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Abstract 
Duodenal endoscopic resection is the most difficult type of endoscopic treatment in the gastrointestinal tract (GI) and is technically challenging because of anatomical specificities. In addition to these technical difficulties, this procedure is associated with a significantly higher rate of complication than endoscopic treatment in other parts of the GI tract. Postoperative delayed perforation and bleeding are hazardous complications, and emergency surgical intervention is sometimes required. Therefore, it is urgently necessary to establish a management protocol for preventing serious complications. For instance, the prophylactic closure of large mucosal defects after endoscopic resection may reduce the risk of hazardous complications. However, the size of mucosal defects after endoscopic submucosal dissection (ESD) is relatively large compared with the size after endoscopic mucosal resection, making it impossible to achieve complete closure using only conventional clips. The over-the-scope clip and polyglycolic acid sheets with fibrin gel make it possible to close large mucosal defects after duodenal ESD. In addition to the combination of laparoscopic surgery and endoscopic resection, endoscopic full-thickness resection holds therapeutic potential for difficult duodenal lesions and may overcome the disadvantages of endoscopic resection in the near future. This review aims to summarize the complications and closure techniques of large mucosal defects and to highlight some directions for management after duodenal endoscopic treatment. 
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Core tip: The duodenum is the most difficult and risky location for endoscopic treatment in the gastrointestinal tract. The risk of delayed perforation and bleeding is unacceptably high, and it is urgently necessary to establish a management protocol to prevent these serious complications. Prophylactic closure of mucosal defects after endoscopic resection is already known to prevent post-procedure-related complications. Conventional clips are primarily used, although these make it difficult to close the mucosal defect completely. Over-the-scope clips and polyglycolic acid sheets can overcome the disadvantage of conventional clips, and laparoscopic-endoscopic cooperative surgery and endoscopic full-thickness resection hold therapeutic potential for duodenal endoscopic treatment without hazardous complications. 

INTRODUCTION
Endoscopic mucosal resection (EMR) is a widely recognized treatment for early gastrointestinal mali​gnancies and might be indicated for nonampullary duodenal tumors, neuroendocrine tumors (NET), and submucosal tumors (SMT)[1,2]. Endoscopic submucosal dissection (ESD) is accepted as a minimally invasive treatment for early-stage gastrointestinal cancer, and it enables en bloc resection of the specimen[3,4]. The advantage of ESD over EMR is an increased rate of en bloc curative resection[2-5] and the potential to perform endoscopic resection of duodenal subepithelial tumors (SETs)[4,6-8]. On the other hand, the disadvantage of ESD is an increased complication rate and procedure time compared to EMR. However, there exists no consensus as to whether EMR and ESD represent reliable treatments for duodenal tumors.

Duodenal ESD is technically challenging because of anatomical specificities, and its technical difficulties and an increased rate of complications have limited its application in the duodenum[2,9,10]. In particular, postoperative delayed perforation and bleeding, which are extremely hazardous complications, can develop after endoscopic resection. In some cases, endoscopic treatment and conservative therapy are insufficient for disease control, and emergency surgical intervention is required. Therefore, it is urgently necessary to es​tablish a management protocol for preventing these serious complications. 

The prophylactic closure of mucosal defects after colorectal EMR and ESD is known to prevent post​operative bleeding and transmural burn syndrome in colorectal lesions[11-14]. Therefore, there is a possibility that the prophylactic closure of large mucosal defects might reduce the risk of hazardous complications after duodenal endoscopic treatment[3,15-17]. However, the size of the mucosal defect after ESD is relatively large compared with the size after EMR, making it impossible to achieve complete closure using only conventional clips. The combination of conventional clips and the Endoloop was previously reported for closing large mucosal defects[18-20]. However, these techniques are rather complex and require specially designed devices. The over-the-scope clip (OTSC; Ovesco Endoscopy AG, Tubingen, Germany) is a new endoscopic device developed for the closure of mucosal defects, acute GI perforation, anastomotic leaks, and bleeding lesions[21,22]. More recent studies have suggested that polyglycolic acid (PGA) sheets (Neoveil; Gunze Co., Kyoto, Japan) and fibrin gel (Beriplast P combiset; CSL Behring Pharma, Tokyo, Japan) can prevent delayed perforation after endoscopic treatment. Thus, these new devices and closure methods might overcome the disadvantage of conventional closure techniques as a substitute for closure with clips. 

The combination of laparoscopic surgery and endoscopic resection represents a new frontier in cancer treatment. Recent developments in endoscopic full-thickness resection (EFTR) and minimally invasive surgical techniques hold therapeutic potential for difficult duodenal lesions and overcoming the disadvantages of endoscopic resection. Considering the higher complication rate and technical difficulties of duodenal endoscopic resection, recent technical advances might contribute to the management of large mucosal defects after treatment. The present manuscript aims to review and discuss the complications and management of duodenal endoscopic resection and the closure techniques for large mucosa defects after duodenal endoscopic treatment.

INCIDENCE AND RISK FACTORS OF COMPLICATIONS AFTER ENDOSCOPIC TREATMENT

Perforation and bleeding are the major complications of duodenal endoscopic treatment. The incidence of complications after duodenal EMR and ESD is high compared with the complication rate after procedures in the esophagus, stomach, and colon (other GI tract)[23-28]. More recent studies comparing EMR and ESD showed greater en bloc and complete resection rates following duodenal ESD, which were offset by longer a operation time and higher perforation rate[4,29]. The reasons for the higher complication rate are as follows: (1) a thinner duodenal wall than in other organs of the digestive tract; (2) difficulty working the scope; (3) location in the retroperitoneum; and (4) existence of abundant blood vessels in the submucosal layer and thin muscle layer. The outcomes of duodenal EMR and ESD, obtained from a literature review, are summarized in Tables 1 and 2.

Immediate and delayed perforation
Immediate perforation is defined as perforation during the procedure, while delayed perforation is defined as no perforation during the EMR and ESD procedure and no symptoms of free air on X-ray immediately after tumor removal with the subsequent sudden appearance of high fever with peritoneal or retroperitoneal free air on computed tomography (CT)[30]. The incidence of immediate perforation during EMR ranges from 0%-4.3% (Table 1). More perforation occurs during ESD, and duodenal ESD has a reported risk of immediate perforation of 6.3% to 75% (Table 2). Additionally, the incidence of delayed perforation ranges from 0%-2.3% after EMR[3,4,16,23,29,31-41] and 0%-14.3% after ESD[3,4,15,23,29,41-45], which is high compared with that following colorectal ESD, which ranges from 0.4% to 0.7%[24]. Therefore, perforation is a serious complication of duodenal ESD, and its risk is much higher in the duodenum than in other parts of the GI tract, including the esophagus, stomach, colon, and rectum[23]. 

According to the Conference of Japan Gastro​enterological Endoscopy Society, which conducted a multicenter questionnaire survey in 13 facilities in Japan, the intraoperative and delayed perforation rates were 9.3% and 3.1% in duodenal EMR and ESD cases, respectively, resulting in a 12% total perforation rate. Intraoperative perforation occurred in 3.9% and 25% of EMR and ESD cases, respectively, whereas delayed perforation occurred in 1.2% and 6% of EMR and ESD cases, respectively[46] (Table 3). By location, 0.8% of delayed perforation after duodenal EMR and ESD occurred in the duodenal bulb, and 4.1% occurred in the second and third portion of the duodenum. In particular, the risk of perforation in the distal duodenum is much higher at 7.2% after ESD compared with 1.8% after EMR[46]. The most important result of this study was the lack of any difference in the overall perforation rate between lesions in the first and second portions of the duodenum, while delayed perforation was mostly observed in the second portion[46].

Risk factors for perforation have been associated with the resection method and tumor location. For instance, a tumor location distal to the ampulla of Vater and resection method (ESD) have been reported as predictive factors of delayed perforation[30]. The reasons for the higher incidence of perforation with duodenal ESD than with EMR are as follows: (1) longer time of electrical cautery during ESD, which causes ischemic changes and damage in the muscularis propria, with resulting necrosis[47]; and (2) the resection area is larger than that of EMR. Generally, extensive piecemeal EMR for large lesions might increase the risk of delayed perforation[23,30]. 

Additionally, the artificial ulcer base of mucosal defects is directly exposed to pancreatic and bile juices, causing delayed perforation with digestion of the muscularis propria. In particular, there are high concentrations of digestive enzymes in the area distal to the ampulla of Vater, and this contributes to a higher delayed perforation rate[23,48]. In addition, the duodenum is a retroperitoneal organ, and the finding of retroperitonitis and retroperitoneal abscess due to delayed perforation results in a trend of misdiagnosis and delayed diagnosis[49]. If delayed perforation is suspected, an immediate CT to evaluate the patient’s indication for emergency surgery is strongly recommended[49].

Bleeding
Bleeding is the most frequent complication and usually occurs within 24 h after the procedure[34-37]. According to the time of onset, bleeding can be subdivided into intraoperative bleeding, which occurs during the procedure, and delayed bleeding, which occurs after the procedure[25]. The rate of intraoperative bleeding during duodenal EMR is reported to range from 0%-34.6%. Intraoperative bleeding might be more frequent with duodenal EMR and ESD techniques than at other GI tract locations, and it is very common with duodenal ESD.

Delayed bleeding is defined as hematemesis or melena and requires an endoscopic hemostatic procedure using hemostatic forceps or clips[15]. The incidence of delayed bleeding is 0%-17% after EMR (Table 1) and 0%-22% after ESD (Table 2), which is high compared with the rate of delayed bleeding complicating colorectal ESD, which ranges from 0.5% to 9.5%[24]. 

A multicenter questionnaire survey reported that delayed bleeding occurred in 5.5% and 8.4% of EMR and ESD cases, respectively[46] (Table 3). The reason for the higher rate of delayed bleeding is that abundant blood vessels exist in the submucosal layer and thin muscle layer of the duodenum[30]. Additionally, the extensive second-order arterial blood supply of the duodenum is an independent risk factor for immediate and delayed bleeding[50].

One risk factor for delayed bleeding is tumor size[15,51]. In particular, delayed bleeding was shown to be more common for lesions larger than 30 mm but was not influenced by the endoscopic resection method (EMR and hybrid EMR-ESD)[51]. According to a retrospective study on duodenal ESD and delayed bleeding, the mean time after ESD to initial delayed bleeding was 4.2 ± 2.9 d, all patients with delayed bleeding were treated successfully by endoscopic clipping or electronic coagulation, and none required blood transfusion or emergency surgery[15]. 

Considering the higher complication rate after duodenal endoscopic treatment, managing large mucosal defects, including prophylactic closure, is essential and might contribute to a decreased risk of delayed perforation and bleeding because the mucosa is the most important factor in protecting the visceral wall from digestive enzymes.

MANAGEMENT OF COMPLICATIONS AND PROPHYLACTIC CLOSURE FOR LARGE MUCOSAL DEFECTS AFTER DUODENAL ENDOSCOPIC TREATMENT

Prevention

The most important factor in avoiding delayed perforation is the prevention of thermal injury to the thin muscle layer during the procedure. This can be achieved by keeping a safe distance from the muscle layer during submucosal dissection, with maintenance of its thickness using the above-mentioned injection and techniques[15]. To prevent delayed bleeding, it is also important to treat visible vessels in the floor of the ulcer after endoscopic resection using hemostatic forceps[44].

To avoid the hazardous effects of pancreatic and bile juices, closure of the mucosal defect with clip placement should be effective. When closure of the mucosal defect is technically impossible due to the size or location of the defect, placement of an endos​copic nasopancreatic drainage (ENPD) tube should be considered[15]. 

A proton pump inhibitor is usually prescribed for 4-8 wk after endoscopic treatment[3,15]. However, these drugs are mainly administered for ESD in the duodenal bulb, and their use remains controversial for duodenal ESD in the second and third portions of the duodenum[52]. Synthetic protease inhibitors such as Nafamostat mesylate could be useful to reduce the risk of hazardous complications by preventing the activity of pancreatic enzymes[23,42,52]. Additionally, it is prudent to extend the fasting period for a few days for patients receiving duodenal ESD compared with other ESDs[15,52]. Hoteya et al[15] noted that delayed bleeding occurred at a median of 4 d after duodenal ESD and recommended a hospitalization stay of 10 d in total. 

Endoscopic closure for immediate perforation and intraoperative bleeding

The following currently available clips can be delivered through the endoscope (through-the-scope clips: TTSCs): Quick Clip (Olympus Japan Inc., Natick, MA, United States), Resolution Clip (Boston Scientific Inc., Natick, MA, United States), and Instinct Clip (Cook Medical Inc., Bloomington, IN, United States). Over-the-scope clips (OTSC system; Ovesco Endoscopy AG, Tübingen, Germany) are also available[53]. Endoscopic closures are classified into the following two types: inverted closure and everted closure. TTSC and OTSC devices mainly result in an inverted closure (Figure 1). Endoscopic closure with TTSCs for immediate perforation and intraoperative bleeding was reported to be effective in a series of consecutive cases[3,54].

Immediate perforations during endoscopic resection are small, and it is possible to close the area of a small perforation using multiple hemoclips and other devices (Figure 2). However, completely closing a perforation is very difficult in the distal portion of the duodenum, and emergency surgical operation is required for difficult cases[45]. Similarly, most cases with immediate bleeding during the procedure can be controlled using hemoclips, injection of an epinephrine mixture, argon plasma coagulation, and hemostatic forceps (Figure 3). However, repeat endoscopy and clipping are required because of recurrent bleeding, and few cases will develop massive, uncontrolled bleeding requiring surgery[50].

Prophylactic closure with TTSCs

The most appropriate prophylactic treatment inter​vention and most effective management protocol for large mucosal defects after endoscopic treatment in the duodenum have not been fully established. However, prophylactic clip closure of mucosal defects after endoscopic treatment in patients with larger colorectal tumors resulted in a decrease in endoscopic resection-related complications[11-14]. In a retrospective study, prophylactic clip closure after endoscopic resection of sessile colorectal polyps or flat colorectal lesions 2 cm or larger was reported to be effective for preventing delayed bleeding[11]. In our previous study, prophylactic clip closure after colorectal ESD reduced the inflammatory reaction and postpolypectomy coagulation syndrome[13]. Additionally, a prospective randomized controlled study showed that prophylactic clip closure contributed to decreasing the rate of delayed postoperative bleeding and postpolypectomy coagulation syndrome compared with the non-closure group[12].

Similarly, prophylactic closure with hemoclips after duodenal EMR reduced the risk of delayed bleeding[16,17]. The presence or absence of prophylactic closure after duodenal endoscopic resection is shown in Table 1 and Table 2. Lépilliez et al[16] reported that prophylactic closure for mucosal defects after duodenal endoscopic resection was useful in the prevention of delayed bleeding. Additionally, according to a retrospective study focusing on delayed bleeding after duodenal ESD in 63 patients, prophylactic endoscopic closure was associated with a reduced risk of delayed bleeding[15]. Yamamoto et al[4] also reported the absence of bleeding after prophylactic closure with hemoclips in duodenal endoscopic resection[3]. Considering that delayed perforation is mostly observed in the distal duodenum[30,46], some retrospective studies have revealed that prophylactic closure was mainly performed in the descending part of the duodenum after duodenal ESD[3,4].

However, delayed perforation might occur despite carrying out prophylactic clipping[30,55]. According to a retrospective cohort study, delayed perforation occurred in two patients (2/63, 3.2%) who underwent prophylactic clipping because some of the clips had fallen off[30]. In another case report with lesions located in the first portion of the duodenum, closure of the mucosal defect by conventional clips was difficult, and some cases showed perforation after closure of the large mucosal defect by clipping[55]. TTSCs are quite small, and the size of clip is insufficient to close a large mucosal defect successfully. Thus, prophylactic closure is not performed in the large mucosal defects (> 2 cm) and residual cases essentially in our institute.

Closure technique of TTSCs

The single closure method is performed to treat small mucosal defects and starts from the edges of the mucosal defect rather than from the center (Figure 4). Closure of large mucosal defects is difficult with conventional clips only, and several closure techniques have been previously described with the additional use of an Endoloop[18], 8-ring loop[19], or loop clip[20] in the colon and rectum. These closure methods have been applied to closing mucosal defects in the duodenum (Figure 5). Matsuda et al[18] described complete closure using a two-channel colonoscope, an Endoloop snare, and a conventional clip. Fujii et al[19] used an 8-ring (small metallic figure 8-shaped ring) and a special clip (Resolution Clip Device; Boston Scientific, Natick, MA) that could be closed and released as necessary before the final attachment. Sakamoto et al[20] developed a loop clip consisting of a metallic clip attached to a nylon string loop for complete closure without using a 2-channel scope. However, all of these techniques are rather complex and require specially designed devices. Otake et al[56] made a small incision around the mucosal defect using a needle-type knife, and the incisions provided a better grip for clipping across the defect, resulting in complete closure of the large mucosal defect after colorectal ESD. Recently, Mori et al[57] reported a new closure method called “endoscopic sliding closure” for large mucosal defects after ESD (Figure 6). This method resembles the closure method using an Endoloop snare and conventional clips but is different in that it does not use a two-channel scope. This procedure is described as follows: (1) a ring-shaped thread is inserted into the duodenum and clipped at the two points across the maximal diameter; (2) a third clip grasps one side of the ring thread, which is drawn across to a distant point from the edge of the mucosal defect; (3) the first two clips are pulled, the ulcer slides together, and this process is repeated; and (4) the mucosal defect is smaller, and closing it with additional clips is easier (Figure 7).

ADVANCED TECHNIQUES AND RECENT TOPICS IN ENDOSCOPIC CLOSURE

The size of mucosal defects after EMR is relatively small compared with the large ulcers often observed with ESD, making closure in the latter cases impossible using only conventional clips and, indeed, risking the induction of severe perforation. The reason for this difficulty is that the grasping power of the conventional clip is insufficient to hold a large mucosal defect[58], and delayed bleeding and perforation can occur as a result of several clips falling off. Additionally, the thin wall of the duodenum poses a risk of transmural injury by the clip itself when it cannot be anchored by the residual mucosa on both sides of the large mucosal defect[50]. OTSCs and PGA sheets and fibrin glue might overcome the disadvantages of conventional clips, and the sheets have the therapeutic potential of closing large mucosal defects after duodenal endoscopic treatment. 

OTSCs

OTSCs (Ovesco Endoscopy AG, Tubingen, Germany) have gained popularity for the closure of GI tract defects. OTSCs are made of elastic, biocompatible nitinol and are capable of full-thickness closure defects measuring 2 cm in diameter[59]. A twin-grasper and a 3-pronged tissue anchor are supportive devices available for use in conjunction with OTSCs. Either device can be passed through the working channel and is used to secure the edges of the mucosal defect; these devices are drawn up into the cap prior to deployment of the OTSC. The disadvantages of TTSCs compared with OTSCs are as follows: (1) TTSCs are so small that they can damage the thin muscle propria after duodenal ESD; (2) the size of the clip is insufficient to close the post-ESD ulcer successfully; and (3) the grasping force of the TTSC is insufficient to hold the post-ESD ulcer[58,60]. 

OTSCs have been reported in many case series and retrospective studies to be successful in closing acute perforations, leaks, and fistulae[7,61]. However, there is inadequate evidence supporting prophylactic closure with OTSCs for large mucosal defects after endoscopic treatment. We treated 9 lesions with prophylactic closure after colorectal ESD using OTSCs, and we were able to close large mucosal defects after colorectal ESD without severe complications[13]. Importantly, prophylactic closure with TTSCs and OTSCs contributes to reducing the inflammatory reaction and abdominal symptoms, which has been called postpolypectomy coagulating syndrome or transmural burn syndrome. In a retrospective study in our department, prophy​lactic clip closure with TTSCs and OTSCs after duodenal endoscopic resection of adenoma, carcinoma, and submucosal epithelial tumors was reported to be effective for preventing complications[62]. The rate of delayed bleeding decreased from 25% (clip closure with TTSC group) to 0% (clip closure with OTSC group), and delayed perforation did not occur in either group (TTSC or OTSC)[62]. Therefore, prophylactic closure without serious complications enables closing large mucosal defects without severe procedure-related complications. 

In our experience, lesions located in the posterior wall of the second and third portions of the duodenum are more difficult to close than those located in the bulb of the duodenum because of poor maneuverability of the endoscope. Additionally, one disadvantage of OTSCs is that the medical costs are 6-7 times more expensive than that of TTSCs. Furthermore, if a mucosal defect after endoscopic treatment is less than 20 mm in diameter, a conventional clip closure might be more suitable with regard to the prevention of delayed complications and medical costs[62]. On the other hand, for large mucosal defects greater than 20 mm in diameter, the OTSC closure is a more reliable method for complete closure of the mucosal defect[48]. The key to success of the OTSC procedure is sufficient aspiration of air as the target is suctioned into the application cap before releasing, which prevents escape of both edges of the defect. Moreover, a twin-grasper is an important tool for complete closure of large mucosal defects (> 2 cm) in the proximal portion of duodenum[48]. However, prophylactic closure using OTSCs with the assistance of a twin-grasper is difficult in the distal portion of the duodenum because of poor maneuverability. The key to success is targeting the edges of the mucosal defect, suctioning into the transparent cap, and then deploying the OTSC in difficult situations.

PGA sheets and fibrin gel

In recent years, a treatment technique in which PGA sheets (Neoveil 015G; Gunze Ltd., Kyoto, Japan) are applied to ESD-induced ulcers with fibrin glue (Bolheal; Kaketsuken, Kumamoto-shi, Japan) has exhibited great potential clinically for preventing procedural complications after ESD, such as postoperative blee​ding and perforation[63-65]. These sheets consist of a soft, elastic, nonwoven fabric made of PGA, and they are hydrolyzed in vivo, after which they undergo degradation and absorption within approximately 15 weeks. The sheets are hydrophilic, and their coating effect is known to be enhanced if they are administered together with fibrin gel[65]. This combination therapy of PGA sheets and fibrin glue has been widely used in multiple surgical fields, and studies have reported its safety and efficacy[66-69]. 

Tissue shielding with PGA sheets and fibrin glue decreases the risk of post-ESD bleeding after gastric ESD[70]. Additionally, a preliminary study showed that the shielding method is safe and useful for the prevention of postoperative adverse events after colorectal ESD[64]. On the other hand, the PGA sheets slip easily in the duodenal lumen, and additional clips might improve the coverage of the PGA sheets over postoperative ulcers[71].

LAPAROSCOPIC-ENDOSCOPIC COOPERATIVE SURGERY FOR DUODENAL TUMORS
Conventional surgical operations might be excessively invasive for early duodenal tumors, and determination of the proper extent of resection of duodenal lesions is difficult[72]. Recently, there have been an increasing number of institutions in which endoscopists and surgeons cooperate to perform laparoscopy and endoscopy cooperative surgery (LECS). LECS was first reported by Hiki et al[73] and has the advantage of a minimum extent of resection, and full-thickness cuts along the designated margins are performed endoscopically. However, there are few case reports of LECS for duodenal lesion[72,74-76]. LECS was considered suitable for the anterior wall of the duodenum, although mobilization of the duodenum might be needed for lesions in the posterior or the third portion of the duodenum[72]. However, an endoscopic circumferential incision for a duodenal lesion is extremely technically difficult and time-consuming. On the other hand, laparoscopy-assisted endoscopic full-thickness resection (LAEFR) using an ESD technique has been reported in case reports and series[74,77,78]. Ohata et al[77] reported that the perforated marking method is a comparatively easy and quick tech​nique that can enable time saving, and coagulation marking of the involved serosa can be seen by the laparoscopist. The limitations of this procedure are as follows: (1) cases in which the target lesion involves the papilla or nearby region because the pancreas is located posteriorly; and (2) the development of postoperative duodenal stenosis, if the duodenal wall defect after full-thickness resection is too large (up to 50% of the duodenal lumen)[77].

EFTR WITH SUTURING DEVICES

EFTR in the duodenum with the FTRD (full-thickness resection device; Ovesco Endoscopy AG, Tubingen, Germany) shows great potential to spare surgical resection. EFTR after the application of an OTSC has been recently described to be feasible for small neuroendocrine tumors (NET)[79,80]. The FTRD is a novel, over-the-scope device designed for EFTR using a 1-step clip-and-snare technique. The device has been investigated for colon EFTR in preclinical and clinical studies[81-84]. According to a preclinical study, four patients with adenomas or SETs underwent duodenal EFTR by using FTRD, and all patients had successful resection without adverse events[85]. With regard to full-thickness resection, the use of OTSCs for closing GI defects up to approximately 2 cm has been reported, with successful closure of incisions < 2 cm[79,86,87]. However, closing post-resection defects > 2 cm after EFTR is beyond the limits of mechanical sutures that use only OTSCs.

The Overstitch Endoscopic Suturing System (Apollo Endosurgery, Austin, TX) is a disposable, single-use suturing device that is mounted onto a double-channel therapeutic endoscope and allows for the placement of either running or interrupted full-thickness sutures. This suturing device has been used successfully for the closure of mucosal defects after colorectal endoscopic treatment without severe complications[88,89]. Recently, our department has performed an EFTR using the ESD method and suturing a large mucosal defect using a new suturing system[90-92]. For the suturing of resection wounds > 40 mm in the GI tract, these devices enable the complete closure of large mucosal defects. We aim to improve these devices so that large mucosal defects can be sutured more simply and quickly in the near future.

CONCLUSION

The duodenum is the most difficult and risky place in the gastrointestinal tract to perform endoscopic treatment. The indications for EMR and ESD for superficial non-ampullary duodenal tumors are not well established, and the final decision depends on the endoscopist’s preference. A large number of case series would be required to precisely determine the effect of prophylactic closure for large mucosal defects after duodenal endoscopic treatment. Several studies raise the possibility that prophylactic closure contributes to preventing hazardous delayed complications after duodenal endoscopic treatment. However, it can be very difficult to achieve complete closure using conventional clips; in these difficult situations, the advanced closure techniques, OTSCs, and PGA might be useful. In the near future, LECS and EFTR might enable the resection of duodenal tumors more safety without hazardous complications.
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Figure Legends
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Figure 1  Schema of endoscopic closure with through-the-scope-clips and over-the scope-clip. TTSC: Through-the-scope-clips; OTSC: Over-the scope-clip.
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Figure 2  Immediate perforation after duodenal endoscopic mucosal resection with circumferential mucosal incision. A: An adenoma, 20 mm in size with an ulcer scar, was located in the inferior wall of the duodenal bulb; B: After duodenal EMR, immediate perforation occurred; C, D: The perforation was closed using multiple hemoclips. EMR: Endoscopic mucosal resection.
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Figure 3  Delayed bleeding after duodenal endoscopic submucosal dissection. A: An adenoma, 20 mm in size, was located in the posterior wall of the second part of the duodenum; B: Prophylactic closure with a hemoclip was performed after ESD; C: The patient complained of melena at post-ESD day 13, and esophagoduodenoscopy revealed bleeding at the base of the ulcer because several clips had fallen off; D: The large mucosal defect was closed with multiple clips and Endoloops. ESD: Endoscopic submucosal dissection. 
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Figure 4  Prophylactic closure after duodenal endoscopic mucosal resection. A: Chromoendoscopy with indigo carmine was performed before endoscopic resection; B: A small-sized mucosal defect was detected; C, D: Prophylactic closure was performed with a hemoclip.
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Figure 5  Diagram of a closure technique with the additional use of a loop clip, 8-ring loop, and small incision around the mucosal defect using a needle-type knife.
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Figure 6  Diagram of a closure technique with the additional use of endoloop and a ring-shaped thread.
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Figure 7  Methods for endoscopic sliding closure after endoscopic submucosal dissection. A: A mucosal defect was identified after ESD; B, C: The ring thread was clipped at two points across the maximal diameter of the mucosal defect; D: A third clip was placed across to the edge of the mucosal defect, and after pulling the first and second clips, the mucosal defect area slid together; E: The mucosal defect was smaller, and closing it with additional clips was easier. ESD: Endoscopic submucosal dissection.
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Table 1  Outcomes of duodenal endoscopic mucosal resection for non-ampullary duodenal neoplasm in the literature  n (%)


Ref.


�
Year


�
Methods


�
No. lesions


�
Mean tumor size (mm)


�
 En bloc resection rate


�
Operation time (min)


�
Perforation 


�
�
Bleeding rate 


�
�
Surgical conversion 


�
Prophylactic closure


�
�
Hirasawa et al[31]


�
1997


�
EMR


�
  14


�
12.7


�
12 (86)


�
-


�
0 (0)


�
-


�
0 (0)


�
-


�
0 (0)


�
-


�
�
Ahmad et al[32]


�
2002


�
EMR


�
  27


�
-


�
23 (85)


�
-


�
0 (0)


�
-


�
 9 (33)


�
-


�
0 (0)


�
Several patients with minor bleeding and resuming anticoagulants


�
�
Oka et al[33]


�
2003


�
EMR, polypectomy


�
  15


�
  9.4


�
-


�
-


�
0 (0)


�
-


�
1 (6)


�
-


�
0 (0)


�
-


�
�
Apel et al[34]


�
2005


�
EMR


�
  20


�
Median 27.5


�
-


�
-


�
0 (0)


�
-


�
 2 (10)


�
-


�
0 (0)


�
-


�
�
Lépilliez et al[16]


�
2008


�
EMR


�
  43


�
19.0


�
   21 (48.8)


�
-


�
  1 (2.3)


�
Delayed (1)


�
 11 (25.6) 


�
Intraoperative (6), Delayed (5)


�
  1 (2.3)


�
14 patients in which they were used for hemostasis or prevention by using either hemoclips or APC, no delayed bleeding was observed after the procedures


�
�
Alexander et al[35]


�
2009


�
EMR


�
  23


�
27.6


�
18 (78)


�
-


�
0 (0)


�
-


�
 1 (4)


�
Early (1)


�
0 (0)


�
2 patients with antiplatelet therapy by using hemoclip


�
�
Honda et al[23]


�
2009


�
EMR + EMRSH


�
    6


�
  7.5


�
  5 (83)


�
15.8


�
0 (0)


�
-


�
  1 (17)


�
Delayed  (1)


�
  1 (17)


�
-


�
�
Endo et al[44]


�
2010


�
EMR


�
  11


�
  9.5


�
   10 (90.1)


�
-


�
0 (0)


�
-


�
0 (0)


�
-


�
0 (0)


�
-


�
�
Sohn et al[36]


�
2010


�
EMR, EMR-L, polypectomy


�
  24


�
-


�
   21 (87.5)


�
-


�
0 (0)


�
-


�
  7 (29)


�
Intraoperative  (7)


�
0 (0)


�
-


�
�
Kim et al[37]


�
2010


�
EMR


�
  17


�
15.1


�
14 (82)


�
-


�
0 (0)


�
-


�
1 (6)


�
Delayed (1)


�
0 (0)


�
All cases with hemoclip and  injection of 1:10000 epinephrin solution


�
�
Kedia et al[38]


�
2010


�
EMR


�
  33


�
-


�
   23 (69.7)


�
-


�
0 (0)


�
-


�
  5 (14)


�
Intraoperative (5)


�
0 (0)


�
-


�
�
Conio et al[39]


�
2012


�
EMR-C


�
  26


�
Median 15


�
-


�
30.0


�
0 (0)


�
-


�
  3 (12)


�
Intraoperative (3)


�
0 (0)


�
-


�
�
Min et al[40]


�
2013


�
EMR


�
  23


�
-


�
20 (87)


�
-


�
   1 (4.3)


�
Immediate (1)


�
   2 (8.7)


�
-


�
0 (0)


�
-


�
�
Fanning et al[50]


�
2013


�
EMR


�
  50


�
-


�
25 (50)


�
-


�
2 (4)


�
Immediate (1), Delayed (1)


�
20 (40)


�
Intraoperative (17), Delayed (3)


�
2 (4)


�
�
�
Maruoka et al[17]


�
2013


�
EMR (including 7 cases with strip biopsy, 1 cases with ESD)


�
  26


�
10.0


�
   18 (69.2)


�
-


�
0 (0)


�
-


�
   12 (46.2)


�
Intraoperative (9), Delayed (3)


�
0 (0)


�
19 lesions [19 (73.1)] with hemoclip


�
�
Matsumoto et al[5]


�
2014


�
EMR


�
  31


�
11.4


�
   26 (83.9)


�
13.2


�
0 (0)


�
-


�
   1 (3.2) 


�
Intraoperative (1)


�
0 (0)


�
24 cases of lesions [24 (77.4)] located in bulb and descending part of duodenum


�
�
Basford et al[51]


�
2014


�
EMR, hybrid EMR-ESD (including 1 case with ESD)


�
  34


�
25.0


�
17 (50)


�
-


�
0 (0)


�
�
   3 (8.8)


�
Delayed (3)


�
0 (0)


�
11 (32) of the 34 cases, clip were used to close the mucosal defect


�
�
Yamamoto et al[4]


�
2014


�
EMR


�
  17


�
  9.4


�
14 (82)


�
  9.0


�
0 (0)


�
-


�
0 (0)


�
-


�
0 (0)


�
Limited cases of lesions located in the distal of duodenum with hemoclip


�
�
Kakushima et al[54]


�
2014


�
EMR, polypectomy


�
  10


�
Median 15


�
  10 (100)


�
-


�
0 (0)


�
-


�
0 (0)


�
-


�
0 (0)


�
-


�
�
Seo et al[41]


�
2014


�
EMR


�
  33


�
-


�
-


�
-


�
0 (0)


�
-


�
 2 (6)


�
Delayed (2)


�
0 (0)


�
-


�
�
Park et al[93]


�
2015


�
EMR


�
  45


�
-


�
   35 (77.8)


�
Median 13


�
   2 (4.5)


�
-


�
   1 (2.2)


�
Delayed (1)


�
-


�
-


�
�
Nonaka et al[29]


�
2015


�
EMR


�
113


�
Median 12


�
71 (63)


�
-


�
0 (0)


�
-


�
14 (12)


�
Delayed (14)


�
0 (0)


�
Immediate prophylactic closure was performed in 99 lesions [99 (81.8)] including 7 ESD cases with hemoclip


�
�
EMRSH: EMR with circumferential mucosal incision assisted by submucosal injection of sodium hyaluronate; EMR-L: EMR with ligation; EMR-C: Cap-assisted EMR; EMR: Endoscopic mucosal resection. 








Table 2  Outcomes of duodenal endoscopic submucosal dissection for nonampullary duodenal neoplasm in the literature  n (%)


Ref.


�
Year


�
No. lesions


�
Mean tumor size (mm)


�
R0 resection rate


�
Operation time (min)


�
Perforation 


�
�
Delayed bleeding 


�
Surgical conversion 


�
Prophylactic closure


�
�
Honda et al[23]


�
2009


�
  9


�
23.7


�
  9 (100)


�
80.0


�
   2 (22.2)


�
Immediate (1), delayed (1)


�
2 (22)


�
1 (11)


�
-


�
�
Takahashi et al[43]


�
2009


�
  4


�
20.5


�
   4 (100)


�
-


�
2 (50)


�
Immediate (2)


�
0 (0)


�
0 (0)


�
-


�
�
Endo et al[44]


�
2010


�
  5


�
10.0


�
   5 (100)


�
-


�
1 (20)


�
Immediate (1)


�
0 (0)


�
0 (0)


�
-


�
�
Jung et al[42]


�
2013


�
14


�
17.1


�
  12 (85.7)


�
32.0


�
   5 (35.7)


�
Immediate (3), delayed (2)


�
1 (7.1)


�
2 (14.3)


�
-


�
�
Matsumoto et al[5]


�
2014


�
15


�
12.9


�
  13 (86.7)


�
86.5


�
3 (20)


�
Immediate (3)


�
3 (20)


�
2 (13.3)


�
4 of the 5 cases of lesion [4 (26.7)] located in descending part of the duodenum with hemoclip


�
�
Yamamoto et al[4]


�
2014


�
30


�
13.7


�
  27 (90.0)


�
79.5


�
3 (10)


�
Immediate (2), delayed (1)


�
0 (0)


�
1 (3)


�
Limited cases of lesions located in the distal of duodenum with hemoclip


�
�
Seo et al[41]


�
2014


�
  7


�
-


�
-


�
-


�
3 (75)


�
Immediate (3)


�
0 (0)


�
0 (0)


�
-


�
�
Kakushima et al[54]


�
2014


�
13


�
Median 13.5


�
13 (100)


�
-


�
4 (40)


�
Immediate (3), delayed (1)


�
0 (0)


�
1 (7.7)


�
-


�
�
Park et al[93]


�
2015


�
  6


�
-


�
   5 (83.3)


�
Median 41.5


�
  2 (33.3)


�
-


�
0 (0)


�
-


�
-


�
�
Hoteya et al[15]


�
2015


�
63


�
24.6


�
 55 (87.3)


�
116.4


�
21 (31.3)


�
-


�
11 (17.5)


�
4 (6.2)


�
23 patients [23 (36.5)] with hemoclip


�
�
Ishii et al[45]


�
2015


�
16


�
Median 13


�
 13 (81.3)


�
Median 66


�
1 (6.3)


�
Immediate (1)


�
0 (0)


�
1 (6.3)


�
10 patients [10 (93)] with hemoclip (8 patients) and PGA sheets (2 patients)


�
�
Nonaka et al[29]


�
2015


�
  8


�
Median 18


�
-


�
-


�
  2 (25.0)


�
Delayed (1)


�
0 (0)


�
  1 (12.5)


�
Immediate closure was performed in 99 lesions (99/121) including 113 EMR cases with hemoclip


�
�
PGA: Polyglycolic acid; EMR: Endoscopic mucosal resection.





Table 3  Outcome of duodenal endoscopic mucosal resection/endoscopic submucosal dissection in a previous multicenter questionnaire survey conducted in endoscopic submucosal dissection expert facilities in Japan


Ref.


�
Year


�
Methods


�
No. lesions


�
Perforation


�
Immediate perforation


�
Delayed perforation


�
Delayed bleeding


�
Surgical conversion 


�
�
Ono et al[46]


�
2011


�
EMR


�
254


�
 10 (3.9)


�
   7 (2.8)


�
  3 (1.2)


�
14 (5.5)


�
2 (0.8)


�
�
�
�
ESD


�
167


�
42 (25)


�
32 (19)


�
10 (6.0)


�
14 (8.4)


�
9 (5.4)


�
�
EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection.











