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Abstract
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK14]Endoscopic submucosal dissection (ESD) is a globally accepted minimally invasive therapy for early-stage gastrointestinal tract tumors. Although numerous electrosurgical knives have been developed for ESD, technical difficulties and high complication rates (bleeding and perforation) have limited their use worldwide. The grasping-type scissors forceps [clutch cutter (CC)] is the first forceps-type resection device developed with reference to hemostatic forceps. The aim was to allow easy and safe ESD throughout the gastrointestinal tract, as a biopsy technique, using one device. The CC can grasp the target tissue accurately and pull it away from the underlying muscle layer prior to energizing the tissue, for safe and effective incision and hemostasis during ESD. Reported clinical studies showed that ESD using the CC (ESD-CC) is a safe (perforation rate: 0%-3.6%; delayed bleeding rate: 0%-4.2%), technically efficient (en-bloc resection rate: 88.9%-100%), and single-device method for dissecting early-stage gastrointestinal tract tumors. The ESD-CC technique is simple and easy to learn because it can be completed simply by repeating the grasp, pull, and coagulate and/or incise actions using an electrosurgical current. The reported self-completion rate by non-experts was significantly better with the CC than with conventional knives (61.7% vs 24.5%, respectively; P < 0.001). Furthermore, the CC is used for other endoscopic therapies, such as endoscopic polypectomy for large pedunculated polyps, endoscopic myotomy for Zenker’s diverticulum, endoscopic treatment of buried bumper syndrome, and endoscopic necrosectomy for wall-off pancreatic necrosis. The initial reports using CC for these therapies have shown favorable results. In this review, we describe the structural features of the CC, how to use the instrument, efficacies of ESD-CC, and other unique endoscopic therapies using the CC.

[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK68]Key Words: Grasping-type scissors forceps; Clutch cutter; Endoscopic submucosal dissection; Endoscopic polypectomy; Zenker’s diverticulum; Buried bumper syndrome

[bookmark: OLE_LINK60][bookmark: OLE_LINK61]Akahoshi K, Komori K, Akahoshi K, Tamura S, Osada S, Shiratsuchi Y, Kubokawa M. Advances in endoscopic therapy using grasping-type scissors forceps (with video). World J Gastrointest Surg 2021; In press

[bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK69][bookmark: OLE_LINK70]Core Tip: The grasping-type scissors forceps [clutch cutter (CC)] is the first forceps-type resection device developed with reference to hemostatic forceps. It was designed for easy and safe endoscopic submucosal dissection (ESD) throughout the gastrointestinal tract, as a biopsy technique, using one device. Unlike knives, the CC is a thin pliers-like forceps that can grasp the target tissue accurately and perform sufficient hemostasis and incision. Reported clinical outcomes of ESD using the CC (ESD-CC) are good. This review describes the structural features of the CC, how it is used, the effectiveness of ESD-CC, and other proprietary endoscopic treatments performed with the CC.

INTRODUCTION
[bookmark: OLE_LINK73][bookmark: OLE_LINK74]Endoscopic submucosal dissection (ESD) is recognized as an effective treatment method for early gastrointestinal tumors, and this technique is becoming widespread all over the world[1-12]. However, unsolved problems in ESD using conventional knives remain, namely technical difficulties and severe complications, such as perforation and bleeding. The main cause of these problems is mechanical factors related to conventional knives. These knives have poor targeting accuracy, leading to unintentional incision, and insufficient hemostatic capability, leading to bleeding[12]. Grasping-type scissors forceps (GSF) designed for safer ESD were developed in 2007 as high-frequency forceps for use instead of knives[6]. The GSF can be used to perform electrosurgical cuts and coagulation under direct vision while grasping, fixing, compressing, and pulling the target tissue as for a biopsy technique[6,13-15]. The basic approach in ESD using the GSF involves first grasping the tissue (release and regrasp is available), pulling the tissue, followed by cutting or coagulating. Theoretically, unintentional perforation should never happen with GSF compared with conventional knives, which may induce perforation through unintentional movement[6,12]. Furthermore, the GSF has sufficient hemostatic capacity by a mechanism similar to hemostatic forceps because the GSF can grasp (compress) target blood vessels, pull them out of the muscle layer, and coagulate using electrosurgical currents. Therefore, ESD using the GSF requires no other electrosurgical hemostatic forceps[6,8]. The GSF is currently available as the clutch cutter (CC) from Fujifilm Co. (Tokyo, Japan) in Japan and other Asian countries, and in the European Union, United States, and South America[12]. In this paper, we describe the structural features of the CC, how to use the device, efficacies of CC for ESD, and unique indications for other treatments.

[bookmark: OLE_LINK75][bookmark: OLE_LINK76]MECHANICAL FEATURES OF THE CC[6,12,16]
The diameter of the CC is 2.7 mm, and the device can be used with standard endoscopes with a working channel width of ≥ 2.8 mm. This device is disposable and cannot be reused. The length of the CC is 1800 mm, and it can be used with up to medium-length colonoscopes and with all gastroscopes. Furthermore, the CC is available with a 1550-mm-long therapeutic double-balloon endoscope (EI-580BT, Fujifilm). The CC is basically a device that grips target tissue, and is not a knife. The CC has five unique and characteristic mechanisms as detailed below (Figure 1). The CC can grasp the target tissue accurately and pull it up and away from the underlying muscle layer prior to being energized for safe and effective incision and hemostasis during ESD.

Sawtooth blade over the entire length of the scissors
The CC grasps and pulls the target tissue and accurately coagulates and cuts using an electrosurgical current; the cutting edge is serrated over the entire length. Therefore, theoretically, it is possible to perform energization coagulation/incision from pinpoint to 5-mm lengths after accurately grasping and fixing tissue without slipping, under endoscopic observation (Figure 1A).

Two blade lengths
There are two blade lengths, a long blade (5 mm) and a short blade (3.5 mm). The long blade is used for long incisions and is designed for gastrointestinal areas with thick walls (stomach). The short blade is used for short incisions and is designed for gastrointestinal areas with thin walls (esophagus, duodenum, small intestine, large intestine) (Figure 1A).

Rotation function
The CC has a function to rotate the scissors, and the grasping direction can be changed freely; therefore, accurate cutting and coagulation are available (Figure 1B).

Insulated coating except on the cutting edge
The CC is a monopolar energizing forceps. However, because all parts other than the scissors blade are insulated so that only the grasped tissue is energized, localized energization is possible (Figure 1C).

Tapering toward the cutting edge (narrow blade width)
The width of the cutting edge is as narrow as 0.4 mm, which is almost the same as the diameter of the polypectomy snare, and sharp incision and pinpoint coagulation can be performed without impairing the endoscopic view during ESD (Figure 1D).

[bookmark: OLE_LINK77][bookmark: OLE_LINK78]ESD-CC[6,8,16]
Because the CC has a serrated blade to the tip, unlike a knife, the CC can grasp, fix, and compress the target tissue, pull it away from the muscle layer, and allow energization excision and coagulation. The CC has the following four safe and effective procedure steps for ESD.

Basic four steps for safe and effective ESD-CC
Grasping step (lock-on-like accurate targeting): Because the target tissue can be grasped, compressed, fixed, and re-grasped, the CC permits accurate treatment without slippage and does not cause unexpected incision or coagulation (Figure 2 and Video 1).

Pulling step (reduces electrical damage to the muscle layer): Because the target tissue is grasped and pulled up prior to incision and coagulation using an electrosurgical current, there is minimal electrical damage to the muscle layer.

Coagulation step (accurate and effective hemostatic ability): Because the CC coagulates the vessel using an electrosurgical current during grasping and compression, the CC has accurate and effective hemostatic ability. Intraoperative bleeding can be reduced, and even if spurting bleeding occurs, bleeding can be sufficiently stopped; therefore, hemostatic forceps are not required. If there are no visible vessels near the target tissue, this step can be skipped. 

Cutting step (accurate mucosal incision and submucosal dissection): After confirmation of grasping and pulling the target tissue, the tissue is cut using an electrosurgical current. If inadequate tissue is grasped, release and regrasp is possible; therefore, there are no unintentional cuts.
ESD-CC can be completed simply by repeating the above four steps without changing the CC device[6,8,16].

[bookmark: OLE_LINK79][bookmark: OLE_LINK80]PERFORMING ESD-CC
Preparation and equipment
Local injection liquid: A 0.4%-sodium hyaluronate solution is mixed with 0.1 mg of epinephrine and 0.3 mL of indigo carmine.

High-frequency generator: In our institute, we use the VIO3 or VIO300D (Erbe, Tubingen, Germany). Because the CC grasps and pulls the tissue and performs energization and coagulation away from the muscle layer, it is not necessary to change the power setting to address differences in wall thickness in different parts of the gastrointestinal tract. Therefore, the output settings are common to all areas of the gastrointestinal tract, as shown in Table 1[8,16]. There are only three settings, and there is little risk of mistakes when changing settings.

Endoscope: A therapeutic endoscope with a water jet system is recommended to facilitate the ESD-CC procedure.

Hood [8,16]: In ESD-CC, a long transparent hood is always attached to the tip of the endoscope for safe and reliable treatment. The purposes of using a long hood are: (1) to maintain the same distance between the tip of the endoscope and the lesion; (2) to secure the field of view without air inflation; (3) to facilitate obtaining a frontal view of the lesion; (4) to obtain counter traction up and down; and (5) to secure a safe energizing space in the hood. For lesions without fibrosis, we use a long hood (F-01, TOP Corp., Tokyo, Japan) that allows both long and short CCs to open, close, and rotate in the hood, during ESD-CC. For lesions in a narrow submucosal space (esophagus, duodenum, colorectum, and lesions with fibrosis), a tapered hood (ST hood Long type, DH-40GR; Fujifilm) is recommended, which allows the short CC to open, close, and rotate in the hood, and facilitates inserting the hood into narrow submucosal spaces (Figure 3).

Arrangement of equipment and personnel in the endoscopy room[17]
Figure 4 shows the placement of equipment and personnel for ESD-CC in our endoscopy room. The CC must adjust the incision direction by rotating the scissors and the cutting depth by the opening/closing angle and the pressing force, which is handled by the CC operator. For effective ESD, the endoscopist and the CC operator must work side by side looking at the same monitor for good cooperative operation. To perform this method quickly, it is indispensable to have a CC operator who is skilled in rotating the CC, adjusting the opening/closing angle, grasping, and pulling. It is desirable that a dedicated endoscopist, nurse, or clinical engineer performs the role of the CC operator.

Basic energization method during ESD-CC[16,17]
Light-contact energization method (marking): This method is used to mark points and the mucosal incision introduction holes. With the scissors completely closed, lightly touch the tip to the area to be marked and energize for a moment (0.1 s) to create the mark (Video 2-a). With the scissors fully open, lightly press the tip against the planned mucosal incision area and energize for a moment to create an introduction hole for the mucosal incision (Video 2-b).

Pull energization method: Angle operation of the endoscope when energizing is not required, and it is possible to safely perform incision and hemostasis while pulling the grasped tissue as for a biopsy. This is especially useful when the treated area can be approached only vertical to the muscle layer, or when angle operation cannot be adequately performed. Grasp the tissue and pull the scissors lightly toward a safe space inside the hood to perform energization incision and coagulation (Video 2-c).

Scooping-up energization method: This method is used in situations where angled operation is achievable. Grasp the tissue and push the CC slightly to scoop (lift up) the tissue by angled operation away from the muscle layer to perform energization incision and hemostasis (Video 2-d).

Adjusting the incision and coagulation depth[16]
The amount of tissue grasped by the CC is determined by the opening/closing angle of the scissors and the force that presses the cutting edge against the tissue. When the scissors are fully opened and pressed strongly against the tissue and the scissors are closed, a large amount of tissue is grasped, and when energized after traction, a deep incision depth is obtained. Conversely, when the scissors are opened slightly and pressed lightly against the tissue to close the scissors, a small amount of tissue is grasped, and when energized after traction, a shallow incision depth is obtained. In this way, the CC can freely change the incision depth from approximately 0 mm to 5 mm (short blade, 3.5 mm). The depth of coagulation depends on the energization time; the coagulation depth is shallow when energized for a short time, and the coagulation depth is deeper when energized for a long time (Figure 5).

Each step in ESD-CC[6,8,16,17]
Marking: With the scissors completely closed, lightly press the tip of the scissors against the mucosal surface using as vertical an approach as possible to energize and mark (Video 2A). If determining a tumor margin using a therapeutic endoscope is difficult, replacing the scope with a diagnostic endoscope equipped with narrow-band imaging or blue laser imaging and precise marking with a hook knife is necessary (Video 3 and Figure 6).

Submucosal injection: One to 2 milliliters of the sodium hyaluronate solution is locally injected into the submucosal layer at several points at the planned site of incision or dissection.

Mucosal incision and submucosal dissection: If the cutting edge slips, and it is difficult to grasp the mucosa, open the cutting edge fully and lightly press the edge against the mucosal surface and energize for a moment to create an introduction hole (Video 2-b). Unexpected bleeding occurs because the blood vessels under the mucosa cannot be seen endoscopically during mucosal incision. To prevent bleeding during mucosal incision, the mucosa and superficial submucosa are grasped and raised with the CC, and soft coagulation is energized for prophylactic hemostasis, after which energization is performed with ENDO CUT mode for the incision; thus, mucosal incision is achieved without bleeding. For every 2–3 cm of mucosal incision, additional deep and wide submucosal dissection is needed for the initial incised area. During exfoliation, the tissue in the lower third of the submucosal layer is grasped, compressed, and pulled up, which lifts the tissue away from the muscle layer; the tissue is then energized. If no blood vessels are seen through the submucosa during dissection, exfoliate with only ENDO CUT mode energization. If small blood vessels (≤ 1 mm) are seen, preventive coagulation is performed using soft coagulation, and then cutting is performed using the ENDO CUT mode, for bleeding-free dissection. When a thick blood vessel measuring ≥ 1 mm is seen, the surrounding tissue is first peeled off to expose the blood vessel (Video 4-a). Next, the muscular layer side of the blood vessel is preventively coagulated using soft coagulation, and the mucosal side of the blood vessel is also coagulated for blood flow blockage. Next, the blood vessel between both coagulation sites is grasped and pulled and coagulated using soft coagulation and cut using ENDO CUT mode. There is no bleeding during this cutting.

Hemostasis for intraoperative bleeding: The bleeding blood vessel is pinpointedly grasped and compressed, and after confirming that the bleeding has temporarily stopped, the vessel is slightly pulled up and coagulated using soft coagulation, for permanent hemostasis (Video 4-b). If the blood vessel cannot be seen because of severe bleeding, inject 1 cc of hypertonic saline–epinephrine solution into 3–5 points near the site where bleeding is suspected (Video 4-c). Once the bleeding momentum has subsided and the blood vessel becomes visible, accurately grasp the bleeding blood vessel, pull up it gently, and coagulate. Aggressive pulling should be avoided because this leads to severe bleeding owing to blood vessel rupture. Furthermore, blind grasping coagulation carries the risk of perforation and should also be avoided.

Preventive vascular coagulation to prevent post-ESD hemorrhage: Visible blood vessels at the bottom of the post-ESD ulcer are pinpointedly grasped by the CC, pulled up, and coagulated using soft coagulation to prevent post-ESD bleeding (Video 4-d). Coagulation by pressing the CC toward the muscle layer may cause perforation and should be avoided.

[bookmark: OLE_LINK81][bookmark: OLE_LINK82]CLINICAL OUTCOMES OF ESD-CC
[bookmark: OLE_LINK83][bookmark: OLE_LINK84]Efficacy and safety
Table 2 shows the reported clinical outcomes of ESD-CC. Reported performance ranges for the use of CC in early esophageal tumor resections were as follows: surgical time: 56.4–78.3 min; en-bloc resection rate: 88.9%–100%; perforation rate: 0%; and delayed bleeding rate: 0%–1.4%[18-20]. The ranges in early gastric tumor resection were: surgical time: 44–97.2 min; en-bloc resection rate: 93%–100%; perforation rate: 0%–3.6%; and delayed bleeding rate: 0%–3.6%[6,21-23]. The ranges in early duodenal tumor resection were: surgical time: 36 min; en-bloc resection rate: 100%; perforation rate: 2.1%; and delayed bleeding rate: 4.2%[24]. The ranges in early colorectal tumor resection were surgical time: 56–88.3 min; en-bloc resection rate: 98%–99.3%; perforation rate: 2%–2.3%; and delayed bleeding rate: 0%–2.3%[8,12]. Thus, high en bloc resection rates and low complication rates were achieved by ESD-CC in every intestinal section.

Comparison of clinical outcomes with the CC vs with conventional knives
Five comparison studies between ESD-CC and ESD-conventional knives have been reported (Table 3)[19,21-24]. In the esophagus, Esaki et al[19] reported that the ESD-CC group showed no significant difference for several parameter comparisons, and only the median procedure time was significantly shorter with ESD-CC vs with ESD-conventional knives (44.0 min vs 66.5 min, respectively; P = 0.020). In the stomach, two of the three papers reported that ESD-CC had a significantly shorter resection time than ESD-conventional knives[21-23]. In the duodenum, Dohi et al[24] reported that ESD-CC had a significantly shorter resection time, higher R0 resection rate, and lower intraoperative perforation rate compared with ESD-conventional knives.

Learning curve 
Shiga et al[25] reported the learning curve of colorectal ESD using conventional knives. Dividing a total of 180 cases into three learning phases, the en-bloc resection rate was gradually improved to 88.3%, 93.3%, and 98.3% in the early, middle, and late phases, respectively. In contrast, the rate of perforation decreased from 10.0% in the early phase to 5.0% in the middle phase and 3.3% in the late phase. Research from France evaluating the learning curve of rectal ESD using conventional knives showed similar results in that from the start phase to the late phase, the en-bloc resection rate increased from 52% to 82%, and the perforation rate decreased significantly from 34% to 0%[26]. 
Research evaluating the learning curve for colorectal ESD-CC showed a flat learning curve from the start phase to the late phase for both the R0 resection rate (82% to 80%, respectively) and perforation rate (0% to 3.4%, respectively)[8]; however, there was statistically significant proficiency regarding operating time (127 min to 82 min, respectively). Thus, the CC is considered a safe and effective device for facilities that are introducing ESD for the first time. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Dohi et al[23] reported that the rate of self-completion of gastric ESD by non-experts was significantly better with the CC than with the IT knife 2 (61.7% vs 24.5%, respectively; P < 0.001). The authors also reported additional data for gastric ESD performed by non-experts in which the number of intraoperative bleeding points and the number of points requiring hemostatic forceps were significantly lower in the CC group than in the IT knife 2 group. The CC has unique mechanical features, such as accurate incision and hemostasis by grasping without slippage, opening and re-grasping functions, and high hemostasis ability. These advantages of the CC allow for safe, effective, and easy ESD training by experts[6,8,12,27]. However, the ESD-CC procedure requires the technical skills of the assistant to rotate the device at an appropriate position and grasp the target tissue. ESD using conventional type knife does not need it. Esaki et al[28] reported that procedure time of the ESD-CC assisted by an expert was significantly shorter than that of the ESD-CC assisted by a non-expert in an ex vivo porcine stomach model. They also showed that assistant skill was significantly associated with the difficulty of ESD. Assistance by an expert is needed to obtain a favorable learning curve of ESD-CC.

Cost performance in ESD
The CC (￥43000) is a little more expensive than conventional knives (Insulation-tipped diathermic knife (KD-611L; Olympus, ￥38000), Flush knife BT-S (DK2620J; Fujifilm, ￥28000), et al. However, in ESD using conventional knives, it is necessary to use the other types of devices properly depending on the aspect of ESD[6]. For example: (1) ESD using insulation-tipped diathermic knife needs a needle knife (KD-lL-1; Olympus, ￥27500) to make a start hole for mucosal incision; (2) If the submucosal dissection step needs a vertical approach to the proper muscle in ESD using the Flush knife-BT-S, pull energization method available devices such as the hook knife (KD-620QR; Olympus, ￥30000) or the CC (￥43000) are needed to reduce the risk of perforation. Furthermore, conventional knives have an insufficient hemostatic ability and often require hemostatic forceps [Coagrasper, (FD-411QR; Olympus, ￥15000), et al] for bleeding during ESD. Therefore, conventional knives need additional costs for combined devices. On the other hand, since CC can perform incision and coagulation while grasping and pulling the target tissue, it can handle all aspects during ESD even if a vertical approach of submucosal excision to the proper muscle is unavoidable. Furthermore, CC has high hemostatic ability, so hemostat forceps are not required for intraoperative bleeding. In ESD-CC, additional use of other types of knives are unnecessary (single device ESD is possible). Therefore, CC reduces the total clinical cost during ESD.

[bookmark: OLE_LINK85][bookmark: OLE_LINK86]ENDOSCOPIC POLYPECTOMY USING THE CC FOR LARGE PEDUNCULATED POLYPS
When an endoscopist performs polypectomy for a large pedunculated polyp, the snare on the back side of the thick stalk cannot be seen, and it is difficult to check for adequate positioning of the distal side of the snare using an endoscopic view and to determine whether the distal part of the snare is on the stalk of the polyp or on the normal mucosa on the distal side. No visibility of the distal part of the snare during the procedure leads to piecemeal polypectomy or severe adverse events, such as perforation and bleeding[29,30]. If the CC is used to remove a large pedunculated polyp, the large stalk is also grasped and pulled by the CC and cut little by little, so that the distal side of the stalk can be accurately incised under good endoscopic view[30-32]. Like the snare, the CC is energized while grasping and compressing; therefore, it provides strong hemostasis, less intraoperative bleeding, and even if there is bleeding, this can be stopped immediately by the CC. Furthermore, a thick artery and perivascular fibrosis of the stalk portion of a large pedunculated polyp sometimes leads to the electrosurgical snare becoming stuck in the stalk during polypectomy. When this occurs, cutting the stalk using an electrosurgical current and releasing the snare are both impossible. However, if the CC is used, releasing the blades by opening the CC is easy [30]. Previous reports of polypectomy using the CC for large pedunculated polyps indicated 100% R0 resection without complications[30-32]. This appears to be a promising future indication for the CC (Figure 7 and Video 5).

[bookmark: OLE_LINK87][bookmark: OLE_LINK88]ENDOSCOPIC TREATMENT OF ZENKER’S DIVERTICULUM USING THE CC
Zenker’s diverticulum is an acquired extruded diverticulum consisting of the mucosa and submucosa through Killian’s triangle dorsally at the pharyngoesophageal junction[33,34]. Currently, endoscopic myotomy of the cricopharyngeal muscle is performed as less invasive therapy in symptomatic patients[34-36]. However, if the incision is too short, recurrence occurs owing to incomplete cricopharyngeal myotomy. In contrast, cutting too deeply leads to mediastinal perforation; another complication is bleeding. Accurate cutting and sufficient coagulation are the keys to the success of this procedure. A pilot study using the CC showed 100% complete diverticulotomy without complications because the CC has a grasping function (accurate targeting) and high hemostatic capability[34,36]. However, further studies are needed.

[bookmark: OLE_LINK89][bookmark: OLE_LINK90]OTHER INDICATIONS
[bookmark: OLE_LINK91]Aso et al[37] reported using the CC for endoscopic necrosectomy. In this case, the areas of walled-off pancreatic necrosis were so large that the authors could not remove the dense and massive necrotic tissue satisfactorily, even though the procedure was repeated over five sessions using conventional devices. In the sixth session using the CC, the dense and massive necrotic tissues were easily dissected and fragmented with the CC. In addition, endoscopic hemostasis was also achieved for intraoperative bleeding, and the authors grasped and removed the fragmented necrotic tissue from the cavity and successfully accomplished this procedure. 
Another indication is endoscopic management of buried bumper syndrome. Experience with a case has been reported[38]. In this report, overlying mucosa and granulomatous-fibrotic tissue on the buried bumper were completely incised and opened by the CC without complications, and the buried bumper was then successfully released into the gastric lumen.

CONCLUSION
[bookmark: OLE_LINK92]The CC is a unique endoscopic forceps-type resection device that enables safe and easy endoscopic surgery with a single device, according to the movements of the device itself, and the protection system. Endoscopic surgery can be completed by repeating the same simple procedure as for biopsy. Previous studies showed that even non-expert endoscopists can use the CC with confidence. Further clinical studies using the CC for endoscopic treatment are needed to clarify the efficacy and safety of CC and to expand its use to new indications.
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Figure Legends
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[bookmark: OLE_LINK94][bookmark: OLE_LINK95][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Figure 1 Mechanical features of the clutch cutter. A: Two blade lengths (5 mm and 3.5 mm) are available. The blade is saw-toothed over the entire length of the scissors; B: Rotatable. The blade part can rotate 360°; C: The cutting edge is serrated, and all surfaces other than the cutting edge are insulated; D: Sectional view of the cutting edge. The cutting edge is tapered to a width of 0.4 mm, which is the same width as the polypectomy snare, so that the tissue can be pressed and cut. Quoted and modified from Akahoshi et al[16] and Fujifilm (https://asset.fujifilm.com/master/jp/files/2020-07/bbd3e2ffc64eb7d6cd4e135f80339d46/endoscopy-esd-clutchcutter-catalog.pdf) with permission. Citation: Akahoshi K, Kubokawa M, Tamura S. Clutch Cutter (Long type & Short type). In: Yahagi N. Electrosurgical units for therapeutic endoscopy-Settings and Its effective usage. 3rd ed. Tokyo: Japan Medical Center, 2020: 177-184. 
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[bookmark: OLE_LINK96][bookmark: OLE_LINK97]Figure 2 Four basic steps for safe and effective endoscopic submucosal dissection using the clutch cutter. A: Grasping step (lock-on-like accurate targeting); B: Pulling step (minimal electrical damage to the muscle layer); C: Coagulation step (accurate and effective hemostatic ability); D: Cutting step (accurate mucosal incision and submucosal dissection). Quoted and modified from Akahoshi et al[16] with permission. Citation: Akahoshi K, Kubokawa M, Tamura S. Clutch Cutter (Long type & Short type). In: Yahagi N. Electrosurgical units for therapeutic endoscopy-Settings and Its effective usage. 3rd ed. Tokyo: Japan Medical Center, 2020: 177-184. 
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[bookmark: OLE_LINK98][bookmark: OLE_LINK99]Figure 3 Hoods for endoscopic submucosal dissection using the clutch cutter. A: Overview of the long transparent hood (F-01; TOP Corp., Tokyo, Japan); B: Internal field of view with the long transparent hood (clutch cutter long type, half-open state); C: Overview of the tapered transparent hood (ST hood long type, DH-40GR; Fujifilm, Tokyo); D: Internal field of view of the tapered transparent hood (clutch cutter short-type, half-open state). Quoted and modified from Akahoshi et al[16] with permission. Citation: Akahoshi K, Kubokawa M, Tamura S. Clutch Cutter (Long type & Short type). In: Yahagi N. Electrosurgical units for therapeutic endoscopy-Settings and Its effective usage. 3rd ed. Tokyo: Japan Medical Center, 2020: 177-184. 
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[bookmark: OLE_LINK100][bookmark: OLE_LINK101]Figure 4 Equipment and personnel allocation in endoscopic submucosal dissection using the clutch cutter. Quoted and modified from Akahoshi et al[17] with permission. Citation: Akahoshi K, Motomura Y, Kubokawa M, Kinoshita N. Characteristics and effective use of the Clutch Cutter. Endoscopia Digestiva 2014; 26: 1399-1406. 
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[bookmark: OLE_LINK102][bookmark: OLE_LINK103]Figure 5 Adjusting the incision depth with the clutch cutter. Quoted and modified from Akahoshi et al[16] with permission. Citation: Akahoshi K, Kubokawa M, Tamura S. Clutch Cutter (Long type & Short type). In: Yahagi N. Electrosurgical units for therapeutic endoscopy-Settings and Its effective usage. 3rd ed. Tokyo: Japan Medical Center, 2020: 177-184. 
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[bookmark: OLE_LINK104][bookmark: OLE_LINK105][bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK37]Figure 6 Endoscopic view of each step of endoscopic submucosal dissection using the clutch cutter for granular and homogeneous type laterally spreading tumor of the ascending colon. A: Several points along the contour of the lesion are marked with a coagulation current; B: Submucosal injection of hyaluronic acid solution; C: The targeted mucosa is grasped outside the marking points for fixation prior to first mucosal incision; D: First mucosal incision; E: The deep submucosal layer is gradually dissected using the clutch cutter from the muscularis propria; F: The tumor is completely resected; G: The resected specimen shows en-bloc resection of the tumor; H: Cross-section of the resected specimen showing R0 resection.
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[bookmark: OLE_LINK106][bookmark: OLE_LINK107]Figure 7 Endoscopic polypectomy using the clutch cutter and the detachable snare for large pedunculated colonic polyp. A: Long and thick stalk of the sigmoid colonic polyp; B: Positioning the snare at the base of the stalk; C: Squeezing the thick stalk using a detachable snare; D: The Clutch Cutter is grasping the stalk 10mm above the detachable snare under direct endoscopic view; E: The Clutch Cutter is cutting the stalk using electrosurgical current; F: The polyp is removed without bleeding; G: Enough distance between the excised margin and the detachable snare; H: The resected specimen of the polyp.

Table 1 Power settings of endoscopic submucosal dissection using the clutch cutter for high frequency generator
	Procedure
	VIO 31
	VIO 300D2

	
	Mode
	Setting
	Mode
	Setting

	Marking
	FORCED COAG
	Effect 7
	FORCED COAG
	30 W effect 3

	Mucosal incision/Submucosal dissection
	ENDO CUT I
	Effect 2
	ENDO CUT Q
	Effect 2

	
	
	Duration 1
	
	Duration 3

	
	
	Interval 3
	
	Interval 1

	Hemostatic treatment
	SOFT COAG
	Effect 6
	SOFT COAG
	100 W effect 5


1VIO 3 (Erbe Elektromedizin, Tübingen, Germany); 2VIO 300D (Erbe Elektromedizin, Tübingen, Germany).


[bookmark: OLE_LINK43][bookmark: OLE_LINK44]Table 2 Reported clinical outcomes of endoscopic submucosal dissection using the clutch cutter
	[bookmark: OLE_LINK147][bookmark: OLE_LINK148]Ref.
	Organ
	Number
of patients
	Histology
	Procedure
time
min
	En bloc (R0) resection rate %
	Perforation rate % (n)
	Delayed bleeding rate % (n)
	Surgical1 intervention rate % (n)

	[bookmark: OLE_LINK149]Sawas et al[18], 2018
	Esophagus
	14
	ADCA, DYS
	ND
	100 (41.6)
	0 (0)
	0 (0)
	0 (0)

	Esaki et al[19], 2020
	Esophagus
	36
	SCC
	56.4
	88.9 (80.6)
	[bookmark: _Hlk60473311]0 (0)
	0 (0)
	0 (0)

	Hanada et al[20], 2020
	Esophagus
	96
	ADCA, DYS, SCC
	78.3
	94.3 (ND)
	0 (0)
	1.4 (2)
	0 (0)

	Akahoshi et al[6], 2015
	Stomach
	325
	ADCA
	97.2
	99.7 (95.3)
	0.3 (1)
	3.4 (11)
	0 (0)

	Nagai et al[21], 2016
	Stomach
	56
	ADCA, ADM
	66
	93 (ND)
	3.6 (2)
	3.6 (2)
	0 (0)

	Hayashi et al[22], 2018
	Stomach
	50
	ADCA
	49
	100 (100)
	0 (0)
	2.3 (1)
	0 (0)

	Dohi et al[23], 2019
	Stomach
	61
	ADCA
	44
	100 (93.4)
	0 (0)
	0 (0)
	0 (0)

	Dohi et al[24], 2020
	Duodenum
	47
	ADCA, ADM
	36
	100 (97.9)
	2.1 (1)
	4.2 (2)
	0 (0)

	[bookmark: OLE_LINK151][bookmark: OLE_LINK152]Akahoshi et al[8], 2019
	Colorectum
	437
	ADCA, ADM
	88.3
	99.3 (87.0)
	2.3 (10)
	2.3 (10)
	0 (0)

	Yoshida et al[12], 2019
	Colorectum
	51
	ND
	56
	98 (ND)
	2.0 (ND)
	0 (0)
	ND


1Surgical intervention owing to endoscopic submucosal dissection-related complications. ESD: Endoscopic submucosal dissection; SCC: Squamous cell carcinoma; ADCA: Adenocarcinoma; DYS: Dysplasia; ADM: Adenoma; ND: Not described.

Table 3 Reported comparison studies of the clinical outcomes of endoscopic submucosal dissection using the clutch cutter vs using conventional knives
	Organ
	Ref.
	
	ESD using the clutch cutter
	ESD using the conventional knives
	P value

	Esophagus
	Esaki et al[19], 2020
	Type of knife
	-
	IT-KN, DK, FK, SMK
	-

	
	
	Number of patients1
	36
	36
	-

	
	
	Median procedure time (min)
	44
	66.5
	0.02

	
	
	En-bloc resection rate (%)
	100
	97.2
	1

	
	
	R0 resection rate (%)
	88.9
	86.1
	1

	
	
	Perforation rate (%)
	0
	5.6
	0.20

	
	
	Delayed bleeding rate (%)
	0
	0
	-

	Stomach
	Nagai et al[21], 2016
	Type of knife
	-
	IT-2K
	-

	
	
	Number of patients
	56
	61
	-

	
	
	Median procedure time (min)
	66
	41
	0.04

	
	
	En-bloc resection rate (%)
	93
	98
	0.195

	
	
	R0 resection rate (%)
	ND
	ND
	-

	
	
	Perforation rate (%)
	3.6
	1.6
	-

	
	
	Delayed bleeding rate (%)
	3.6
	1.6
	-

	Stomach
	Hayashi et al[22], 2018
	Type of knife
	-
	IT-2K,SMK
	-

	
	
	Number of patients1
	44
	44
	-

	
	
	Median procedure time (min)
	49
	88.5
	<0.001

	
	
	En-bloc resection rate (%)
	100
	100
	-

	
	
	R0 resection rate (%)
	100
	100
	-

	
	
	Perforation rate (%)
	0
	0
	-

	
	
	Delayed bleeding rate (%)
	2.3
	6.8
	0.620

	Stomach
	Dohi et al[23], 2019
	Type of knife
	-
	IT-2K
	-

	
	
	Number of patients1
	61
	61
	-

	
	
	Median procedure time (min)
	44
	56
	0.005

	
	
	En-bloc resection rate (%)
	100
	100
	1

	
	
	R0 resection rate (%)
	93.4
	100
	0.06

	
	
	Perforation rate (%)
	0
	4.9
	0.12

	
	
	Delayed bleeding rate (%)
	0
	6.6
	0.06

	Duodenum
	Dohi et al[24], 2020
	Type of knife
	-
	FK
	-

	
	
	Number of patients
	47
	37
	-

	
	
	Median procedure time (min)
	36
	54
	0.045

	
	
	En-bloc resection rate (%)
	100
	94.6
	0.191

	
	
	R0 resection rate (%)
	97.9
	83.8
	0.04

	
	
	Intra-ESD perforation rate (%)
	0
	4.9
	0.014

	
	
	Delayed perforation rate (%)
	2.1
	8.1
	0.316

	
	
	Delayed bleeding rate (%)
	4.2
	0
	0.501


1A Propensity Score-Matched Analysis. ESD: Endoscopic submucosal dissection; ITKN: IT-knife nano; DK: Dual knife; FK: Flush knife; SMK: Splash M-knife; IT-K2: Insulated-tip knife-2; ND: Not described.
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