.I.Tech
	Choostent®
	Nitinol
	OTW, 24 Fr
	22, 24 (body) - 30, 32 (both ends flanged)

[symmetric and asymmetric]
	6 - 16
	Fully covered

	S&G Biotech
	EGIS® colorectal
	Nitinol
	TTS, 10 Fr and 12 Fr
	18, 20, 22, 24, 26, 28, 30 (no flare)
	6, 8, 10, 12
	Uncovered and partially covered

	Taewoong Medical
	Niti-S® D-Type
	Nitinol
	TTS, 10.5 Fr
	18, 20, 22, 24 (no flare)
	6, 8, 10, 12, 14, 15
	Uncovered

	Taewoong Medical
	Niti-S® D-Type
	Nitinol
	OTW, 16 Fr and 18 Fr
	18, 20, 22, 24, 26, 28, 30 (no flare)
	6, 8, 10, 12
	Uncovered

	Taewoong Medical
	Niti-S® S-Type
	Nitinol
	TTS, 10.5 Fr
	18, 20 (body) - 24, 28 (both ends flanged)
	6, 8, 10, 12
	Fully covered

	Taewoong Medical
	Niti-S® S -Type
	Nitinol
	OTW, 16 Fr, 20 Fr and 22 Fr
	18, 20, 22, 24, 26, 28 (body)

24, 26, 28, 30, 32, 34 (both ends flanged)
	6, 8, 10, 12, 14, 15
	Fully covered

	Taewoong Medical
	ComVi Niti-S®
	Nitinol
	TTS, 10.5 Fr
	18, 20, 22 (no flare)
	6, 8, 10
	Partially covered

	Taewoong Medical
	ComVi Niti-S®
	Nitinol
	OTW, 14 Fr, 16 Fr and 18 Fr
	18, 20, 22, 24, 26, 28, 30 (no flare)
	6, 8, 10
	Partially covered


TTS: Through the scope; OTW: Over the wire.
Table 4 Classification of dysphagia

	Grade of dysphagia
	Symptoms

	0
	No dysphagia

	1
	Occasional dysphagia for solid foods

	2
	Dysphagia for solid foods

	3
	Dysphagia for semi-solid food

	4
	Dysphagia for liquids


Table 5 Characteristic of “complex esophageal stenosis”

	Length > 2 cm

	Angulated

	Irregular edges

	Very low diameter
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Figure 1 Boston Scientific Polyflex stent.
[image: image2.png]



Figure 2 Niti-S TaeWoong hypopharingeal Conio stent (over the wire).
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Figure 3 The Ella BD stent.
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Figure 4 Colonic Evolution® stents. 
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