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Editorial on the Research Topic
 Recent updates in advanced gastrointestinal endoscopy




Advanced gastrointestinal endoscopy (AGE) is a subsection in the field of gastroenterology that specializes in advanced therapeutic endoscopic techniques such as complex gastrointestinal (GI) luminal, pancreatico-biliary endoscopy, and even extending beyond the lumen into third space (such as endoscopic submucosal dissection and per-oral endoscopic myotomy). With advances in optic fiber technology and endoscopy skills, gastroenterologists are positioned at the forefront of treating complex GI conditions unexplored in the past. GI cancers account for almost one-quarter of all global cancer incidence and have increased significantly in younger populations. Interventional endoscopy has a significant role in managing GI cancers, including screening, early diagnosis, and resecting lesions, thus curing them without the need for invasive surgery.


Luminal “AGE”

In this focused issue of “Recent updates in advanced gastrointestinal endoscopy,” we highlight the role of advanced endoscopic techniques for luminal (first-space) esophagogastric, small intestinal, and colorectal disease states. Prevalent esophageal conditions, such as chronic gastroesophageal reflux disease (GERD), can predispose to Barrett's esophagus related neoplasia (BERN) (1). Early BERN detection with high-resolution endoscopy (chromoendoscopy, narrow-band imaging [NBI], autofluorescence, confocal laser endomicroscopy [CLE]) has revolutionized the field with a significant impact on morbidity and mortality. Multiple Enhanced endoscopic techniques for GERD (Mann, Gajendran, Perisetti, et al.) have emerged recently, such as anti-reflux mucosectomy (via ablation), transoral incisionless fundoplication (TIF), full-thickness plication, endostapler including gastroesophageal junction altering techniques (suturing, gastroplication, anti-reflux devices). Similarly, identification of early gastric cancer with high-magnification endoscopy (NBI, CLE) and luminal endoscopic ultrasound (EUS) can precisely stage and assist in early resection (Jiang et al.). Small bowel evaluation has been an area of limitation for endoscopists given the challenges to reach distal jejunum and ileum. With technical advances (Nehme et al.), the Sonde and Ropeway Enteroscopy have paved the way for push enteroscopy, single- and double-balloon, spiral enteroscopy, and eventually, device-assisted motorized enteroscopy. These devices are utilized in surgically altered anatomy, such as balloon-assisted (single/double) endoscopic retrograde cholangiopancreatography (ERCP) and device-assisted ERCP (Nehme et al.).

Large complex colonic polyps, which were treated surgically in the past, are now resected endoscopically using advanced polypectomy techniques such as mucosal and submucosal resection and dissection (Mann, Gajendran, Umapathy, et al.). Further, full-thickness resection devices provide an opportunity to remove early lesions in a one-step manner.



Non-luminal “AGE”

With the advent of natural orifice transluminal endoscopic surgery (NOTES), accessing the peritoneal cavity (second space) became possible (2). However, closing the bowel wall defects remained a challenge. This led endoscopists to access the submucosal tunnel (third space) revolutionizing the field with novel techniques such as submucosal tunneling, myotomy, dissection and diverticulectomy (3). Superficial luminal GI submucosal tumors are now being treated with curative resection. In this focused issue, the efficacy and safety of myotomy in sigmoidization of esophagus in achalasia is noted with good clinical and technical success with low rate of adverse events (Xu et al.). The role of EUS has been extended from diagnostic to therapeutics such as peripancreatic fluid drainage, EUS-guided biliary drainage, EUS-guided pancreatic duct drainage, transmural access EUS-guided gastrojejunostomy, EUS-guided celiac plexus neurolysis or block, EUS-guided liver biopsy (4). EUS has also helped us access vascular structures such as (5) gastric varices and portal vessels for variceal coiling and portal pressure monitoring. Use of injection therapy has allowed us to perform EUS-guided anti-tumor therapy such as ethanol for pancreatic neuroendocrine tumors and local radiofrequency ablation for unresectable pancreatic tumors (Yousaf et al.). Finally, development of over-the-scope-clips (OTSC), lumen apposing and non-lumen apposing stents are helping endoscopists to diagnose and manage common complications such as bleeding, perforation and fistulous tracts.



The future of “AGE”

With emergence of aforementioned techniques, the field of AGE seems to be optimistic and promising for further novel approaches. Artificial intelligence (Xiao et al.) has unfolded predictive capacity of detecting precancerous and cancerous lesions (Fu et al.) with machine learning and convolutional neural network (6–8). Automated polyp characterization (size, optical pathology), cecum detection, bowel preparation scoring and esophagogastric neoplasia detection (Jiang et al.) is now possible with the use of AI. AGE is currently seeing an unprecedented progress with AI to predict, detect and manage neoplastic lesions with a precision which was never imagined. AGE could potentially use robotic techniques (9) such as robotic flexible endoscopy, forceps manipulation, transluminal access, neoguide endoscopic system and endoscopic capsules. However, with all of these techniques, there is considerable learning curve for which extensive training and research is needed to assess the intricacies, determine the pathway for appropriate credentialing and reporting of adverse events. This could be performed using quality (Song et al.) metrics as a cornerstone for any procedure with its outcomes. Further, given the complexity of the endoscopic work, a collaborative effort with interventional radiology and surgical teams can bring out the best outcomes.
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Objective: Endoscopic resection (ER) is more difficult and has a higher rate of complications, such as perforation and bleeding. The aim of this study was to evaluate the safety and feasibility of a bipolar polypectomy snare for ER.

Methods: Initial ER procedures in live pigs were carried out. Then, a human feasibility study was performed in patients with colorectal polyps. Finally, the finite element method was used to evaluate the safety and effectiveness of the new bipolar snare.

Results: In the live animal model, there were no significant differences in wound size and cutting time between monopolar and bipolar groups. The histological results (histological scores) of the two groups in porcine experiments were almost the same except that the incision flatness of bipolar group was better than that of the monopolar group. Incidence of bleeding and perforation was similar between the two groups in pigs' and patients' study. At last, the finite element model showed that the vertical thermal damage depth produced by bipolar snare system was approximately 71–76% of that produced by monopolar snare system at the same power.

Conclusions: The novel bipolar snare is feasible in patients with colorectal polyps and can be an alternative choice for ERs.

Keywords: endoscopic resection, monopolar snare, bipolar snare, colorectal polyp, alternative choice


INTRODUCTION

Cancer of the digestive tract such as esophageal cancer, gastric cancer, and colorectal cancer is a major cause of morbidity and mortality worldwide (1). Performing endoscopy screening is an important way to decrease mortality of digestive tract cancer. Screening and therapeutic endoscopy enable early detection and removal of cancer in the digestive tract, which significantly reduce cancer-related mortality (2–4).

Therapeutic colonoscopy, including colon polypectomy and endoscopic mucosal resection (EMR), has recently been widely performed as an effective and less invasive treatment strategy (5, 6). This treatment, called “day surgery,” can be performed without hospitalization. However, even when small lesions are removed, this treatment still poses an unavoidable risk of complications, such as bleeding or perforation (7–9). Patients with endoscopic resection (ER) of colon polyps report a bleeding rate of 1.3–2% and a perforation rate of 0.1–0.3% (10–14). Although perforation rarely occurs, it can be more severe than bleeding (12, 15). The incidence of complications is low, but many patients undergo polypectomy each year, and the total number of complications is large.

Various methods have been introduced to reduce the frequency of complications associated with therapeutic endoscopy. A bipolar snare is an option for ER. For bipolar device, the current passes only through the tissue between the two electrodes placed closely (16, 17). Williams and de Peyer first reported on the use of bipolar snares as a safe technique for polyp removal in 1979 (18). Tucker et al. evaluated the energy required for monopolar and bipolar snares and tissue damage created by the two snares in a canine model (19). Their data indicated that the energy required for a bipolar snare was greatly reduced, and tissue damage was also reduced. Therefore, their research suggested that a bipolar snare decreased the occurrence of perforations. Saraya et al. reported that the perforation rate of ER with a bipolar snare was as low as 0.08%. In terms of perforation rates, they also found that a bipolar snare seemed to be at least as safe as a monopolar snare for ER of colorectal polyps (8).

We have developed a novel bipolar polyp snare (AG-5304-242523). The most important characteristic of this device is the return electrode, which is assembled on the outer side of the transparent cap at the end of the endoscope. This structure concentrates the current at the polyp by passing current from one section of the wire loop through the polyp to another section of the wire loop. Thus, electric current is localized to the tissue immediately surrounding the wire snare and does not pass through the patient to a distant return electrode, as in monopolar procedures. This should theoretically reduce the incidence of transmural burns, perforations, and postoperative hemorrhage. In this study, we evaluated the safety and feasibility of bipolar snare for removal of colorectal polyps.



METHODS


Experimental Animals

Ten pigs, no limitation with sex, weighted 30–40 kg. Gateway Medical Innovation Center [animal use license no.: SYXK (Shanghai) 2015-0025] is responsible for purchasing experimental animals and abided by SOP (SOP300 experimental pig maintenance). The experimental animals were purchased from Qidong Longyu Technology Agricultural Development Co., Ltd. [license no.: SCXK (Su) 2018-0004] and Shanghai Jiagan Biotechnology Co., Ltd. [license no.: SCXK (Shanghai) 2015-0005]. All laboratory animals will be distinguished by a unique identification code printed on the ear tag or other suitable identification system.



Evaluation in Animals

EMR using the device was evaluated in live porcine models. Under general anesthesia, healthy pigs weighing 30–40 kg and aged 1–3 months underwent EMR. EMR was performed in the esophagus, stomach, and colon. AEU-120B was used as the electrosurgical generator with power at 30 W. This study was divided into two time points (acute and chronic). A total of 10 experimental animals were used. The grouping of experimental animals follows the random principle. There were four pigs at the acute time point. Bipolar snare and monopolar snare were tested on these four pigs, and data were collected at the same time. The animals were euthanized and autopsied, and from which specimens were taken immediately after the surgery. The remaining six pigs at chronic time point were observed, and results were recorded on the 13th day. Bipolar snare and monopolar snare were respectively tested on each of three pigs, and data were collected. After the end of the experimental surgery, these pigs were resuscitated, fed, and observed. After the observation period, they were euthanized and autopsied, and specimens were taken. Specifically, animal experiment was evaluated in terms of en bloc resection rate, cutting time, bleeding, perforation, thermal damage, and histopathologic change.



Patients

Twenty-eight patients with colorectal polyps were enrolled into bipolar snare group according to the inclusion criteria (the detailed criteria can be seen in patient study protocol). Data of 31 patients in the monopolar snare group were collected from the electronic medical record system between February 2019 and September 2019. The detailed study design is summarized in Figure 1. If patients take anticoagulants, anticoagulants must be discontinued at least 1 week before surgery.


[image: Figure 1]
FIGURE 1. Flow diagram depicting the patient selection process.




Endoscopic Resection

We removed nearly all resectable lesions using the monopolar and bipolar snare by endoscope. An electrosurgery generator unit AEU-120B was used for ERs. The cutting mode was set at 30 W in autocut mode, and coagulation was performed at 60 W in forced coagulation mode. Lesions smaller than 10 mm in diameter were removed by polypectomy without submucosal injection. Lesions 10 mm in diameter or larger and those broad-based type were removed by the “EMR” method.

In addition, the pit pattern classification was a very important way to decide the procedure. Actually, we used the magnifying colonoscope to evaluate each case based on the pit pattern classification before ER. Furthermore, the endoscopic ultrasonography (EUS) was also used to evaluate the present or absent of submucosal deeply invasion. Therefore, we decided the procedure with polyp size, endoscopic diagnosis based on the pit pattern classification, and EUS result. Normal saline, 10% glycerol, and hyaluronic acid were used for submucosal injection. Clipping was performed for lesions showing immediate bleeding after ER, so no clips were used with prophylactic intent in this study. Three operators were extremely experienced in performing polypectomy and colorectal EMR using both monopolar and bipolar snares. They all had standard training and performed more than 1,000 EMR cases in total. Thus, our three endoscopists have good skills to perform the procedure safely.



Thermodynamic Damage Model

The finite element method was used to establish a thermodynamic damage model of isolated pig liver tissue in high-frequency electrosurgical monopolar and bipolar systems. The pig liver tissue was selected to be 40 mm (length), 40 mm (width), and 10 mm (height). The electrode parts of the monopolar and bipolar snare have the same size and material (Supplementary Figure S1). The difference between the two snares is that the electrode of the monopolar snare needs to be connected to the ground plate to form a conductive circuit, whereas the electrode of the bipolar snare forms a conductive circuit with a return electrode assembled on the endoscope (Supplementary Figure S2).

This model uses a cuboid to simulate pig isolated liver tissue. It assumes that the heat flux at all other boundaries satisfies continuity. The electrode is positioned at the center of the upper surface of the cuboid, and its thermal properties are same as the surrounding area. In the monopolar system, the ground plate is attached to the lower surface of the tissue, and the snare is tightened along the convex portion of the tissue and current flows from the electrode through the tissue to the ground electrode plate to form a circuit (Supplementary Figures S2A,B). In the bipolar system, the return electrode is attached to the upper surface of the tissue, and the snare is tightened along the raised portion of the tissue, and current flows from the electrode through the tissue to the return electrode to form a circuit (Supplementary Figures S2C,D).



Statistical Analysis

To compare the characteristics between the 2 groups, we used Kruskal–Wallis test or Student t test for continuous variables and Fisher exact test for dichotomous variables. All statistical analysis was performed using SPSS version 22.0 and GraphPad Prism version 7.0. All statistical tests were two-sided, and P < 0.05 was considered as statistically significant.




RESULTS


Live Porcine Experiments

During the process of cutting mucosa of digestive tract, the average wound area of monopolar snare group was 123.1 ± 103.23 mm2, and the mean cutting time was 1.62 ± 1.06 s; the average wound area produced by bipolar snare was 76.68 ± 58.59 mm2, and the mean cutting time was 1.68 ± 1.10 s. There was no significant difference between the monopolar snare group and the bipolar snare group (Figure 2). The visible wounds of the digestive tract produced by the two snares were shown in Supplementary Figure 3. On the 13th day (chronic time point) after resection, the wounds of the digestive tract were almost healed in both groups (Supplementary Figure 4). The endoscopic mucosal en bloc resection rates in the monopolar and bipolar groups both were 100%. There was no immediate bleeding and perforation in the process of cutting mucosa between the monopolar group and the bipolar group. After 13 days of resection, pigs were reexamined by endoscope, and there was no delayed bleeding and perforation in the surgical wounds of monopolar and bipolar groups (Table 1).


[image: Figure 2]
FIGURE 2. Comparison of wound size (A) and cutting time (B) in porcine experiments between monopolar group and bipolar group. Data were presented as means ± SD (N = total quantity of resection). P-values were calculated using the Student t test.



Table 1. Ratio of en bloc resection, bleeding, and perforation in animal experiment.
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Histological Change of the Animal Experiments

For acute time point, target lesion injury produced by monopolar and bipolar snares could be seen in Figure 3A, and the statistical results were expressed as mean ± SD as follows: thermal damage, monopolar group = 11.25 ± 3.19 mm, bipolar group = 10.03 ± 4.21 mm; incision depth, monopolar group = 1.04 ± 0.20 mm, bipolar group = 1.08 ± 0.42 mm. Thermal damage range and incision depth did not show any significant difference between the monopolar group and the bipolar group (Figures 3B,C). For chronic time point (on the 13th day after cutting), the histological change was shown in Figure 4A. Furthermore, at this time point, incision flatness histological score of the bipolar snare group was significantly lower than that of monopolar snare group (P = 0.002), whereas coagulative necrosis, incision inflammation, tissue carbonation, bleeding, wound healing, and wound infection all had no significant differences between the monopolar group and the bipolar group (Figure 4B).


[image: Figure 3]
FIGURE 3. Acute injury of the digestive tract produced by the monopolar snare and bipolar snare during operation. (A) H&E staining of porcine esophagus mucosa removed with the two snares. The thermal damage range was indicted by dotted line. Scale bars: 2,000 μm. These pictures were captured by camera of a microscope. Comparison of thermal damage range (B) and incision depth (C) between the two snare groups. Thermal damage range and incision depth were calculated by software ImageJ. Data presented as means ± SD (N = total quantity of resection). Student t test was taken to do statistical analysis.



[image: Figure 4]
FIGURE 4. Histological changes of the digestive tract on day 13 after endoscopic resection by the monopolar snare and bipolar snare. (A) H&E staining of porcine rectal tissue removed by the two snares. Incision inflammation and coagulative necrosis were indicated by green arrow and red arrow, respectively. Scale bars: 1,000 μm. These pictures were captured by camera of microscope. (B) Histological scores of incision flatness, coagulative necrosis, incision inflammation, tissue carbonation, bleeding, wound healing, and wound infection were compared between monopolar and bipolar groups. The evaluation standards of these histological scores are summarized in Supplementary Tables 1–7. Data presented as means ± SD (N = total quantity of resection). Student t test was taken to do statistical analysis.




Endoscopic Resection in Patients

Fifty-nine patients were finally enrolled into our study: 31 in the monopolar snare group and 28 in the bipolar snare group. There was no significant difference in baseline characteristics such as age, gender, smoking, alcohol drinking, hypertension, and diabetes mellitus between the two groups (Table 2). As shown in Table 3, the colonic polyp characteristics were not different between the groups. The average number of polyps was 3.32 ± 1.99 in monopolar group and 3.25 ± 1.55 in bipolar group. The average polyp sizes were 1.29 ± 0.54 cm and 1.41 ± 0.53 cm. Regarding polyp morphology, granular polyps were most common in both groups (70.9 vs. 85.7%). For pit pattern classification and histological classification, the III-L type and adenoma were most common in both groups.


Table 2. Patients' characteristics comparison between monopolar group and bipolar group.

[image: Table 2]


Table 3. Characteristics of colorectal polyps in monopolar group and bipolar group.
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Table 4 shows ER treatment outcomes and adverse events between two groups. The percentage of patients who underwent EMR was not statistically different in the two groups. All patients underwent en bloc resection in monopolar and bipolar groups. Regarding adverse events, there were no significant differences in the incidence of immediate bleeding or delayed bleeding. Perforation did not occur in both groups. Additionally, postoperative C-reactive protein, white blood cell count, neutrophil count, and neutrophil percentage were not statistically different between the monopolar group and the bipolar group.


Table 4. Outcomes and adverse events of colorectal endoscopic resection in monopolar group and bipolar group.
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Finite Element Analysis of Two Electrosurgical Snares

According to the short-term transient analysis of 1 s, the potential distribution and current density streamlines of the two electrosurgical snare systems are shown in Figure 5. We can see that the current flow direction of the monopolar snare is vertically downward from the electrode surface through the whole layer of tissue, and the current density in the central area is the largest, which gradually decreases outward. The current of bipolar snare flows horizontally from the electrode surface to the return electrode, and the current density in the surface is the largest, which gradually decreases downward. Then, we measured the vertical thermal damage depth of the area with its temperature >43°C at different power with different time (Figure 6). At power of 10, 30, 40, 70, and 120 W, the average vertical thermal damage depth of monopolar snare was 1.57, 3.12, 3.65, 4.42, and 5.50 mm, whereas the average vertical thermal damage depth of bipolar snare was 1.14, 2.31, 2.76, 3.17, and 4.04 mm. Under the same power condition, the vertical thermal damage depth produced by the bipolar snare system was approximately 71–76% of that produced by the monopolar snare system (Figure 6F).


[image: Figure 5]
FIGURE 5. Potential distribution and current density streamline diagram of monopolar (A) and bipolar (B) electrosurgical systems. These figures were drawn by using software COMSOL Multiphysics (COMSOL Inc.), version 5.4 (https://cn.comsol.com/company).



[image: Figure 6]
FIGURE 6. The vertical thermal damage depth analyzed by finite element method at power of 10 W (A), 30 W (B), 40 W (C), 70 W (D), and 120 W (E) with different time between monopolar snare and bipolar snare. (F) The ratio of the average vertical thermal damage depth between monopolar snare and bipolar snare at different powers. Because these data were collected from each individual case, statistical analysis cannot be done.





DISCUSSION

Colorectal polyp ER is a form of minimally invasive surgery and is widely used (6). Almost all complications of ER with monopolar snares have been previously reported (20–22). A monopolar snare has only one electrode, and the other electrode (grounding pad) is located on the surface of the human body. Current leaves the snare and passes through the human tissue to the grounding pad and then flows back to the high-frequency generator to complete the circuit (17). The impedance encountered by a large area of current conducted in the patient's body can cause thermal damage to the tissue (17). Perforation rates of polypectomy and EMR by using a monopolar snare are, respectively, 0–0.1% (20, 21) and 0.4–1.5% (22, 23).

Use of a bipolar instrument is one way to reduce complications during therapeutic endoscopy.

A bipolar snare has active and return electrodes and does not need a grounding pad. Current leaves the active electrode, passes through only a small area of tissue, and then returns to the high-frequency generator via the return electrode of the bipolar snare (17–19). The current is only limited between the two electrodes, and the contact area between current and tissue is small. Within the controllable range of the surgical field, vertical thermal damage to the tissue is reduced. Thus, this device theoretically minimizes the degree of tissue destruction. In addition, bipolar snare is more suitable for patients with implantable medical devices than monopolar snare. The current of the monopolar snare is transmitted in a large area in the patient's body, and the electrical signal easily interferes with the normal operation of the implanted medical device. If the artificial pacemaker or defibrillator is interfered by electrical signal, then severe arrhythmia will come out. However, the bipolar snare current flow only localized in a small area between the two electrodes, and the probability of accessing the implanted medical device is very low (24, 25).

This study is significant because it evaluated a new electrosurgical bipolar snare for ER across a wide range of conditions from animal experiments to the human feasibility study. Pigs and patients did not experience any serious adverse events during or after ER, and electrical stability, durability, and effectiveness of the device were confirmed. The perforation was not found in the monopolar group and the bipolar group. Also, the incidence of immediate and delayed bleeding showed no significant difference between these two groups (Tables 1, 4). Because the perforation and bleeding rates appeared to be similar between the monopolar group and the bipolar group, we suggested that the bipolar snare was at least as safe as the monopolar snare for endoscopic removal of colorectal polyps. The en bloc resection rates, wound size, thermal damage range, and incision depth were almost the same in both groups (Table 1, Figures 2A, 3B,C).

What is more important was that we confirmed that cutting time of the new bipolar device was not obviously different from that of monopolar device in digestive tract mucosal ER surgery with the same wound size (Figure 2B), which meant that the cutting speed of our new bipolar snare was comparable to that of a monopolar snare. The reason that the cutting speed improved is that we assembled the return electrode on the end of the endoscope, which increased the contact area between return electrode and tissue, and reduced the resistance, thus increasing the current density and cutting efficiency under the same voltage. On the 13th day after operation, histopathologic results of the porcine study showed that incision flatness of the bipolar snare group was better than that of the monopolar snare group, whereas coagulative necrosis, incision inflammation, tissue carbonation, bleeding, wound healing, and wound infection all were not significantly different between the monopolar group and the bipolar group (Figure 4B). Therefore, we demonstrated that the bipolar snare was at least not inferior to monopolar snare for endoscopic removal of colorectal polyps based on the results of porcine and patients' study between the monopolar group and the bipolar group.

The accuracy of the results of this study may be affected by the individual difference (peristaltic frequency of digestive tract, thickness of mucosa, location and density of blood vessels) and surgical operating factors (operating experience and technique). Thus, in order to reduce external interference, we also used finite element method to evaluate the safety and effectiveness of the bipolar snare and found that the current flow of a monopolar snare was vertical (Figure 5A), whereas the current flow of the bipolar device was horizontal (Figure 5B), and the depth of vertical thermal damage to liver tissue produced by the bipolar snare system was approximately 71–76% of that produced by the monopolar snare system at the same power (Figure 6F). Because of small theoretical thermal damage, the use of bipolar snare has a theoretical lower risk of perforation than the use of monopolar snare.

In conclusion, the novel bipolar snare has similar cutting efficiency with monopolar snare. The sample size in this study was small, and the results were also affected by many factors such as patients' differences, so we cannot statistically evaluate which snare is safer. We only confirmed that our novel bipolar snare was not inferior to the monopolar snare. However, results of finite element analysis showed that the bipolar snare tented to be safer than the monopolar snare. Additionally, use of bipolar device may avoid situations when a special patient cannot use a monopolar knife, such as the patient with cardiac pacemaker implantation. Therefore, we think that the novel bipolar snare can be an alternative choice for ER. But a larger analysis of human data samples for comparing monopolar and bipolar instruments is needed in the future.
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Pancreatic cancer is one of the most aggressive malignancies of the digestive tract and carries a poor prognosis. The majority of patients have advanced disease at the time of diagnosis. Surgical resection offers the only curative treatment, but only a small proportion of patients can undergo surgical resection. Radiofrequency ablation (RFA) is a well-known modality in the management of solid organ tumors, however, its utility in the management of pancreatic cancer is under investigation. Since the past decade, there is increasing use of RFA as it provides a feasible palliation treatment in the management of unresectable pancreatic cancer. RFA causes tumor cytoreduction through multiple mechanisms such as coagulative necrosis, protein denaturation, and activation of anticancer immunity. The safety profile of RFA is controversial because of the high risk for complications, however, small prospective and retrospective studies have shown promising results in its applicability for palliative management of unresectable pancreatic malignancies. In this review, we discuss different approaches of RFA, their indications, technical accessibility, safety, and major complications in the management of unresectable pancreatic cancer.
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INTRODUCTION

Pancreatic cancer is one of the most aggressive gastrointestinal malignancies and is the fourth leading cause of mortality in the United States despite advancement in both diagnostic and therapeutic interventions in the management of these patients. Annual incidence of pancreatic cancer in the United States is ~57,600 cases, while estimated mortality rate is 47,050 with a slight male predominance (1). Pancreatic cancer has a poor prognosis with a 5 years relative survival rate of only 9% (1). Surgical resection provides the only potential curative option in pancreatic cancer patients (2). However, only 15–20% of the patients with pancreatic cancer are eligible for surgical resection, as majority of them present with locally advanced stages or with distant metastasis when surgical resection is not possible (3). A multimodality approach is required in the management of pancreatic cancer even in patients undergoing surgical resection for curative intent. A multimodal approach involves the systemic chemotherapy (adjuvant/neoadjuvant), local ablation and surgical resection (depending upon the staging of pancreatic tumor) (4). Adjuvant treatment is an important part of management in those patients who have undergone surgical resection since the 5-year survival rate in these patients is only around 20% (4). Patients with unresectable pancreatic cancer have a median survival of only 11–15 months after chemoradiation (3, 5). In comparison, the survival rate extends to 22–26 months after surgical resection, adjuvant or neoadjuvant chemotherapy (3, 5). For patients with unresectable pancreatic cancer, palliation with chemoradiation therapy and endoscopic interventions are utilized to improve quality of life. However, these palliative treatments barely change the outcome of disease. In addition to chemoradiation, various modalities (matrix metalloproteinases, targeted therapies, angiogenesis inhibitors, epidermal growth factor receptor inhibitors, and immunotherapies) are emerging for the treatment of patients with pancreatic adenocarcinoma (4). Radiofrequency ablation (RFA) is a well-known modality that has been used effectively for the treatment of solid tumors, such as hepatocellular cancer, cholangiocarcinoma, malignancies involving lungs, breast, kidney, bones, and prostrate (6, 7). RFA has been found to be superior to percutaneous ethanol injection with overall survival rates of 55% vs. 42%, respectively (p < 0.01) in patients with unresectable stage I–II hepatocellular carcinoma (8). RFA has also been found to be effective in the treatment of intrahepatic cholangiocarcinoma of 3 cm or less with complete necrosis seen in 100% patients (9). However, the definitive role of RFA for pancreatic cancer remains under investigation. Implementation of RFA in the management of unresectable pancreatic cancer is a relatively newer treatment option that may potentially provide an effective palliation in these patients due to cytoreduction of tumor (10). In addition to thermal effect, it is proposed that RFA triggers antitumor immunity by activating cancer specific T lymphocytes and heat shock protein-70 (11, 12). The efficacy and safety of RFA procedure is unclear in literature. In this review, we provided an overview of RFA and discussed various approaches of RFA therapies in the management of pancreatic cancer. To identify the relevant published literature, we performed a comprehensive search on PubMed, Google Scholar, Cochrane, Clinicaltrials.gov, and browsed through the references of relevant studies using the MeSH terms “pancreatic cancer” and “radiofrequency catheter ablation.”



PRINCIPLES AND PROTOCOL OF RADIOFREQUENCY ABLATION THERAPY

Radiofrequency ablation involves delivery of thermal energy to the tumor through special needle electrodes that leads to coagulative necrosis with protein denaturation and decreased tumor bulk (13). Human cells cannot withstand temperature above 50°C and start undergoing denaturation. Temperature as high as 60°C results in cell death (14). Application of the high frequency alternating current (200–1,200 kHz frequency) via an electrode causes an agitation of positive and negatively charged ions within the tissue and produce additional heat due to friction. Heat production is maximum in the area around the electrode because of a high flow of electrical current. This heat energy results in coagulative necrosis of the tumor eventually leading to reduction of tumor volume (15, 16). The protocol to use RFA therapy in the management of hepatocellular or cholangiocarcinoma is well-established in the current practice guidelines (17). Such protocol to use RFA therapy for pancreatic cancer does not exist in the current practice guidelines because of lack of sufficient data. Current use of RFA in pancreatic cancer is based on the individual experiences of expertise and medical center specific protocols. Precise control of temperature, frequency of current, and duration of the delivery of alternating current is crucial as uncontrolled heat can lead to excessive charring resulting in circuit break. In the event of large tumor bulk, charring can be controlled with the use of saline irrigation (18). A recommended safe temperature for RFA is 90°C (mean) as temperature higher than 105°C results in increased risk of adverse events without favorable impact on tumor size.



RADIOFREQUENCY ABLATION TECHNIQUES

RFA of pancreatic tumors can be performed using different approaches, that include the intraoperative approach, percutaneous approach under ultrasound or radiologic imaging guidance, an endoscopic approach using endoscopic ultrasound (EUS) or endoscopic retrograde cholangiopancreatography (ERCP). RFA poses a risk of potential adverse events both to surrounding vital structures as well as pancreas itself. Common potential adverse events associated with RFA therapy are acute pancreatitis, pancreatic fistula, gastrointestinal hemorrhage, sepsis, portal vein thrombosis, and damage to surrounding structures, such as duodenum or bile duct (19). However, the risk of these adverse events is low with modifications of RFA techniques, such as altering ablation parameters like ablation temperature, distance of RFA needle from adjoining structures, and introducing other safety measures like duodenal and inferior vena cava cooling during ablation (20–22).



INTRAOPERATIVE RADIOFREQUENCY ABLATION


Indications and Technical Accessibility

Intraoperative RFA is indicated in unresectable, non-metastatic and locally advanced pancreatic tumor involving pancreatic head or uncinate process that results in either obstructive jaundice or gastric outlet obstruction. It is also performed in patients who are found to be inoperable during surgery or those who are not amenable to percutaneous imaging guided or endoscopic guided interventions for palliation (7, 23–25). Intraoperative RFA involves thermal ablation of tumor during laparotomy. If tumor involves pancreatic head, Kocher maneuver is performed to expose head of the pancreas. Continuous cooling is used to prevent thermal damage to the surrounding structures. For cooling of duodenum, a nasogastric tube is placed in the proximal duodenum and cold saline is irrigated continuously. Cold gauze can be placed over inferior vena cava to protect it from thermal injury. RFA needle is inserted under ultrasonographic guidance during surgery to avoid damage to the nearby vital structures. Thermal energy is delivered after positioning the specialized RFA needle in the middle of the tumor. A safe needle distance from the duodenum and other surrounding structures should be maintained to prevent thermal damage to these structures (7, 25, 26).



Safety and Adverse Events

Hlavsa et al. compared 24 patients with intraoperative RFA (intervention group) with 24 patients who underwent only surgical bypass procedure and reported lower rate of 3 months mortality of 16.6 vs. 41.7%, comparable morbidity of 8.3%, and relatively higher overall median survival 9.9 vs. 8.3 months in RFA group compared with control group (p = 0.758) (25). Median survival was better among patients with grade I and II tumors after RFA than grade III tumor (25). Although results of this study did not show significant survival benefits, however, RFA appears to be feasible palliative option in well-differentiated unresectable pancreatic cancer. In a small study of 4 patients with locally advanced unresectable pancreatic cancer, no difference of survival was noted after intraoperative RFA, however, CA 19-9 tumor marker was decreased in all patients without adverse events at 12 months follow up (7). Zou et al. used a modified technique with a combination of an intraoperative RFA and implantation of radioactive iodine (I125) seed within the pancreatic tumor in 32 patients that resulted in the improvement in quality of life with a decreased median pain score (from 5.86 ± 1.92 to 2.65 ± 1.04) at 1 month and an increased survival time upto 17.5 months that was longer for stage III cancer as compared to stage IV cancer (27). A combined complete or partial regression of tumor was noted in 78.1% of patients, while 15.6% patients did not respond to this approach (27).

Common adverse events associated with intraoperative RFA are gastrointestinal bleeding, acute pancreatitis, biliary or pancreatic duct fistula, biliary leak, and post-operative wound or intra-abdominal infections. Matsui et al. used intraoperative RFA in 20 patients with high technical and clinical success of procedure as decrease in serum tumor markers was found in 14 patients and two patients experienced serious adverse events, such as septic shock and gastrointestinal hemorrhage (23). Varshney et al. reported partial necrosis (up to 3 cm) of the tumors with RFA in three patients with inoperable pancreatic adenocarcinoma and minor self-limiting adverse events in two patients (10). Wu et al. assessed the safety of cool tip RFA in 16 pancreatic cancer patients and recommended a distance between RFA site and major peripancreatic vessels should be >5 mm as mortality rate of 25% was noted in patients with tumor closer to portal vein (24). In a study of 50 patients, 30 days mortality rate was only 2% with intraoperative RFA and a significant reduction of procedure related complications was noted by decreasing RFA temperature from 105 to 90°C. In this study only 6/50 patients experienced RFA related adverse events, such as pancreatic fistulas (two patients), portal vein thrombosis (four patients), duodenal bleeding (two patients), and pancreatitis (one patient) (22). In a larger study of 265 patients, overall morbidity and mortality were 23.4% (62/265) and 1.5% however, a higher rate of RFA-related adverse events 12.8% (34/265) was found as compared to overall surgical adverse events 10.4% (28/265). Overall survival, disease-specific survival and progression-free survival of first 200 patients as reported by an interim analysis were, 19, 19, and 13 months, respectively (28, 29).




PERCUTANEOUS RADIOFREQUENCY ABLATION


Indications and Technical Accessibility

Percutaneous RFA is indicated in selected number of patients with locally advanced and unresectable pancreatic cancer without evidence of metastasis. Percutaneous RFA is a minimally invasive technique that involves percutaneous passage of RFA needle into malignant lesion under guidance of an abdominal ultrasound or radiological imaging, such as CT scan which is performed before the procedure to assess the accessibility of the lesion and technical feasibility of the procedure. After confirming the potential route of RFA needle, it is advanced into the lesion. Effort is made to avoid damage to the adjacent blood vessels and surrounding structures. RFA electrodes are then positioned in the center of the tumor and thermal energy is delivered for ablation of tumor. A real time monitoring of thermal effect of RFA on tumor and surrounding structures can be seen with ultrasound. Ablation time, power and other parameters are adjusted according to the tumor size and tissue impedance (30).



Safety and Adverse Events

In a small pilot study of eight patients with neuroendocrine unresectable pancreatic cancer, ultrasound guided percutaneous RFA was performed in seven patients and a high clinical success of procedure as tumor regression was noted in all patients on median follow up of 34 months without any mortality (31). Similar results of safety and feasibility of CT scan-guided RFA was reported in several studies (Table 1) (30–35). D'Onofrio et al. assessed the feasibility and effectiveness of percutaneous RFA in 18 patients with non-metastatic unresectable pancreatic adenocarcinoma and achieved a technical success of 93% in 16 out of 18 patients with a mean survival of 185 days (range 62–398 days) (30). The tumor size remained stable in 55.6% (10/18) of patients at 1 month of follow up abdominal CT scan, and increased in 44.4% (8/18) patients which raised question about the effectiveness of percutaneous RFA (30). Mizandari et al. performed percutaneous intraluminal RFA coupled with stent placement was used in 134 patients with malignant obstructions of bile and pancreatic ducts (32 patients with pancreatic adenocarcinoma) and reported a 97% success rate of procedure with only two patients experienced procedural technique related adverse events (contrast extravasation) following RFA (36).


Table 1. Studies demonstrating the feasibility of percutaneous ablation therapies for pancreatic cancer.
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ENDOSCOPIC-GUIDED RADIOFREQUENCY ABLATION


Indications and Technical Accessibility

EUS and fluoroscopic-guided radiofrequency ablation (RFA) can also be used to ablate locally advanced neoplastic lesions that have not yet metastasized (37, 38). In the past decade, there is increasing use of endoscopic-guided RFA for unresectable pancreatic adenocarcinoma, resectable tumors in patients that cannot undergo surgery or chemotherapy because of comorbidities and those patients who are not responsive to other therapies (39, 40). Endoscopic-guided RFA is also a minimally invasive approach that involves positioning of duodenoscope in the stomach or duodenum closer to the pancreatic tumor and passage of an electrode needle into the tumor under endoscopic guidance for tumor ablation. This technique involves the application of a high-frequency probe around the malignant tissue, causing coagulative necrosis from radiofrequency-induced hyperthermia. Specifically, for pancreatic cancer, commercially available RFA probes are available that are advanced over 0.035-inch guidewire through a specialized catheter compatible with standard ERCP or EUS duodenoscope (41). Endoscopic-RFA is commonly used for the treatment of stage III pancreatic adenocarcinoma and should be considered in the management of locally advanced or unresectable pancreatic cancers in the absence of distant metastases (42). It has been used as initial management at the time of diagnosis, as combined therapy and in case of failure of standard systemic treatment options (13, 38, 43). Stage IV patients have also been included in a few studies with some benefit (24, 44).

Care is taken during insertion of RFA probe to avoid damage to normal parenchyma and surrounding structures including pancreatic or bile duct and major blood vessels adjacent to tumor. The needle tip is placed at the distal end inside the tumor. After confirmation of the needle position with EUS, thermal energy is delivered. In case of larger lesions, position of electrode may be changed under EUS guidance in order to ablate other areas within the lesion. Application of RFA may cause visual obscurities, therefore, it is advisable to ablate the technically challenging part of the tumor first (45). The recommended thermal energy for effective tumor ablation ranges from 60 to 100°C as temperature >100 may result in a higher risk of adverse events due to damage to surrounding structures (19). In addition to fragile pancreatic parenchyma that can be damaged by high temperatures, several anatomic challenges may hinder the use of RFA in the treatment of pancreatic cancer. These include the retroperitoneal location of the pancreas, a close relation of the pancreas to the duodenum, stomach, transverse colon and portal vein and involvement of the bile duct. Thus, there is a substantial risk of thermal damage to these structures if RFA is used for the pancreatic cancer (46). To avoid thermal damage to the surrounding vital structures, a circular area is spared at the tumor margins (47). Complete ablation of tumors located near large blood vessels is challenging because of the cooling effect generated by the blood flow (38). During the procedure, RFA-electrodes are positioned around the neoplastic tissue under direct visualization with an endoscope, thus minimizing the risk of damage to the adjacent tissues and blood vessels (38). Direct ablation of the entire tumor may not be feasible in cases of retroperitoneal extension and vascular invasion of the pancreatic tumor (46). Ablation may also prove to be difficult during laparotomy, particularly if liver metastases are found that were not detected before procedure (46).

RFA with subsequent stent placement has been successfully used to re-canalize biliary or pancreatic ducts that were obstructed by unresectable tumors (36). Indeed, ductal decompression with stenting is considered standard of care in patients with malignant obstruction of biliary or pancreatic ducts due to unresectable tumors, however, stents are often prone to occlusion (23, 24, 48–50). When RFA is combined with stenting, specifically in these circumstances, stent patency is prolonged, presumably by reducing tumor volume and due to immunomodulatory effects, halting tumor regrowth (50–52). Though RFA combined with stenting is safe and prolongs stent patency, reports on the mortality benefits of this combination are conflicting (53, 54). Preoperative abdominal CT-scans are considered to be the standard of care in order to determine the exact location of the tumor, its dimensions, the presence or absence of abdominal metastasis and vascular invasion (55). Though there are multiple approaches to access the pancreas including transgastric or transduodenal endoscopy, open laparotomy or percutaneous approach, an endoscopic approach remains the most feasible and minimally invasive approach and has been shown to provide superior outcomes (56).



Safety and Adverse Events

Endoscopic-RFA for unresectable pancreatic cancer is a relatively safer approach with a high technical and clinical success rate and less risks of procedure-related mortality and adverse events (Table 2) (39, 40, 57–71). A recent meta-analysis of 14 studies with 158 patients has shown a pooled clinical success rate of EUS-RFA 83.5% [95% confidence interval (CI) 67.9–92.4%] while adverse events rate of 32.2% (95% CI 19.4–48.4%) with majority of adverse events managed medically (72). In another large meta-analysis of 13 studies with 127 patients, Dhaliwal et al. demonstrated a very high pooled technical success rate (98%), pooled clinical success rate (84.5%) and safety profile of EUS-RFA in the management of unresectable pancreatic cancer (73). In this meta-analysis, the overall adverse events rate 1 week after EUS-RFA was 13.4%, with commonly reported adverse events being abdominal pain 8.81% (95% CI, 2.72–16.88) followed by bleeding and pancreatitis observed in 1 patient each while perforation or procedure-related infections were not reported in any of the patients (73). Multiple small prospective and retrospective studies have shown promising results of EUS-RFA safety, its clinical and technical success as compared to intraoperative and percutaneous RFA (38–40, 60, 67, 74–76).


Table 2. Studies demonstrating the efficacy and safety of endoscopic ultrasound guided ablation therapies for unresectable pancreatic cancer.
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Radiofrequency hyperthermia has shown improvement in the palliation and response to the treatment by reducing the requirement of a high dose of chemotherapy (74, 77). Immense heating of the surrounding structures of the tumor, rather than damage caused by the tip of RFA probe, is associated with adverse events (55). Common adverse events of RFA are gastrointestinal hemorrhage, biliary leakage, duodenal injury, portal vein thrombosis and sepsis, while damage to normal pancreatic tissue may result in pancreatic ascites, pancreatic fistula, necrotizing pancreatitis and pseudocyst formation (22, 42, 55). High morbidity (0–40%) and mortality (0–25%) rates were reported in the early phase of RFA application for pancreatic cancer (78). Later studies have shown fewer adverse events if the temperature and length of the dispensed energy are adjusted (79). It has been suggested that RFA temperature of 90°C causes fewer adverse events as compared to higher temperatures (22, 79, 80). Probe distance of 10 mm from the duodenum and 15 mm from the portal and mesenteric vessels is recommended (20, 79). Continuous cooling of the duodenum using 100 ml/min saline at 5°C is also beneficial in reducing duodenal adverse events (20, 81). Some adverse events can also be reduced if gastric and biliary bypass procedures are performed concurrently (46). Taken together, EUS-RFA is a relatively safer modality and adjunct to chemotherapy and standard multidisciplinary management of unresectable pancreatic cancer. Multiple small studies have shown its safety because of high clinical success and less risk of procedure-related mortality and adverse events. However, there is a lack of data on improvement in the quality of life with the utility of RFA that prompts need for large randomized controlled trials to assess the efficacy of this modality in the management of unresectable pancreatic cancer.




CONCLUSIONS

Radiofrequency ablation has been increasingly applied in the management of unresectable pancreatic cancer. Both intraoperative and percutaneous RFA have shown the acceptable clinical and technical success rate, however clinical safety and risks of serious adverse events is concerning. With the development of more effective chemotherapy regimen and recent advancement of endoscopic devises, application of endoscopic RFA has shown promising results in the palliation of unresectable pancreatic cancer. EUS-RFA is relatively safer than intraoperative and percutaneous approach with a higher clinical and technical success rate and less risk of adverse events. Currently, large prospective studies to assess long term impact of RFA on quality of life and survival are lacking. This warrants the need for prospective clinical trials in the future to validate its role in pancreatic cancer.
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Introduction: Biliary duct injury (BDI) is a serious complication during cholecystectomy. Perioperative cholangiography (POC) has recently been generating interest in order to prevent BDI. However, the current literature (including randomized controlled trials) cannot conclude whether POC is protective or not against the risk of BDI. The aim of our study was to investigate whether POC could demonstrate earlier BDI and which criteria are required to make that diagnosis.

Methods: We performed a retrospective study between 2005 and 2018 in our French tertiary referral center, which included all patients who had presented following BDI during cholecystectomy.

Results: Twenty-two patients were included. Nine patients had POC, whereas 13 did not. When executed, POC was interpreted as normal for three patients and abnormal for six. In this latter group, only two cases had a BDI diagnosed intraoperatively. In other cases, the interpretation was not adequate.

Conclusion: BDIs are rare but may reduce patients' quality of life. Our study highlights the surgeon's responsibility to learn how to perform and interpret POC in order to diagnose and manage BDIs and potentially avoid catastrophic consequences.

Keywords: intraoperative cholangiography, interpretation, cholecystectomy, bile duct injury, laparoscopy


INTRODUCTION

Biliary duct injuries (BDIs) that occur during cholecystectomy (1) are complex complications to manage, both for the patient and the surgical team (2), with potential repercussions for postoperative morbidity and mortality and often significant decrease in quality of life. BDIs encompass cyst duct leakage, accessory bile duct injuries, or common bile duct injuries, with possible injuries on vascular structures especially the right hepatic artery and the portal vein. These injuries can lead to different complications, such as chronic cholangitis and secondary biliary cirrhosis, and potentially the requirement for liver transplantation (3). The incidence of BDI associated with laparoscopy is 0.25–0.74% for “major lesions,” which affect the main bile duct (MBD), the common hepatic duct, and the right hepatic branch as complete section of biliary duct, whereas it is 0.28–1.70% for “minor lesions,” which impact the cystic stump, the cystic duct, and the junction between the cystic duct and the MBD. These figures are higher than those reported after open cholecystectomy ranging from 0.1 to 0.3% (4). Early recognition of the biliary injury, and by extension its prompt management, is directly correlated with the patient's future prognosis (5).

The risk of BDIs may be increased by aberrant anatomy, ignored or misidentified anatomy, difficult pathology, bleeding, thermal injury, inexperience, and overconfidence of the surgeons (6). Different injury prevention strategies exist, especially those that aid in avoiding the misidentification of the MBD by using “the critical view of safety” (7). Furthermore, methods such as subtotal cholecystectomy in case of cholecystitis with hepatic pedicle inflammation, or conversion to open surgery, may reduce the risk (8–11). The role of perioperative cholangiography (POC) and the quality of its interpretation are debated in the context of reducing risk of BDI (12–14). Indeed, the last guidelines from the Society of American Gastrointestinal and Endoscopic Surgeons recommended to use BDI in cases of cholecystitis (present or past), or possible biliary anatomy variations, or intraoperative suspicion of BDI. These recommendations were given with very low certainty of evidence, as the incidence of BDI is very rare, and randomized controlled trials have so far been unable to find differences between surgeries with POC and those without (15).

The current study investigated patients who had a BDI and were referred to our center, in order to highlight the importance of high-quality performance and interpretation of POC in the diagnosis and management of BDI.



MATERIALS AND METHODS

This was a retrospective, single-center, observational study including patients treated for a BDI during a cholecystectomy at the tertiary referral center of Limoges University Hospital, Limoges, France, between January 1, 2005, and December 31, 2018. All the methodology was carried out in accordance with relevant guidelines and regulations. The protocol was approved by a named institutional local committee of University Hospital of Limoges. All patients were older than 18 years and were informed of such a study and gave informed consent.

With the collaboration of the Medical Information Department, we have highlighted the records of all patients referred for a BDI during this period, regardless of their origin (peripheral hospital, private hospital, and university hospital) and the initial approach (laparoscopic or open).

All types of iatrogenic injuries were included: minor or more complex, whatever their management (endoscopic, radiological, surgical, or combined). Other biliary injury etiologies, mainly traumatic causes, were excluded.

Minor wounds were defined as those affecting the cystic stump, the cystic duct, and the junction between the cystic duct and the MBD, and major wounds were defined as those affecting the MBD, the common hepatic duct, and the right hepatic branch.


Data Collection

The following patient data were identified:

- Demographic characteristics [(of which some were patient-related risk factors (RFs)]: sex, age at BDI, body mass index (BMI), (16), a history of an abdominal surgery, a possible source of obstructing cystic pedicle dissection, and the presence of hepatopathy. The origin of the patients (initially at our department or secondarily transferred from a peripheral center) was specified.

- Data relating to cholecystectomy: all these data were noted on the operative report and extracted: the indication (emergency or elective surgery), whether the operation was to be performed as an outpatient; the approach; and the experience of the operator. Surgeons were defined as “junior” with <6 years and “senior” with equal to or more than 6 years' experience. The intraoperative RFs were identified according to the literature on the subject (4, 9, 17) and included the presence of bleeding; the presence of significant local inflammation (adhesions, hepatic pedicle inflammation) or chronic cholecystitis; and the detection of anatomical variations in the termination of the cystic duct or bile ducts (diagnosed intraoperatively or more remotely on the imaging data).

- Data concerning POC: its achievement, its reading and interpretation (normal, incomplete hepatogram, leakage of contrast agent, suspicion of lithiasis in the MBD), and whether it had allowed early diagnosis of a biliary injury.

- Data concerning the BDI: its type, according to the Amsterdam classification (18), specifying its location in relation to biliary convergence; its time of diagnosis [intraoperative, immediate postoperative (before 6 weeks) or late (more than 6 weeks) from the injury]; its mode of discovery (biliary leakage or retention symptoms); and the existence of an associated arterial wound, in particular of the right branch of the hepatic artery. The diagnosis of an arterial wound was made either on the basis of imaging data [injected abdominopelvic computed tomography (CT) scan, more rarely arteriography) or intraoperatively at resumption of surgery. In case of no formal data on the existence of an arterial wound, the diagnosis was made by a radiologist on the basis of the data from the CT scan obtained at arterial time.

- The initial management of the BDI: endoscopic with the performance of endoscopic retrograde cholangiopancreatography (ERCP), whether accompanied by the insertion of a biliary prosthesis or simply the extraction of residual lithiasis. The existence of an unsuccessful attempt to catheterize the MBD was recorded. The initial surgical management was noted: external drainage (by rubber corrugated drains or tube drains in contact with the vesicular bed), choledocholic suture on T-tube (Kehrs), simple suture of the biliary duct in case of a puncture wound, or Roux-en-Y hepaticojejunal anastomosis, whether early (within 6 weeks of the wound) or late (after 6 weeks).

- Late complications linked to the management of the injury: morbidity related to secondary stenosis of a choledocholic suture or biliodigestive anastomosis was considered. The management of complications by radiological, endoscopic, or surgical means was specified. The other complications noted were the presence of a hernia on a laparotomy scar, the presence of acute pancreatitis postsphincterotomy in the case of ERCP, and postoperative hemorrhage requiring emergency reoperation. Mortality was taken into account in the case of patient death in the context of BDI inducing sepsis.

The final follow-up point was the date of the last consultation in digestive surgery at the university hospital or at the original peripheral hospital after the BDI.

After conducting an observational study, the patients were divided into two groups: one group in which they had received POC (POC+) and one group in which POC had not been done (POC–).



Outcomes

Different outcomes such as the gravity of injuries, the diagnostic time, the delay to surgical treatment, and a composite variable called “morbimortality” encompassing cases of death and anastomotic stenosis were reported.



Ethics

As this study is a retrospective one without modifying patients' management, defined as “a non-interventional study,” it was approved by the local ethics committee (MR003). Information and right to refusal to patients have been launched.



Statistical Analysis

The two groups were compared in terms of time to diagnosis, time to management, and postoperative morbidity and mortality using Fisher exact tests. A risk threshold α was determined at 0.05. Odds ratios were also calculated.




RESULTS

All patients with BDI as defined in section Materials and Methods consecutively presenting to the study institution were included in the analysis; there were 22 patients treated at Limoges University Hospital for a BDI during a cholecystectomy between January 1, 2005, and December 31, 2018. There were no exclusions. No study subjects were lost to follow-up. The demographic characteristics of the patients are summarized in Table 1, with a female-to-male ratio of 1:2. The majority of patients came from outlying centers. Of the seven patients with at least one RF of BDI, four patients had a history of abdominal surgery, and three were obese (BMI >30 kg/m2).


Table 1. Demographic characteristics.
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Table 2 summarizes the data for cholecystectomy. All patients who had emergency surgery had acute cholecystitis. Among those who had elective surgery, the majority had “complicated” vesicular lithiasis (numerous interventions at a distance from the acute episode of cholecystitis or chronic cholecystitis). In 81.8% of patients (18 patients), at least one intraoperative RF for BDI was found, and among these, at least two RFs were found in 55.6% of patients. Patients who had emergency surgery were at greater risk of having pedicle hepatic inflammation or intraoperative bleeding. Patients who had elective surgery (interventions at a distance from the acute episode of cholecystitis for the most part) had more chronic cholecystitis or cholecystitis fistulas (two duodenal fistulas and one antropyloric fistula). Cholangiography was performed in nine cases (40.9% of patients), more often as part of scheduled surgery than as an emergency.


Table 2. Data of the cholecystectomy.
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Table 3 indicates the characteristics of the BDIs included in this study before their arrival at Limoges Center. The injuries were divided into four types according to the Amsterdam classification (Appendix 1). There were two patients with a type I injury, six with a type IV injury, five with an injury linked to a surgical clip positioned on the MBD, seven patients with a lateral BDI, and two patients with a stone found in the MBD. Wound management was often multidisciplinary with the exception of “minor” wounds of the cystic duct or accessory vesicular canal. By taking into account each treatment, 20 patients benefited from surgery, 17 had an endoscopy, and 7 underwent a radiologic treatment. More precisely, focusing on the patients, there was an association with endoscopic management in 68.2% of cases (15 patients) and with radiological management in 18.2% of cases (four patients). Endoscopic management, when performed, consisted of failed catheterization of the MBD in 66.7% of cases (10 patients, with either a complete section or MBD stenosis), placement of MBD prosthesis in 26.7% of cases (four patients, all with a lateral wound), and simple endoscopic sphincterotomy for residual MBD lithiasis in 6.6% of cases (one patient). Interventional radiology facilitated the drainage of bilioma or abscess in 50% of the cases (two patients), transcutaneous drainage of the bile ducts preoperatively after failure of endoscopic drainage in 25% of the cases (one patient), and the performance of these two gestures in 25% of the patients (one patient).


Table 3. Data linked to the biliary duct injury.
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Further surgery was required for almost all patients (95.4%). Strategies included repair between the two segments of the injured MBD, a biliodigestive anastomosis within variable delays, or more rarely a simple suture of an accessory duct. Table 4 specifies these surgical interventions. Patients underwent right subcostal laparotomy in 90.5% of cases (19 patients) and laparoscopy in 9.5% of cases (two patients for lavage, drainage, and suture of a cystic duct in one case or a punctiform bile duct wound in the second case). Only one patient died before any surgical reoperation.


Table 4. Characteristics of biliary injuries by type according to the Amsterdam classification.
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Patients' mean follow-up was 14.5 months from the BDI and 12.6 months postoperatively in the operated patients' subgroup (95.4% or 21 patients). During the follow-up, 9.1% of patients (two patients) died of complications directly attributable to the BDI (sepsis resistant to any treatment). All patients initially treated with a choledocholic suture on T-tube (13.6% of patients) developed anastomosis stenosis. In all the cases, surgical management with biliodigestive anastomosis was required. One-third of the patients operated on for BDI by biliary–biliary or biliary–digestive anastomosis required an additional procedure, either surgical or radiological, to treat an anastomotic stenosis during follow-up. None of the patients treated with simple cystic suture or puncture wound suture required further management within the limits of follow-up. Other complications included acute pancreatitis after ERCP in one patient, right subcostal hernia in patients reoperated on by laparotomy (two patients), and hemorrhage requiring an additional operation for hemostasis in one patient.

Concerning the role of cholangiography performed during initial surgery (Table 5), it was performed in 40.9% of patients in the series (nine patients) and interpreted as normal in 33.3% of cases (three patients) and abnormal in 66.7% of cases (six patients). An incomplete hepatogram was found in five patients and a suspicion of residual lithiasis in the MBD in one case. In patients with a cholangiogram considered as abnormal (incomplete hepatogram), the BDI was diagnosed intraoperatively in only two patients. In the other cases, according to the operative report, the surgeon interpreted the incomplete hepatogram as a “problem of leakage in the cystic duct” or, in some cases, was “sure of his technique and did not explore this abnormality further.” The remaining 66.7% of wounds with abnormal POC were diagnosed immediately postoperatively (<6 weeks) with, in order of frequency (most to the least), abdominal pain, jaundice, and biliary peritonitis. BDIs in these patients who had undergone cholangiography, regardless of its interpretation, were predominantly distally to the biliary convergence in two-thirds of cases.


Table 5. Perioperative cholangiography and biliary duct injury.
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POC was not performed in 59.1% of cases (13 patients); the BDIs were diagnosed intraoperatively in 23.1% of cases (bile leakage in the operating field), immediately postoperatively in 53.8% of cases, and late postoperatively in 23.1% of cases. The majority of these were distal-convergence injuries (53.8%), but with a higher percentage of complex/proximal convergence injuries than the cholangiography group (46.2%).

When comparing the two groups of patients (Tables 6, 7A,B) (POC vs. no POC), there were no significant differences in the severity of the lesions, the time of BDI diagnosis, or the delay of surgical treatment and morbidity or mortality. The ORs of morbidity or anastomotic stenosis were 2.24 and 2.85, respectively.


Table 6. Impact of intraoperative cholangiography in the management of biliary duct injury.
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Table 7A. Demographic characteristics of patients' group with POC performed.
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Table 7B. Demographic characteristics of patients' group without POC performed+.
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DISCUSSION

Despite non-significant results in a small population, our retrospective study in a small but homogeneous cohort of patients suggests that POC reduced the severity of biliary tract wounds, time to management, and the risk of long-term stenosis.

Several studies that have examined BDI and laparoscopic cholecystectomy have found major BDI rates of 0.15–0.36% and an overall biliary complication rate of 1.5% if bile leaks are included (1). The value of the POC is still being debated.

The review of Slim et al. (15), including six comparative large-scale studies, demonstrated conflicting results. Ludwig et al. (13) in their meta-analysis in 2002, reported a protective effect of intraoperative cholangiogram on BDI with 87% diagnosis of BDI at the time of cholecystectomy (much higher than our current cohort). However, Nuzzo et al. (19), in their Italian multicentric retrospective study with more than 56,000 patients, pointed out no difference in incidence and intraoperative detection of BDI with routine cholangiography, a finding that was echoed by Giger et al. (20) a Swiss retrospective multicentric study (2011).

To demonstrate efficacy of POC, between 12,000 (21) and 26,000 patients (22) are needed in a prospective comparative study with a power between 80% and 90%. Despite our non-significant results, there is a certain profile of patients with more severe BDI and higher postoperative morbidity and mortality in the group without POC.

Our main aim was to focus on patients with a BDI, highlighting the performance of POC and the role of the individual surgeons. The utilization of POC is part of an atmosphere of risk prevention, in which both the surgeon and the whole operating theater team participate. Here we illustrate that a BDI can occur in multiple scenarios across a spectrum, including during “simple” cholecystectomies performed by a trained operator (59.1% of the wounds in this study were made during scheduled surgery). This is in keeping with the literature, which emphasizes that adequate training for cholecystectomy is mandatory but does not prevent all injuries at all times (23). Moreover, a large number of BDIs occur in surgeries considered as more straightforward (19, 24). The behaviors and the attention of both the surgeon and the surgical team are important. The surgeon must select patients carefully, taking into account both surgical and patients' related RFs in a patient-centered manner. Moreover, the surgeon must be familiar with all anatomical variations and surgical techniques (such as open vs. laparoscopy). This is especially the case as anatomical variations can cause misperceptions and errors that lead to false reassurance, resulting in BDIs (4, 25).

Anatomical variations in the Calot's triangle are frequent. Thus, in the review of Abdalla et al. concerning the Calot's triangle anatomy, sometimes referred to as the cystohepatic or hepatocystic triangle, the variations may concern the origin and course of the cystic artery or the ductal system. In only 75% of cases the cystic artery is regular and originates from the right hepatic artery. Accessory biliary ducts could been found in 1–30% of patients (26). If these ducts are injured during manipulation of Calot's triangle, there may be serious biliary leakage.

Moreover, even if laparoscopy is an ever-increasing technique, the incidence of BDIs is still higher than with open surgery. This highlights the importance of surgeons' familiarity with the open technique and the optimal timing for conversion when required (27), as well as the utility of asking for another surgeon opinion (28) to decrease the risk of misperceptions.

POC may be one of the various means of preventing BDI, and the latest recommendation from the Prevention of Bile Duct Injury Consensus Work Group (1) is that POC leads to “early recognition and avoidance of potentially increasing the severity of BDI.” However, its performance alone is not enough; its interpretation is crucial. We have seen in this study that even abnormal POCs, even if they are found to be abnormal by the surgeon, are not always enough to diagnose an injury. It may be prudent therefore to train young surgeons to carry out this procedure systematically as soon as possible and above all to interpret it meticulously. It can be a simple, minimally invasive procedure that may be of great service.

From a methodological point of view, the study has several biases. Because of its retrospective nature, the items considered in determining RFs for preoperative or intraoperative biliary injuries depended on the surgeons' experience and their own intraoperative assessment of the operation. Patients came from different centers, with difficult access to cholangiography for some. The mean follow-up was 12.6 months after biliary repair, which is too short to assess the risk of stenosis that may occur in the first 2 or 3 years (29). For Navez et al. (30) the median time to onset of biliary stenosis was even 154 months in a cohort of 120 patients. It is therefore uncertain whether some patients may have consulted another center for a later problem and were not included in our study cohort.

We have set the limit of the surgeon's experience at 6 years in accordance with Schwaitzberg et al.'s study (31), where it was shown that more experienced surgeons with an average of 20.7 years of surgical experience had a lower BDI rate than those with approximately 6.1 years of practice (i.e., physicians in training).

On the contrary, our study presents different positive aspects such as longitudinal follow-up and reporting of intraoperative findings. In addition, we can highlight a specific strength of our study, which is lacking from larger studies. Indeed, as previously mentioned, there was poor accuracy of intraoperative cholangiogram interpretation among surgeons; of six subjects who had abnormal POC, intraoperative BDI was diagnosed in only two subjects. This result is in accordance with the study of Sanjay et al. (12), who reported the same observation.



CONCLUSION

BDIs are a serious complication of cholecystectomy, which is the most commonly performed procedure in visceral surgery (approximately 100,000 cholecystectomy per year in France). Despite the low incidence of BDI, they are highly significant because of the important longer-term effect on both prognosis and quality of life of patients. While there are identifiable patient-related and intraoperative RFs, BDIs can still occur at the end of a “simple” cholecystectomy, and no surgeon is immune from risk. Intraoperative cholangiography may be a simple way to avoid BDI and mitigate its consequences by reducing the time to diagnosis and management. High-quality POC requires a knowledge of the technique, optimal safety conditions, and competent interpret of the images, which depends on the multiple factors such as surgical training, team dynamics, and operating room environment.
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APPENDIX

Classification of Amsterdam.

- Type A: leakage in the cystic duct.

- Type B: leakage on the main bile duct (MBD).

- Type C: stenosis or ligation of the MBD.

- Type D: transection of the MBD or one of the main hepatic ducts.
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Background & Aims: Gastric cancer is the common malignancies from cancer worldwide. Endoscopy is currently the most effective method to detect early gastric cancer (EGC). However, endoscopy is not infallible and EGC can be missed during endoscopy. Artificial intelligence (AI)-assisted endoscopic diagnosis is a recent hot spot of research. We aimed to quantify the diagnostic value of AI-assisted endoscopy in diagnosing EGC.

Method: The PubMed, MEDLINE, Embase and the Cochrane Library Databases were searched for articles on AI-assisted endoscopy application in EGC diagnosis. The pooled sensitivity, specificity, and area under the curve (AUC) were calculated, and the endoscopists' diagnostic value was evaluated for comparison. The subgroup was set according to endoscopy modality, and number of training images. A funnel plot was delineated to estimate the publication bias.

Result: 16 studies were included in this study. We indicated that the application of AI in endoscopic detection of EGC achieved an AUC of 0.96 (95% CI, 0.94–0.97), a sensitivity of 86% (95% CI, 77–92%), and a specificity of 93% (95% CI, 89–96%). In AI-assisted EGC depth diagnosis, the AUC was 0.82(95% CI, 0.78–0.85), and the pooled sensitivity and specificity was 0.72(95% CI, 0.58–0.82) and 0.79(95% CI, 0.56–0.92). The funnel plot showed no publication bias.

Conclusion: The AI applications for EGC diagnosis seemed to be more accurate than the endoscopists. AI assisted EGC diagnosis was more accurate than experts. More prospective studies are needed to make AI-aided EGC diagnosis universal in clinical practice.

Keywords: artificial intelligence, machine learning, deep learning, early gastric cancer, endoscopy


INTRODUCTION

Gastric cancer is ranked as the third leading cause of death from cancer worldwide (1). Most gastric cancers are diagnosed at advanced stages because their symptoms and signs tend to be inconspicuous and non-specific, leading to an overall poor prognosis, whereas in the case of early detection, the 5–years survival rate can exceed 90% (2–4). Endoscopic examination is still considered the most effective method for EGC detection (5). However, early gastric cancer (EGC) is particularly difficult to identify since it usually exhibits a subtle elevation or depression with faint redness, which is likely recognized as normal mucosa or gastritis. In addition, the invasion depth within the gastric wall is also hard to predict. Ten studies involving 3,787 patients who received an upper gastrointestinal endoscopy examination revealed an 11.3% miss rate of upper gastrointestinal cancers up to 3 years before diagnosis (6). A meta-analysis involving 2,153 lesion images showed that the area under the receiver operating characteristic curve (AUC) for the diagnosis of EGC using white light imaging (WLI) endoscopy was only 0.48 (7).

In the past decade, the application of artificial intelligence (AI) in medicine has attracted extensive attention. AI-assisted endoscopic diagnosis is a hot spot of research. AI refers to the capacity of a computer to execute a task associated with intelligent beings, such as the “learn” function that mimics the cognitive ability of human beings (8). AI subfields contain machine learning and deep learning (Figure 1). Machine learning, a term originally created by Arthur Samuel in 1959, is a field of computer science, whereby a system is able to develop the ability to “learn” from the input data without a certain program (9). Common machine-learning methods in classification model training comprise ensemble trees, decision trees, support vector machines, k-nearest neighbors, etc. (10).


[image: Figure 1]
FIGURE 1. Artificial intelligence methods in medical imaging. Artificial intelligence (AI) methods for a typical classification task were shown. Two classical methods comprise traditional machine learning (A) and deep learning (B). Conv, Convolutional layer; Pool, Pooling layer; FC, receiver operating characteristic curve; EGC,: Early gastric cancer.


Deep learning, which was initially applied in the image processing field in 1998, refers to the application of layers in non-linear processing based on machine learning algorithms used for feature extraction and transformation (11). Neural networks, similar to the human brain, particularly mimic closely interconnected neurons to recognize patterns, extract features or “learn” things about the input data to predict a result (12). Different model training paradigms, such as scaled-conjugate gradient, Levenberg-Marquardt and Bayesian regularization, have been termed “neural networks” (13). Several computer aided detection (CAD) algorithms for automatic early gastric cancer detection have been recommended for images from standard endoscopes. The performance improvements of original image classification models mainly depend on visual features and large-scale datasets, which are difficult to implement in EGC detection models. Although the invasion depth in EGC is defined differently, visual characteristics such as textures, colors, shapes, and regions are similar.

To date, the existing data on the diagnostic value of AI for EGC diagnosis are scattered. Jin et al. (14) reviewed the current studies on AI application for gastric cancer, while the definite diagnostic ability of AI application for EGC was still unclear. The aim of this study was to systematically summarize the recent available studies on the diagnostic accuracy of AI on EGC diagnosis to address the current status of this area and discuss future perspectives.



METHODS


Search Strategy and Study Selection

Electronic databases (PubMed, Web of Science, EMBASE, and the Cochrane Library) were searched from initiation to November 2020 using presupposed search terms. The following medical subject terms and keywords were used: “endoscopy,” “Endoscopic Diagnosis,” “early gastric cancer,” “artificial intelligence,” “computer-assisted diagnosis,” “Deep learning,” and “Convolutional neural network.” The full texts of potentially appropriate studies were then reviewed after the screenings of citations and abstracts exported from the electronic databases. The search strategy was shown as follows: (1) (artificial intelligence [Title/Abstract]) OR (computer-assisted diagnosis [Title/Abstract]) OR (Deep learning [Title/Abstract]) OR (Convolutional neural network [Title/Abstract]) (2) (endoscopy [Title/Abstract]) OR (Endoscopic Diagnosis [Title/Abstract]) OR (early gastric ancer [Title/Abstract]) (3) (1) AND (2).



Study Eligibility Criteria

The eligible studies fulfilled the following criteria: (1) the study was a diagnosis test about AI application in endoscopy for EGC diagnosis. Diagnosis test included AI detection of EGC from other gastric disease or distinguishment of invasion depth; (2) the absolute numbers of true-positive, false-negative, true-negative, and false-positive observations for EGC diagnosis were reported directly or were able to be calculated; (3) the study provided clear information about the database and number of images; (4) the study clearly described the CAD or CNN algorithms and the process applied in the EGC diagnosis.



Data Extraction

Two reviewers (Jiang X. T., Wen Y.) independently extracted information, including the author, publication year, region, study type, endoscopy modality, algorithm gold standard and dataset, and used the quality assessment of diagnostic accuracy studies-2 instrument to assess the quality of the study (15). Divergence was resolved through discussion and the involvement of the third reviewer (Li P. W.).



Statistical Analysis

Stata, version 14.2 (StataCorp, College Station, TX) was used for all statistical analyses. Graphpad Prism 8.2.1 was used to delineate the histogram. The TP, FP, FN, and TN observations of each study were input, and the pooled sensitivity and specificity with the 95% confidence intervals (CIs) for EGC diagnosis with AI were thus calculated. The forest plot was delineated. The inconsistency index (I2) test was used to evaluate the heterogeneity between studies using sensitivity (16). A fixed-effects model would be used with a I2 value <50%. More than 50% of the I2 values indicated significant heterogeneity. Under this situation, a random-effects model would be applied, and subgroup analysis and influence analysis were performed. A summary receiver operating characteristic (ROC) curve was plotted (17). The area under the curve (AUC) was calculated to estimate the diagnostic accuracy. When the AUC reaches 1.0, it suggests an excellent performance diagnostic test, while if the AUC approaches 0.5, it suggests a poor performance test. Publication bias was evaluated by the Deeks test.




RESULT


Literature Search and Characteristic of Studies

A total of 3,714 studies were retrieved after the search. After removing duplicated studies and excluding improper studies, 17 studies were reserved in this systematic analysis. While Ling et al. (18) distinguished differentiated and undifferentiated type EGC with a sensitivity and specificity of 88.6 and 78.6%, thus was finally excluded in our meta-analysis. A total of 16 studies were finally included in the meta-analysis according to the PRISMA flowchart (Supplementary Figure 1). Three studies were from Korea, eight studies were from Japan, four studies were from China, and one was from Pakistan. Nine studies used white light endoscopy (WLE) images to establish a training dataset, five studies used narrow band imaging (NBI) images, and two used both WLE and NBI images. Four studies distinguished the invasion depth of EGC. Seven studies compared the diagnostic ability of AI with endoscopists. Two studies applied video to train the dataset. No prospective studies were carried out currently. The general algorithm methods were Visual Geometry Group-16 (VGG-16), ResNet-50, GoogLeNet, Single Shot MultiBox Detector (SSD), Inception neural network and Support vector machines (SVM) classifier. Yoon et al. applied two kinds of algorithm models in his study. The basic characteristics of the included studies and the risk of bias using the Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool are presented in Table 1 and Supplementary Figure 2.


Table 1. Basic characteristic of the included studies.

[image: Table 1]



Diagnostic Performance of AI on EGC Diagnosis

A total of 170,8519 images were utilized for machine training. A total of 22,621 EGC images from the 16 studies were included in the meta-analysis of EGC diagnosis. The diagnostic ability of AI-assisted endoscopy in each study is shown in Supplementary Table 1. The AUC of the AI-assisted endoscopy diagnosis in EGC detection was 0.96 (95% CI, 0.94–0.97) with heterogeneity I2 value of 0.98, thus the random effect model was applied. The pooled sensitivity was 86% (95% CI, 77–92%), and the specificity was 93% (95% CI, 89–96%). While the AUC, sensitivity and specificity of AI-assisted depth distinction was 0.82 (95% CI, 0.78–0.85), 72% (95% CI, 58–82%), and 79% (95% CI, 56–92%). The forest plots of sensitivity, specificity of AI detection and depth distinction are shown in Figures 2, 3. ROC of detection and depth distinction are shown in Figure 4. Influence analysis showed that Bum-Joo Cho, Hiroya Ueyama, and Yusuke Horiuchi's study had the greatest impact on the results (Supplementary Figure 3). After rejecting them, the pooled AUC, sensitivity and specificity were 0.95 (95% CI, 0.93–0.97), 85% (95% CI, 78–90%), and 92% (95% CI, 90–94%), respectively, which still indicated an accurate diagnostic ability of AI-aided diagnosis of EGC. The funnel plot asymmetry with a p-value of 0.81 showed the absence of publication bias for the included studies (Supplementary Figure 4).


[image: Figure 2]
FIGURE 2. The forest plot of pooled sensitivity and specificity of AI detection on EGC. The pooled sensitivity was 86% (95% CI, 77–92%) and specificity was 93% (95% CI, 89–96%).



[image: Figure 3]
FIGURE 3. The forest plot of pooled sensitivity and specificity of AI distinction depth on EGC. The pooled sensitivity was 72% (95% CI, 58–82%) and specificity was 79% (95% CI, 56–92%).



[image: Figure 4]
FIGURE 4. Area under the receiver operating characteristic curve (A). The AUC of the AI-assisted endoscopy diagnose in the EGC detection was 0.96 (95% CI, 0.94–0.97). (B) The AUC of the AI-assisted endoscopy diagnose in the EGC depth distinction was 0.82 (95% CI, 0.78–0.85).




Other Factors That Have an Impact on the Accuracy of AI

The effects of the original images from WLE or NBI on the AI diagnostic ability were compared. The sensitivity of the NBI image application was 95% (95% CI, 91–97%), while that of WLE was 73% (95% CI, 57–85%), and the specificity was 96% (95% CI, 70–100%) and 93% (95% CI, 90–95%).

When the number of training images was more than 10,000, the sensitivity and specificity were 88% (95% CI, 83–92%) and 94% (95% CI, 91–96%), respectively, more than that of the sensitivity 85% (95% CI, 69–93%) and specificity 93% (95% CI, 82–97%) of the group that had >10,000 training images.

For the control group, sensitivity and specificity of the expert endoscopist vs. non-expert endoscopist diagnosis were 79% (95% CI, 61–90%) vs. 73% (95% CI, 61–82%), 85% (95% CI, 77–90%) vs. 83% (95% CI, 67–92%), respectively. Here, the general expert endoscopists were those who had clinical experience with endoscopy examination for more than 10 years. Figure 5 shows the subgroup results.


[image: Figure 5]
FIGURE 5. Result of subgroup analysis. (A) The pooled sensitivity and specificity of number of images in training process showed when the images were more than 10,000, the diagnostic value would be better. (B) The pooled sensitivity and specificity of AI detection, expert endoscopist, and non-expert endoscopist showed AI detection and expert endoscopist judgement were significantly more accurate than non-expert endoscopist. (C) The pooled sensitivity and specificity of original images extracted by NBI and WLE showed NBI image applied performed better.





DISCUSSION

Japanese researchers published a minimum required standard for the “systematic screening protocol for the stomach,” which comprised 22 images of the stomach to precisely discover suspicious cancerous lesions (42). In 2016, the European Society of Gastrointestinal Endoscopy (ESGE) published a protocol comprising 10 images of the stomach (43). However, these protocols could not be carried out absolutely, and endoscopists may miss some regions during the examination due to individual operative levels and subjective factors, which can lead to the misdiagnosis of EGC (44–46).

Deep learning (47, 48), which is typically based on artificial neural networks, aims at learning multilevel manifestations of data to make predictions. The development of deep convolutional neural networks has particularly altered the computer vision field (49, 50).

Application of AI recognition with endoscopic images to detect the depth of wall invasion of gastric cancer was initially reported by Keisuke Kubota with an accuracy of 64.7% (51). Soon afterwards, several studies have shown excellent results for advanced technology. Hence, it is necessary to summarize the existing studies to realize the probable ability of AI on EGC detection and discuss what factors may influence the results.

This is the first meta-analysis on the performance of AI on EGC diagnosis with endoscopy. In this article, we indicated that the application of AI in endoscopic detection of EGC achieved an AUC of 0.96 (95% CI, 0.94–0.97), a sensitivity of 86% (95% CI, 77–92%), and a specificity of 93% (95% CI, 89–96%), which manifested a more accurate diagnostic ability than independent detection by endoscopists, while the depth distinction was dissatisfied with a sensitivity, specificity and AUC of 0.82 (95% CI, 78–85%), 72% (95% CI, 58–82%), and 79% (95% CI, 56–92%). The common reasons for misdiagnosis were lesions of gastritis or flat or depressed texture and anatomical structure which was hard to identify. The cancer invasion depth was classically distinguished by morphologically evaluating several findings such as the concentration of stomach wall folds, the marginal ridge, the elasticity and thickness of the lesion, and the presence of variant of the stomach wall due to the volume of insufflation air in the stomach with WLE (52–54). Furthermore, the accuracy of discriminating EGC depth by conventional endoscopy was reported to be 62–80% (55). Thus, the AI applied endoscopy performed well on EGC depth determination. Bum-Joo Cho, Hiroya Ueyama and Yusuke Horiuchi's study (23, 26, 40) showed significant heterogeneity. Cho et al. used the Inception-Resnet-v2 model with an AUC of 74.5 (95% CI, 67.9–80.4) and a sensitivity of 28.3 (95% CI, 16.0–43.5). The included poor-quality images, composition of the database, and pathological classification criteria may cause poor diagnostic performance. In addition, we performed several subgroup analyses to delineate the probable influencing factors of AI performance.

For the algorithm model, Simonyan et al. (56) investigated the value of the convolutional network depth on its accuracy in large-scale image recognition setting. The result showed that when the depth was pushed to 16–19 weight layers, it would have a significant improvement on the prior-art configurations. VGG-16 had 16 convolutional and three fully connected layers, which were carried out by five max-pooling layers and used filters with a small receptive field to achieve a low error rate in practice. On the other hand, SVM also performed excellently in the included studies. SVM is utilized in distinguishing two classes and creating the boundary line to maximize the distance between the hyperplane and the nearest sample. Compared to other mathematical models (57–59), SVMs are utilized to model physical systems by adapting their parameters (60–63). SVMs are widely known for their application in classification (64).

The endoscopic image modality of validation set should be same to the training set. For training images from different endoscopy modalities, the sensitivity of studies using images from NBI seemed to be better than those using images from WLE (96 vs. 93%). A model which was trained with NBI images could only recognize NBI images in practice. However, a multicenter randomized controlled trial that compared a non-magnifying NBI with WLI indicated no significant difference in gastric cancer detection (65). Although NBI is currently regarded as the most broadly applied image-enhanced modality in AI research, the impact of other imaging modalities, such as the lately available linked-color imaging or blue-laser imaging modalities, need more studies for verification.

For the number of training images, it seemed that the more images the machine trained, the more accurate the AI detection would be. The concept that a large number of images are a prerequisite to structure a learning model was also certified in the research conducted by Seguí et al. (66) for motility movement classification in wireless capsule endoscopy. A recent meta-analysis similarly indicated that a ten-fold increase in training data size could improve the accuracy of AI detection by 3% (67).

Neural networks have the potential capacity for clinical practice and can be significantly popularized in the gastrointestinal field. However, CNN detection is temporarily in the stage of research. This study also had some limitations. A limited number of available studies fit the inclusion criteria since the novel technology has just been developed in recent years. Thus, the subgroup results were not completely reliable due to the limited number of studies. All the included studies were retrospective, which may lead to selection bias of included images, particularly in the validation dataset. In addition, few studies provided a solution to multiple gastrointestinal abnormalities as comparison, while most studies only researched the detection of a single abnormality, including Barrett's esophagus, Helicobacter pylori infection, early gastric cancer, atrophic gastritis, etc. (68–70), which is insufficient for clinical application. Moreover, an AI EGC detection model based on full-length videos was scarce, which postpones its general application in clinical practice.

To overcome these limitations, several projects can be carried out in the future. More prospective studies can be designed for strict images, including criteria, high-definition image extraction and expert endoscopist involvement to prove higher level evidence. Luo et al. (71) has carried out a multicenter, case-control, prospective real-time diagnostic study on artificial intelligence for detection of esophagus and gastric cancer with accuracy of 0.955 (95% CI 0.952–0.957). GRAIDS algorithm, which was based on the concept of DeepLab's V3+ (72, 73), was utilized in this prospective study. Expanding the training image number is necessary to improve the machine recognition ability. On the other hand, the validation images are supposed to be larger. Training images extracted from different endoscopy modalities still need to be investigated to establish a popularized dataset. Currently, limited data have shown that the VGG-16, SSD, and SVM classifier models are credible computer-aided diagnosis algorithms. Another branch of deep learning, deep reinforcement learning (DRL), recently performed at the top level in the GO game in 2016 (74). DRL is likely to be applied in the EGC detection field. DRL combines deep learning with reinforcement learning, incorporating not only the excellent perception and distinguishing abilities of deep learning in visual tasks but also the decision-making capabilities of reinforcement learning (75). DRL has performed well in dealing with dynamic decision problems (74–76). However, DRL has not yet been used in clinical trials. Wu et al. (77) reported that the application of WISENSE, a mechanism that utilizes aspects of both CNN and DRL, could decrease the number of blind spots during an upper endoscopy, initially achieving an accuracy of 90.02%. The exploration of accurate algorithms is worthy of being explored.



CONCLUSION

This is the first meta-analysis to summarize current evidence of AI applications in EGC diagnosis. The AI applications seemed to be more accurate in parts of EGC detection than the endoscopists. The VGG-16, SSD, and SVM classifier models probably performed better according to the limited studies. When the number of training images is expanded, the accuracy will be improved. More strictly designed perspective studies with different reliable CNN algorithms are needed to make AI universal in clinical practice.
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Objective: We tested the hypothesis that an enhanced bowel preparation strategy (EBS) improves colonic cleansing in patients at high risk for inadequate bowel cleansing (HRI).

Methods: This prospective randomized clinical trial included consecutive HRI patients referred for outpatient colonoscopy between February and October 2019. HRI was considered if patients scored >1.225 according to a previously validated bowel-cleansing predictive score. HRI patients were randomized (1:1) to a low-volume conventional bowel cleansing strategy (CBS) (1-day low residue diet (LRD) plus 2 L of polyethylene glycol (PEG) plus ascorbic acid) or to an EBS (3-day LRD plus 10 mg oral bisacodyl plus 4 L PEG). The Boston Bowel Preparation Scale (BBPS) was used to assess the quality of cleanliness. Intention-to-treat (ITT) and per protocol (PP) analyses were performed. A sample size of 130 patients per group was estimated to reach a 15% difference in favor of EBP.

Results: A total of 253 HRI patients were included (mean age 69.8 ± 9.5 years, 51.8% women). No statistically significant differences were found in the BBPS scale between the two groups in the ITT analysis (CBS 76.8% vs. EBS 79.7%, P = 0.58) or PP analysis (CBS 78% vs. EBS 84.3%, P = 0.21), risk difference 2.9% (95% CI−7.26 to 39.16) in the ITT analysis, or risk difference 6.3% (95% CI−3.48 to 16.08) in PP analysis. No differences in preparation tolerance, compliance, adverse effects, or colonoscopy findings were found.

Conclusion: EBS is not superior to CBS in hard-to-prepare patients. (EUDRACT: 2017-000787-15, NCT03830489).

Clinical Trial Registration: www.ClinicalTrials.gov, identifier NCT03830489.

Keywords: bowel cleansing predictive score, enhanced bowel preparation, hard to prepare patients, high volume bowel preparation, low volume bowel preparation


INTRODUCTION

Colonoscopy is the gold standard for the diagnosis of colorectal neoplasia and is currently the technique of choice for both the diagnosis and screening of colorectal cancer, reducing its incidence and mortality (1). Quality in colonoscopy is critical to improve its effectiveness (2, 3). The cecal intubation rate and adenoma detection rate are the main quality factors and are directly linked to cleansing quality. Poor bowel preparation not only has a negative effect on these indicators but is also associated with technical difficulties, risk of complications, increased examination times, and the need for subsequent colonoscopies and ultimately raises costs. Multiple risk factors for poor colon cleansing have been described (4–6). A recent study carried out in a large cohort of consecutive patients scheduled for outpatient colonoscopy who received different split-dose bowel preparations (either low-volume or high-volume preparations) found that a bowel-cleansing predictive score (BCPS) that included comorbidities (mainly diabetes mellitus), antidepressant intake, chronic constipation and pelvic or abdominal surgery were predictive factors for poor bowel cleansing. This predictive model showed an acceptable discrimination between adequate and poor bowel preparation (area under the curve, AUC = 0.70-0.72) (5). Although it has not been demonstrated in clinical practice, this type of model might help to tailor the proper bowel cleansing protocol for each patient.

There is large evidence that low-volume bowel preparation regimens are as high-volume ones in non-selected population (7). However, the current evidence in hard to prepare patients is scarce. Although, one randomized controlled trial carried out in patients with a high risk of poor bowel cleansing (8) (specifically with past history of poor bowel preparation) showed that a high-volume enhanced protocol based on 4 L polyethylene glycol (PEG), bisacodyl and 3 days of a low residue diet (LRD) was better than a low-volume-based regimen (2 L PEG plus ascorbic acid and bisacodyl and 3 days of LRD), the same results would not necessarily be expected for other groups of patients with high risk factors (HRI) for poor bowel preparation.

The hypothesis of this study was that in HRI patients determined by the BCPS (score >1.225), an enhanced cleansing protocol is better than a conventional low-volume-based regimen, as it works in patients with a past history of poor bowel preparation.



MATERIALS AND METHODS


Design and Setting

This prospective randomized trial was conducted at the Open Access Endoscopy Unit of the Hospital Universitario de Canarias between February 2019 and October 2019. This hospital is a tertiary referral hospital that provides health care to ~400,000 inhabitants of the northern part of Tenerife Island. The endoscopy unit has an annual output of ~6,000 outpatient colonoscopies, 3,000 of which are performed during morning sessions.

The Ethics Committee approved the study protocol in July 2017. The trial was registered in the Agencia Española del Medicamento (August 2, 2017), European Union Clinical Trial Register (EUDRACT 2017-000787-15) in February 2017 and ClinicalTrials.gov (NCT03830489) in February 2019. The first patient was included in February 2019, and the last patient was included in October 2019. All authors had access to the study data and reviewed and approved the final manuscript.

The study has been reported in accordance with the Consolidated Standards of Reporting Trials (see the CONSORT checklist in online-only Supplementary Material).



Patients

Patients older than 18 years undergoing outpatient colonoscopy in the morning were considered for inclusion. The BCPS was calculated for every outpatient scheduled for a colonoscopy during the inclusion period. The BCPS is composed of 4 criteria (Table 1). Details of the design and validation of this score have been previously reported (5). For the purpose of the study, only patients with a BCPS score >1.225 were included.


Table 1. Validated bowel cleansing predictive score.
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The exclusion criteria were as follows: past history of poor bowel cleansing because, although it is a well-known predictor of poor bowel preparation, these patients may benefit from enhanced bowel preparation (8), bowel obstruction, megacolon, intestinal perforation, poorly controlled arterial hypertension (arterial systolic blood pressure >180 mmHg and/or arterial diastolic blood pressure >100 mmHg), congestive heart failure, NYHA III-IV acute liver failure, end-stage renal failure (dialysis or predialysis), pregnancy, lactation, dementia with difficulties following the instructions, known hypersensitivity reaction to the components of the drug, diagnosis of phenylketonuria, diagnosis of glucose-6-phosphate dehydrogenase deficiency, colectomy of more than one segment, and refusal to participate.



Procedures Before Colonoscopy

Four researchers not involved in the colonoscopy procedures explained the purpose of the study, verified the inclusion and exclusion criteria, obtained informed consent and completed a data collection sheet. Oral and written instructions about the bowel cleansing preparation were also given according to the allocation group. The patients were advised to complete a diet register for 1 or 3 days before the colonoscopy appointment, depending on the allocation group.



Randomization and Group Descriptions

The randomization sequence was computer generated in a 1:1 sequence by a statistician of the Research Unit of our hospital. Sealed randomization envelopes were used. Patients with a BCPS score >1.225 were randomized to one of the following two groups:

1) Enhanced bowel preparation strategy (EBS): patients assigned to this group received a LRD 3 days before the colonoscopy. They also took 2 tablets of bisacodyl (10 mg) at 19:00 and 2 L of PEG (8 sachets) 12 h before the appointment and another 2 L of PEG (8 sachets) 5 h before the appointment for the colonoscopy.

2) Conventional bowel preparation strategy (CBS): patients assigned to this group were prepared the day before the examination with a LRD and 1 L of PEG with ascorbic acid (PEG+Asc) (one envelope A and one envelope B) 12 h before the colonoscopy appointment and 1 L of PEG with ascorbic acid (one envelope A and one envelope B) 4 h before the colonoscopy appointment. Patients were recommended to drink 500 ml more water after ingesting the bowel solution.

The LRD recommended to both groups was specifically designed by an endocrinologist specialized in nutrition.



Colonoscopy Procedures

Colonoscopies were scheduled in the morning session. Three nurses involved in the study who were blinded to the allocation group collected information regarding tolerance, satisfaction, difficulties drinking the bowel solution, willingness to follow the same bowel preparation in the future, incidents and side effects. Patients returned the food record sheet on the day of the colonoscopy.

Colonoscopies were performed by five experienced endoscopists. The whole endoscopy team was blinded to the patient allocation group. The Boston Bowel Preparation Scale (BBPS) (9) was registered in the colonoscopy report together with the colonoscopy findings (number, size, and morphological characteristics of any polyp). The endoscopists passed the BBPS Educational Program by obtaining a score ≥ 3 (5).



Variables Collected
 
Patient Variables

Variables collected included demographic details; indication for colonoscopy; educational level (higher or lower than high school); personal history of colonic polyps or colorectal cancer; comorbidities (diabetic patients under pharmacological treatment; cirrhosis diagnosed by clinical, imaging or analytical criteria; stroke; or chronic kidney disease defined as a renal glomerular filtration rate <60 mL/min); history of abdominal or pelvic surgery; constipation (<3 bowel movements/week and at least one of the following: straining, hard stools defined as Bristol scale 1 or 2, and incomplete evacuation) (10); and medication (treatment with tricyclic antidepressants, opioids or calcium antagonists).



Variables Collected on the Day of Colonoscopy

The following variables were collected: the elapsed time between the last intake of solution and the beginning of the colonoscopy; willingness to follow the same preparation protocol in the future (11); any difficulty in following the bowel preparation instructions; level of satisfaction (12); volume intake categorized as ≥75% or <75% of the bowel preparation; adverse effects and incidents of the preparation protocol according to the American Society of Gastrointestinal Endoscopy lexicon (13); BBPS score (global and by colonic segment); cecal intubation rate; and complications related to the colonoscopy (perforation or postpolypectomy bleeding requiring hospitalization). The withdrawal time from the cecum was recorded using a stopwatch; the watch was stopped when any biopsy or therapeutic technique was required and then resumed after the completion of these procedures. The amount of water used for lavage during each examination was also quantified by counting the number of 50-mL water syringes used. The number of polyps and their sizes and locations were also recorded.




Outcomes
 
Primary Outcome

The primary outcome was the rate of adequate bowel cleansing assessed by the BBPS (9). This validated scale ranges from 0 to 3 points per segment (proximal, transverse and distal colon). For the intention-to-treat (ITT) analysis, in complete colonoscopies, bowel cleansing was adequate when each of the colon segments were assessed and scored ≥2 points. Bowel cleansing was considered inadequate when the score in at least one of the segments was <2 points. In incomplete colonoscopies, bowel cleansing was considered inadequate when a segment was not assessed.



Secondary Outcomes

Adherence to the bowel cleansing instructions was tested by a personal food record (14) when the volume of solution ingested was ≥75%.

The level of satisfaction and difficulties following bowel preparation were assessed using a 5-point subjective scale (12). Willingness to repeat the same bowel cleansing protocol in the future was assessed as a dichotomous variable (yes/no) (11).

Adverse effects and incidents were assessed by asking the patients about events potentially related to bowel preparation, such as nausea, vomiting, bloating, and abdominal pain.




Statistical Analysis and Sample Size

In a previous study conducted in our unit, 25% of patients who attended a colonoscopy had a score >1.225 on the BCPS (5). For the present study, we estimated a clinically relevant difference in the proportions of the rate of adequate bowel preparation between EBS and CBS of at least 15% in favor of EBS. Assuming a type I error of 5%, a power of 80%, and considering a dropout rate of 15%, 130 participants were needed to be included per group. Sample size was calculated with GRANMO v. 7.12 (IMIM, Barcelona, Spain. https://www.imim.cat/ofertadeserveis/software-public/granmo/).

The two groups were compared using the chi-square statistic for categorical variables and Student's t-test for continuous variables. Intention-to-treat (ITT) and per-protocol (PP) analyses were conducted.

All available variables likely associated with the outcome were analyzed using univariate logistic regression. Variables that achieved at least P < 0.05 were entered into the multivariate logistic regression. The results are expressed as odds ratios (ORs) with 95% confidence intervals (CIs). P-values of <0.05 were considered to be statistically significant. The Statistical Package for the Social Sciences v. 20.0 (SPSS, Inc., Chicago, Illinois, USA) was used for all statistical analyses.




RESULTS

During the study period, a total of 1,983 patients were scheduled for a colonoscopy in the morning shift. Overall, 450 (22,6%) patients had a BCPS score >1.225 and were eligible for the study. An appointment was scheduled for 396 patients, of whom 75 did not attend the appointment and 61 refused to participate. Finally, 260 patients were randomized, and 130 patients were assigned to each group. Two patients were excluded after inclusion in the EBS group, and 5 were excluded in the CBS group. Finally, 128 patients and 125 patients were included in the EBS and CBS groups, respectively (Figure 1). There were no statistically significant differences regarding baseline characteristics between groups (Table 2).


[image: Figure 1]
FIGURE 1. Flow chart.



Table 2. Basal characteristics of patients.

[image: Table 2]


Quality of Bowel Cleansing

There was an inverse correlation between the BCPS and bowel cleansing assessed by the quantitative BBPS (Spearman's rank correlation coefficient = 0.218, P < 0.001). In the ITT analysis, globally adequate bowel preparation was achieved in 79.7% of patients assigned to EBS (95% CI [70.1–86.2]) and in 76.8% of those receiving CBS (95% CI [72.0–88.0]) (OR 1.2, 95% CI [0.65–2.16], P = 0.58). The data for the PP analysis were 84.3%, 95% CI [75.3–90.0] for the EBS and 78%, 95% CI [73.4–89.1] for the CBS (OR 1.5, 95% CI [0.79–2.89], P = 0.21). There were no statistically significant differences in bowel quality per segment (Table 3).


Table 3. Comparison of adequate bowel cleansing between study groups.
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In the ITT analysis, the 95% CI of the difference in proportions for the rate of adequate bowel preparation was −7.26 to 39.16%, whereas in the PP analysis it was −3.48 to 16.08%, confirming that the enhanced 4 L PEG preparation was not superior to the conventional bowel preparation. In addition, the mean total or per-segment BBPS scores were not significantly different between the groups in the ITT analysis (mean total BBPS score, P = 0.17; mean BBPS score in the left colon, P = 0.41, mean BBPS score in the transverse colon, P = 0.48; mean BBPS score in the right colon, P = 0.28). The whole and proximal colon quality quantitative scores in the PP analysis were better in patients assigned to the EBS group than in those assigned to the CBS group (P = 0.028 and P = 0.04, respectively) (Table 3).



Bowel Preparation and Colonoscopy Findings

Cecal intubation was achieved in 94.2 and 90.2% of patients assigned to the EBS and CBS groups, respectively (Table 4). There were no statistically significant differences between groups regarding the number of 50 mL syringes used for lavage or the withdrawal time. Regarding neoplastic findings, the colorectal cancer detection rate, polyp detection rate, adenoma detection rate, diminutive polyp detection rate, diminutive adenoma detection rate and the number of polyps or adenomas per patient were comparable between groups. No serious adverse effects were derived from colonoscopy procedures.


Table 4. Colonoscopy findings.
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Tolerance, Acceptance and Willingness to Receive the Same Bowel Preparation in the Future

Overall, 116 (97.5%) and 113 (99.1%) patients were compliant with the diet recommendations in the EBS and CBS, respectively. Regarding bowel preparation adherence, only 2 patients in the EBS took <75% of the bowel preparation.

Although no adverse effects were reported, incidents occurred in 21.9% and 18.4% (P = 0.49) of patients in the EBS and CBS, respectively (Table 5). Nausea was the most frequent incident and was reported by 13% of the patients in both groups.


Table 5. Tolerance, acceptance, and willingness to repeat the same bowel preparation.
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In general, the satisfaction level was high for both bowel preparations; most patients had few difficulties taking the assigned solution, and most of them were willing to repeat the same preparation in the future (Table 5).



Variables Associated With Poor Bowel Preparation

Univariate and multivariate analyses were carried out to assess variables associated with poor bowel cleansing. The patients included in the ITT analysis were entered into both analyses. Supplementary Table 1 shows the univariate analysis. Only difficulties following bowel preparation (OR 12.06, 95% CI [1.15–126.30]) and suffering a stroke (OR 3.22, 95% CI [1.17–8.85]) were independently associated with poor bowel cleansing (Supplementary Table 2).




DISCUSSION

The optimal bowel preparation in hard-to-prepare patients is currently unknown, and recommendations from scientific societies have low evidence-based support (15, 16).

In this randomized controlled trial, we showed that an enhanced bowel preparation based on a 3-day LRD, 10 mg of bisacodyl and a 4 L PEG solution was not more effective than a conventional low-volume bowel preparation based on a 1-day LRD and 2 L PEG+Asc. This result was unexpected to us because we designed a superiority analysis in favor of the large volume-based preparation. In a recent randomized controlled trial carried out by our group (8) in patients with a high risk of poor bowel preparation (specifically, a past history of poor bowel preparation) the same intensive large bowel preparation had a higher efficacy than a low-volume preparation protocol (adequate preparation: 81.1% vs. 67.4%, difference in proportions: 13.7%, 95% CI 3.13%−24.27%). Although the results of both studies might seem contradictory, a past history of poor bowel preparation has been stated to be one of the most powerful predictors of inadequate bowel preparation in a future colonoscopy and can be considered objective proof of difficulty obtaining adequate bowel cleansing (17, 18). Conversely, other risk factors for poor bowel preparation, such as those that make up the BCPS, may not be a guarantee for difficulty in achieving adequate bowel cleansing. Although, some of these factors have been widely recognized as predictors of bowel cleansing failure, most patients who meet these criteria would currently have adequate bowel cleansing (5) and it may explain the different results obtained in both studies. In an observational study carried out in 1,073 outpatients, antidepressant use, comorbidities, past history of abdominal or pelvic surgery, and chronic constipation were independent predictors of inadequate bowel preparation and were used to develop and validate the predictive model used in the present study (5). The area under the curve (AUC) of the BCPS in the development cohort and the validation cohort in this study was 0.72 (95% CI, 0.69–0.75) and 0.70 (95% CI, 0.65–0.74), respectively.

To our knowledge, this is the first randomized controlled trial to assess the effect of enhanced bowel preparation in patients with a high risk of poor bowel cleansing following a predictive model score.

Many randomized studies have compared high-volume bowel preparations with low-volume bowel preparations in hard-to-prepare patients (19–21). These studies were carried out in specific populations, such as patients with spinal cord injury (19), patients with chronic constipation (21) and patients with a colectomy (20). Two of them compared a large bowel 4 L PEG preparation with a low volume 2 L PEG preparation with bisacodyl (20, 21), and one study compared 4 L PEG with sodium phosphate (19). In these studies, there were no significant differences in cleansing efficacy between the two regimens. However, none of them actually used enhanced cleansing protocols such as the one used in the present study (high-volume preparation plus adjuvant plus 3-day LRD) but only employed conventional high-volume preparations.

A novelty of the present study was the first ever use of a predictive model tested in a population other than the one used to design the model. Three predictive models for assessing poor bowel cleansing have been developed so far (4–6), two of which were validated in the same study (4, 5). These models have several flaws such as the lack of internal or external validation, the fact that some patients were prepared the day before the examination, the inclusion of non-compliant patients, the use of a non-validated bowel cleansing scale during the colonoscopy. preparation protocols differed between the centers, and the inclusion of patients with a past history of poor bowel preparation Unlike, the two other predictive models the predictive score used in the present study overcame most of these limitations since the patients took at least part of the preparation on the same day of the examination, we used a validated bowel cleansing scale, and we excluded those patients with a past history of poor bowel preparation (5).

Finally, we are aware that our study has some limitations. First, this was a single-center study, and our results should be replicated by other groups and in future multicenter prospective studies. Second, the inclusion criterion of a BCPS score >1.225 was made based on an uncontrolled observational study. However, the variables included in the BCPS are widely recognized as predictive factors for poor bowel cleansing. Third, since before the examination, the patients included in the study attended a consultation with a physician who explained the purpose of the study and bowel preparation, we believe that our bowel quality results may have been influenced by this educational intervention. However, both study arms received the same intervention.

Finally, although this study suggests that administering a greater volume does not result in better bowel cleansing, the results may not be generalized to the rest of the low-volume agents other than PEG+Asc. It is also unclear if adding more volume of bowel solution (i.e., 6 L of PEG) or increasing the low-residue diet days should have an additional benefit. Rescue strategies such as the administration of additional solution just before the examination based on the effluent description by the patients could be an alternative to reduce the percentage of re-scheduled colonoscopies for poor bowel cleansing. In conclusion, this study demonstrated that the EBS based on a 3-day LRD, 10 mg oral bisacodyl and 4L PEG is not better than a conventional protocol with a 1-day LRD and 2 L PEG+Asc in patients with risk factors for poor bowel preparation, excluding those with a previous suboptimal bowel preparation. Further studies are warranted to test other enhancing cleansing protocols in this subgroup of patients.
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Background and Study Aim: EGC, also known as Early Gastric Cancer is known to lack the lymph node metastasis and confined along the mucosa, which is treated through an endoscopic resection procedure that includes ESD (Endoscopic Submucosal dissection) and EMR (Endoscopic Mucosal Resection). However, some cases underwent residual disease, recurrence, or additional gastrectomy because of non-curative resection. The following research aims to delineate the threat factors causing the non-curative resection as well as develop a predictive model.

Patient and Methods: Effort was taken to collect all the records about the health history of pathologically diagnosed EGC who experienced endoscopic treatment in the Department of Endoscopy, the Capital Medical University, and Beijing Friendship Hospital from January 2012 to January 2020. Patients were grouped into two categories primarily; a curative resection group and finally a non-curative resection group based on the outcomes of the postoperative pathological and immunohistochemical examination results. The statistical methods used included single factor analysis, a multivariate logistic regression analysis and a chi-square test. A nomogram for the prediction of non-curative resection was constructed, which included information on age, gender, resection method, postoperative pathology, tumor size, ulcer, treatment, and infiltration depth. Receiver operating characteristic (ROC) curve analysis and calibration were performed to present the predictive accuracy of the nomogram.

Results: Of 443 patients with 478 lesions who had undergone ESD or EMR for EGCs, 127 were identified as being treated non-curative resection. Older patients (>60 years), a large tumor size (>30 mm), submucosal lesion, piecemeal resection, EMR for treatment and undifferentiated tumor histology were associated with non-curative resection group. Our risk nomogram showed good discriminated performance in internal validation (bootstrap-corrected area under the receiver-operating characteristic curve, 0.881; P < 0.001).

Conclusions: A validated prediction model was developed to identify people who were subject to undergoing a non-curative resection for ESD. The predictive model that we formulated is essential in providing reliable information to guide the decision-making process on the treatment for EGC before undertaking an endoscopic resection.

Keywords: early gastric cancer, endoscopy, non-curative resection, ESD, EMR, predictive model


INTRODUCTION

EGC, commonly known as Early Gastric Cancer, is the kind of tumorous tissue that affects the gastric submucosa or mucosa in the presence and or absenteeism of lymph node metastasis. Premature detection of EGC can be cured following extensive endoscopy with a 5-year survival rate exceeding 90% (1). Endoscopic treatment refers to an endoscopic resection that includes ESD and EMR (2). Extensive multicenter studies have shown that relative to surgical gastrectomy, the procedures for endoscopic resection entails numerous advantages of less trauma, fewer complications, and high quality of life and it is now widely accepted, particularly in high incidence in Asian countries (3). It has become the first choice for patients with high-grade intraepithelial neoplasia and EGC (4, 5). Suppose endoscopic treatment wants to achieve the same therapeutic effect as surgery. In that case, the prerequisite is that the early lesions must be removed entirely at one time, and the lesions have no threat of lymph node metastasis, which is to achieve the standard for potentially curative resection. Tentatively, a non-curative resection is simply a standardized pathological evaluation of the lesions after resection cannot reach the standard of curative resection. Secondary endoscopic treatment or even surgical treatment is required once there is an occurrence of non-curative resection.

The rates associated with incomplete resection are between 24.6 and 39.5% (6–8). Research reveals that numerous reasons exist behind non-curative resection. The reasons include the failure to undertake en bloc resection because of a preliminary mis-diagnosis of the lesion's penetration and poor technique. ESD is regarded as the best procedure in the cure for early gastric neoplasms. It must, however, be noted that it demands advanced skills in endoscopy, but it does carry with its heightened levels of problems, that include excessive bleeding and increased perforations when equated to routine EMR procedures (9, 10).

Additionally, it is difficult to undertake an ESD for complications associated with lesions of considerable sizes that occur in specific locations. Hence, in a variety of situations, en bloc resection is not appropriate. The forecast for neoplasm depths or margins can be challenging because gastric mucosa's background is affected by chronic and acute inflammation (11). Hence, this can lead to inaccurate prognosis on the depth or margin of the lesions, regardless of the utilization of chromoendoscopy with the indigo carmine dye or the magnification of endoscopy using NBI (Narrow Band Imaging) (11, 12).

Whether it is residual disease or recurrence, secondary endoscopic resection or surgeries have the potential of manifesting into problems for both endoscopists and the patients leading to inflated health care expenses. When taking into account the amount of EMR(s) or ESD(s) performed, including the public desire for reduced invasive medical measures, it is crucial to demystify the person's potential for non-curative resection.

Hence, this research assessed the potential risk factors of non-curable resection in patients suffering from EGC and formulated a predictive model to provide a reference for the prevention and clinical evaluation.



EXPERIMENTAL SECTION


Patients and Methods

We constructively examined clinical data for patients that had undergone endoscopic resection from the Department of Endoscopy, the Capital Medical University affiliated Beijing Friendship Hospital from January 2012 to January 2020.

The characteristics ingrained in the clinicopathology included the sex and age of the patient; their smoking tendency; Helicobacter pylori infection; the magnitude and position of the lesions; the histology of the cancer; and the different endoscopic findings of early gastric cancer that include remarkable redness, central depression, interruption or smooth tapering of fold, white fur, and nodularity.

Approval for this project was obtained from the Beijing Friendship Hospital. This research's reporting adapts to the STROBE (Strengthening the Reporting of Observational Studies Epidemiology) guidelines concerning the wider Enhancing the Quality and Transparency of Health Research guidelines.



Endoscopic Submucosal Dissection Technique

All the ESD measures were conducted on the patients that were hospitalized. Propofol or Midazolam hydrochloride was intravenously administered for sedation purposes prior to the surgery. The affected people were positioned in a left lateral decubitus position and were observed using a typical single-channel endoscope of (GIF-H260Z or GIF-Q260J; from Olympus Optical Co., Ltd., Tokyo, Japan). Following the summation of the endoscopic evaluation for gastric lacerations, care was taken to mark all areas surrounding the lesions with electrocautery (VIO 300D; ERBE, from Tübingen, Germany) by means of the needle knife (Olympus, Tokyo, Japan). To raise the lacerations above the muscle tissue, care is taken to administer a saline rich solution containing high concentration of epinephrine (0.01 mg/mL), including 0.8% of indigo carmine that was later inserted into the patient's submucosal layer using a 21-gauge syringe.

A circumferential dissection and incision were done using a needle knife, including a cloistered tip- knife (KD-610L, from Olympus Optical Co., Ltd.). The vessels that were exposed or bleeding were mitigated using hemostatic forceps or hem clips.

Drugs known to heightened bleeding such as warfarin, non-steroidal anti-inflammatory drugs, and aspirin were withdrawn from 5 to 7 days prior to the endoscopic resection. The drugs mentioned were later restarted 2 weeks after completing EMR or ESD if and when the postoperative bleeding had not developed. The patients were managed using proton pump inhibitors for between 4 and 8 weeks following EMR/ESD.



Gross and Histopathologic Cross-Examination

The outcomes arrived from endoscopy of EGC were divided along on the standards of Japan's Gastric Cancer Research Society (13). An effort was taken to section all specimens at 2 mm interval and centered on the lesion with the most profound invasion's closes margin location. Only slides that had been stained by hematoxylin-eosin were utilized in the general assessment. The magnitude and invasion depth of the tumor, lymphatic as well as vascular movement, and the tumor's contribution at the vertical and lateral margins were examined histologically.



Valuation of Efficacy of Resection

En bloc resection is termed as removing a tumor is a single-piece absent of potential disintegration. The entire resection for an en bloc resected tumor is regarded as all the vertical and lateral margins having no tumors during the histological examination. Tumors that histologically had positive resection margins or multiple fragments were regarded as partial resection. When the lesion is resected en bloc, the following conditions: (i) predominantly differentiated type, pT1a,UL0, HM0 VM0, Ly0, V0, regardless of size; (ii) long diameter ≤ 2 cm, predominantly undifferentiated type, pT1a
, UL0, HM0, VM0, Ly0, V0; or (iii) long diameter ≤3 cm, predominantly differentiated type, pT1a, UL1,HM0, VM0, Ly0, and V0 are considered for endoscopic curability A (eCuraA); When the lesion is resected en bloc, is ≤3 cm in long diameter, predominantly of the differentiated type, and satisfies the following criteria:pT1b1 (SM1) (within <500 mm from the muscularis mucosae), HM0, VM0, Ly0, and V0, it is considered endoscopic curability B (eCuraB); When a lesion meets neither of the above-mentioned eCuraA and B conditions, it is considered eCuraC, which corresponds to the concept of non-curative resection. When eCuraC lesions are differentiated-type lesionsand fulfill other criteria to be classified into either eCuraA or eCuraB but was either not resected en bloc or had positive HM, they are considered eCuraC-1. All other eCuraC lesions are considered eCuraC-2 (14).



A Predictive Framework for the Non-curative Resection of ESD

Only the threat conditions that demonstrated numerical worth were adopted in the development of a predictive framework or model. We incorporated risk factors (the results of multivariate log-binomial regression) and potential clinical indicators into the model to optimize its predictive power. According to the results of multivariate log-binomial regression, a nomogram was drawn. By drawing a calibration chart, the ROC curve was executed to obtain the area under the curve (AUC). The C-index was calculated to evaluate the predictive effect of the nomogram (15).



Statistical Analysis

The presentation of the continuous variables is as mean ± standard deviation. The definite variables are shown as figures with percentages. Univariable analysis was performed to categorize the aspects related to non-curative resection of ESD/EMR utilizing a chi-square test. Univariate analysis and statistically significant differences (P < 0.05) were further included in the multivariate regression analysis. Then, multivariate regression analysis was used to select independent influence factors, and nomograms were built based mainly on these results. The area under the curve (AUC) for validation was applied to evaluate the accuracy of the nomograms. We performed calibration for the established nomograms and applied 1,000 repetitions of bootstrap sample corrections to internally validate the nomograms. The team only included the variables of P-values lower than 0.05 that were regarded as statistically meaningful. Calculations were undertaken using SPSS software using the latest version, version 24.0 (SPSS, Chicago, Ill, USA). Nomogram drawn was performed using R Software 4.0.4 (www.r-project.org). Package “rms” was used for nomogram building.




RESULTS


Baseline Features of Patients

Four hundred forty-three patients with four hundred seventy-eight lesions were suffering from EGC. Among them, there were 344 males and 134 females, with an average age of 63.28 years. There were 127 cases of non-curative resection of early gastric cancer and 351 cases of curative resection. In 454 cases of en bloc resection, the en bloc resection rate was 95.0%, and the non-curative resection rate of the total included patients was 26.6% (127/478) (Figure 1).


[image: Figure 1]
FIGURE 1. Study design. A total of 443 patients, including the curative resection group and the non-curative resection group, were reviewed retrospectively.


The characteristics and clinicopathology of the patient are highlighted in Table 1. Patients older than 60 years are more prone to developing non-curable resection (P = 0.007). The group composed of non-curative resection had larger tumors than groups composed of curative resection (1.77 ± 1.05 cm vs. 2.40 ± 1.85 cm; P < 0.001). The tumors located on the stomach's upper body part were more susceptible to occur in patients from the group of non-curative resection relative to the group for curative resection (P < 0.001). Ulcers occurred in different degrees between the two groups. In the non-curative resection group, 13 cases of undifferentiated cancer were diagnosed before operation, accounting for 10.7%, and 3 cases of undifferentiated cancer were diagnosed before curative resection, accounting for 0.8%. The difference was statistically significant (P < 0.001). Additionally, postoperative pathological diagnosis showed that 27 cases of undifferentiated cancer were non-curable resection, accounting for 21.3%, while curative resection was only 12 cases, accounting for 3.4% (P < 0.001); in terms of the depth of tumor invasion, in the non-curative resection group, there were 45 cases of submucosal tumors, accounting for 35.5%. In the curative resection group, there were 13 cases of submucosal tumors, accounting for only 3.7%. The difference was statistically significant (P < 0.001; Table 1).


Table 1. Patient's clinicopathologic characteristics (curative resection group vs. non-curative resection group).
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Risk Factors for Non-curative Resection of ESD

The results of univariate analysis showed that patients ≥60 years of age were more likely to have non-curative resection (OR = 1.890; P = 0.007); patients with a family history of tumors were more likely to have non-curative resection (OR = 1.485; P = 0.078). The diameter of the tumor in the non-curative resection group was larger than that in the curative resection group (OR = 1.054; P < 0.001); compared with the curative resection group, the upper half of the stomach tumor in the non-curative resection group was more common (OR = 2.385; P < 0.001). For the endoscopic manifestations of the lesions, the ulcers between the two groups were different (OR = 2.836; P < 0.001); in addition, whether the non-curative resection group and the curative resection group were en bloc resection (OR = 1.231; P < 0.001), Hp infection (OR = 1.088; P = 0.001), and treatment methods (OR = 9.768; P = 0.762). The histological undifferentiated tumors in the non-curable resection group were more common than those in the curative resection group (27 vs. 12, OR = 8.147; P < 0.001).

In the multivariate analysis, older age (>60 years; OR = 2.558; 95% CI = 1.280–5.111), a large tumor size (>30 mm) (OR = 3.952; 95% CI = 1.397–11.184), the treatment modality is EMR (OR = 4.581; 95% CI = 1.526–13.748), piecemeal resection (OR = 63.021; 95%CI = 12.270–323.687), with submucosal infiltration (OR = 2.496; 95% CI = 1.727–3.607), and undifferentiated tumor histology (OR = 4.917; 95% CI = 1.591–15.195) were associated with non-curative resection (Table 2).


Table 2. Associated factors with non-curative resection of ESD/EMR.
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The Prediction Model Grounded on Independent Risk Factors

We used the independent risk factors (age, gender, resection method, postoperative pathology, tumor size, and depth of tumor corresponding to infiltration depth in the Figure 2) to develop a predictive nomogram (Figure 2) for the EGCs undertaking ESD/EMR potential to develop non-curative resection. Two additional factors (gender and ulcer) were also included, considering their corresponding OR value in univariate analysis. For each patient, points were assigned for each of these demographic and medical factors (age, gender, resection method, postoperative pathology, tumor size, ulcer, and depth), then a total score and a corresponding prediction of the probability of non-curative resection were calculated from the nomogram. An ROC curve was drawn to estimate the predictive accuracy of the nomogram, and the AUC (95% CI) was 0.881 (Figure 3). A calibration curve generated by 1,000 repetitions of bootstrap sample corrections is illustrated in Figure 4.


[image: Figure 2]
FIGURE 2. Predictive nomogram for the EGCs undertaking ESD/EMR potential to develop non-curative resection.



[image: Figure 3]
FIGURE 3. ROC curve for our prediction nomogram model. Area under the ROC curve = 0.881 (ROC, receiver operating curve).
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FIGURE 4. Calibration curve of this nomogram model.





DISCUSSION

With the development and broad application of the current early screening technology and minimally invasive endoscopic technology, more and more early gastric cancers are detected and effectively treated (16). ER (Endoscopic Resection), consisting of endoscopic submucosal dissection (ESD), and mucosal resection (EMR), is broadly acknowledged as a marginally invasive procedure for EGC. ER leads to a decent lasting result, including a 97.5% 5-year endurance rate, quality of life, and less morbidity than surgical treatment (3). EMR is the technique to treat flat and raised lesions (early gastrointestinal cancer, flat adenoma) through endoscopic measures (injection and suction) to separate the lesion from the lamina propria, then trapped or cut. ESD is an endoscopic submucosal injection and then using a special high-frequency electric knife to peel off the lesion's mucosa to realize the objective of treatment. Due to the limitations of EMR, endoscopic submucosal dissection has turned out to be the leading procedure in the cure of EGC.

Nevertheless, endoscopic resection is not a definite method in the treatment of EGC. Clinical cases of non-curative resection are common, and endoscopic resection for EGC is often caused by insufficient preoperative evaluation, and lack of experience of the surgeon leads to non-curative resection. In certain instances, patients suspected to lie within the criteria prior to surgery can be ascertained as cases over the extended signs based on the final histopathologic result.

Different threat aspects linked to non-curative resection of ESD in EGC or lymph node metastasis are printed within existing studies (17, 18). However, research directed at various endoscopic findings that include atrophy, fold shape, or exudate is rare. Previous studies only focused on individual risk factors and did not consider these risk factors comprehensively. We wanted to find useful risk clinical factors and establish a predictive model that can be used before deciding whether to perform ESD/EMR.

Our study determined numerous endoscopic results that included the size of the tumor, patient age, location of the tumor, presence of ulcers, and the indistinguishable type of histology associated with a higher threat level for non-curative resection. The team formulated a predictive model for scoring consisting of these aspects. The presence of ulcers was identified as a leading prognostic factor associated with EGC's curability with endoscopic submucosal dissection (19, 20). Consistent with prior research, the evidence of ulcers was determined to be linked with non-curative resection in our research. For lesions with ulcer formation, submucosal adhesions are often found during the operation, which makes the lifting of the submucosal injection poor, increases the difficulty and risk of the operation, and may affect the curative resection rate.

Undifferentiated/poorly differentiated histological types are also related to non-curative resection after endoscopic resection. Undifferentiated histological types have been identified as significant threat influences for non-curative resection by many studies (10, 18). However, with the development of endoscopy, more and more studies believe that ESD is safe and effective for treating undifferentiated histological types (21, 22). Therefore, the latest Japanese guidelines suggest that undifferentiated EGC (≤2 cm) formed by ulcers can be treated with ESD (14). However, it should be carefully considered when determining whether or not to perform an endoscopic submucosal dissection on people with undifferentiated EGC. Especially in indistinguishable EGC, for the limitation of the lesion's size, we can see that there is a difference in the measurement of the diameter of the lesion before and after endoscopic resection. Hence, the likelihood of non-curative resection following ESD has to be taken into account for patients with undifferentiated histology.

Nomograms as risk estimators have shown promising potential in clinical trial design and interpretation and have been widely adopted in prognostic models. In this study, we established a nomogram-based method to select the high-risk patients that have undergone EMR or ESD to non-curative resection based on different risk factors. The threat of non-curative resection among patients that have undergone EMR or ESD can be stratified using the team's predictive framework. Compared with the prediction model by Hyeong Seok Nam (23), which used multivariate regression analysis to derive the risk factors for non-curative resection, and calculate the number of these risk factors and a high number of risk factors were associated with an increased frequency of non-curative endoscopic resection. Our nomogram used the regression coefficients and receiver operating characteristic (ROC) curve analysis and calibration to present the predictive accuracy of the nomogram. Kim EH (24), etc., built a risk scoring model assigned for these variables based on the beta-coefficient as follows: tumor size (≥20 mm); tumor location in the upper body of the stomach; ulcer; fusion of gastric folds; absence of mucosal nodularity; spontaneous bleeding and undifferentiated histology. The area under the receiver-operating characteristic curve is 0.7004. Our risk nomogram showed better discriminated performance in internal validation (bootstrap-corrected area under the receiver-operating characteristic curve, 0.881; P < 0.001). Besides, the nomogram chart is more intuitive, and because the coefficients in the multiple regression are used accurately in the establishment process, the prediction probability will not be biased due to the scoring. To our knowledge, this is the first study providing a nomogram to predict NCR risk undergone EMR or ESD.

There are also some limitations in our study. First, the nomogram was based on a retrospective single-center dataset, which would weaken the confidence of our risk prediction model and shrink its application range. Second, the team only carried out a validation exercise to demonstrate the validity of the team's model. External validation was crucial in demonstrating the model's precision and may cause statistical analysis bias after elimination. To establish a perfect predictive model, the threat conditions of non-curative resection after endoscopic resection for EGC still require further multi-center, large-sample clinical studies to provide more evidence.

The aim of this research is to develop a predictive framework for non-curative resection utilizing viable clinical factors. Hence, our extrapolative framework will offer valuable data on decision-making process concerning early gastric cancer treatment before EMR or ESD.
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The stomach is the most common primary site of mucosa-associated lymphoid tissue (MALT) lymphoma, and sometimes the histopathological diagnosis is particularly difficult. An endoscopic forceps biopsy is the primary diagnostic test, but false negative results are very common. Therefore, a jumbo biopsy is essential for accurate diagnosis of clinically suspected cases. Here we diagnosed two cases of gastric MALT lymphomas using endoscopic submucosal dissection (ESD). The first patient was suspected of gastric lymphoma at the first endoscopic forceps biopsy, but the second endoscopic forceps biopsy showed chronic inflammation. The second patient was also firstly diagnosed with chronic inflammation by endoscopic forceps biopsy. Both cases were finally confirmed with the diagnosis of gastric MALT lymphoma by jumbo biopsy using ESD. The application of ESD can provide a new diagnostic strategy for clinically suspicious cases of gastric MALT lymphoma with negative endoscopic forceps biopsy.
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INTRODUCTION

MALT lymphoma, classified as an indolent B-cell non-Hodgkin lymphoma, arises in extra-nodal sites from the malignant transformation of B lymphocytes that are mainly triggered by infection or autoimmune process (1). Although they can exist in different organs such as the salivary gland, thyroid gland, breast, lung, bladder, skin, and orbit, MALT lymphomas are most frequently detected in the gastrointestinal tract (2). The most frequently affected organ is the stomach, where MALT lymphoma is incontrovertibly associated with chronic gastritis induced by a microbial pathogen, Helicobacter pylori (3). The incidence of gastric MALT lymphoma is increasing, but the diagnosis is difficult (4). Most patients are asymptomatic or complain of non-specific symptoms (4). Gastric MALT lymphoma shows a variable endoscopic appearance, including erosion, erythema, discoloration, atrophy, ulcer, and subepithelial lesion (5). As the endoscopic features of gastric MALT lymphoma are variable and non-specific, the possibility of this condition may be overlooked (4). An endoscopic forceps biopsy is the primary diagnostic test, but false negative results are possible (4). Therefore, clinical suspicion and jumbo biopsy are essential for accurate diagnosis (5). ESD may provide a new strategy to acquire large tissue samples for jumbo biopsy as it is an emerging method to cure early gastrointestinal carcinomas and submucosal tumors (6, 7). Here we report two cases of gastric MALT lymphomas diagnosed by jumbo biopsy using ESD. The first patient was a 36-year-old female, and she was admitted to our hospital because of stomachache, nausea, and vomiting. Physical examination showed no pathological signs. The blood routine test showed mild leukopenia (white blood cell 3.08*109/L) and moderate anemia (Hemoglobulin 73 g/L). The fecal routine test and occult blood test were normal. The blood biochemistry test, tumor markers and the urine routine test were all in normal ranges. The second patient was a 53-year-old female, and she was admitted to our hospital because of abdominal discomfort. Physical examination showed no pathological signs. The blood routine test showed mild thrombocytopenia (platelet 118*109/L). The blood biochemistry test, the fecal routine test and occult blood test were all in normal ranges.



CASE DESCRIPTION

The first patient was a 36-year-old female, and she was admitted to our hospital because of stomachache, nausea, and vomiting. Physical examination showed no pathological signs. The blood routine test showed mild leukopenia (white blood cell 3.08*109/L) and moderate anemia (Hemoglobulin 73 g/L). The fecal routine test and occult blood test were normal. The blood biochemistry test, tumor markers, and the urine routine test were all in normal ranges. Gastroscopy revealed multiple erosion and ulcer in gastric body and gastric angle (Figures 1A,B) and biopsy showed atypical lymphocytes and gastric lymphoma was suspected. The 13C urea breath test was negative for helicobacter pylori. Endoscopic ultrasonography (EUS) revealed hypoechoic thickening of the mucosa layer (Figure 1C) and magnifying endoscopy with narrow band imaging (ME-NBI) showed irregular marginal crypt epithelium and subepithelial capillary network (Figure 1D), but the second biopsy showed chronic inflammation. Abdominal computed tomography showed thickening of the wall of gastric body and gastric fundus and mild enhancement, and the surrounding lymph nodes were enlarged (Figure 1E). Based on the endoscopic findings, imaging features and repeat insignificant biopsy results, a diagnose of gastric MALT was suspicious and therefore we performed ESD for jumbo biopsy (Figures 1F–H). After ESD, no adverse and unanticipated events happened. The flow cytometry of the ESD sample showed that ~23.9% of all the lymphocytes (red cell population) expressed CD19, CD20, CD38, kappa, and did not express lambda, CD10, which were considered as abnormal monoclonal B lymphocytes with plasma cell differentiation or lymphoid plasma cells (Figure 2A). Therefore, a diagnosis of gastric MALT lymphoma was suspected. The histopathological examination of the ESD sample confirmed the diagnosis of a gastric MALT lymphoma with plasma cell differentiation, with diffuse infiltration of small-sized lymphoid cells, which were positive for CD20, PAX-5, Mum-1 (partial), Bcl-2 (partial), CD21 (partial), CD79a, but negative for CD3, CD5, CD10, CD43, Bcl-6, SOX11, and cyclin D1 (Figures 3A–D). The Ki-67 index was 2%.


[image: Figure 1]
FIGURE 1. (A,B) Gastroscopy revealed multiple erosion and ulcer in gastric body and gastric angle. (C) EUS revealed hypoechoic thickening of the mucosa layer. (D) ME-NBI showed irregular marginal crypt epithelium and subepithelial capillary network. (E) Abdominal computed tomography showed thickening of the wall of gastric body and gastric fundus and mild enhancement, and the surrounding lymph nodes were enlarged. (F–H) The procedure of ESD.
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FIGURE 2. (A) The flow cytometry showed that ~23.9% of all the lymphocytes (red cell population) expressed CD19, CD20, CD38, kappa, and did not express lambda, CD10. (B) The flow cytometry of the ESD sample showed that ~39.5% of all the lymphocytes (red cell population) expressed CD19, CD20, kappa, CD38 (partial), and did not express lambda, CD10.
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FIGURE 3. (A) Hematoxylin-eosin staining × 200. (B) Immunohistochemistry showed positive reactivity for CD20. (C) Immunohistochemistry showed positive reactivity for CD79a. (D) Immunohistochemistry showed partially positive reactivity for Mum-1. (E) Hematoxylin-eosin staining × 200. (F) Immunohistochemistry showed positive reactivity for CD20. (G) Immunohistochemistry showed positive reactivity for CD79a. (H) Immunohistochemistry showed positive reactivity for Bcl-2.


The second patient was a 53-year-old female, and she was admitted to our hospital because of abdominal discomfort. Physical examination showed no pathological signs. The blood routine test showed mild thrombocytopenia (platelet 118*109/L). The blood biochemistry test, the fecal routine test and occult blood test were all in normal ranges. Gastroscopy revealed erosion and ulcer in greater curvature of gastric antrum (Figure 4A) and biopsy showed chronic inflammation. The 13C urea breath test was negative for helicobacter pylori. EUS revealed a hypoechoic lesion from mucosa layer, muscularis mucosa layer and submucosa layer (Figure 4B) and ME-NBI showed irregular marginal crypt epithelium and subepithelial capillary network (Figures 4C–F), but the second biopsy showed chronic inflammation and intestinal metaplasia. Based on the endoscopic findings and repeat insignificant biopsy results, we performed ESD for jumbo biopsy (Figures 4G,H). After ESD, no adverse and unanticipated events happened. The flow cytometry of the ESD sample showed that ~39.5% of all the lymphocytes (red cell population) expressed CD19, CD20, kappa, CD38 (partial), and did not express lambda, CD10, which were considered as abnormal monoclonal B lymphocytes (Figure 2B). Therefore, a diagnosis of gastric B-cell lymphoma was suspected. The histopathological examination of the ESD sample confirmed the diagnosis of a gastric MALT lymphoma, with diffuse infiltration of small-sized lymphoid cells, which were positive for CD20, CD79a, PAX-5, Bcl-2, Mum-1 (partial), CD21 (partial), CD23 (partial), kappa (partial), and lambda (partial), but negative for CD3, CD5, CD10, CD43, Bcl-6, cyclin D1, c-myc, SOX11, and p53 (Figures 3E–H). The Ki-67 index was 5%.
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FIGURE 4. (A) Gastroscopy revealed erosion and ulcer in greater curvature of gastric antrum. (B) EUS revealed a hypoechoic lesion from mucosa layer, muscularis mucosa layer, and submucosa layer. (C–F) ME-NBI showed irregular marginal crypt epithelium and subepithelial capillary network. (G,H) The procedure of ESD.




DISCUSSION

The incidence of gastric MALT lymphoma is increasing, but the diagnosis is difficult (4). Most patients are asymptomatic or complain of nonspecific symptoms (4). The endoscopic features of gastric MALT lymphoma can be classified into exophytic, ulcero-infiltrative, and superficial types; ulcero-infiltrative type is the most common, accounting for ~40–50% of all cases (4). As the endoscopic features of gastric MALT lymphoma are variable and non-specific, the possibility of this condition may be overlooked during gastroscopy (4). Endoscopic biopsy using forceps and histopathologic examination are the most basic tests for diagnosis of gastric MALT lymphoma (4). However, false negative results may be possible because the tumor cells of gastric MALT lymphoma originate from the deep mucosa or submucosa and grow without destroying the foveolar gland, which is the basic structure of the mucosal surface (4). Therefore, clinical suspicion and jumbo biopsy are essential for accurate diagnosis (5). More invasive tissue biopsy such as endoscopic mucosal resection (EMR) or ESD may be required if the diagnosis is not confirmed by routine endoscopic biopsy (8–10). ESD may provide a new strategy to acquire large tissue samples for jumbo biopsy as it is an emerging method to cure early gastrointestinal carcinomas and submucosal tumors (6, 7). Compared to EMR, ESD is superior because it allows en bloc resection and accurate histological examination (11). This case report focused on an important clinical issue and offered a potential way to increase diagnostic accuracy. This report showed a comprehensive evaluation of two cases including complete history and clinical examination (including helicobacter pylori and immunohistochemistry) and comparisons with EUS and ME-NBI. The disadvantage is that ESD is more invasive than biopsy, and there is a risk of bleeding and perforation, and the cost is higher. ESD is only suitable for patients who cannot be diagnosed with repeated biopsy. In conclusion, we report two cases of gastric MALT lymphomas with ulcero-infiltrative type diagnosed by jumbo biopsy using ESD. ESD may be recommended as a reasonable option for the diagnosis of gastric MALT lymphomas in properly selected cases in which adequate tissue samples are difficult to obtain, as it is effective to acquire large specimen and minimally invasive. More data are required to provide better insights for this disease.
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Background: The efficacy and safety of peroral endoscopic myotomy (POEM) in the treatment of sigmoid-type achalasia is unknown. This meta-analysis aims to explore the clinical outcomes of POEM for sigmoid-type achalasia.

Method: We searched all relevant studies published up to September 2020 in PubMed, Embase, and Cochrane library databases. Meta-analyses for clinical success, Eckardt score, angle of esophageal tortuosity, diameter of esophagus, lower esophageal sphincter (LES) pressure, integrated relaxation pressure (IRP), adverse events, and gastroesophageal reflux diseases were performed based on random or fixed-effects models as needed.

Results: We found a total of eight studies that provided data on 248 patients. Overall, the pooled clinical success was achieved in 211 sigmoid-type achalasia patients [90.4%; 95% confidence interval (CI), 85.5%−93.8%]. The pre- and post-POEM Eckardt scores, angle of esophageal tortuosity, diameter of esophageal, LES pressure, and IRP were significantly improved (All p < 0.05). The pooled adverse events rate was 13.0% (95% CI, 3.6%−37.4%). The pooled objective confirmation of reflux rate was 41.5% (95% CI, 26.5%−58.3%), and symptomatic reflux rate was 12.5% (95% CI, 8.3%−18.4%).

Conclusions: Our current evidence indicated that POEM is an effective and safe therapeutic modality for the treatment of sigmoid-type achalasia.

Keywords: sigmoid-type achalasia, peroral endoscopic myotomy, systematic review, meta-analysis, achalasia


BACKGROUND

Achalasia is an idiopathic esophageal dyskinetic disorder, which is characterized by aperistalsis of the esophageal body and failure of relaxation of the lower esophageal sphincter (LES) (1). It is a rare disease with an estimated prevalence of 10–15.7 per 100,000 inhabitants and an incidence of 1.07–2.2 cases per 100,000 inhabitants/year (2). Sigmoid-type esophagus is the end-stage of achalasia featured by significant dilation and tortuous of the esophageal body leading to a sigmoid-type appearance (3). Sigmoid achalasia may develop in up to 10% of patients with a history of achalasia more than 10 years (4). With the deterioration of achalasia, patients usually experience progressive dysphagia, frequent aspiration, weight loss, and cachexia (5).

Unfortunately, no treatment can restore normal esophageal function. Accordingly, the aim of treatments is to reduce the LES pressure. However, the treatment of sigmoid-type achalasia is still controversial. Endoscopic interventional therapy, such as pneumatic dilatation (PD) and botulinum toxin injection (BTI), are considered invalid (6). Historically, esophagectomy or laparoscopic myotomy was considered the primary treatment of choice for sigmoid-type patients (7–9). Nevertheless, it was an invasive method with high risk of perioperative morbidity and mortality (7, 8, 10). Currently, peroral endoscopic myotomy (POEM) has become the standard treatment for achalasia worldwide because it was minimally invasive and has a higher efficacy than traditional therapeutic methods (11). However, the dilated, swerved, and rotated tortuous esophageal body may make POEM more technically challenging. Nowadays, some researchers have reported the promising results of POEM in sigmoid-type achalasia (6, 12–18). Therefore, we conducted this systematic review and meta-analysis aiming to explore the clinical outcome of POEM for sigmoid-type achalasia.



METHODS


Search Strategy

The study was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) recommendations (19). A comprehensive literature research up to September 2020 was performed by two independent investigators to identify the English-written studies on POEM for the treatment of sigmoid-type achalasia. PubMed, Embase, and Cochrane databases were searched using the term “achalasia” and “POEM.” Our search did not include the word “sigmoid-type achalasia” to ensure a comprehensive search for literature available to POEM (Supplementary Table 1).



Inclusion and Exclusion Criteria

We included case series and cohort studies which satisfied our inclusion criteria: (1) population: patients were diagnosed with sigmoid-type achalasia; (2) intervention: POEM; and (3) outcome: technical success, clinical success, Eckardt score, angle of esophageal tortuosity, diameter of esophageal, LES pressure, integrated relaxation pressure (IRP), adverse events rate, and gastroesophageal reflux diseases. The exclusion criteria included the following: (1) studies were not written in English, (2) animal studies; (3) case reports with <3 patients; (4) reviews or commentaries; (5) no data for meta-analysis; and (6) overlapping publications.



Data Extraction and Definition

Two authors individually extracted data from eligible studies. Disagreements were resolved by discussion between the two review authors. If agreement is still not reached, it was up to the third author to decide. Analyzed data included the following: (1) baseline characteristics of studies: first author, year of publication, country, study duration, study design, number of patients, age, gender, duration of symptom, previous interventions, and sigmoid type; (2) clinical outcomes of studies: myotomy length, procedure time, hospital stay, technical success, clinical success, pre- and post-POEM Eckardt score, angle of esophageal tortuosity, diameter of esophageal, LES pressure, IRP, and follow-up time; and (3) adverse events and gastroesophageal reflux diseases after POEM.

Sigmoid-type achalasia was subdivided into sigmoid type 1 (S1) and sigmoid type 2 (S2) according to the degree of tortuosity of the esophageal lumen seen at barium swallow and/or CT scan. In S1, the esophagus was significantly dilated and tortuous but only a single lumen was seen on CT; in S2, the esophagus was very dilated and severely tortuous with U-turns in a proximal direction and a double lumen was identified on some CT slices (6). The other classification included sigmoid type (Sg) and advanced sigmoid type (aSg). Sg was diagnosed when the long axes of the lower esophagus crossed at an angle of 90°-135°, and the aSg was diagnosed when the angle was below 90° (14). Technical success was defined as completion of the whole POEM procedure. The clinical success was defined as a reduction in Eckardt score to ≤ 3 at the follow-up assessment. Adverse events were defined as events requiring additional intervention during or after POEM procedure. Gas-related events without obvious clinical symptoms and further intervention were not considered adverse events.



Assessment of Study Quality

The two authors individually assessed the quality of the included studies using the Newcastle-Ottawa-Scale (NOS) quality assessment tool (20). The scale ranges between zero up to nine stars, categorized into three dimensions: selection, outcome, and comparability. Stars ≥5 were regarded as high-quality literature.



Statistical Analysis

The meta-analysis was carried out using the Comprehensive Meta-Analysis software version 2 and Review Manager. p < 0.05 was indicated statistically significant. The incidence of clinical success, adverse events, and gastroesophageal reflux diseases in each study was combined, to yield a pooled rate with a 95% confidence interval (CI) for all studies. For meta-analyses of continuous variables, involving Eckardt score, angle of esophageal tortuosity, diameter of esophageal, LES pressure, and IRP, the effect size was represented as a mean difference (MD) and 95% CI. If the study data was expressed as median and interquartile range (IQR) or range, it was converted to mean and standard deviation (SD) using the Luo et al. (21) and Wan et al. (22) formula before analysis. Statistical heterogeneity was examined using the I2 statistics. We considered I2 higher than 50% to represent considerable heterogeneity (23). A random-effects model was applied when heterogeneity was considered. Otherwise, the fixed-effects model was adopted. Sensitivity analysis was conducted to assess the influence of each individual study on pooled results. In addition, the funnel plots were utilized to evaluate publication bias in the study.




RESULTS


Study Selection

A PRISMA flow chart of this systematic review is shown in Figure 1. In summary, a total of 3,715 citations were identified using the described literature search strategy. After the removal of duplicate publications, 2,498 studies were screened for compliance with the eligibility criteria. After reviewing the titles and abstracts, 17 studies were retrieved as full text. Of these, eight studies met the inclusion criteria. Finally, the eight articles were included in our meta-analysis.


[image: Figure 1]
FIGURE 1. PRISMA flow chart.




Characteristics of Included Studies

Demographic and case characteristics of patients included in the analysis are provided in Table 1. Overall, all studies were published between 2015 and 2020. Of these, three studies were performed in China, two in Japan, one in Korea, one in USA, and one in India. All the articles had a retrospective design except for one prospective study by Hu et al. (6). The number of patients studied in the included studies ranged from 4 to 108 patients, and the sum of all sigmoid-type achalasia patients was 248. Among them, 44.25% of the enrolled patients were female, and the median of the mean ages from all studies was 51 years (range: 39–63 years). The median of the mean duration of symptoms was 17 months (range: 3–166 months). The rate of previous interventions was 56.9% (n = 141). Ninety-seven patients had undergone PD, 15 patients had prior Heller myotomy, 11 patients had undergone BTI, and 18 patients had other interventions.


Table 1. The baseline characteristics of included studies.
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Outcome

The clinical outcomes of included studies are shown in Table 2. Myotomy length of POEM procedure was reported in all but two series, which range from 5.3 to 11.7 cm. The procedure time was available in all but one series. The median of the mean procedure time was 67.6 min (range: 55.3–95.9 min). The hospital stay was also reported in all but two series. The median of the mean hospital stay was 4.5 days (range: 1–6.9 days).


Table 2. The clinical outcomes of included studies.
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Technical success was reported in six studies. All sigmoid-type achalasia patients successfully applied POEM. Clinical success was available in all the series. Across the studies, the clinical success rate varied from 84.4 to 100%. The pooled clinical success rate was 90.4% (95% CI, 85.5%−93.8%, I2 = 0), as shown in Figure 2.


[image: Figure 2]
FIGURE 2. Forest plot of clinical success of POEM for sigmoid-type achalasia.


The Eckardt score was reported in all but one series. The pre- and post-POEM Eckardt scores was significantly decreased (MD, −5.60 points; 95% CI, −4.56 to −6.64 points, I2 = 90%, p < 0.00001) (Figure 3A). However, there was a significant heterogeneity. The sensitivity analysis eliminated the articles of Fujiyoshi et al. (16), and the I2 decreased from 90 to 69%, MD increased from 5.60 to 5.96 points, p is still <0.00001. The LES pressure was reported in five articles. The pre- and post-POEM LES pressure was significantly decreased (MD, −16.01 mmHg; 95% CI, −5.72 to −26.30 mmHg, I2 = 96%, p = 0.02) (Figure 3B). However, there was a significant heterogeneity. However, sensitivity analysis confirmed that the result was stable. Similarly, the IRP was also reported in five articles. The pre- and post-POEM IRP was significantly decreased (MD, −11.52 mmHg; 95% CI, −4.51 to −18.53 mmHg, I2 = 95%, p = 0.001) (Figure 3C). There was a significant heterogeneity. The sensitivity analysis eliminated the articles of Lv et al. (13), and the I2 decreased from 95% to 0, MD decreased from −11.52 to −7.74 mmHg, and p decreased from 0.001 to <0.00001.


[image: Figure 3]
FIGURE 3. (A) Meta-analysis of the changes in Eckardt score after POEM in sigmoid-type achalasia. (B) Meta-analysis of the changes in LES pressure after POEM in sigmoid-type achalasia. (C) Meta-analysis of the changes in IRP after POEM in sigmoid-type achalasia.




Adverse Events and Gastroesophageal Reflux Diseases

The prevalence of adverse events and gastroesophageal reflux diseases after POEM were summarized in Table 3. The rate of adverse events was available in all but one series. The pooled rate was 13.0% (95% CI, 3.6%−37.4%, I2 = 87.94%) (Figure 4A). There was a significant heterogeneity. The sensitivity analysis eliminated the articles of Hu et al. (6), and the I2 decreased from 87.94 to 30.31%, pooled rate decreased from 13.0 to 8.7%. The objective confirmation of reflux and symptomatic reflux were reported in all but two series. The pooled rate of objective confirmation of reflux was 41.5% (95% CI, 26.5%−58.3%, I2 = 75.54%) (Figure 4B). There was a significant heterogeneity. However, sensitivity analysis identified the stability of the pooled results. The pooled symptomatic reflux rate was 12.5% (95% CI, 8.3%−18.4%, I2 = 0).


Table 3. Adverse events and gastroesophageal reflux diseases after POEM.
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FIGURE 4. (A) Forest plot of adverse event rate of POEM for sigmoid-type achalasia. (B) Forest plot of rate of objective confirmation of reflux after POEM for sigmoid-type achalasia. (C) Forest plot of symptomatic reflux rate of POEM for sigmoid-type achalasia.




Quality of Included Studies and Publication Bias

Supplementary Table 2 shows the quality assessment of included studies in accordance with NOS quality assessment tool. The funnel plots for the meta-analyses are illustrated in Supplementary Figure, which indicated that publication bias could not be generally considered in this meta-analysis.




DISCUSSION

The sigmoid-shaped achalasia is usually recognized as the advanced stage, in which the esophageal body is obviously dilated, swerved, and rotated (3). Compared with straight-shaped achalasia, sigmoid-shaped achalasia is characterized by more severe symptoms due to the morphological changes (3). POEM is a promising modality for achalasia because it is equally effective and less invasive than surgery (24). However, POEM is challenging for sigmoid-shaped achalasia. Firstly, patients with severe esophageal stasis may have submucosal inflammation and fibrosis, which hinder the establishment of submucosal tunnel. Secondly, the severe bending angle of sigmoid-shaped achalasia makes the establishment of submucosal tunnel technically challenging (15, 25). In this meta-analysis, we found that: (1) the pooled clinical success for sigmoid-type achalasia patients was 90.4%; (2) the pre- and post-POEM Eckardt scores, angle of esophageal tortuosity, diameter of esophageal, LES pressure, and IRP were significantly improved; and (3) the pooled adverse events rate was 13.0%.

So far, there is no general consensus on the most effective treatment for sigmoid-type achalasia patients. Traditionally, esophagectomy has been recommended as the primary approach because esophagectomy can remove the tortuous esophagus, while myotomy is impossible (10). However, there were many complications of esophagectomy, such as anastomotic leakage, laryngeal nerve injury, bleeding and chylothorax, pleural effusion, and cervical fistula (6). Besides, recurrent dysphagia may still be possible due to cervical esophagogastrostomic stenosis (26). It was noteworthy that the reported mortality rate for sigmoid-type achalasia, even with an experienced surgeon, was approximately 3% (26, 27). Therefore, most researchers have recommended laparoscopic Heller myotomy as a first approach for sigmoid-type achalasia in recent years (13). Many studies have also shown the effectiveness and safety of laparoscopic myotomy for sigmoid-type achalasia (9, 28). At present, POEM as a novel, minimally invasive and effective myotomy with low incidence of complications shows a special superiority.

A recent systematic review by Li et al. (29) showed that the overall clinical success rate of POEM for treatment all achalasia patients was 92.9%, the overall rate of complications was 21.2%, the rate of gastroesophageal reflux disease was 10.2% and the rate of mortality after POEM was 0, which is similar to our study. Thus, this result may suggest that POEM is equally effective in treating patients with non-sigmoid-type achalasia or sigmoid-type achalasia. However, it must be noted that POEM in the treatment of sigmoid-type achalasia is much more difficult technically than straight-shaped achalasia. Hu et al. (6) suggested that mucosal incision should be closer to the cardia and choose a relatively straight path so that the subsequent submucosal tunnel would be shorter. As the submucosal tunnel was too long, it was easy to get lost in the tunnel in such a tortuous esophagus. Lv et al. (13) demonstrated that the shorter tunnel length can reduce the difficulty of constructing the submucosal tunnel, as well as the curvature of the tunnel and might reduce the gas-related event. In such challenging procedures, another concern is associated adverse events. Mucosal perforation is more likely to occur because of the morphological changes, fibrosis, and limited space in submucosal tunnels. Another concern is related complications in such challenging procedures. Due to the morphological changes, the fibrosis, and limited space in the submucosal tunnel, mucosal perforation may happen easily in the dissection process. Hu et al. (6) reported that the rate of mucosal injury or perforations was 37.5%, which was higher than that in nonsigmoid-type achalasia (29). Therefore, POEM for sigmoid-type achalasia should be performed by an experienced operator.

Hu et al. (6) found that the esophageal lumen was still dilated in all cases during their follow-up. However, the recent research by Yoon et al. (15) reported that POEM provided morphological improvement for patients with sigmoid-type achalasia and the improvement of esophageal tortuosity may reflect a reduced esophageal burden. Overall, in our meta-analysis, the angle of esophageal tortuosity and the diameter of esophageal were significantly changed after POEM procedure.

Our meta-analysis showed that the rate of reflux was quite high, in which pooled rate of objective confirmation of reflux was 41.5% and the rate of symptomatic reflux was 12.5%. Reflux would be an inevitable problem after POEM because there was no antireflux procedure. Most patients usually have remissions with medical therapy (such as proton pump inhibitors and H2-blocking agents). Refractory reflux disease could also be further treated by endoscopic fundoplication and laparoscopic partial fundoplication, which has been reported to help alleviate the clinical reflux (30, 31).

There are some limitations to the present analysis. Firstly, there were few randomized controlled trials for meta-analysis because of the rarity of sigmoid-type achalasia. All the studies we included were retrospective or cohort studies, with two of them being presented only as published conference abstracts, which may lead to selection bias and reporting bias. Secondly, heterogeneity was noted in the pre- and post-POEM Eckardt scores, LES pressure, IRP, pooled adverse event rate, and objective confirmation of reflux rate, which may change the results. Thirdly, there were still many published papers which may have subgroup data on sigmoid-type achalasia patients. However, we cannot obtain this data by contacting the author. We can only include the eight studies in our meta-analysis, which may affect the results. Finally, despite contacting authors by email, we still cannot get individual-level data of Eckardt score from included studies and some of the articles have missing variables, which prevented us from doing more detailed and comprehensive research.

Despite these limitations, our meta-analysis provided a better understanding for the efficacy and safety of POEM in the treatment of sigmoid-type achalasia. However, a series of large-scale randomized controlled trials are still needed to prove the superiority of this technique.
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With the rapid development of science and technology, artificial intelligence (AI) systems are becoming ubiquitous, and their utility in gastroenteroscopy is beginning to be recognized. Digestive endoscopy is a conventional and reliable method of examining and diagnosing digestive tract diseases. However, with the increase in the number and types of endoscopy, problems such as a lack of skilled endoscopists and difference in the professional skill of doctors with different degrees of experience have become increasingly apparent. Most studies thus far have focused on using computers to detect and diagnose lesions, but improving the quality of endoscopic examination process itself is the basis for improving the detection rate and correctly diagnosing diseases. In the present study, we mainly reviewed the role of AI in monitoring systems, mainly through the endoscopic examination time, reducing the blind spot rate, improving the success rate for detecting high-risk lesions, evaluating intestinal preparation, increasing the detection rate of polyps, automatically collecting maps and writing reports. AI can even perform quality control evaluations for endoscopists, improve the detection rate of endoscopic lesions and reduce the burden on endoscopists.
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INTRODUCTION

Artificial intelligence (AI) is a new and powerful technology. In contrast to machines, the human brain may make mistakes in long-term work due to fatigue and stress, among other distractions; AI technology can therefore compensate for the limited capabilities of humans. Over the past few decades, AI has received increasing attention in the field of biomedicine. A multidisciplinary meeting was held on September 28, 2019, where academic, industry and regulatory experts from different fields discussed technological advances in AI in gastroenterology research and agreed that AI will transform the field of gastroenterology, especially in endoscopy and image interpretation (1). In fact, there are many cases of missed lesion detection due to low-quality endoscopy, which can be greatly reduced with the help of AI.

Thus far, AI has mainly been applied to the field of endoscopy in two aspects: computer-aided detection (CADe) and computer-aided diagnosis (CADx) (2). Although many of the advantageous features of AI seem promising for routine endoscopy, endoscopy still depends heavily on the technical skills of the endoscopist. Improving the quality of endoscopy is thus needed to improve the detection rate and ensure the correct diagnosis of diseases.

In this review, we summarize the literature on AI in gastrointestinal endoscopy, focusing on the role of AI in monitoring (Figure 1)—mainly in monitoring the endoscopy time, reducing endoscopy blindness, improving the success rate of high-risk lesion detection, evaluating bowel preparation, increasing polyp detection rate and automatically taking pictures and writing reports, with the goal of improving the quality of daily endoscopy and making AI a powerful assistant to endoscopists in the detection and diagnosis of disease.


[image: Figure 1]
FIGURE 1. Use of AI in gastrointestinal endoscopy. (A) Display the examined site, reduce the blind spot rate of endoscopy. (B,C) Determine the depth and boundary of gastric cancer invasion. (D) Automated bowel scoring. (E) Real-time recording of operation time, inspected parts, and scores. (F) Trend analysis of endoscopy quality.



Terms Related to AI

In recent years, the proliferation of AI-based applications has rapidly changed the way we work and live. AI refers to the ability of a machine or computer to learn and solve problems by imitating the human mind with human-like cognition and task execution (3).

Machine learning (ML) and deep learning (DL) can be considered subsets of AI. Machine learning is a fundamental concept in AI, which can be described as the study of computer algorithms that are automatically improved through training and practice over time (4). This approach requires human input of meaningful image features into a trainable prediction algorithm, such as a classifier (5). Deep learning (DL) is a transformative machine-learning technique that enables transfer learning, where parameters in each layer are changed based on representations in previous layers, and can be effectively applied even when the new task has a limited training data set (6).

Artificial neural networks (ANNs) are supervised models that are very similar to the organization of the human central nervous system. Convolutional neural networks (CNNs) are an even more advanced digital DL technique widely used in image and pattern recognition. CNNs are similar to the human brain in their approach to thinking and use large image data sets for learning. Usually, the data set is divided randomly, and a subset is reserved for cross-validation (7).



Application of AI in the Gastrointestinal Tract


Identifying Anatomy

For upper gastrointestinal endoscopy, the European Society of Gastrointestinal Endoscopy (EGSE) has proposed the collection of images of eight specific upper gastrointestinal (UGI) landmarks (8), and several similar classification methods have been developed. AI has proven useful for identifying and labeling anatomical sites of the upper digestive tract. Takiyama et al. designed a CNN to identify the anatomical location of esophagus gastroduodenoscopy (EGD) images. They collected 27,335 EGD images for training and divided them into four main anatomical parts (larynx, esophagus, stomach and duodenum) with three sub-classifications of the stomach (upper, middle and lower). The accuracy rate was found to be 97%, but the clinical application was limited (9). The Wisense AI system designed by Wu et al. classified 26 EGD sites and monitored blind spots in real time through reinforcement learning, achieving an accuracy rate of 90.02% and making significant progress in real time (10, 11). Seong Ji Choi et al. developed an AI-driven quality control system for EGD using CNNs with 2,599 retrospectively collected and labeled images obtained from 250 EGD surgeries. The EGD images were classified into 8 locations using the developed model, with an accuracy of 97.58% and sensitivity of 97.42% (12).

In the lower digestive tract, an AI system can automatically identify the cecum and monitor the speed of endoscopic withdrawal. Samarasena et al. developed a CNN that can automatically detect equipment during endoscopy, such as snares, forceps, argon plasma coagulation catheter, endoscopic auxiliary equipment, anatomical cap, clamps, dilating balloons, rings and injection needles. The accuracy, sensitivity and specificity of these devices detected by the CNN were 0.97, 0.95 and 0.97, respectively (13). Based on the function of the recognition device, the AI system can further help accurately measure the size of the polyp and aid the endoscopist in quickly determining whether to leave it in place or remove and discard it. Karnes et al. developed a CNN to automatically identify the cecum (13), and the ENDOANGEL is further able to monitor the exit speed, colonoscopy intubation and exit timing and alert the endoscopic surgeon to blind spots caused by endoscopic sliding (14). Identifying the anatomical parts of the digestive tract and accurately classifying them can help inexperienced endoscopists correctly locate the examination site as well as reduce the blind spot rate.



Reducing the Blind Spot Rate of Endoscopy

Gastric and esophageal cancers are common cancers of the digestive tract but can easily be missed during endoscopy, especially in countries where the incidence of the disease is low and training is limited. The 5-year survival rate of gastric cancer is highly correlated with the stage of gastric cancer at the time of the diagnosis, so it is very important to improve the detection rate of early gastrointestinal (GI) cancer. Some blind spots in the gastric mucosa, such as the sinus and the small curvature of the fundus, may be hidden from the endoscopist, depending to a large extent on the competence of the endoscopist.

To reduce the blind spot rate of EGD surgery, Wu et al. built a real-time quality improvement system known as WISENSE. Through training on 34,513 stomach images, blind spots were detected in real EGD videos with an accuracy of 90.40%. In a single-center randomized controlled trial, the blind spot rates of the WISENSE group and the control group were 5.86 and 22.46%, respectively, indicating a significant reduction in the blind spot rate with the WISENSE. In addition, the WISENSE can automatically create photo files, thus improving the quality of daily endoscopy (10).

In a prospective, single-blind, randomized controlled trial, 437 patients were randomly assigned to unsedated ultrathin transoral endoscopy (U-TOE), unsedated conventional Esophagogastroduodenoscopy (c-EGD) or sedated c-EGD, and each group was divided into two subgroups according to the presence or absence of assistance from an AI system. Among all groups, the blind spot rate in the AI-assisted group was 3.42%, which was much lower than that in the control group (22.46%), and the addition of AI had the greatest effect on the sedated c-EGD group (11).



Guided Biopsy

Squamous cell carcinoma of the pharynx and esophagus is a common disease, and one randomized controlled study indicated that the specificity of esophageal carcinoma was no more than 42.1%, while the sensitivity was only 53% for inexperienced physicians (15, 16). Seattle protocols and evolving imaging technologies can assist in the diagnosis, but some issues remain, such as the need for expert handling, a low sensitivity and sampling errors (17, 18).

The American Society of Gastrointestinal Endoscopy recognizes the use of advanced imaging technology to switch from a random biopsy to a targeted biopsy under certain circumstances. Imaging techniques with targeted biopsies for detecting high-grade dysplasia (HGD) or early esophageal adenocarcinoma (EAC) achieve ≥90% sensitivity, negative predictive values of ≥98% and sufficiently high specificity (80%) to reduce the number of biopsies (19). However, this requires a long learning period, and only experienced endoscopists can reach this level.

An AI system can help endoscopists switch from a random biopsy to a targeted biopsy and improve the detection rate of endoscopic lesions without the need for complicated training procedures. To improve the detection of early esophageal tumors, de Groof et al. validated a DL-based CADe system using five independent datasets. The CAD system classified images as neoplasms or non-dysplastic BE with 89% accuracy, 90% sensitivity and 88% specificity. In addition, in 2 other validation datasets, the system accurately located the best location for biopsy in 97 and 92% of cases (20). The CNN constructed by Shichijo et al. was used for Helicobacter pylori detection by classifying the anatomical parts of the stomach (21, 22). The sensitivity, specificity and accuracy were increased compared with endoscopists, improving the choice of the biopsy location (21, 23).

Traditionally, a biopsy has been used to assess the nature of lesions. However, CADx systems can help predict histology, even in the absence of biopsy. Endocytoscopy is a contact microscopy procedure that allows for the real-time assessment of cell, tissue and blood vessel atypia in vivo. EndoBRAIN, a combination of endocytoscopy and narrow-band imaging (NBI), is a platform for performing automated optical biopsies that was validated and evaluated on 100 images of colorectal lesions resected endoscopically and subjected to pathology; the EndoBRAIN system shows an accuracy of 90% (24). Using laser-induced autofluorescence spectroscopy, which combines optical fibers into standard biopsy forceps and triggers upon contact, the WAVSTAT4 system provides a real-time, in vivo automatic optical biopsy of colon polyps. When validated prospectively in 137 polyps, the accuracy of the WAVSTAT4 system was found to be 85% (25). The use of the CADx systems can help reduce uneven level in the levels of observers, thereby improving standardization and enabling wider adoption by less-experienced endoscopists (26).



Determining the Depth and Boundary of Gastric Cancer Invasion

Gastric cancer is a common cancer of the digestive tract, and early cancer recognition tests are particularly important. However, an early endoscopic diagnosis is difficult, as most early gastric cancers show only a slight depression or bulge with a faint red color. Predicting the depth of infiltration of the gastric wall is a difficult task, and making an optical diagnosis using image enhancement techniques, flexible spectral imaging color enhancement (FICE) or blue-laser imaging (BLI) has proven useful, provided that the endoscopist has a great deal of expertise. AI helps solve the issue of endoscopists having too little experience (27).

To investigate the depth of esophageal squamous cell carcinoma (ESCC) invasion, two Japanese research groups developed and trained the CADX system separately. The sensitivity and accuracy of the system studied by Nakagawa et al. to distinguish pathological mucosal and submucosal microinvasive carcinoma from submucosal deep invasive carcinoma were 90.1 and 91.0%, respectively, and the specificity was 95.8%. The system was compared to the findings of 16 experienced endoscopic specialists, and its performance was shown to be comparable (28). Tokai et al.'s CADX system detected 95.5% of ESCCs (279/291) in the test images within 10 s and correctly estimated the depth of infiltration with a sensitivity of 84.1% and an accuracy of 80.9%, which was better than the accuracy of 12 of the 13 endoscopic experts (29). Kubota et al. developed a CADx model for diagnosing the depth of early gastric cancer invasion on gastroscopic images. About 800 images were used for computer learning, and the overall accuracy rate was 64.7%. The diagnostic accuracy rates of the T1, T2, T3, and T4 stages were 77.2, 49.1, 51.0, and 55.3%, respectively (30). Zhu et al. designed a CNN algorithm using 790 endoscopic images for training and another 203 for verification to assess the depth of invasion of gastric cancer. The accuracy of the system was 89.2%, the sensitivity was 74.5%, and the specificity was 95.6% (31).

Using magnified NBI images, Kanesaka et al. developed a CADe tool that can be used for detection, in addition to depicting the border between cancerous and non-cancerous gastric lesions, with 96.3% accuracy, 96.7% sensitivity and 95% specificity (32). Miyaki et al. developed a support vector machine (SVM)-based analysis system for the quantitative identification of gastric cancer together with BLI endoscopy. The training set was made using 587 images of gastric cancer and 503 images of surrounding normal tissue, and the validation set comes from 100 EGC images of 95 patients. These images were all examined by BLI magnification using the laser endoscopy system. The results showed that the average SVM output value of cancerous lesions was 0.846 ± 0.220, that of red lesions was 0.381 ± 0.349, and that of the surrounding tissue was 0.219 ± 0.277. The SVM output value of cancerous lesions was significantly greater than that of the red lesions or surrounding tissue. The mean output of undifferentiated cancer was greater than that of differentiated cancer (33).



Identifying and Characterizing Colorectal Lesions

Polyp size measurements are important for the effective diagnosis, treatment and establishment of monitoring intervals. Wang et al. developed an algorithm that uses edge cross-sectional visual features and rule-based classifiers to detect the edges of polyps and track the edges of the detected polyps. The program correctly detected 42 of 43 polyp shots (97.7%) from 53 videos randomly selected by 2 different endoscope processors. The system can help endoscopists discover more polyps in clinical practice (34). Requa et al. (35) developed a CNN to estimate the size of polyps on colonoscopy. This system can run during real-time colonoscopy and divide polyps into 3 size-based groups of ≤5, 6–9, and ≥10 mm, with the final model showing an accuracy of 0.97, 0.97 and 0.98, respectively. Byrne et al. also described a real-time evaluable deep neural network (DNN) model for polyp detection with an accuracy, sensitivity, specificity, negative predictive value and positive predictive value of 94.0, 98.0, 83.0, 97.0, and 90.0% for adenoma differentiation (36).

Ito et al. developed an endoscopic CNN to distinguish the depth of invasion of malignant colon polyps. The sensitivity, specificity and accuracy of the system for the diagnosis of deep invasion (cT1b) were 67.5, 89.0, and 81.2%, respectively. The use of a computer-assisted endoscopic diagnostic support system allows for a quantitative diagnosis to be made without relying on the skills and experience of the endoscopist (37).

The use of AI systems as clinical adjunct support devices allows for more extensive use of “leave in place” and “remove and discard” strategies for managing small colorectal polyps. Chen et al. developed a CADx system with a DNN-CAD for the identification of neoplastic or proliferative colorectal polyps smaller than 5 mm in size. The training set consisted of 1,476 images of neoplastic polyps and 681 images of proliferative polyps, and the test set consisted of 96 images of proliferative polyps and 188 images of small neoplastic polyps. The system achieved 96.3% sensitivity, 78.1% specificity and 90.1% accuracy in differentiating tumors from proliferative polyps. The DNN-CAD system was able to classify polyps more quickly than either specialists or non-specialists (38).



Automated Assessment of Bowel Cleansing

The adenoma detection rate (ADR) is widely accepted measure of the quality of colonoscopy, defined as the percentage of patients who have at least one adenoma detected during colonoscopy performed by an endoscopist. The ADR is negatively correlated with the risk of interstage colorectal cancer, and there is a strong positive correlation between the quality of bowel preparation and the colon ADR. A variety of tools have been developed to assess intestinal readiness, such as the Boston Bowel Preparedness Scale (BBPS) and the Ottawa Bowel Preparedness Scale, but subjective biases and differences also exist among endoscopic physicians. The bowel preparation scale is another indicator that can be automatically evaluated by AI, with good results achieved. A proof-of-concept study using AI models to evaluate quality measures such as the mucosal surface area and bowel readiness score examined the sufficiency of colonic dilation and clarity of endoscopic views (39). Another study used a deep CNN to develop a novel system called the ENDOANGEL to evaluate bowel preparation. The ENDOANGEL ultimately achieved 93.33% accuracy in 120 images and 89.04% in 20 real-time inspection videos, which is higher than the accuracy rate of the endoscopists consulted for the study. The accuracy rate, in 100 images with bubbles, also reached 80.00% (40).

The software program developed by Philip et al. to provide feedback on the quality of colonoscopy works in three ways: measuring the sharpness of the image from the video in real time, assessing the speed of exit and determining the degree of bowel preparation. Fourteen screening colonoscopy videos were analyzed, and the results were compared with those of three gastroenterology experts. For all of colonoscopy video samples, the median quality ratings for the automated system and reviewers were 3.45 and 3.00, respectively. In addition, the better the endoscopist withdrawal speed score, the higher the automated overall quality score (41).

In a recent study, Gong et al. (42) established a real-time intelligent digestive endoscopy quality control system capable of retrospectively analyzing endoscopy data and helping endoscopists understand inspection-related indicators, such as the inspection time and blindness rate, ADR and bowel preparation success rate. The complaint report can be generated automatically, and these data can further analyze the changing trend of the detection rate of colonoscopy adenoma and precancerous lesions, so as to help endoscopists to analyze their own shortcomings and make improvements.



Identifying and Characterizing UGI Tract Lesions

Advanced esophageal and gastric cancer often have a poor prognosis, so early upper gastrointestinal (UGI) endoscopic detection is especially important. In European community, the missed diagnosis rate for UGI cancers has been reported to range from 5 to 11%, while the rate for Barrett's early stage tumors has been reported to be as high as 40% (43). AI systems could help endoscopists detect upper digestive tract tumors and improve the detection rate. However, these systems are still experimental in design and there is still uncertainty about their clinical applicability.

In order to explore the diagnostic performance of AI in detecting and characterizing UGI tract lesions, Julia Arribas et al. searched relevant databases before July 2020 and analyzed and evaluated the comprehensive diagnostic accuracy, sensitivity and specificity of AI. According to the meta-analysis, the AI system showed high accuracy in detecting UGI tumor lesions, and its high performance covered all ranges of UGI tumor lesions [including esophageal squamous cell neoplasia (ESCN), Barrett's esophagus-related neoplasia (BERN), and gastric adenocarcinoma (GCA)]. The sensitivity of AI to detect UGI tumors was 90%, the specificity was 89%, and the total AUC was 0.95 (CI 0.93–0.97) (43).

Leonardo Frazzoni et al. evaluated the accuracy of endoscopic physicians in identifying UGI tumors using the AI validation research framework, with an AUC of 0.90 for ESCN (95%CI 0.88–0.92) and 0.86 for Bern (95%CI 0.84–0.88). The results showed that the accuracy of endoscopists in identifying UGI tumors was not particularly good, and suggested that AI validation studies could be used as a framework for evaluating endoscopists' capabilities in the future (44).

In order to explore the clinical applicability of AI in improving the detection rate of early esophageal cancer, we designed a prospective randomized, single-blind, parallel controlled experiment to evaluate the effectiveness of AI system ENDOANGEL in improving the detection of high-risk lesions in the esophagus (Figure 2). ENDOANGEL is an AI model based on a deep learning algorithm that recognizes and prompts high and low-risk esophageal lesions under NM-NBI. It outlines the range of suspicious lesions in the form of a prompt box and gives a risk rating. We hope ENDOANGEL can increase the detection rate of high-risk esophageal lesions by electronic esophageal gastroscopy. At present, this clinical study is in progress. In the early stage, we used a large number of gastroscopy videos of high-risk esophageal lesions to train the model. In the pre-experimental stage, it was found that the model had a problem of misjudgment in the cardia, that is, the dentate line was mistaken for the lesion is framed. In order to reduce the misjudgment rate, we have further trained the model, and this problem has been well-improved after learning. At the same time, as in other studies, this model occasionally mistakes bubbles and mucus for lesions. For now, AI is not perfect, but just like the problem encountered in this experiment, through deeper learning and continuous training, the error rate will gradually decrease to ensure a high correct detection rate.


[image: Figure 2]
FIGURE 2. ENDOANGEL monitors esophageal lesions. (A,B) Low-risk lesion of the esophagus in the endoscopic white light mode. (C) Low-risk lesion of the esophagus in the endoscopic NBI mode. (D) High-risk lesion of the esophagus in the endoscopic NBI mode.






CONCLUSION

In gastrointestinal endoscopy, computer-aided detection and diagnosis have made some progress. Table 1 summarizes the key research on the diverse functions of AI in the application of gastrointestinal endoscopy. At the present, CADe and CADx have helped endoscopists improve detection rates for many diseases, but there are still many limitations to its implementation and use. First, research on AI is still in the early stages, and static images are usually used to verify computer-aided design models. Most of these studies are retrospective and lack of prospective experiments. Second, computer-aided endoscopy systems are often plagued by false positives, such as air bubbles, mucus and feces and exposure. Third, most of these systems are developed and designed by a single institution for use in certain patient groups, so their expansion to other populations may be difficult. However, it is undeniable that the prospects for the auxiliary application of AI in GI endoscopy are bright. In remote or backward areas, endoscopic technology is difficult to be guaranteed, and the skills of endoscopists grow slowly. Computer-aided examination can help solve the problems of high rate of missed diagnosis and false diagnosis.


Table 1. The role of AI in quality control of gastroenteroscopy.
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It's worth noting that AI systems cannot completely replace endoscopes, even with further improvements in the future. Most current AI systems are tested for specific diseases in specific areas. In the future, we expect that AI can improve the detection rate of a variety of digestive tract diseases in gastrointestinal examination, and serve clinical work better as a quality control system.
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Background: The aim of this systematic review and meta-analysis was to investigate the efficacy and safety of remimazolam in clinical endoscopic procedure sedation.

Methods: The authors searched the databases of PubMed, Embase, and Cochrane Library for studies published until January 2, 2021, that reported remimazolam sedation for endoscopic procedures. The sedative efficiency and the incidence of adverse events were assessed as outcomes. Cochrane Review Manager Software 5.3 was used to perform the statistical analyses.

Results: Seven relevant studies involving a total of 1,996 patients were identified. We conducted a meta-analysis of the different controls used in the studies, that is, the placebo, midazolam, and propofol. The results demonstrated that remimazolam had a strong sedative effect, and its sedative efficiency was significantly higher than that of placebo [OR = 0.01, 95% CI: (0.00, 0.10), I2 = 30%, p <0.00001]. The sedative efficiency of remimazolam was significantly higher than that of midazolam [OR = 0.12, 95% CI: (0.08, 0.21), I2 = 0%, p < 0.00001] but lesser than that of propofol [OR = 12.22, 95% CI: (1.58, 94.47), I2 = 0%, p = 0.02]. Regarding the adverse events, remimazolam is associated with a lower incidence of hypotension than placebo and midazolam. Similarly, remimazolam was associated with a lower incidence of hypotension and hypoxemia than propofol.

Conclusions: Remimazolam is a safe and effective sedative for patients undergoing endoscopic procedures. The sedative efficiency of remimazolam was significantly higher than that of midazolam but slightly lower than that of propofol. However, the respiration and circulation inhibitory effects of remimazolam were weaker than those of midazolam and propofol.

Keywords: remimazolam, endoscopy, procedural sedation, adult, meta-analysis


INTRODUCTION

Endoscopy, including gastrointestinal endoscopy, bronchoscopy, and other types of endoscopy, is the most convenient, safe, and effective method for detecting gastrointestinal or bronchial hemorrhage, tumors, and precancerous lesions. It has been widely used in clinical practice (1). Millions of patients receive endoscopy each year because of digestive tract and other disorders globally. However, endoscopy is an invasive procedure, and patients may have several forms of discomfort such as nervousness, fear, cough, gastrointestinal spasm, and severe complications such as arrhythmia and cerebrovascular accidents (2, 3).

Compared with traditional endoscopy, the use of sedatives and analgesics during endoscopy can eliminate fear and relieve pain in patients, as well as reduce the difficulty of the endoscopic procedure and shorten the duration of the procedure (4, 5). At present, the sedative drugs used in clinical endoscopy are mainly midazolam and propofol. Midazolam has a long duration of action and slow recovery from anesthesia (6, 7). In addition to the injection site pain, propofol also has strong respiratory and circulatory inhibitory effects, thus increasing the incidence of accidental risks such as hypoxemia, hypotension, and cardiac arrest (8, 9).

Remimazolam, an analog of midazolam, is a benzodiazepine and a new ultra-short-acting sedative (10, 11). Compared with midazolam, remimazolam has the advantages of rapid onset, rapid recovery, and a higher safety profile (12, 13). Previous studies have found that remimazolam has the same success rate of sedation as propofol but is associated with a lower incidence of hypotension and hypoxemia, and faster awakening time when used for endoscopic sedation (14). However, it is a new drug, and its efficacy and safety for endoscopic sedation have not been established. Therefore, we collected previously published relevant data to conduct a systematic review and meta-analysis on the efficacy and safety of remimazolam sedation for endoscopy.



MATERIALS AND METHODS

This systematic review and meta-analysis adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Supplementary Table 1) (15).


Search Strategy

Xianlin Zhu and Hongbai Wang were responsible for document retrieval. We searched the databases of Cochrane Library, Embase, and PubMed using the PICOS (Population, Intervention, Comparison, Outcome, Study design) method. The deadline for our search was January 2, 2021. The search terms included “Remimazolam” OR “CNS 7056” AND “Endoscopy” OR “Bronchoscopy” OR “Colonoscopy” OR “Gastroscopy,” and the search scope was “title and abstract.” We sought to evaluate all studies on the efficacy and safety of remimazolam for endoscopy, and we did not restrict the search to control drugs and specific study designs. Articles published in various languages were included. A manual search of the reference lists of reviews and research papers was conducted to exclude missing RCTs.



Study Selection

Hongbai Wang and Yuan Jia screened the titles and abstracts, while Xianlin Zhu and Su Yuan screened the full texts. The inclusion criteria included the following: (1) participants undergoing endoscopic procedures, including gastroscopy, colonoscopy, gastrointestinal endoscopy, and bronchoscopy; and (2) sedation with remimazolam and placebo or other positive control agents. The exclusion criteria included (1) participants undergoing endoscopic procedures with anesthetics that could not be established; (2) duplicate articles; (3) review or meta-analysis; (4) basic research; (5) articles published as an abstract, editorial, case report, letter, note, conference article, method, or protocol; and (6) articles presented in a non-English language.



Outcome Measures

The primary outcome was the sedative efficiency of remimazolam in endoscopy, and the secondary outcomes were the incidence of adverse events, including hypotension, hypoxia, bradycardia, nausea, vomiting, and pain of the injection site.



Data Extraction

Yinan Li and Zhe Zhang were responsible for extracting the following information: (1) author; (2) publication year; (3) the number of participants in each study; (4) country of publication; (5) age range of all the participants; (6) gender composition; (7) the procedures that participants underwent; (8) the specific interventions that participants received, including the drug name, dose, and the medication regimen; (9) the methods and criteria for sedative efficacy assessment; and (10) the number of patients in the remimazolam and control group. Yinan Li extracted those data, and Zhe Zhang checked the extracted data.



Quality Assessment of Included Studies

Fuxia Yan and Zaiping Wang independently assessed the methodological quality of the included studies. Since the included studies were all RCTs, and there were no retrospective or prospective observational studies in this systematic review and meta-analysis, the risk of bias was assessed using the Cochrane Collaboration Risk of Bias Assessment tool. They included the following seven items: random sequence generation (selection bias), allocation concealment (selection bias), blinding of participants and personnel (performance bias), blinding of outcome assessment (detection bias), incomplete outcome data (attrition bias), selective reporting (reporting bias), and others (bias due to vested financial interest and academic bias). If the study had one or more items associated with a high or unclear risk of bias, it was classified as high risk (16). If the two authors disagreed on their assessments, the corresponding author resolved any discrepancies to eliminate bias.



Data Analysis

The Cochrane Review Manager Software (RevMan 5.3, Cochrane Collaboration, Oxford, UK) and Stata version 12.0 (Stata Corp, College Station, TX, USA) were used for the statistical analyses. We used the values of I2 and the Mantel–Haenszel chi-square test (p-value for heterogeneity) to assess inter-study heterogeneity. I2 <40%, 40 ≤ I2 <60%, and I2 ≥ 60% indicated low, moderate, and high heterogeneity, respectively (17). If significant heterogeneity was detected (I2 ≥ 50%), a leave-one-out sensitivity analysis was performed to assess the single comparison-driven inference. The meta-analysis was performed with a random-effects model when there was significant heterogeneity (I2 ≥ 50% or a p-value for heterogeneity < 0.1); otherwise, a fixed-effect model was used (I2 <50% or a p-value for heterogeneity ≥ 0.1) (18). The dichotomous outcome was reported as the odds ratios (OR) with a 95% confidence interval (CI). The statistical tests were two-sided, and a p-value for the overall effect of < 0.05 denoted significant differences.




RESULTS


Study Selection

The literature search identified 59 potentially eligible articles: 14 from PubMed, 18 from Embase, and 27 from Cochrane Library. We removed 26 duplicate articles and excluded 25 articles at the title-and-abstract review stage according to the exclusion criteria. In addition, we excluded one trial at the full-text review stage; it was a dose-finding study of remimazolam involving volunteers undergoing colonoscopy, and it assessed the antagonistic effect of flumazenil in reversing remimazolam sedation (19). As illustrated in the PRISMA flow diagram, the final analysis included seven studies involving a total of 1996 patients (12–14, 20–23) (Figure 1).


[image: Figure 1]
FIGURE 1. The screening process of the eligible literatures.




Studies and Participants' Characteristics

Seven studies involving a total of 1,996 patients were included, and all of them were RCTs (published April 2005–Jan 2021); four involved 1,079 patients undergoing colonoscopy (13, 21–23), two involved 478 patients undergoing upper gastrointestinal endoscopy (14, 20), and one involved 439 patients undergoing bronchoscopy (12). The age of the patients ranged from 18 to 95 years, and male patients accounted for 45.38% (Table 1). Seven studies adopted the same or similar criteria to assess sedative efficiency. We allocated the patients in each study to two groups according to the type of sedative drugs used for endoscopy: the remimazolam group and control groups (including placebo, midazolam, and propofol). The proportion of patients with successful sedation was 1,071/1,208 in the remimazolam group and 481/788 in the control group (placebo 4/139, midazolam 88/270, and propofol 379/379, respectively) (Table 2). In addition, the incidence of adverse events, especially hypotension and hypoxia, were widely recorded (Table 3).


Table 1. The basic characteristics of included studies.
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Table 2. The number of patients with successful sedation and assessment methods of successful sedation in endoscopy.
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Table 3. The number of patients with adverse events during endoscopy.
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Risk of Bias Assessment

The Cochrane Collaboration Risk of Bias Assessment tool was used to assess the risk of bias for the RCTs. The included seven studies demonstrated a low risk of bias, as they assessed the random sequence generation (seven studies, 100%), allocation concealment (seven studies, 100%), blinding of participants and personnel (six studies, 85.7%), blinding of outcome assessment (six studies, 85.7%), incomplete outcome data (seven studies, 100%), selective reporting (seven studies, 100%), and others (six studies, 85.7%). Among these studies, six studies were found to be of high quality (Figures 2, 3).


[image: Figure 2]
FIGURE 2. The risk of bias graph of included studies.
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FIGURE 3. The risk of bias summary of included studies.




The Sedative Efficiency

Three studies involving 776 patients have compared the sedative efficacies of remimazolam and placebo (remimazolam group, n = 637; placebo group, n = 139). The pooled results demonstrated significant differences between the two groups, and the sedative efficacy was higher in the remimazolam group [OR = 0.01, 95% CI: (0.00, 0.10), I2 = 30%, p < 0.00001] (Figure 4). Two studies involving 762 patients have compared the sedative efficacies of remimazolam and propofol (remimazolam group, n = 383; propofol group, n = 379). The pooled results demonstrated significant differences between two groups, and sedative efficacy was higher in the propofol group [OR = 12.22, 95% CI: (1.58, 94.47), I2 = 0%, p = 0.02] (Figure 5). Five studies involving 1,102 patients have compared the sedative efficacies of remimazolam and midazolam (remimazolam group, n = 832; midazolam group, n = 270). The pooled results demonstrated significant differences between two groups [OR = 0.11, 95% CI: (0.08, 0.16), I2 = 92%, p < 0.00001] (Figure 6). Due to the noted significant heterogeneity between the included studies (I2 = 92%), a leave-one-out analysis was performed. When the three studies (13, 20), were excluded from the analysis, there was still a significant difference between the two groups, and sedative efficacy favored the remimazolam group [OR = 0.12, 95% CI: (0.08, 0.21), I2 = 0%, p < 0.00001] (Figure 7).


[image: Figure 4]
FIGURE 4. The comparison of sedative efficacy between remimazolam and placebo.
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FIGURE 5. The comparison of sedative efficacy between remimazolam and propofol.



[image: Figure 6]
FIGURE 6. The pooled results of sedative efficacy between remimazolam and midazolam before the sensitivity analysis.
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FIGURE 7. The pooled results of sedative efficacy between remimazolam and midazolam after the sensitivity analysis.




The Incidence of Adverse Events

The pooled results demonstrated significant differences between the remimazolam and placebo groups related to the incidence of hypotension; the remimazolam group showed a better outcome [OR = 0.62, 95% CI (0.42, 0.91), I2 = 36%, p = 0.01]. There was no difference between the two groups based on the incidence of hypoxia, bradycardia, nausea, vomiting, and pain at the injection site. The pooled results demonstrated significant differences between the remimazolam and propofol groups based on the incidence of hypotension, hypoxia, and pain of injection site; the outcomes in the remimazolam group were more favorable [hypotension: OR = 0.25, 95% CI (0.18, 0.34), I2 = 36%, p < 0.00001; hypoxia: OR = 0.15, 95% CI (0.07, 0.33), I2 = 0%, p < 0.00001; pain of injection site: OR = 0.03, 95% CI (0.01, 0.13), I2 = 0%, p < 0.0001, respectively]. There was no difference between the two groups based on the incidence of bradycardia, nausea, and vomiting. The pooled results demonstrated significant differences between the remimazolam and midazolam groups based on the incidence of hypotension; the remimazolam group had a better outcome [OR = 0.56, 95% CI (0.41, 0.77), I2 = 37%, p = 0.0003]. There was no difference between the two groups based on the incidence of hypoxia, bradycardia, nausea, vomiting, and pain at the injection site (Table 4).


Table 4. The pooled results of adverse events rates between remimazolam group and control group.
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DISCUSSION

This meta-analysis investigated the efficacy and safety of remimazolam sedation in endoscopy. Our results show that remimazolam had a strong sedative effect, and its sedative efficiency was significantly higher than that of placebo. Compared with the traditional sedative drugs, midazolam and propofol, the sedative efficiency of remimazolam was significantly higher than that of midazolam but lower than that of propofol. On the incidence of adverse events and complications, remimazolam was associated with a lower incidence of hypotension than placebo and midazolam, but there were no significant differences in hypoxia, bradycardia, nausea, vomiting, and pain at the injection site. Compared with propofol, remimazolam was associated with significantly lower incidence of hypotension, hypoxemia, and injection site pain but no differences in the incidence of bradycardia, nausea, and vomiting. Therefore, our results suggest that remimazolam has a good safety profile and a satisfactory efficacy for sedation for endoscopy.

Remimazolam, one of the newest benzodiazepines, acts on the gamma-aminobutyric acid receptor subunit (GABAA), and increasing the activity of the receptor exerts a sedative effect (25). It is an ultra-short-acting drug with a pharmacokinetic–pharmacodynamic profile characterized by rapid onset and recovery and moderate hemodynamic side effects (26). Remimazolam undergoes organ-independent metabolism and gets hydroxylated by plasma tissue esterases to an inactive metabolite, which allows for rapid removal even after use in prolonged infusions (24, 27). Therefore, prolonged infusions or high doses do not lead to drug or metabolite accumulation.

The clinical use of remimazolam has been considered in different settings. It has been evaluated as a premedication drug for use before anesthesia. However, its distinct bitter taste, very short duration of action, and low oral bioavailability limit its use in that regard (28). It has also been studied as a general anesthetic, using induction doses of 6 and 12 mg/kg/h and maintenance rates of 1 mg/kg/h. This demonstrated that remimazolam was non-inferior to propofol based on its efficacy as a general anesthetic, but the incidence of hypotension and other adverse events was significantly lower (29). Because of its ultra-short-acting and organ-independent metabolism characteristics, remimazolam has also been evaluated as a sedative agent for use in the ICU setting, making it an ideal agent for neurological evaluation soon after an infusion has been discontinued (30). However, no data are currently available for definitive conclusions.

Procedural sedation is widely used in endoscopic procedures around the world. Remimazolam has been studied for use in sedation for endoscopic procedures such as gastroscopy, colonoscopy, and bronchoscopy. Several original studies have shown that remimazolam facilitates faster onset and recovery, has higher sedative efficacy than midazolam, and is associated with lower incidence of hypotension and hypoxemia when compared with propofol (13, 14). This is consistent with the results of our meta-analysis, and this indicates that remimazolam has a better safety profile for sedation for endoscopic procedures.

In this article, we conducted a meta-analysis of different controls: placebo, midazolam, and propofol. On analyzing the sedative efficacy, we detected a high heterogeneity in the midazolam group, which could affect the reliability of the results of our meta-analysis. We conducted a sensitivity analysis to address the high heterogeneity using one-by-one literature exclusion (31). Consequently, three studies were excluded from the midazolam groups (that is, two studies each). We used a fixed-effect model to conduct meta-analyses for the remaining studies, and the pooled results were consistent with those before the sensitivity analysis. Another factor affecting the reliability of the results of the meta-analysis is publication bias (32). Since the number of included studies was low, we did not analyze publication bias in our meta-analysis; however, with the increase of related studies in the later period, further analysis is indispensable. Our meta-analysis included all relevant studies on remimazolam for use in sedation for endoscopic procedures; seven studies involving 1996 patients were included, and all of them were high-quality RCTs. We analyzed them separately according to the different control drugs, and the results were convincing and highly reliable.

However, our study still has the following limitations: (1) Remimazolam is a new drug, and the number of studies on its use in sedation for endoscopy is currently limited. With the increase in the number of studies, the sample size may have an impact on our results in the future. We will continue to pay attention to the research progress and update the results of the meta-analysis. (2) In the included studies, the doses of remimazolam were slightly different; two of the studies used a fixed dose, while the other five studies used intermittent additional doses based on the sedative effect. Therefore, our results cannot make valuable suggestions for the dose selection of remimazolam for endoscopic sedation. (3) The dose of the adjuvant opioid analgesics may not be consistent across the studies (fentanyl 0.5 μg/kg or a fixed dose of 50–100 μg), which may have affected our results. (4) The criteria for evaluating successful sedation in the seven studies were similar; however, two studies made appropriate adjustments, which may have affected our results. (5) The included studies are mainly concentrated in the United States and China, and the patient population may have limitations.

Given that remimazolam is an ultra-short-acting sedative, it has a good sedative efficiency and high safety for use in sedation for endoscopic procedures; its inhibitory effects on the respiratory and circulatory systems of the patients were significantly weaker than those of midazolam and propofol. Therefore, remimazolam may offer advantages in bronchoscopy sedation (more concerned about respiratory depression) over the currently used other. In addition, our results suggest that remimazolam may be safer for the sedation of older patients and those with poor cardiopulmonary function for endoscopic procedures.



CONCLUSION

Remimazolam is a safe and effective sedative for patients undergoing endoscopic procedures. Its sedative efficiency was significantly higher than that of midazolam but slightly lower than that of propofol. However, its inhibitory effects on respiration and circulation are lesser than those of the aforementioned drugs. A few studies with small samples have reported the sedative efficiency of remimazolam for use in sedation for endoscopy and its associated incidence of adverse events, and the currently available data are insufficient to make conclusions. Therefore, high-quality RCTs with large samples are still needed in the future.
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Mucosa-associated lymphoid tissue (MALT) lymphoma arises in extra-nodal sites from the malignant transformation of B lymphocytes that are mainly triggered by infection or autoimmune process. MALT lymphoma is frequently detected in the gastrointestinal tract. As the causal relationship between Helicobacter pylori (H. pylori) infection and gastric MALT lymphoma, it was well-established that early-stage gastric MALT lymphoma could be cured by H. pylori eradication, and about 50–95% of cases achieved complete response with anti-H. pylori treatment. Compared to the stomach which is the most involved site due to the high prevalence of H. pylori infection, the colorectum is rarely affected. Primary rectal MALT lymphoma is a rare malignancy, and there are no specific therapeutic strategies so far. Here we report a case of rectal MALT lymphoma successfully resected by endoscopic submucosal dissection (ESD). ESD serves as a novel strategy to cure small localized rectal MALT lymphomas to avoid unnecessary surgery or chemo-radiotherapy.

Keywords: colonoscopy, endoscopic submucosal dissection, endoscopic mucosal resection, mucosa-associated lymphoid tissue lymphoma, rectum


INTRODUCTION

MALT lymphoma, classified as an indolent non-Hodgkin's B-cell lymphoma, arises in extra-nodal sites from the malignant transformation of B cells that are mainly triggered by infection or autoimmune process (1–3). Although it might exist in different organs such as the salivary gland, thyroid gland, breast, lung, bladder, skin and orbit, MALT lymphoma is most frequently detected in the gastrointestinal tract (2). Compared to the stomach which is the most involved site due to the high prevalence of H. pylori infection, the colorectum is rarely affected. The pathogenesis of colorectal MALT lymphoma may be associated with microorganisms colonized in the colorectum as reported in several studies (1, 4, 5). Surgical resection, radiotherapy or chemotherapy serve as therapeutic options in the treatment of colorectal MALT lymphomas (6). With the development of technology, ESD emerges as a new therapeutic strategy for colorectal MALT lymphomas as it is regarded as a novel method to cure early gastrointestinal carcinomas and submucosal tumors nowadays. Here we report a case of small rectal MALT lymphoma which is curatively resected by ESD.



CASE DESCRIPTION

An asymptomatic 58-year-old female patient was admitted to our hospital for routine colonoscopy in 2018. She had no previous history of malignancy or other diseases. A slightly yellowish 5-mm protrusion was detected in the rectum, resembling a submucosal tumor (Figure 1a). The 13C urea breath test was negative for H. pylori. Blood routine, urine routine, routine fecal and occult blood, blood biochemistry tests, immune indexes and infection indexes were all within normal ranges. The white light image of the lesion indicated a possibility of a neuroendocrine tumor and therefore we resected it using ESD (Figures 1b–e). After marking the resection borders of the lesion, a submucosal cushion was created by injecting a mixture of saline solution, methylene blue, and adrenaline. A total circumferential incision and submucosal excision and dissection was performed by using a DualKnife (Olympus). Additionally, we performed endoclip closure for mucosal defect after ESD. No complication occurred during or after ESD. The histopathological findings of the ESD sample from the rectal lesion confirmed the diagnosis of a rectal MALT lymphoma, with diffuse infiltration of small-sized lymphoid cells, which were positive for CD20, Bcl-2, CD21, CD35 (partial), kappa (partial) and lambda (partial), but negative for CD3, CD5, CD10, and cyclin D1. The resected margin was clean both horizontally and vertically (Figure 2). PET/CT demonstrated negative evidence of malignancy in the whole body after ESD (Figure 1h). The endoscopic follow-up at the 3rd month and the 9th month, respectively, after ESD showed no residual or recurrent lesions (Figures 1f,g). The timeline with relevant data from the episode of care was showed in Table 1.


[image: Figure 1]
FIGURE 1. (a) Colonoscopy showed a slightly yellowish, submucosal tumor-like 5-mm protrusion in the rectum. (b–e) The procedure of ESD. (f) Three months after ESD, a follow-up colonoscopy showed complete resolution of the elevated lesion and a residual titanium clip. (g) Nine months after ESD, a follow-up colonoscopy showed complete resolution of the elevated lesion. (h) PET/CT revealed no evidence of malignancy in the whole body after ESD.



[image: Figure 2]
FIGURE 2. Histopathologic examination revealed a MALT lymphoma of the rectum. (a) Hematoxylin-eosin (HE) staining ×20. (b) HE staining ×200. (c) Immunohistochemistry (IHC) was negative for CD3. (d) IHC was positive for CD20. (e) IHC was positive for CD21. (f) IHC was positive for Bcl-2.



Table 1. The timeline with relevant data from the episode of care.
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DISCUSSION

Rectal MALT lymphoma is a rare malignant disease with limited reports in the literature and there is lack of definite treatment strategies (6). Due to the close association between gastric MALT lymphoma and H. pylori infection, eradication of H. pylori is strongly recommended for the treatment of gastric MALT lymphoma, even for patients with negative test of H. pylori (3). Actually, a few cases of colorectal MALT lymphomas were previously reported to benefit from the eradication of H. pylori (7, 8). However, 16 of 17 patients with extra-gastric MALT lymphomas were recently reported without regression of lymphoma with a follow-up of 14 months after H. pylori eradication, which indicated that H. pylori eradication was ineffective for treatment of extra-gastric MALT lymphomas (4). Although surgical resection, radiotherapy or chemotherapy can cure or regress colorectal MALT lymphomas, endoscopic mucosal resection (EMR) was also reported to cure small colorectal MALT lymphomas (6). Compared to EMR, ESD is superior because it allows en bloc resection and accurate histological examination (9). Choi reported that ESD successfully treated residual rectal MALT lymphomas after EMR, and Akasaka reported a case of complete endoscopic resection of a rectal MALT lymphoma by ESD (6, 10). To the best of our knowledge, this is the third case report of resection of rectal MALT lymphoma by ESD. Although rectal MALT lymphoma is a rare disease, the appropriate evaluation and proper treatment option might benefit the patients. ESD provides a novel therapeutic strategy for small localized primary rectal MALT lymphomas to avoid unnecessary surgical resection or chemo-radiotherapy. Endoscopic resection can be recommended for properly selected patients with localized and endoscopically resectable small primary rectal MALT lymphomas as it is effective and minimally invasive, and close follow-up after ESD is needed. This case report adds to the body of literature to the effectiveness of ESD in the management of a number of early gastrointestinal cancers. Since rectal MALT lymphomas are rare, their optimal management remains unclear. Now we have more evidence to support the use of ESD in the management of such tumors. More data about this disease is urgently required to provide better insight and treatment strategies.
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Treatment of mucosa-associated lymphoid tissue (MALT) lymphoma has recently received considerable attention. Here, we report a case of large esophageal MALT lymphoma that was successfully en bloc resected using endoscopic submucosal dissection (ESD). A 77-year-old woman was admitted to our hospital with progressive dysphagia for more than 2 months. Upper gastrointestinal endoscopy revealed a large rounded submucosal mass covered by normal mucosa, located at the lower esophagus. Endoscopic ultrasonography (EUS) showed a well-demarcated hypoechoic mass chiefly located in the esophageal wall, but the layers of the esophageal wall were not clear. ESD was performed for diagnostic and treatment purposes. No complications occurred during or after ESD. The resected specimen measured 4.3 cm × 2.8 cm × 1.5 cm. The histologic findings were diagnostic of esophageal MALT lymphoma. Infiltration of neoplastic cells in the lateral margins of the resected specimen was not observed. However, vertical margins showed an R1 situation and mild damage to the muscularis propria. After 3 months, her dysphagia disappeared. Additional radiation therapy was then administered. After 5 months, the patient was still under surveillance and free of recurrent disease. Resection with ESD of such a large mass of MALT in the esophageal region has rarely been reported before in the literature.

Keywords: esophagus, mucosa-associated lymphoid tissue lymphoma, endoscopic submucosal dissection, pathology, treatment


INTRODUCTION

Esophageal lymphoma is usually secondary to the metastasis of lymph nodes from the cervical and mediastinal region or local invasion from the stomach (1), and thus primary esophageal lymphoma (PEL) is extremely rare, which accounts for <1% of cases of all primary gastrointestinal lymphoma (2). The clinical manifestations of PEL are non-specific, which may vary based on symptoms such as dyspepsia, dysphagia, nausea, vomiting, abdominal distention, weight loss, fever, and even epigastric pain to massive hemorrhage (3). The pathological subtypes of PEL are mainly represented by diffuse large B cell lymphoma (DLBCL) and mucosa-associated lymphoid tissue (MALT) lymphoma, and other B, T, or NK cell lymphoma and Hodgkin lymphoma in a few cases (4, 5). MALT lymphoma has the highest incidence in patients aged between 50 and 60 years (6), but it was observed that the incidence increased significantly in patients older than 40 years (7). To date, a few cases of esophageal MALT lymphoma have been reported in the literature. Due to the rarity, no standard treatment of primary esophageal MALT lymphoma has been established and its prognosis is unclear.

Here, we report a case of primary large MALT lymphoma of the esophagus that was successfully en bloc resected by endoscopic submucosal dissection (ESD) and diagnosed.



CASE DESCRIPTION

A 77-year-old woman was attended to our hospital for evaluation of an esophageal submucosal tumor (SMT) and complained of progressive dysphagia for more than 2 months. She had first noted intermittent difficulty in swallowing solids 2 months before the visit. Her symptoms worsened progressively over the past 1 month with difficulty in swallowing both solids and liquids. She had no significant weight loss during this time period. Her past medical history included a right buccal mass that had undergone resection 1 year ago. She had no history of any immunosuppressive disease, alcohol abuse, or smoking. The findings of physical examinations showed no abnormalities, and the superficial lymph nodes, liver, and spleen were not palpable. Laboratory tests revealed normal levels of blood routine, liver function, kidney function, and blood electrolytes. No hepatitis B surface antigen and hepatitis C virus antibodies were detected. No elevation of tumor markers or autoimmune antibodies was observed. Upper gastrointestinal endoscopy revealed a large rounded esophageal submucosal mass covered by normal mucosa, located at the lower esophagus, 30–34 cm from the central incisors (Figure 1A). Endoscopic ultrasonography (EUS) showed a well-demarcated hypoechoic mass chiefly located in the esophageal wall (Figure 1B), clearly separated from the surrounding adventitia. Findings on chest contrast-enhanced computed tomography (CT) revealed a well-defined homogeneous mass in the lower esophageal region, with size 18 mm × 28 mm (Figures 2A,B). Despite her age, in consultation with the patient, we chose and performed an ESD by injection-and-cut technique to completely remove the large esophageal lesion to allow for accurate histological diagnosis.


[image: Figure 1]
FIGURE 1. Endoscopic findings in a 77-year-old woman with dysphagia. (A) Upper gastrointestinal endoscopy showed a large, rounded mass with smooth normal overlying mucosa, which is seen extending longitudinally along the lower esophagus, 30–34 cm from the incisor teeth. (B) EUS shows a well-demarcated, hypoechoic mass in the esophagus wall, clearly margined from the surrounding adventitia.



[image: Figure 2]
FIGURE 2. Chest contrast-enhanced computed tomography at diagnosis. (A) (Coronal plane) and (B) (Sagittal plane) CT scan revealed a well-defined homogeneous soft tissue mass at the lower esophagus (red arrow).


ESD was performed for diagnostic and treatment purposes. In this case, we used ESD-derived technique of submucosal tunneling endoscopic resection (STER). The submucosal injection was performed from the oral side at a distance of 3–5 cm from the tumor. Fluids were injected beneath the mucosa by a submucosal injection needle through the endoscopic channel to create a cushion. The fluid was a normal saline solution combined with 1:10,000 epinephrine and 1% methylene blue. A 2-cm longitudinal mucosal incision for a tunnel entry was made using a Dual knife. The submucosal layer was dissected using Dual knife and IT nano knife. Carbon dioxide was used for insufflation. After accomplishing the dissection, the lesion was removed using a basket and processed for histological evaluation. The dual knife was used for treating the possible vessels during the inspection. The mucosal incision site was closed with endoscopic clips (Figures 3A–D). The resected specimen measured 4.3 cm × 2.8 cm × 1.5 cm (Figures 3E,F).


[image: Figure 3]
FIGURE 3. Images during endoscopic submucosal dissection. Endoscopic submucosal tunnel dissection is performed without any complication. (A) Initial incision of the mucosa after injection. (B) Exposure of the tumor. (C) The wound after ESD. (D) Complete closure of the mucosal incision site with endoclips. (E) On the external surface of the resected specimen. (F) On the cut surface of the resected specimen.


ESD was completed without any complications. A broad-spectrum antibiotic and proton pump inhibitor were administered intravenously for the next 3 days after the procedure. The patient was fasting and receiving fluid therapy for 3 days. She was discharged 5 days after the surgery, and an oral proton pump inhibitor was prescribed for the next 4 weeks. The histopathological findings of the resected specimen showed infiltration of small- to medium-sized lymphoid cells with slightly irregular dark nuclei and abundant cytoplasm (Figure 4A). Neoplastic cells infiltrated the lamina propria to the submucosal layers. Infiltration of neoplastic cells in the lateral margins of the resected specimen was not observed. However, vertical margins showed an R1 situation and mild damage to the muscularis propria. Immunohistochemical studies revealed that the lymphoid cells were positive for CD20 (Figure 4B), CD19 (Figure 4C), PAX5 (Figure 4D), as well as BCL2 (Figure 4E), and negative for CD3 (Figure 4F), CD5 (Figure 4G), CD10 (Figure 4H), and cyclin D1 (Figure 4I). The percentage of tumor cells positive for Ki-67-staining was <5%, indicating few mitotic cells. The diagnosis of esophageal MALT lymphoma was confirmed based on these pathological features. The patient was not tested for Helicobacter pylori during hospitalization. Therefore, she was not treated for Helicobacter pylori eradication. During the follow-up visit, the patient complained that her 13 C-urea breath test result was negative for Helicobacter pylori in the past.


[image: Figure 4]
FIGURE 4. Pathological images of the resected specimen. (A) The histological section shows lymphoid hyperplasia in the lamina propria and submucosa (H&E stain, orig. mag. ×200). Immunohistochemistry revealed that the lymphoma cells are positive for CD20 (B), CD19 (C), PAX5 (D), and BCL2 (E), and negative for CD3 (F), CD5 (G), CD10 (H), and cyclin D1 (I) (orig. mag. ×200).


After 3 months, her dysphagia disappeared and a follow-up endoscopy showed no recurrence or complication at the ESD site, except for the presence of a scar. During the follow-up visit, the patient received additional radiation therapy according to the oncologist's suggestion. After 5 months, the patient was still under surveillance and free of recurrent disease.



DISCUSSION

Lymphoma arising in the esophagus is uncommon, accounting for <1% of patients with primary gastrointestinal lymphoma. Moriya et al. collected cases of PEL in stage I using the Lugano system staging and found that only 12 of the 37 cases (32.4%) were MALT lymphoma (8, 9). No finding from imaging was specific for the diagnosis of MALT lymphoma. Under barium swallow examination, PEL showed irregular filing defects due to segmental ulceration or narrowing and submucosal nodules which are similar to adenocarcinoma, esophageal varices, and achalasia (10, 11). CT findings show a thickened esophageal wall with a narrowed lumen that was not a target sign. PEL should be absent from cervical or mediastinal lymphadenopathy, so CT examination could exclude the involvement of lymph nodes in the cervical or mediastinal region (12). Endoscopic findings of PEL were variable and included submucosal nodular, polypoid growth, ulceration, and stenosis. EUS could detect structural changes of the digestive tract, which makes it valuable in assessing the depth of invasion, the extraluminal extent of the disease, or the extension in the lymph nodes. However, its findings were also non-specific, varying from anechoic, hypoechoic, or even hyperechoic masses (3, 13, 14).

MALT lymphoma appears in association with chronic inflammation induced by persistent infection and autoimmune diseases such as Helicobacter pylori (HP) infection and Hashimoto's thyroiditis, respectively (15, 16). Gastric MALT lymphomas without t (11; 18) translocation are well-known to be associated with HP infection, although there are very few cases of localized esophageal MALT lymphoma in HP-infected patients. Hence, HP infection was not a frequent marker for esophageal MALT lymphoma (17). Other factors such as the mechanical stimuli of food, hot water, chemicals in meals, other infections, and reflux esophagitis could also be involved in the development of primary esophageal MALT lymphoma. The underlying mechanisms of esophageal MALT lymphoma remained to be investigated.

The most frequent symptoms were dysphagia due to narrowing of the esophagus, epigastric pain, and weight loss. All of them were non-specific. Currently, because of the rarity of esophageal MALT lymphoma, a standard treatment for esophageal MALT lymphoma has not yet been established and recommended. Though radiotherapy is a treatment of choice for patients with large lesions in many other sites (18, 19), in esophageal MALT lymphoma, 64% of the cases were first treated with surgical resection or endoscopic resection (20, 21). In general, MALT lymphoma is not sensitive to chemotherapy, so chemotherapy is not recommended as the first-line treatment. In MALT lymphoma, the use of chemotherapy has been reserved for patients with disseminated disease or local treatment failure (22). ESD was confirmed as a useful therapeutic procedure for early gastric and esophageal cancers. The procedure also results in an improved differential diagnosis of malignant lymphoma occurring in digestive organs. To our knowledge, there have only been a few reports on ESD of early MALT lymphoma in the English literature (23–26). In the case reported here, ESD of the esophagus en bloc removed the large lesions and additional radiation was administered. If the MALT lymphoma is limited to the submucosa, ESD should be one of the most adequate and effective treatments. The indication of ESD for MALT lymphoma is limited to stage I, which means a tumor is located in the mucosa or submucosa without any lymphadenopathy. Compared to endoscopic mucosal resection (EMR), ESD has been shown to be superior because it is able to reach an en bloc resection and perform accurate histological examination (27). A pathological evaluation is extremely important in the diagnosis of lymphomas. The histological phenotype of a typical MALT lymphoma is positive for CD19, CD20, CD22, CD79a, and BCL2, and negative for CD3, CD5, CD10, CD23, and cyclin D1 (28–30).

In conclusion, although rare, primary esophageal MALT lymphoma should be considered in the differential diagnosis of esophageal SMT-like lesions. In addition, in cases in which the primary esophageal MALT lymphoma is confined to the deep mucosa and/or submucosa on EUS and the other sites are free of the disease, the lesion can be curatively removed by endoscopic resection. We report a case of successful ESD with primary esophageal MALT lymphoma. ESD may be a suitable and reasonable option as an attractive and less invasive local treatment for primary esophageal MALT lymphoma. The clinical profile of primary esophageal MALT lymphoma remains unclear, so it is important to accumulate more information on this rare entity.
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Gastroesophageal reflux disease (GERD) is one of the most common gastrointestinal diseases encountered in primary care and gastroenterology clinics. Most cases of GERD can be diagnosed based on clinical presentation and risk factors; however, some patients present with atypical symptoms, which can make diagnosis difficult. An esophagogastroduodenoscopy can be used to assist in diagnosis of GERD, though only half of these patients have visible endoscopic findings on standard white light endoscopy. This led to the development of new advanced endoscopic techniques that enhanced the diagnosis of GERD and related complications like squamous cell dysplasia, Barrett's esophagus, and early esophageal adenocarcinoma. This is conducted by improved detection of subtle irregularities in the mucosa and vascular structures through optical biopsies in real-time. Management of GERD includes lifestyle modifications, pharmacological therapy, endoscopic and surgical intervention. Minimally invasive endoscopic intervention can be an option in selected patients with small hiatal hernia and without complications of GERD. These endoscopic interventions include endoscopic fundoplication, endoscopic mucosal resection techniques, ablative techniques, creating mechanical barriers, and suturing and stapling devices. As these new advanced endoscopic techniques are emerging, data surrounding the indications, advantages and disadvantages of these techniques need a thorough understanding.

Keywords: gastroesophageal reflux disease (GERD), endoscopic reflux therapy, narrow band imaging (NBI), endoscopy, Barrett's esophagus (BE)


INTRODUCTION

Gastroesophageal reflux disease (GERD) is one of the most common gastrointestinal diseases of the western world, with increasing morbidity (1, 2). The estimated prevalence of GERD worldwide is 8–33% (3). A systematic review showed the estimated prevalence of GERD to be 18.1–27.8% in North America, 8.8–25.9% in Europe, and 2.5–7.8% in East Asia (1). Due to the common use of over-the-counter medications for GERD, the true incidence of the disease is likely underestimated (4). GERD is known to involve all races, age groups, and all genders (1, 3). Genetic and environmental risk factors like obesity, smoking, Helicobacter pylori infection, hiatal hernia, pregnancy, medications, and food are associated with this disease (5–10). A meta-analysis showed higher prevalence in smokers [Odds Ratio (OR) 1.26; 95% Confidence Interval (CI) 1.04–1.52], obese individuals (OR 1.73; 95% CI 1.46–2.06), age ≥ 50 years (OR 1.32; 95% CI 1.12–1.54), and women (OR 1.12; 95% Cl 1.05–1.21) (11). GERD is diagnosed in routine clinical practice based on typical clinical symptoms and treated empirically with a proton pump inhibitor (PPI) trial unless a patient has alarming symptoms, which include dysphagia, anemia, weight loss, hematemesis, and odynophagia (12–14). The patient who does not respond to the empiric PPI trial or those with alarming symptoms should undergo an esophagogastroduodenoscopy (EGD) to evaluate for complications like Barrett's esophagus, esophagitis, peptic ulcer disease, or esophageal cancer (3). Some of the complications, like squamous cell dysplasia, Barrett's esophagus with dysplasia, and early adenocarcinoma, can be missed with regular EGD due to subtle changes in the mucosa (15, 16). Advanced diagnostic endoscopic techniques like high-resolution, high-magnification endoscopy, confocal laser endomicroscopy, wireless capsule endoscopy, autofluorescence imaging, narrow-band imaging, and chromoendoscopy have been developed to improve the accuracy of the endoscopic diagnosis.

Although medical management with PPI and lifestyle modifications is considered standard therapy for GERD, around 20–30% of patients with erosive and 40% with non-erosive reflux disease do not respond to PPIs (14, 17). Patients who do not respond to PPI or refuse to take long-term medical therapy due to potential side effects can be a candidate for surgical or endoscopic intervention for treatment (4, 18). Endoscopic treatment options include endoscopic anti-reflux techniques utilizing injection devices, suturing, plicating or stapling devices, and radiofrequency ablation (4, 19). This review will discuss various advanced endoscopic diagnostic techniques and minimally invasive endoscopic treatment modalities for GERD (Figure 1).


[image: Figure 1]
FIGURE 1. Endoscopic management of GERD. LES, lower esophageal sphincter; GERD, Gastroesophageal reflux disease.




ADVANCES IN ENDOSCOPIC IMAGING FOR GERD

Conventional EGD allows visualization of mucosal breaks and to obtain biopsies to confirm the diagnosis of erosive GERD. There are no mucosal breaks on conventional EGD in non-erosive reflux disease (NERD), but these patients have reflux symptoms. Similarly, biopsies from columnar mucosa in Barrett's esophagus reveal metaplasia only in 40–60% of cases since the metaplastic tissue is patchy (20). Advanced endoscopic imaging techniques have been shown to improve the diagnosis of GERD. These techniques are described below (Table 1).


Table 1. Endoscopic imaging for GERD diagnosis.
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High-Resolution and High-Magnification Endoscopy

Magnification enlarges the images, and high resolution improves the ability to detect minute details. Advances in optical engineering have made it possible to have a movable zoom lens in the tip of the magnification endoscopes that can provide up to 150-fold magnification and high-resolution endoscopes that use 850,000 pixels to provide high-resolution images (21). In a comparative study, consecutive patients who presented for EGD were divided into those with reflux symptoms (NERD group, N = 39) and non-reflux patients (control group, N = 39) with the help of a questionnaire; the endoscopists were blinded to the presence of reflux symptoms. On examination with magnification endoscope, a higher percentage of patients in the NERD group showed endoscopic changes of minimal change esophagitis when compared to the control group (64.10 vs. 20.5%, P = 0.003). The combination of endoscopic changes and one of the histologic abnormalities (basal cell hyperplasia or elongation of papilla) were found to have sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of 62, 74, 67, and 67%, respectively, for NERD prediction. After 4 weeks of treatment with esomeprazole, no significant difference was seen in the endoscopic and histologic characteristics between the NERD and the control group (22). In another retrospective study, 500 procedures for patients coming for direct-to-test upper gastrointestinal endoscopy were included. Out of 500, 94 procedures were performed using dual-focus magnification high-definition endoscopy, and it was associated with 87% increased odds (OR 1.87, 95% Cl 1.11–3.12) for detecting significant mucosal pathology (23). High-resolution and magnification endoscopy can improve the detection of abnormal mucosal changes both endoscopically and histologically, especially in case of minimal change esophageal disease.



Chromoendoscopy

Chromoendoscopy was introduced in the 1970s to improve the localization of abnormal mucosa in the esophagus and characterize such mucosa (24). In chromoendoscopy, a contrast agent is used to stain tissue during gastrointestinal endoscopy to improve different mucosa characterization. Currently, two groups of dyes are being used for chromoendoscopy. The first group, called vital stained dye, includes Lugol's solution, methylene blue, Congo red Lugol's solution, and toluidine blue. These dyes are rapidly absorbed by the normal squamous epithelial cells. The second group is called non-vital dye, and it includes indigo carmine and crystal violet. These dyes are not absorbed into cells but highlight the mucosal patterns in different structures by filling mucosal pits and folds. Chromoendoscopy is often used along with high-resolution and high-magnification endoscopy (21, 25, 26). Yoshikawa et al. conducted a study to determine the usefulness of Lugol chromoendoscopy for the diagnosis of NERD. Four of 42 individuals (9.5%) in the control group and 22 of 61 patients (36.1%) in the typical reflux symptoms group had visible esophagitis seen on conventional white light EGD. The remaining 38 patients in the endoscopy negative asymptomatic control group and 39 patients in the NERD group underwent Lugol chromoendoscopy. Out of 38, one individual in the control group and 19/39 in the NERD group had unstained streaks observed in the distal esophagus (p < 0.0001). The unstained streaks by Lugol chromoendoscopy are indicative of mucosal injury, which was not detectable by conventional endoscopy. The histological examination of biopsied unstained mucosa showed more typical pathologic changes, significantly thicker basal cell layer (30.9 vs. 12.3% of total epithelial thickness, p < 0.01), longer papillae (57.9 vs. 38.1% of total epithelial thickness, p < 0.01) and higher numbers of intraepithelial lymphocytes (9.6 vs. 6.0 per 3 high-power fields, p < 0.01) when compared with stained mucosa (27).

In another comparative study, 155 patients (62 with typical reflux symptoms and 93 without esophageal symptoms) were enrolled for virtual chromoendoscopy called Fuji Intelligent Color Enhanced (FICE) to evaluate if it will improve the diagnosis of minimal lesions on endoscopy and symptoms associated with a minimal lesion in patients with NERD. Among 155 patients, 113 had normal endoscopy of the esophagus, and forty-two had minimal endoscopic lesions on conventional endoscopic examination. Among 113 patients with normal findings on conventional endoscopy, 104 had normal mucosa, and nine had minimal endoscopic lesions on FICE. In comparison, all forty-two patients had minimal endoscopic lesions both on conventional endoscopy and FICE. Males were found to have a higher diagnosis of minimal endoscopic lesions than females (OR 4.1, p < 0.001, 95% CI: 1.9–8.9 for conventional endoscopy and OR 4.2, p < 0.001, 95% CI: 1.9–9.0 for FICE). There was no association between diagnosis of minimal endoscopic lesion and age, use of NSAIDS, PPIs, smoking, alcoholism, and reflux symptoms. Although there was an improvement in the minimal endoscopic lesion diagnosis with FICE, it is observer-dependent for conventional endoscopy and FICE (28) (Supplementary Figure S2). In a meta-analysis of 14 studies with 843 patients, advanced imaging techniques (chromoendoscopy and virtual chromoendoscopy) increased diagnostic yield for detection of dysplasia or cancer in patients with Barrett's esophagus by 34% (95% Cl: 20–56%, p < 0.0001). Furthermore, there was no difference between chromoendoscopy and virtual chromoendoscopy (p = 0.45) (29).



Narrow-Band Imaging

NBI is a technique that utilizes a spectral narrow-band filter for object illumination and to detect mucosal pattern changes due to histological changes (13, 25) (Supplementary Figure S1). NBI helps the examination of mucosa without the need for chromoendoscopy as spectral narrow-band filters help with imaging of the mucosa and vascular patterns of the esophagus (26, 30). It also enhances the contrast between esophageal mucosa and gastric mucosa, as hemoglobin is the main chromophore in esophageal tissue in the visible wavelength range, which is in the wavelength range for NBI (26, 31). It can be combined with high-resolution and high-magnification endoscopy. It enables highlighting patterns of “intrapapillary capillary loops,” which contains abnormal figures indicating inflammatory process and cancer when used along with magnification endoscopy (32, 33). An international prospective randomized controlled trial (RCT) enrolled 123 patients with Barrett's esophagus randomized to high-definition white-light endoscopy or NBI followed by other procedures in 2–8 weeks to compare detection of intestinal metaplasia and neoplasia in Barrett's esophagus by these two procedures. During high-definition white-light endoscopy, biopsies were taken as per the Seattle protocol, and only target biopsies were taken during NBI examination based on mucosal and vascular patterns. Both NBI and high-definition white-light endoscopy were equally effective in detecting intestinal metaplasia (92%). However, for the detection of areas with dysplasia, NBI performed better than high-definition white-light endoscopy (30 vs. 21%, p = 0.01), and it required fewer biopsies per patient (3.6 vs. 7.6, p < 0.0001) (34).

A meta-analysis of 11 studies showed that NBI has sensitivity and specificity of 0.91 (95% CI: 0.86–0.94) and 0.85 (95% CI: 0.76–0.92) on a per-patient, and 0.97 (95% CI: 0.95–0.98) and 0.64 (95% CI: 0.59–0.68) on a per-lesion basis for specialized intestinal metaplasia diagnosis in the Barrett's esophagus, respectively. Similarly, NBI has sensitivity and specificity of 0.91 (95% CI: 0.75–0.98) and 0.95 (95% Cl: 0.91–0.97) on a per-patient, and 0.69 (95% CI: 0.63–0.74) and 0.90 (95% CI: 0.88–0.91) on a per-lesion basis for high-grade dysplasia in the Barrett's esophagus, respectively (35). NBI improves the diagnosis of GERD, so it can be used as an adjunct along with conventional endoscopy.



Autofluorescence Imaging

Autofluorescence imaging (AFI) is based on the principle that there is an emission of light with a longer wavelength on the excitation of tissues with the light of a shorter wavelength. There are some endogenous tissue molecules in our gastrointestinal tract, such as flavins, collagen, nicotinamide adenine dinucleotide phosphate, that are fluorophores and emit fluorescence light with a longer wavelength when excited with short-wavelength light (26, 36–39). Dysplastic and non-dysplastic Barrett's esophagus resulted in different autofluorescence characteristics due to different fluorophore contents (36, 39). In a multicenter RCT, 130 patients with Barrett's esophagus were randomly assigned to either Autofluorescence endoscopy (AFE)-target biopsy plus four-quadrant biopsies or conventional endoscopic surveillance with four-quadrant biopsies. After a mean of 10 weeks, these patients were re-examined with the alternative method. AFE diagnostic yield for adenocarcinoma/high-grade dysplasia was 12% compared to 5.3% for conventional endoscopy on a per-patient basis. However, AFE sensitivity was only 42% for detecting adenocarcinoma/high-grade dysplasia lesions, so it should be used along with standard four-quadrant biopsy protocol rather than alone (40).

A new generation AFI (AFI-III) is hypothesized to enhance early neoplasia detection from inflammation in Barrett's esophagus by specifically targeting fluorescence in malignant cells, thus reducing the false-positive rate. Boerwinkel et al. conducted an uncontrolled feasibility study of 45 patients with Barrett's esophagus to investigate the AFI-III system to detect early neoplasia. Out of 19 patients detected with high-grade intraepithelial neoplasia (HGIN)/early cancer, 47% (9/19) patients had lesions detected with white light endoscopy only, which was further improved to 79% (15/19) by AFE-II, then to 95% (18/19) by AFI-III and one final patient had lesion detected by random biopsies. The false-positive rate was 86% for both AFI-III and AFI-II, so this pilot study shows that AFI improves neoplasia detection in Barrett's esophagus but no additional benefit of AFI-III over AFI-II (38).



Confocal Laser Endomicroscopy

Confocal Laser Endomicroscopy (CLE) is a technology developed for cellular and subcellular imaging up to 250 micrometers below the mucosal surface and thus provide real-time histology (in-vivo) during the procedure (36, 41). Confocal Laser Endomicroscopy combines a confocal laser microscope as a probe that can pass through the channel of an endoscope or as a tip of a standard video endoscope. White-light microscopy and confocal microscopy can be used simultaneously with confocal endoscopy technology, and a working channel can be utilized for target biopsies (26). In a clinical trial, 63 patients [long-lasting reflux symptoms (n = 20), Barrett's esophagus surveillance (n = 30), and suspected Barrett's -associated neoplasia (n = 13)] underwent CLE for in vivo diagnosis of Barrett's esophagus and associated neoplasia. This study showed that CLE could predict intestinal metaplasia and Barrett's esophagus-associated neoplasia with a sensitivity of 90.1 and 92.9%, a specificity of 94.1 and 98.4%, and accuracy of 96.8 and 97.4%, respectively. For the prediction of histopathologic diagnosis based on the confocal Barrett classification system, the mean kappa value for the interobserver agreement was 0.843, and for the intraobserver agreement was 0.892 (42).

A meta-analysis of 14 studies with 789 patients was performed to assess the accuracy of CLE for the diagnosis of high-grade dysplasia and esophageal neoplasia in Barrett's esophagus. Seven studies were included in the per-patient analysis, and corresponding pooled sensitivity and specificity were 89% (95% CI: 0.82–0.94) and 83% (95% CI: 0.78–0.86), respectively. For per-lesion analysis, ten studies were included, and corresponding pooled sensitivity and specificity were 77% (95% CI: 0.73–0.81) and 89% (95% CI: 0.87–0.90). Confocal Laser Endomicroscopy is a non-invasive, in vivo method for predicting neoplasm in Barrett's esophagus so that it could be used for neoplasm surveillance in Barrett's esophagus patients (43).



Wireless Esophageal Capsule Endoscopy

Esophageal capsule endoscopy (ECE) was approved in 2004 to evaluate esophagus in patients with GERD and suspected Barrett's esophagus by Food and Drug Administration (FDA). It uses a video capsule endoscope, which has a camera at both ends. These cameras take pictures of the esophagus at 18 frames/s (44). A prospective multicenter trial of 89 patients with chronic reflux symptoms referred to five endoscopic centers for EGD was conducted to compare the diagnostic yield of ECE and EGD. Patients first underwent ECE and then EGD. Endoscopists who performed EGD were blinded to ECE, which was read by two independent readers. Out of 77 patients who completed the study, esophagitis, and endoscopically suspected esophageal metaplasia (ESEM) was present in 24 and 10 patients. The sensitivity, specificity, PPV, and NPV of ECE to detect esophagitis were 79, 94, 83, and 92%, respectively. The sensitivity, specificity, PPV, and NPV of ECE to detect ESEM and Barrett's esophagus were 60 and 71%, 100 and 99%, 100 and 83%, and 95 and 98%, respectively. For screening, ECE showed great specificity for esophagitis, ESEM, and Barrett's esophagus. However, it has a lower sensitivity for ESEM and Barrett's esophagus (45). A meta-analysis of nine studies with 618 patients showed pooled sensitivity and specificity of ECE to diagnose Barrett's esophagus of 77 and 86%, respectively. The pooled sensitivity and specificity of ECE for diagnosis of Barrett's esophagus using EGD as a reference and histologically confirmed intestinal metaplasia as reference were 78 and 78%, 90, and 73%, respectively (46).




ADVANCES IN ENDOSCOPIC TREATMENTS FOR GERD

Interventional therapies for GERD and its complications can be divided into either surgical or endoscopic. Endoscopic therapies are a minimally invasive treatment option for patients who do not respond to medical therapy and do not want surgical intervention. Endoscopic therapies include radiofrequency ablation to lower esophageal, endoluminal suturing/plication, injection or implementation of biopolymers, endoscopic mucosal resection, endoscopic opposition devices as described below.


Injectable Agents


Enteryx®

Enteryx® (Boston Scientific, Natick, MA) is a biocompatible polymer consisting of 8% ethylene vinyl alcohol mixed with radiopaque contrast agent (tantalum powder) in a solution of dimethyl sulfoxide, organic liquid carrier (19, 47). Enteryx® is liquid before injection, and it is injected within 1–3 mm of the esophagogastric junction in a circumferential pattern under fluoroscopic guidance. It turns into spongy mass after injecting into tissue, provides volume to the lower esophageal sphincter and reduces reflux (18, 19, 47) (Table 2).


Table 2. Different injectable agents used for endoscopic anti- reflux treatment.
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In an international multicenter clinical trial, 144 PPI-dependent patients with GERD were followed after Enteryx® implantation. PPI usage was reduced by more than 50 in 84% (95% CI: 76, 90%) and 72% (95% CI: 59, 82%) at 12 and 24 months, respectively. Similarly, PPI usage was eliminated in 73% (95% CI: 64, 81%) and 67% (95% CI: 54, 78%) at 12 and 24 months, respectively. Most adverse events occurred during the first 6 months, which resolved without long-term sequelae (48) (Table 3). In another multicenter trial, 64 patients with GERD on PPI were assigned to the Enteryx® implantation (n = 32) group and sham procedure consisting of standard EGD (n = 32) group. On 3 months follow-up, ≥50% reduction in PPI usage was higher in Enteryx®-treated patients (81%) than in the sham group (53%), with a rate ratio of 1.52 (95% CI: 1.06–2.28; P = 0.023). Similarly, PPI usage was eliminated in 68% of patients in the Enteryx® group vs. 41% in the sham group, with a rate ratio of 1.67 (95% CI: 1.03–2.80; P = 0.033). GERD health-related quality of life heartburn score improvement more than or equal to 50% was much high in Enteryx® group (67%) than sham group (22%) with a rate ratio of 3.05 (95% CI: 1.55–6.33; p < 0.001) (49). Although Enteryx® decreased PPI use and improved GERD score, it caused serious adverse events like embolization into vascular structures, transluminal injections, and even death leading to recall of this device in 2005 by the FDA (50–52).


Table 3. Studies with different injectable agents for endoscopic anti- reflux treatment.
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Durasphere®

Durasphere® (Carbon Medical Technologies, St Paul, Minnesota) is a bulking agent approved by the FDA in 1999 to treat urinary incontinence caused by bladder sphincter dysfunction. It is composed of carbon-coated graphite beads containing zirconium oxide, ranging from 90 to 212 mm, suspended in the water-based gel (2, 18, 19) (Table 2). A human pilot study of 10 patients with GERD on daily PPIs had an endoscopic injection at the gastroesophageal junction with Durasphere®. At 12 months follow-up, 90% of patients had >50% reduction in their PPI use, and 70% of patients discontinued all antacid medications. Four patients achieved normal pH scores, and the mean DeMeester scores improved from 44.5 to 26.2 at 12 months from baseline. Patients tolerated the procedure well with minor discomfort without adverse events (53) (Table 3). This study showed good results; however, it was a small sample and non-randomized study. Further large, randomized trials are needed. This device is not approved by FDA for GERD treatment.



Gatekeeper™

Gatekeeper™ reflux repair system (Medtronic, Minneapolis, MN) is another gastroesophageal bulking agent that restricts the distal esophagus's diameter by implanting a polyacrylonitrile-based hydrogel prosthesis into the submucosa of the cardia and lower esophageal junction (2, 19) (Table 2). In a study with pooled data from two prospective, non-randomized multicenter trials, 68 patients with GERD were treated with up to six Gatekeeper™ prostheses placed at the gastroesophageal junction. At 6 months, 24-h pH outcomes with pH < 4 for >4% of the time improved from 9.1 to 6.1% (p < 0.05). Patients who were no longer receiving PPI therapy reported significant improvement in median GERD heartburn-related quality-of-life score from 24.0 to 5.0 (p < 0.01). Serious events were reported in two patients, and both recovered uneventfully (54) (Table 3). A prospective multicenter randomized sham-controlled trial was started for this device, terminated early before completion due to infrequent severe adverse events. This device is no longer available in the market due to a lack of long-term data (2, 19).



Plexiglas

Another injectable agent is Plexiglas, an injection of polymethylmethacrylate (PMMA) beads, a highly viscous agent. The FDA has not approved it for endoluminal GERD treatment. However, it is approved as a biologically inert filler for cosmetic treatments (2) (Table 2). Feretis et al. conducted an only human study of endoscopic submucosal injection of Plexiglas in 10 patients with GERD who were either dependent or refractory to PPIs. After a follow-up of the mean of seven months, a significant decrease in symptoms severity and mean total time spent with esophageal pH < 4 was noted (p < 0.05). Seven of ten patients discontinued medication after the Plexiglas procedure (55) (Table 3). Although this study showed positive results, it is a small study with no long-term follow-up. No further human studies are available.




Electrical Stimulation of the LES

The lower esophageal sphincter (LES) Electrical Stimulation with EndoStim® stimulation system (EndoStim BV, The Hague, The Netherlands) aims to augment the natural functioning LES by increasing LES pressure without affecting LES relaxation or peristalsis (2, 56). It obtained the CE mark in 2012. Currently, most of the studies involve the placement of this device laparoscopically (56, 57). Banerjee et al. conducted a study with a device placed endoscopically. In this study, a temporary pacemaker lead was placed endoscopically in the LES via a 3-cm submucosal tunnel in six patients with GERD. One patient had pre-mature lead dislodgement, and the remaining five had electric stimulation delivered 6–12 h post-implant per protocol. All patients had an increase in LES pressure after the procedure (58) (Table 4). There is also a recent porcine study using battery-device for electrical stimulation but no human studies available yet (59). Given that most human studies are available from laparoscopic studies, further large human studies with endoscopic implantation of devices are needed.


Table 4. Endoscopic procedure for GERD treatment.
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Anti-reflux Mucosectomy

Anti-reflux mucosectomy (ARMS) is a technique that involves hemi-circumferential mucosal resection of gastric cardia around the esophagogastric junction. The mucosal healing leads to scar formation, which in turn results in narrowing of the gastric cardia opening and thus reducing reflux episodes (2, 4, 18, 60). This technique is derived from circumferential mucosal resection for Barrett's esophagus with short segment high-grade dysplasia as these patients reported significant improvement in their GERD symptoms after mucosal resection (2). This procedure was first described in a pilot study where ten patients with treatment-refractory GERD underwent the ARMS procedure. Patients reported significant improvement in GERD symptoms. In the DeMeester score, the mean heartburn score improved from 2.7 to 0.3 (p = 0.0011), regurgitation score improved from 2.5 to 0.3 (p = 0.0022) (61). In a retrospective study of 109 patients with PPI-refractory GERD, 40–50% of patients were able to discontinue PPIs after ARMS. The Acid Exposure Time and DeMeester Score improved significantly from 20.8 ± 24.3 to 6.9 ± 10.4 (p < 0.01) and 64.4 ± 75.7 to 24.9 ± 36.0 (p < 0.01), respectively, at the end of 2 months. However, there was no significant improvement in the number of proximal reflux episodes (p = 0.0846). After 2–3 weeks, transient stenosis was reported in 13 patients requiring balloon dilation (62) (Table 4). Although this procedure is shown to be effective in studies, there are no large long-term randomized trials available. So, a randomized trial showing long-term benefits is needed before recommending it widely.



Radiofrequency Ablation (Stretta)

The Stretta system (Mederi Therapeutics, Norwalk, CT, USA) is a radiofrequency energy application to the distal esophagus, GEJ, and cardia of the stomach. In this endoscopic procedure, thermal energy is delivered at a temperature range of 65–85° to the muscle of the lower esophageal sphincter and gastric cardia via a 4-channel radiofrequency generator and catheter system equipped with four needle electrodes. The exact mechanism of action is not clear, but the proposed mechanism includes hypertrophy of muscularis propria after the procedure and decreases transient LES relaxation (2, 4, 63) (Supplementary Figures S3, S4). It was approved by the FDA in 2000 and recommended by the Society of American Gastrointestinal and Endoscopic Surgeons (SAGE) (64, 65). In an RCT, 64 patients with GERD were randomized to either radiofrequency energy delivery group (active treatment, n = 35) or a sham procedure (n = 29). More than 50% improvement in GERD HRQL score was seen in the active treatment group than sham procedure group (61 vs. 30%, p = 0.03), and similarly, more patients in the active treatment group were without daily heartburn symptoms than sham group (61 vs. 33%, p = 0.05). There was no statistically significant difference in acid-suppressive medication use and esophageal acid exposure between the two groups at 6 months follow-up (66).

In a meta-analysis of four RCTs with 165 patients, pooled results did not show any difference in sham or Stretta procedure or management with PPI in patients with GERD for esophageal acid exposure, lower esophageal sphincter pressure, ability to stop PPIs or GERD-HRQL outcomes. However, the overall quality of evidence was low (67). In another meta-analysis of 28 studies (four RCTs, 23 cohort studies, and one registry) with 2,468 patients, pooled results showed a significant improvement in GERD HRQL score and heartburn standardization score by −14.6 and −1.53, respectively. Stretta treatment also led to statistically significant improvement in esophageal acid exposure time and incidence of erosive esophagitis (p < 0.001) (68) (Table 4). Stretta is an outpatient procedure that can be performed under conscious sedation. It is shown to be safe and effective in most studies (66, 67, 69–71).



Transoral Incisionless Fundoplication

Transoral incisionless fundoplication (TIF), with the use of the EsophyX® device, is a minimally invasive treatment of GERD, which was introduced as an endoscopic substitute for surgical reconstruction of the LES. This procedure endoscopically reconstructs the LES to restore the angle to His (the acute angle between the cardia and the esophagus) (2, 72). TIF was initially introduced as endoluminal fundoplication in 2005 and then underwent several modifications in 2007 (TIF 1.0) and 2009 (TIF 2.0). In TIF 1.0, fasteners were placed 1 cm above the GEJ junction, and no circumferential wrap was created, whereas, in TIF 2.0, fasteners were placed 1–3 cm above the GEJ junction using a retroflexed flexible endoscope and create a 270-degree wrap using EsophyX® device (60, 72) (Supplementary Figure S5). The FDA cleared the EsophyX® device in September 2007 (72).

The RESPECT (Randomized EsophyX2 vs. Sham, Placebo-Controlled Transoral Fundoplication) study was a multicenter RCT comparing the TIF procedure plus 6 months of placebo medication (n = 87) vs. a sham operation and optimal PPI therapy for 6 months (control, n = 42) for patients with troublesome regurgitation despite daily PPI use. By intention-to-treat analysis, a higher proportion of patients with TIF reported eliminating troublesome regurgitation than the control group (67 vs. 45%, p = 0.023). GERD symptoms score improved in both groups, but control of esophageal pH improved after TIF only (mean 9.3% before and 6.3% after, p < 0.001), not sham surgery (mean 8.6% before and 8.9% after) (73).

The TIF 2.0 EsophyX® vs. Medical PPI Open-label (TEMPO) trial randomized multicenter trial compared the efficacy of TIF (n = 40) and high dose PPIs (n = 23) in patients with troublesome regurgitation and extraesophageal symptoms of GERD. Troublesome regurgitation eliminated in 97% of TIF vs. 50% of PPI patients [Risk Ratio (RR) = 1.9; 95% Cl = 1.2–3.11; p = 0.006] at 6-month follow up. GERD health-related quality of life (GERD-HRQL) score improved significantly in the TIF group (from 19 to 2, p < 0.001) compared to lesser improvement in the PPI group (from 17 to 11, p = 0.012) at 6 months (74). On long-term follow-up, troublesome regurgitation and atypical symptoms resolution was achieved in 86 and 80% of patients, respectively, at 5 years. The total GERD-HRQL score improved to 6.8 from 22.2, p < 0.001 at 5 years. No serious adverse events were reported during this follow-up period (75). A meta-analysis and systematic review of 32 studies with 1,475 patients showed TIF success rate was 99% (95% Cl: 97–100; p < 0.001) and an adverse event rate of 2% (95% Cl: 1–3; p < 0.001). After TIF procedure, GERD-HRQL, DeMeester Score, and Reflux Symptom Index (RSI) improved significantly (mean difference 17.72, 95% CI: 17.31–18.14; mean difference 10.22, 95% CI: 8.38–12.12; mean difference 14.28, 95% CI: 13.56–15.01; p < 0.001). PPIs was discontinued in 89% of patients (95% Cl: 82–95; p < 0.001) (76) (Table 4). TIF is a safe, viable, and promising endoscopic option for patients with refractory GERD symptoms.



Medigus Ultrasonic Surgical Endostapler

The Medigus Ultrasonic Surgical Endostapler (MUSE™) (Medigus, Omer, Israel) is an endoscopic stapling device for transoral partial fundoplication (4). The complete device consists of a flexible endoscope, an endo stapler, a miniature video camera, and an ultrasound transducer. The MUSE™ endoscope is advanced into the stomach through a previously placed overtube, retroflexed, and then the device is pulled back until the chosen stapling level (usually 3 cm above GEJ). Subsequently, a staple is delivered under the guidance of an ultrasound gap finder, and the process is repeated to form a 180-degree fundoplication (2, 4, 60). This device was first cleared in January 2015 by the FDA (2).

In a multicenter prospective clinical study, 66 patients were followed for 6 months after endoscopic fundoplication using MUSE™ for GERD. At 6 months follow up, more than 50% decrease in GERD-HRQL score was achieved in 73% (95% Cl: 60–83%), and 64.6% of patients stopped taking PPIs or any other acid reduction medications. Eight adverse events occurred in the first 24 subjects, including pneumomediastinum, pneumoperitoneum, pleural effusion, upper gastrointestinal bleeding, and esophageal leak. After an interim review of these early adverse events, protocol and device changes were implemented, leading to reduced adverse events, and no other cases of leak or pneumomediastinum were reported (77) (Table 4). In a study evaluating long-term results of endoscopic treatment of GERD with MUSE™ device, 83.8% at 6 months and 69.4% of patients at 4 years remained off PPIs. GERD-HRQL score of the total patients improved from 29.1 ± 5.6 to 5.3 ± 5.8 (p < 0.01) at 4 years after the procedure. The daily dosage of GERD medications, measured as omeprazole equivalents, improved from 66.1 (±33.2) to 10.8 (±15.9) and 12.8 (±19.4) at 6 months and 4 years, respectively (p < 0.01) (78). Although MUSE™ is effective, limited data is available, so further randomized trials with long-term outcomes are needed.



Endoscopic Full-Thickness Plication (GERDx™)

Endoscopic full-thickness plication was initially carried out using a plicator device (Ethicon Endosurgery, Somerville, NJ, USA), which is no longer available. A new device, the GERDx™ system (G-SURG GmbH, Seeon-Seebruck, Germany), was produced and introduced by a different manufacturer. The procedure involves endoscopic full thickness gastroplication using this device and a flexible endoscope (2, 4, 18). In a prospective study, 40 patients with GERD underwent endoscopic plication with GERDx™ device. Seven of forty patients underwent laparoscopic fundoplication before 3 months follow-up, and three additional patients did not want to further participate in the study, so 30 patients were available at the 3-month follow-up. The mean DeMeester score improved from 46.48 (±30.83) to 20.03 (±23.62) at 3 months (p < 0.001). The mean gastrointestinal quality of life index (GIQLI) improved from 92.45 (±18.47) to 112.03 (± 13.11) at 3 months. Sore throat (20%) and chest pain (17.5%) were the most common reported adverse events and whereas four patients had serious adverse events, including hematoma at the gastroesophageal junction, Mallory Weiss lesion, pneumonia with pleural effusion, intractable post-operative pain requiring laparoscopic suture removal (79) (Table 4). There is currently limited data regarding GERDx™, so further randomized controlled trials are needed before implementing it in routine clinical practice.



Emerging Gastroesophageal Junction-Altering Techniques

Three additional emerging GEJ altering techniques have been described that utilize endoscopic band ligation or peroral endoscopic cardiac constriction or resection and plication (RAP) to reduce gastric cardia opening. In an RCT of 150 patients with refractory GERD, 75 patients were assigned to the endoscopic banding ligation group (banding done at four quadrants just at GEJ) and the other 75 to the control group (optimized dose of PPIs). These patients were followed for 1 year and reported significant improvement in GERD-HRQL, the site of the Z line, with signification reduction in reflux episodes when compared to the medical treatment group. No major adverse events were reported; mild dysphagia and epigastric pain were the only reported adverse events (80) (Table 4).

Hu et al. described a new technique, peroral endoscopic cardial constriction for gastric cardiac constriction. In this procedure, two single-band ligation devices were placed at greater and lesser curvature under endoscopic guidance, and subsequently, the two ends of ligation devices were fixed with resolution clips. A total of 13 patients underwent the procedure successfully. At 3 and 6 months follow up, the GERD-HRQL scale was 4.46 (±4.31) and 5.69 (±5.07), respectively, from a baseline of 19.92 (±7.89). Similarly, at 3 and 6 months follow up, DeMeester score improved to 16.97 (±12.76) and 20.32 (± 15.22), respectively, from a baseline of 125.50 (± 89.64). There were no serious complications; slight retrosternal pain and dysphagia were reported in 3 patients. This study shows that peroral endoscopic cardial constriction is a safe and effective method for the treatment of GERD. However, it is a small preliminary clinic study, so further data is needed (81) (Table 4).

Benias et al. described a novel resection and plication (RAP) procedure, limited crescent-shaped mucosectomy at the level of the gastroesophageal junction followed by full-thickness plication of the LES using Apollo Overstitch (Apollo Endosurgery, Austin, Texas) in a pre-determined pattern. In this pilot study, 10 patients with GERD symptoms refractory to PPI underwent the RAP procedure. All patients were discharged the same day from the hospital after the procedure without any adverse events. During mean 9 months (range 5–24 months) follow-up, all patients had significant improvement in GERD-HRQL scores, and daily PPI dependence was eliminated in 8 out of 10 patients (82) (Table 4).

These techniques have only limited data available. Further randomized studies comparing these techniques with other current standards of care are needed.



Wilson-Cook Endoscopic Suturing Device

The Endoscopic Suturing Device (ESD) (Wilson-Cook Medical Inc., Winston-Salem, NC) is a single-use endoscopically assisted endoluminal suturing device, which was first introduced in 2002 (83). It has three components- an external accessory channel, a flexible Sew-Right device, and a flexible T-Knot device (84). Both Sew-Right and T-Knot devices are inserted through an external accessory channel attached to a flexible endoscope, and the true working endoscope channel of the endoscope can be used for further interventions as needed (83, 84). A single-center prospective study of 20 patients with GERD who failed treatment with EndoCinch underwent an ESD procedure. Technical success was 100%, but no significant changes in the 24-h pH monitoring results based on a median pH < 4/24 h after treatment when compared with baseline (9.9 vs. 12.3%, p = 0.60) were seen after 6 months. Similarly, there was no significant change in the PPI use and manometry finding (median LES pressure 7.2 vs. 9.9 mmHg, p = 0.22). Only 5% of patients were found to have sutures in situ at 6 months follow up (83) (Table 4). A clinical phase of another uncontrolled study of 20 patients with GERD also showed poor clinical outcomes. There was no significant improvement in PPI use, LES pressure on manometry, pH study. Only 12% of plication persisted at 3 months follow up (84). Both studies showed early suture loss. The ESD is no longer available or market for clinical use (19).



BARD EndoCinch™

The BARD EndoCinch ™ (C.R. Bard Inc., Murray Hill, NJ, USA) is used for endoluminal gastroplication (85). This procedure was first described by Swain and Mills in 1986 and approved by the FDA in 2000 (86). The EndoCinch procedure uses a sewing capsule attached to the distal tip of an endoscope to create partial-thickness pleats through a series of sutures at the gastric cardia (87). In a multicenter prospective, open-labeled trial, 48 patients with GERD underwent endoluminal gastroplication using the EndoCinch™ system. For 24 months follow-up period, the rate of complete resolution of heartburn symptoms ranged from 54 to 66%, the rate of successful discontinuation of PPI or H2 receptor antagonist ranged from 65 to 76%. The rate of patients who had successful discontinuation of PPI or H2 receptor antagonist, improvement in endoscopic Los Angeles classification to grade O, improvement in heartburn symptoms were greater in patients with more than one plication remaining than with loss of all plications (88). A study evaluating long-term effects of EndoCinch™ treatment showed that in the 4-year follow-up period, 44% of patients needed retreatment after a median period of 4 months (interquartile range 3–8), and 80% required PPI again for their GERD symptoms (89). EndoCinch ™ fails to show long-term benefits for most patients with GERD (89, 90). Furthermore, it is shown to be inferior to surgical fundoplication (91).



NDO Plicator

The NDO is a full thickness suturing transmural plicator designed by NDO Surgical Inc. (Mansfield, MA) in 2003, and the FDA cleared the device in May 2004 (86, 87). This device uses a pretied suture-based implant to secure a plication near the gastroesophageal junction under the visualization of a flexible endoscope. It creates a transmural full-thickness plication with serosa-to-serosa fusion at the angle of His (19, 87). In 2003, a pilot study of the use of endoscopic full-thickness plication in patients with chronic heartburn and pathologic reflux showed a reduction in heartburn score, anti-GERD medication use. Only mild adverse events were reported, which resolved spontaneously within 7 days of the procedure (92). In a prospective RCT, patients were randomly assigned to the active group, endoscopic full-thickness plication (n = 78), and sham group (n = 81). By intent-to-treat analysis, patients achieving ≥50% improvement in GERD-HRQL score were significantly higher in the active group (56%) than the sham group (18.5%) at 3 months (p < 0.001). Similarly, it shows a higher PPI cessation in the active group than the sham group (50 vs. 24%, p = 0.002). No perforation or deaths were reported (93) (Table 4). This device is no longer available for commercial use as it was taken off the market in June 2008 due to the company's poor financial performance (19, 86).



Anti-Reflux Device

Anti-Reflux Device (Syntheon, Miami, FL, USA) is a titanium compression implant that creates a full-thickness plication in the gastric cardia along the anteriorly contiguous to the lesser curve to create a serosa-to-serosa apposition (19, 94). It allows using a standard gastroscope without overtube as the device can be passed alongside the gastroscope and controlled independently. The gastric wall is pulled into the Anti-Reflux device's jaws using a catheter-based tissue retractor through an endoscope biopsy channel, and then a titanium implant is deployed as jaws close to creating a full-thickness pleat. In a multicenter trial, 70 patients with symptomatic chronic GERD dependent on daily anti-secretory medications were treated with Anti-Reflux Device. At 6 months of follow-up, 79% of patients had ≥50% improvement in GERD-HRQL scores, and 63% were off anti-secretory therapy. The most common adverse event reported was epigastric/referred chest pain (31%), and one patient with prior history of complicated peritoneal infection had gastric perforation. The patient had an uneventful recovery after surgical intervention (94) (Table 4). Anti-reflux Device has not been brought forward for commercialization (19).



The His-Wiz Anti-Reflux Procedure

The His-Wiz (Apollo Group/Olympus Optical, Tokyo, Japan) is a novel, overtube-based endoscopic device that allows for infrasphincteric application resulting in the accentuation of the gastroesophageal barrier. This device allows for full-thickness suturing and automatic cutting ability in a single-step procedure (19, 95). In a prospective pilot study, seven patients with chronic GERD on maintenance anti-secretory therapy underwent a 2-plication approach where two plications were performed on the anterior and posterior walls below the GEJ. Patients reported improvement in heartburn scores and pH monitoring, although a trend toward worsening anti-reflux was seen at 1 year. Most adverse events were transient and minor except for one patient with significant bleeding requiring endoscopic therapy. This was a small study (95) (Table 4). This device has not been brought forward for commercialization yet (19).




FUTURE DIRECTIONS

There have been significant advancements in endoscopic diagnosis and treatment of GERD over the last two decades. Newer advanced endoscopic imaging technologies show promising results in improving diagnosis accuracy. Endoscopic therapies provide a minimally invasive option for patients who are not responding to medical therapies and for patients with prior fundoplication and bariatric surgeries. However, large randomized, long-term studies are needed to show the efficacy of these procedures compared to traditional surgical and laparoscopic procedures. Although these endoscopic therapies have shown improvement in quality of life and patient symptoms, they have not shown consistent results in objective parameters like augmentation of LE pressure, esophageal acid exposure, and pH normalization.



CONCLUSION

Newer advanced endoscopic imaging and intervention techniques can improve the diagnostic accuracy of GERD and could improve target biopsy samples from high yield areas. This could decrease unnecessary biopsies from non-dysplastic areas, identifying abnormal mucosal or vascular patterns of lesions that could improve outcomes. However, these imaging techniques are still not very prevalent outside large academic institutions, likely due to limited access to training and the need for additional equipment. A growing number of patients fail to respond to pharmacological therapy with acid suppressant medications like PPI, and in these patients, endoscopic techniques for GERD are a minimally invasive option to surgical intervention. These endoscopic interventions are for the well-selected patient population. An endoscopic intervention like bulking injection agent and endoscopic suturing techniques showed varying degrees of response and did not show long-term efficacy. Techniques like radiofrequency treatment and endoscopic fundoplication are showing more promising results. These endoscopic techniques could be an alternative option for patients who are not good surgical candidates and have GERD refractory to PPI or GERD complications. Long-term randomized trials are needed comparing pharmacological, endoscopic, and surgical intervention for GERD treatment.
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The introduction of capsule endoscopy in 2001 opened the last “black box” of the gastrointestinal tract enabling complete visualization of the small bowel. Since then, numerous new developments in the field of deep enteroscopy have emerged expanding the diagnostic and therapeutic armamentarium against small bowel diseases. The ability to achieve total enteroscopy and visualize the entire small bowel remains the holy grail in enteroscopy. Our journey in the small bowel started historically with sonde type enteroscopy and ropeway enteroscopy. Currently, double-balloon enteroscopy, single-balloon enteroscopy, and spiral enteroscopy are available in clinical practice. Recently, a novel motorized enteroscope has been described with the potential to shorten procedure time and allow for total enteroscopy in one session. In this review, we will present an overview of the currently available techniques, indications, diagnostic yield, and complications of device-assisted enteroscopy.
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INTRODUCTION

Up until the end of the 20th century, the available options for small bowel evaluation were limited owing to the length of the small intestine and its anatomy. Push enteroscopy, the main technique, had a limited insertion depth and diagnostic yield (1). Intraoperative enteroscopy allowed complete small bowel evaluation but was associated with a high morbidity and mortality approaching 17 and 5% respectively (2). Capsule endoscopy was first reported in 2001 opening up the small bowel for diagnostic approaches, but was not able to close the gap in therapeutic interventions (3) (Table 1). The introduction of double-balloon enteroscopy (DBE) in 2001 enabled endoscopic scrutiny of the entire small bowel with intervention capabilities such as tissue sampling with biopsies, mucosal injection, polypectomy, hemostatic techniques, stricture dilation, and retrieval of foreign bodies (4). DBE remains the most studied and established deep enteroscopy (DE) technique to date. Additional methods were later introduced such as single-balloon enteroscopy (SBE) in 2007 (5) and spiral enteroscopy (SE) in 2008 (6). A novel motorized spiral enteroscope was described in 2015 allowing faster and easier progression into the small bowel (7). These techniques are known as “device-assisted enteroscopy” (DAE). DAE is a generic term for assisted progression of the enteroscope into the small bowel. Assistance is provided by overtubes, balloon catheters, or other stiffening devices (8–10).


Table 1. Diagnostic yield of video capsule endoscopy for various indications.

[image: Table 1]

The field of DAE continues to evolve with the development of new enteroscopes taking therapeutic endoscopy in the small bowel to another level. Endoscopic retrograde cholangiopancreatography (ERCP) and even cholangioscopy are nowadays feasible with the help of DAE in patients with altered anatomy (11). In this review, we will highlight the latest DAE developments, the emerging clinical results, and future directions.



HISTORICAL DEVICE-ASSISTED ENTEROSCOPY TECHNIQUES


Sonde Type Enteroscopy

The first successful total enteroscopy was reported in 1971 using a ropeway and a sonde method. The sonde type consisted of a 5-mm forward-viewing fibroscope that can be passed transnasally and migrates distally to the stomach. It is then pushed through the pylorus with a gastroscope passed through the mouth and carried by peristalsis of a balloon inflated at the tip (12). The procedure was uncomfortable, painful, and lasted 6–8 h. It also did not allow tissue sampling, tip deflection, or therapeutic interventions. Only 50–80% of the mucosa could be visualized and up to 75% of the time, the terminal ileum could not be visualized (13).



Ropeway Type Enteroscopy

The ropeway enteroscope consists of insertion of a long intestinal Teflon string that is advanced orally and discharged from the anus. Once this step is finished, typically requiring 24 h, the ropeway enteroscope can be pulled through the gastrointestinal tract with the aid of the string. Visualization and biopsy of the small bowel are possible, however traction on the string increases the risk of perforation and stenotic lesions disallowed the passage of the string and limited the effectiveness of this device (14, 15). The sonde and ropeway methods were cumbersome, technically challenging, time-consuming, and did not achieve wide acceptance in clinical practice. They have since been replaced by more effective deep enteroscopy techniques.




CURRENT DEVICE-ASSISTED ENTEROSCOPY TECHNIQUES


Push Enteroscopy

For nearly 30 years, push enteroscopy (PE) was the preferred method and consisted of using a long endoscope with a standard diameter allowing visualization of the esophagus, stomach, duodenum, and proximal jejunum. Bleeding sources in the proximal small bowel up to 50–70 cm from the pylorus can be rapidly excluded with this method, however visualization of the entire small bowel is not possible. Compared to other DAE, PE has shorter sedation and procedure time while antegrade balloon-enteroscopy has significantly greater depth of insertion (230 vs 80 cm, p < 0.001) and diagnostic yield (63 vs 44%, p < 0.001). In addition, deep enteroscopy identifies additional lesions in deeper parts of the small bowel in most PE-positive patients (16).



Double-Balloon Enteroscopy

The advent of video capsule endoscopy (VCE) in 2001 led to an increasing need for a reliable endoscopic method for direct access to the small bowel for histopathological confirmation or performance of endoscopic therapies. The development of DBE in 2001 resulted in a paradigm shift in diagnostic and therapeutic approaches in the small bowel. The DBE system (DBE, Fujifilm, Tokyo, Japan) comprises an enteroscope, an overtube, and a balloon-pump system with an inflatable balloon at the distal end of the enteroscope and a second balloon attached to the overtube. DBE may be performed in antegrade or retrograde manner and standard length endoscopic accessories can be used (17). After passing the duodenum or the ileo-cecal valve, the small bowel can be pleated by inflating and deflating the two balloons in tandem order leading to a much greater depth of insertion compared to push enteroscopy. This is known as a pull-and-push technique (18). There are three types of DBE available including a diagnostic, therapeutic, and a short model. The short DBE is engineered to overcome technically-challenging therapeutic ERCP procedures in patients with surgically altered anatomy.

The depth of intubation is estimated between 240 cm and 360 cm during the anterograde approach and 100–140 cm for the retrograde approach (19–21). Tee et al. found no distinct learning curve with antegrade DBE while technical success rates for retrograde DBE defined as achieving stable overtube placement in the ileum or finding the target lesion continued to increase over time during the study. The authors estimated at least 30–35 cases of retrograde DBE under supervision were needed to achieve a good technical success rate of more than 75% (22).

DBE is the most prospectively studied technique in terms of safety, diagnostic, and therapeutic yield. Total enteroscopy defined as the intubation of the entire small bowel was reported at 44% in a systematic review including 12,823 DBE procedures with an overall diagnostic yield of 68.1% (23).

Complications associated with DAE became increasingly recognized following the introduction of these new techniques. In addition to the known endoscopic complications of bleeding, perforation, and sedated associated complications, DBE has been associated with pancreatitis. Pooled minor and major adverse events in a large systematic review were 9.1% and 0.72% respectively (23).

The first reports of pancreatitis post DBE were published in 2006 (24). Several studies then reported up to 50% of patients had high levels of amylase and lipase following DBE and a few developed clinical signs of acute pancreatitis (25, 26). In large cohorts, the frequency of pancreatitis was estimated at 0.2–0.34% and the majority of the cases were reported with the antegrade route (23, 24). The pathogenesis of pancreatitis is thought to be secondary to mechanical stress on the pancreas or the papilla during the push-and-pull maneuver. One study noted a correlation between hyperamylasemia and the insertion depth and the number of pull maneuvers during DBE (27). Therefore, avoiding mechanical stress to the pancreas through slow retraction of the endoscope and the papilla by only using the balloon in deeper parts of the duodenum is recommended to reduce the risk of pancreatitis after DBE.

Bleeding after DBE has been reported particularly after interventional procedures. In a cohort of 2,362 DBE procedures, bleeding rate was 0.8% and only 0.1% after diagnostic procedures. The risk of perforation increases in those with prior abdominal surgeries. It is estimated at 0.1–0.3% in diagnostic procedures and 0.8–2.9% after small bowel polypectomy (28–30).

DAE are typically more time consuming than upper and lower gastrointestinal endoscopies and the risk of sedation-related complications should be taken into account. These complications were reported in 0.5% of cases in one database (28). Several studies have reported on the safety of DAE in the elderly (31, 32).



Single-Balloon Enteroscopy

The single-balloon enteroscope (SBE, Olympus Medical Systems Corporation, Tokyo, Japan) consists of one balloon attached to the tip of an overtube without the balloon attached to the tip of the endoscope. This was designed to streamline the push-and-pull technique leading to shorter set-up time, and less burdensome balloon control panel (33). The main technical difference between SBE and DBE is the need to angulate the tip of the SBE before the pulling maneuver to compensate for reduced stability (34). One diagnostic and one therapeutic SBE models are available.

The depth of intubation during antegrade SBE is between 133 to 256 cm past the ligament of Treitz and 73–163 cm for retrograde SBE past the ileocecal valve. The rate of complete enteroscopy is lower than DBE between 15 to 25% while the diagnostic yield is comparable at 47 to 60% (35–38). The range of therapeutic procedures offered is similar to DBE. Overall adverse event rate is also comparable to DBE at 1% with potentially higher risk of deep submucosal tears if the endoscope tip is flexed particularly in the setting of adhesions or strictures (39). The power suction maneuver consisting of maximum suction power to hold the small intestine during the insertion of the overtube may result in less damage to the mucosa than does the hook shape (40).



Conventional Spiral Enteroscopy

Spiral enteroscopy (Spirus Medical Inc., Stoughton, Massachusetts) was initially introduced in 2007 and consists of a manually rotatable overtube with a helical design called the Discovery Small Bowel that is positioned on a thin flexible enteroscope. The intestine is evaluated using a rotate-to-advance technology where the small bowel is retraced on the overtube with slight rotation allowing rapid advancement of the endoscope with a stable positioning. This allows meticulous examination of the small bowel on both insertion and withdrawal of the enteroscope (41). Most studies have described using spiral enteroscopy with the antegrade approach. The average depth of intubation ranges between 200 cm and 346 cm (42). Spiral enteroscopy allows reduction of total procedure time, with a similar diagnostic and therapeutic yields to DBE and a comparable depth of maximal insertion (DMI) (42, 43). The rate of total enteroscopy remains low barely approaching the 10% benchmark mainly due to difficult retrograde passage (43).

Akerman et al. reported major complication rates of 0.3%. In 2,950 patients, 8 perforations were reported with no incidence of acute pancreatitis, suggesting that SE has a lower risk of acute pancreatitis than DBE and SBE (44). Studies suggest that only about 5 procedures are required for competency in SE by an otherwise trained endoscopist (45). Conventional spiral enteroscopy is no longer available in the market since the introduction of motorized spiral enteroscopy discussed below in detail.



Balloon-Guided Endoscopy

Balloon-guided endoscopy (NaviAid, Smart Medical Systems, Ra'anana, Israel) consists of a permanently integrated inflatable balloon at the tip of the endoscope (single-balloon) which can be used with an additional through-the-scope NaviAid AB balloon catheter through the working channel (double-balloon). The NaviAid AB balloon can also be used with a standard adult colonoscope with a 3.7 mm working channel, a principle called on-demand enteroscopy. The through-the-scope balloon catheter is advanced into the lumen and used as an anchoring device inside the small bowel to enable deep enteroscopy. Limited data reported a mean DMI of 120 cm for antegrade enteroscopy and 110 cm for retrograde enteroscopy with rapid procedure times (46, 47).



Motorized Enteroscopy

In 2015, clinical evaluation of the first motorized version of the SE system started with the first human case of PowerSpiral Enteroscopy (PSE, Olympus Medical Systems Corporation, Tokyo, Japan) (7). PSE consists of a 168 cm long flexible endoscope that is compatible with the latest EXERA III endoscopy system. It includes a large 3.2-mm accessory channel and a separate dedicated irrigation channel. These additions reduce challenges in small bowel therapeutics and potential wear and tear on the endoscopist with less instrument exchanges. The system incorporates a user-controlled electric motor embedded in the endoscope's handle to rotate the spiral tube attached on the endoscope's insertion tube. Rotation is activated by a foot pedal switch. While the overtube pleats the bowel on the insertion tube, the resistance applied to the tissue is measured via a LED display to prevent bowel damage (48). This reduces the resources needed for training and personnel. With PSE withdrawal, the endoscopist should provide counterclockwise rotation to prevent the creation of shear forces and allow the small bowel to unscrew off the spiral.

In a prospective feasibility study of 140 peroral PSE procedures performed under general anesthesia, the technical success was 97% with diagnostic and therapeutic yields of 74.2% and 68.2% consecutively. The median DMI was 450 cm with a median insertion time of 25 min. Panenteroscopy to the cecum was achieved in 10.6% of the cases. The adverse event rate was 14.4% including one delayed perforation and one bleeding Malory-Weiss lesion. The risk of pancreatitis appears significantly low (49, 50).

In a study including 30 patients with indications for total enteroscopy, the total enteroscopy rate was 70.6, 16.6% with the antegrade approach alone and 53.4% with bidirectional approach (51). This rate seems to be comparable or even better than the rate of total enteroscopy in DBE of 40–60%, and much better than SBE and SE given substantial improvement in retrograde enteroscopy success rate. DMI by the retrograde approach was reported at 140 cm during a median of 35 min (52). Shortened PSE procedure time is likely due to the elimination of the push and pull reduction with balloon enteroscopy. To note, prophylactic esophageal bougie dilation has been performed in clinical studies to aid passage of the PSE through the upper esophageal sphincter but the real-world necessity of this step remains unknown.




CONVENTIONAL INDICATIONS FOR DEVICE-ASSISTED ENTEROSCOPY


Bleeding

Small bowel bleeding remains the main indication for DAE and occurs in approximately 5% of patients presenting with GI hemorrhage (53, 54) (Figure 1).
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FIGURE 1. 68-year-old male presented with melenic stools and a hemoglobin of 5.5 g/dL. Upper endoscopy and colonoscopy did not reveal the source of bleeding. Video capsule endoscopy revealed multiple proximal small bowel angioectasia (A). Antegrade double balloon enteroscopy was performed with successful ablation of angioectasia using argon plasma coagulation (B). Bleeding submucosal arteriovenous malformations (AVMs) found on deep enteroscopy requiring surgical resection (C,D).


The diagnostic yields of SBE and DBE in patients with small bowel bleed are similar ranging between 40–80% (21, 55, 56).

In a cost-effective study of patients with obscure GI bleeding, deep enteroscopy was the most cost-effective test after standard endoscopy for an endpoint of treatment or definitive diagnosis (57). Similarly, initial DE is a cost-effective approach for patients who likely have small bowel angiectasias (58). Initial VCE remains a common preferred strategy owing to its non-invasive nature.

Rebleeding rates for small bowel bleed after treatment during DBE were reported at 46% at 36 months in a large cohort of 261 patients. Risk factors for rebleeding include the total number of observed lesions and the presence of valvular or arrhythmic cardiac disease (59). May et al. showed a significant increase in hemoglobin levels and a decrease in blood transfusion requirements after therapy with argon plasma coagulation (APC) during DBE during a mean follow-up of 55 months (60). Other studies noted comparable rebleeding rates between patients with and without treatment of angiodysplasia (61).



Small Bowel Tumors and Polyps

Small bowel tumors account for 3–6% of all GI neoplasms (62). DAE techniques are effective in detecting and often treating small bowel tumors and polyps (Figure 2). The diagnostic yield for DBE in those with suspected small bowel pathology is between 9% to 14% (63–65). VCE was comparable to DBE in detection of small bowel tumors in a meta-analysis including 756 procedures (66). DE is also useful for patients in whom a suspicion for a small bowel tumor remains after a negative VCE. The reported miss-rate for small bowel tumors on VCE is 18.9% (67).
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FIGURE 2. Small bowel tumors and polyps found on deep enteroscopy: well differentiated neuroendocrine tumors in the ileum (A–C), moderately differentiated invasive adenocarcinoma in the jejunum (D), tubulovillous adenoma with low-grade dysplasia (E), small bowel metastasis secondary to renal cell carcinoma (F).


DE permits biopsy and tattoo placement to guide surgical resection in small bowel tumors. Endoscopic polypectomy has been reported in several studies without major complications. No differences were noted in the rates of therapeutic success between DBE and intraoperative enteroscopy, although the latter is much more invasive (68). Patients with polyposis syndromes can be managed endoscopically with DE decreasing the need for small bowel resections and short bowel syndrome (69).



Crohn's Disease

DAE is less commonly used in Crohn's disease owing to its invasive nature, although Crohn's disease lesions are commonly found when DBE is performed (Figure 3) (70–72). It is mainly used for therapeutic interventions including balloon dilation of small bowel strictures and to obtain histological diagnosis in those with small bowel disease. In Crohn's disease patients with clinically suspected small bowel disease, 60% had active small bowel lesions on DBE leading in change in therapy in 75% of the cases (73). DBE-assisted small bowel stricture dilation can delay or prevent surgery with an acceptable complication rate (74).


[image: Figure 3]
FIGURE 3. Device-assisted enteroscopy in the setting of stricturing small bowel Crohn's disease. A 70-year-old male with history of small bowel Crohn's disease on Infliximab was referred for deep enteroscopy after a small bowel follow through showed a stricture in the distal jejunum. Antegrade double balloon enteroscopy showed severe stenosis with friability and ulcerations (A,B). Biopsies showed chronic enteritis with moderate activity. Biologic therapy for his Crohn's disease was adjusted accordingly. A 24-year-old male with small bowel Crohn's disease was referred for deep enteroscopy after retention of video capsule endoscopy in the small bowel. Retrograde double-balloon enteroscopy showed the capsule at the level of an ileal stricture (C). The stricture was dilated using through-the-scope balloon dilation (D).





INDICATIONS FOR DEVICE-ASSISTED ENTEROSCOPY OUTSIDE OF THE SMALL BOWEL

With improvements in deep enteroscopy, additional indications have emerged including DAE-assisted colonoscopy, endoscopic access to GI segments out of reach to conventional endoscopes, and ERCP in patients with altered anatomy.


DAE-Assisted Colonoscopy

Overtube-assisted colonoscopy was shown to be useful in performing colonoscopy by increasing the cecal intubation rate and patient tolerance while decreasing the need for sedation (75). Cecal intubation rates were reported to exceed 90% in previous incomplete conventional colonoscopy (76). Single-balloon, double-balloon, and spiral enteroscopy were all reported to be effective and safe for this indication (77, 78). In addition, balloon overtube facilitates endoscopic submucosal dissection (ESD) by stabilizing the endoscope's position and improving maneuverability (79).



DAE in Patients With Altered Anatomy

DAE allows access to the excluded stomach in patients after Roux-en-Y gastric bypass allowing evaluation for bleeding and malignancy (Figure 4) (80, 81). Percutaneous endoscopic gastrostomy tube placement has also been described using DAE allowing permanent access to the upper gastrointestinal tract (82). Patients with intestinal surgical reconstruction can now benefit from DAE to evaluate or treat lesions out of reach to conventional endoscopes (83, 84). In particular, enteral insertion of self-expandable metal stents in intestinal segments previously excluded from endoscopic access has been described to treat malignant intestinal obstruction or strictures (85, 86). In addition, the newly developed shorter enteroscopes and the G-EYE enteroscopes allow through-the-scope deployment of enteral metal stents (83). However, DAE assisted enteroscopy in surgically altered anatomy is associated with an increased risk of small bowel perforation owing to adhesions (23).


[image: Figure 4]
FIGURE 4. A 60-year-old female with a history of Roux-en-Y gastric bypass and persistent abdominal pain despite extensive work-up was referred for deep enteroscopy for evaluation of the gastric remnant. Antegrade double-balloon enteroscopy was performed showing the jejuno-jejunal anastomosis (A), the major papilla (B), the pylorus (C), and the excluded stomach (D).




DAE-Assisted ERCP

Billroth II partial gastrectomy, Whipple's procedure, and Roux-en-Y anatomy are prone to an increased risk of biliopancreatic complications while rendering ERCP with a conventional side-viewing duodenoscope difficult (87). In a systematic review including 945 DAE-assisted ERCP in surgically altered anatomy, ERCP success was 74%, highest in patients with Billroth II and lowest in Roux-en-Y gastric bypass. The overall major adverse events was 3.4% (88). Given reported technical challenges with DAE-assisted ERCP using conventional double or single-balloon enteroscopy, shorter DAE endoscopes were developed allowing the use of conventional ERCP accessories and stents and an additional water channel allowed flushing away biliary stones and blood without the need to clear the working channel (89). Enteroscopes with a working-channel of 3.2 mm currently allow biliary self-expandable metal stent insertion which was impossible until recently (90). The 200-cm long DAE may be particularly helpful with Roux-en-Y bypass with a long limb. Forward viewing enteroscopes also facilitate direct cholangioscopy in patients with altered anatomy allowing introduction of the enteroscope into the biliary system after balloon dilation of the papilla followed intraductal endoscopic procedures such as biopsy sampling and stone extraction (91, 92). The use of a plastic cap at the tip of the enteroscope may facilitate cannulation of the papilla (93). CO2 insufflation is also recommended all cases of therapeutic endoscopy including DAE-assisted ERCP. PowerSpiral Enteroscopy-ERCP has also been described in Roux-en-Y anatomy. The speed, depth and control of insertion, short length of 168 cm, and 3.2-mm working channel offer potential advantages compared to standard DAE (94).




FUTURE DIRECTIONS

DAE is continuously evolving with new and improved enteroscopes allowing more complex therapeutic endoscopy procedures. PSE appears to be a promising and exciting advancement in deep enteroscopy. It may be the solution to finally assess the small bowel completely, reliably, and with relative speed all in one setting. Future randomized controlled trials will be needed to assess its ultimate benefit. PSE may be the start of an endoscopic motorized revolution that opens the world of endoscopic technology in many areas.

In the past few years, deep learning has revolutionized the field of computer vision and an increasing number of studies utilizing artificial intelligence in VCE has been published. Deep learning has achieved excellent sensitivity and specificity in detection of small bowel diseases (95). Eventually, this will translate to DAE by improving its diagnostic yield and performance. In addition, the implementation of robotics in flexible endoscopy appears to provide greater stability and controllability for complex therapeutic procedures that may eventually be applied to deep enteroscopy further expanding its therapeutic armamentarium (96).



CONCLUSION

DAE is becoming a standard tool in the evaluation and management of small bowel diseases. Particularly, DBE and SAE have proven their value and safety in large cohort studies (Table 2). The introduction of PSE may represent a major advance in small bowel endoscopy if efficacy and safety results can be replicated in larger studies. Although capsule endoscopy will remain the initial diagnostic test in most patients with suspected small bowel diseases, the future of deep enteroscopy appears promising given the efficacy, simplicity, and safety of motorized spiral enteroscopy.


Table 2. Characteristics of currently available enteroscopy techniques.
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Most colorectal cancers arise from adenomatous polyps and sessile serrated lesions. Screening colonoscopy and therapeutic polypectomy can potentially reduce colorectal cancer burden by early detection and removal of these polyps, thus decreasing colorectal cancer incidence and mortality. Most endoscopists are skilled in detecting and removing the vast majority of polyps endoscopically during a routine colonoscopy. Polyps can be considered “complex” based on size, location, morphology, underlying scar tissue, which are not amenable to removal by conventional endoscopic polypectomy techniques. They are technically more challenging to resect and carry an increased risk of complications. Most of these polyps were used to be managed by surgical intervention in the past. Rapid advancement in endoscopic resection techniques has led to a decreasing role of surgery in managing these complex polyps. These endoscopic resection techniques do require an expert in the field and advanced equipment to perform the procedure. In this review, we discuss various advanced endoscopic techniques for the management of complex polyps.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer diagnosed in both men and women in the United States each year (1, 2). In 2020, it was estimated that 149,500 adults were diagnosed with CRC. In terms of mortality, CRC ranks second as a cause of cancer mortality in both men and women combined, accounting for ~53,200 deaths in 2020 (2). The modifiable risk factors in CRC include smoking, high alcohol consumption, unhealthy diet, physical inactivity, and excessive weight attributing to more than half of cases of CRC (2). Most cases are preventable by appropriate screening and surveillance (3, 4).

The adenoma to carcinoma sequence is a well-established phenomenon in which normal colonic epithelium undergoes a series of genetic mutations that lead to cytological dysplasia and cancer (5, 6). The pathogenesis of genetic instability in CRC involves three major pathways: chromosomal instability (CIN), microsatellite instability (MSI), and CpG island methylator phenotype (CIMP) pathways (7). It is a slow process, usually takes 10–20 years, allowing effective detection of these polyps by screening colonoscopy (8). This sequence can be interrupted by polypectomy, thus decreasing the incidence and mortality from CRC (9–11). Although majority of CRC (70%) arises from adenomatous polyps, in about 25–30% of the cases, CRC develops from sessile serrated lesions (SSL) through the SSL-to-carcinoma pathway, mostly from the right colon. Most of the current literature on colon polyp progression to cancer is based on adenoma-carcinoma sequence, and thus in review, most of the information is inclined toward adenomatous polypectomy removal. Further changes will likely be seen in the future as more data emerges on the SSL to cancer pathways (12, 13).

The key variable in CRC prevention is polypectomy. There is no data from randomized controlled trials (RCT) to determine the effect of polypectomy on CRC incidence and mortality. The National Polyp Study is a pivotal study which provided strong evidence that polypectomy prevents CRC (9). In the National Polyp Study, 1,418 patients were included who had at least one adenoma resected during the colonoscopy and they were followed for a mean of 6 years. The incidence of CRC in the study cohort was significantly lower (76%) than expected on the basis of the rate in the Surveillance Epidemiology and End Results group. Furthermore, no CRC deaths were reported. In the long-term National Polyp Study follow-up study of 2,602 patients, the CRC mortality was reduced by 53% (95% CI 20–74%), when compared to the Surveillance Epidemiology and End Results population when followed for 23 years after polypectomy (10). A population based study from Germany showed that colonoscopy and polypectomy resulted in decreased CRC incidence and mortality, 10 years after the inclusion of colonoscopy to the national cancer screening program (14). There are three ongoing European Polyp Surveillance (EPoS) studies investigating the optimal surveillance strategies following adenoma and serrated polyp removal. EPOS I and II are randomized controlled trials, and EPOS III is observational. In EPOS I, 13,766 patients with low-risk adenomas (1–2 tubular adenomas of size <10 mm with low-grade dysplasia) are randomized to surveillance after 5 and 10 years or 10 years only. In EPOS II, 13,704 patients with high-risk adenomas (3–10 adenomas or adenomas ≥10 mm or with high-grade dysplasia or >25% villous features) are randomized to surveillance after 3, 5, and 10 years or 5 and 10 years only. EPOS III is an observational study where patients with serrated polyps ≥10 mm at any colorectal location or serrated polyps ≥5 mm proximal to the splenic flexure will undergo surveillance colonoscopy, 5 and 10 years after baseline colonoscopy. The primary endpoint of EPoS trials is the incidence of CRC, and it will be compared in all three different arms. This is the first long-term randomized trial to address surveillance after colorectal polyp removal (15).

More than 90% of polyps detected during screening colonoscopies are small (<10 mm in size), mostly benign, and do not contain advanced disease. These can be easily managed by conventional cold forceps or by snare polypectomy (12, 16–18). Around 10–15% of colorectal polyps are considered “complex” as they are difficult to be appropriately removed with these conventional endoscopic methods due to their size, location, and morphology. This review aims to discuss complex polyps and provides in depth overview of different endoscopic methods for removing these complex polyps. We also discuss various complications associated with these procedures and also future directions in the field.



COMPLEX POLYP

Complex colon polyps are generally characterized as any lesion whose endoscopic resection is technically challenging due to the size (>20 mm), the shape (flat/bulky), extent (polyps crossing two haustral folds, and polyps occupying more than a third of lumen circumference), location (right side, ileocecal valve, dentate line), or due to the presence of fibrosis as a consequence of large laterally spreading lesions (LSL) or previous attempts of endoscopic resection (ER) (19–25). These complex polyps carry an increased risk of colorectal cancer, high recurrence rates in the range of 10–20% after piecemeal resection, risk of adverse events with resection, increased risk of interval cancer after incomplete resection, and potential for increased medicolegal risks (26, 27).

Approximately 10% of polyps are incompletely resected, mainly due to size and morphology, which might contribute to interval cancer (28). Most large polyps can be effectively and safely resected by advanced endoscopic techniques, such as endoscopic mucosal resection (EMR) and submucosal endoscopic dissection (ESD) (12). These techniques are usually indicated when polyps are confined to the colonic mucosa (epithelium, lamina propria, and muscularis mucosa), an area where there is no lymphatic drainage, and the risk of lymph node metastasis (LNM) is extremely low (29). Selected superficially invasive cancers can also be resected by en-bloc EMR or ESD. Endoscopic resection of unrecognized malignant polyps with superficial submucosal invasive cancer (SMIC), with subsequent surgical resection, is not associated with increased risk of lymph node metastasis recurrence or decreased long-term recurrence-free survival, even with high-risk histologic features (30, 31).

Malignant polyps, those which invade the submucosa (submucosal invasive cancer–SMIC) but do not extend into the muscularis propria (T1 on TNM classification), have a prevalence of about 0.2–5% (32). In large, non-pedunculated polyps, SMIC is seen in about 15% of polyps, with less than half having deep submucosal invasion (33).


Classification of Polyps

Detailed endoscopic assessment of a lesion with high-definition imaging is a critical first step for the optimal management of colorectal polyps. However, high-definition white light evaluation alone for features such as fold convergence, edge retraction, expansion/thickened folds, firm consistency, erythema is not enough for an assessment of SMIC. Increasing size, recto-sigmoid location, and surface morphology have been associated with an increased risk of SMIC (34–36). Lateral spreading lesions (LSL), polyps that spread laterally and circumferentially rather than vertically, are commonly seen in practice (Figure 1). These lesions can be large and technically challenging to remove due to size, location, and fibrosis. The frequency of invasive cancer in homogeneous granular lateral spreading lesions (G-LSL) tends to be lower (<5%) than for G-LSL with a dominant nodule and for non-granular LSL (NG-LSL), which are flat or pseudo-depressed, as well as large sessile and bulky lesions of similar size (Figure 2) (35, 37).


[image: Figure 1]
FIGURE 1. (A) Granular lateral spreading lesion; (B) Granular lateral spreading lesion with dominant nodule; (C) Non-granular lateral spreading lesion. These lesion have a higher risk of fibrosis and invasive cancer. Polyp was tubular adenoma; (D) Non-granular lateral spreading lesion on white light; (E) Non-granular lateral spreading lesion on Narrow Band Imaging (NBI). Histology revealed a T1 adenocarcinoma.
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FIGURE 2. Paris is lesion in the rectum. (A) Seen on white light; (B) Seen on Narrow Band Imaging (NBI); (C,D) Polyp raised and resected en bloc. Histology revealed a superficial (<1 mm) T1 tumor with lymphovascular invasion.


Current US Multi-Society Task Force guidelines recommend endoscopic lesion assessment by using aids such as the Paris classification, virtual chromoendoscopy (such as Narrow Band Imaging, or dye spray chromoendoscopy (Kudo classification) for detection of features suggestive of deep SMI. The Paris classification is a morphological classification of polyps that can predict invasive disease risk in lesions (38). Based on the Paris classification, polyps can be classified as protruding (0-Is—sessile, 0-Ip—pedunculated, and Isp—semi-pedunculated), flat (elevated 0-IIa, flat 0-IIb, and depressed 0-IIc) and excavated (Type 0-III). The type 0-III lesions are uncommon in the colon. Depressed lesions have an increased risk of malignancy (30–50% of cases). Combining Paris classification and the LSL classification can help guide risk of SMIC. Endoscopic assessment of surface characteristic can be assisted by “real-time” manipulation of wavelengths that enhance blood vessels and delineate surface features [e.g., narrow band imaging (NBI); Olympus, Center Valley, PA and Fujinon Blue Light Imaging; Fujinon, Valhalla, NY] or by postprocessor technologies that recreate the image as per the desired wavelengths (e.g., Fujinon Linked Color Imaging and Pentax iscan; Pentax Medical, Montvale, NJ) (32, 39). The Narrow Band Imaging International Colorectal Endoscopic (NICE) classification allows examination of the surface characteristic of a polyp based on surface appearance, color and vessel pattern. The NICE classification is highly accurate in classifying polyps into type 1 (hyperplastic), type 2 (adenoma), and type 3 (invasive cancer) (Figure 3) (40–43). For the latter, the NICE criteria carry a high specificity but low sensitivity. In order to overcome this limitation, the Japanese Narrow Band Imaging Expert Team (JNET) further divides type 2 into JNET 2a (conventional adenoma) and JNET 2b (adenoma with high grade dysplasia or superficial SMIC) (Figure 4) (44). The WASP criteria, based also on NBI findings, was developed to help identify sessile serrated lesions (Figure 5). A lesser used tool in the United States, the Kudo Pit Pattern Classification, uses a combination of magnifying colonoscopy with dye spray (Indigo Carmine and Cresyl Violet) to highlight the pit pattern and determine the risk of deep submucosal invasion (45). Malignant colorectal polyps are further divided based on the histopathological feature. The Kikuchi classification system describes submucosal invasion in sessile and flat malignant colorectal polyp by dividing submucosa into three levels: sm1 describes invasion into the upper third of submucosa, sm2 describes invasion into the middle third of submucosa and sm3 describes invasion into the lower third of submucosa. The penetration of cancer cells into sm3 is associated with a higher risk of lymphatic spread. This implementation of this classification is challenging as it depends upon the quality of resected specimen as the entire submucosa is not typically included in the specimen (46, 47). The Haggitt criteria, used mainly for pedunculated polyps, classifies polyps into 0–4 levels based on the depth of invasion. In level 0, dysplastic cells are limited to the mucosa, level 1 indicated invasion of cancer cells into submucosa but limited to head of polyp; level 2 indicates invasion of cancer cells into neck of the polyp; level 3 indicates when cancer cell invade stalk of the polyp, and level 4 indicate when cancer cells invade submucosa below stalk of polyp but above muscularis propria. All non-pedunculated polyps with any degree of submucosal indicate level 4. The higher depth of invasion is found to be associated higher incidence of lymph node invasion. Like the Kikuchi classification, this classification system also depends on the resected specimen's quality, as if a pedunculated polyp is resected through the stalk, it will limit the classification (48, 49).
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FIGURE 3. (A) NICE type I (hyperplastic polyp); (B) Paris I-s, NICE type II (tubular adenoma without high grade dysplasia); (C) Paris IIa + is lateral spreading lesion, NICE type II (tubulovillous adenoma without high grade dysplasia); (D) NICE type III (adenocarcinoma) as see on white light. Note the invisible surface pattern with avascular area, highlighted in yellow; (E) NICE type III (Adenocarcinoma) as see under NBI.
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FIGURE 4. (A) Paris 0-IIa lateral spreading lesion; (B) On NBI, lesion classified as a JNET 2B. Histology revealed tubular adenoma with high grade dysplasia.
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FIGURE 5. Sessile serrated polyp on white light (A) and narrow band imaging (B). Polyp lacks a brown coloration and blood vessels or a tubular/branched surface pattern seen with tubular adenomas. Features of SSPs include clouded surface, indisctinctive borders, irregular shape, dark spots inside crypts, and mucus cap.


According to the 2019 Japanese Society for Cancer of the Colon and Rectum (JSCCR) guidelines, early CRC (cT1) is further categorized into slightly invasive cT1 and deeply invasive cT1. Deeply invasive cT1 is defined based on the endoscopic findings such as fullness, erosion, ulcer, deformity, rigidity, and full convergence on white light; contrast imaging; dye chromoendoscopy or image enhanced endoscopy (e.g., NBI, BLI); and endoscopic ultrasound findings. Deeply invasive cT1 lesions are managed with surgical resection with varying degrees of lymph node dissection due to high risk of lymph node metastasis. Slightly invasive cT1 (cTis) can be managed with endoscopic treatment through EMR or ESD when en bloc resection is possible due to low risk of lymph node metastasis. Whenever en bloc resection is not possible, these lesions are managed surgically. Even when endoscopic resection is successful, tumors with unfavorable histological features need lymph nodes dissection. These include: positive vertical margin, deep invasion (T1b, submucosal invasion ≥1,000 μm), poorly differentiated adenocarcinoma, signet-ring cell carcinoma, or mucinous carcinoma, and budding grade of BD2/3 at the site of deepest invasion (50, 51).

As per the American Joint Committee on Cancer (AJCC), early colorectal lesions, including malignant colorectal polyps, are defined as cancer invading through the muscularis mucosa into the submucosa (T1). This is further subclassified into T1a when the lesion is restricted to muscularis mucosa and T1b when the lesion is extending to submucosa. In patients with T1a lesions with low-risk features (well-or moderately differentiated adenocarcinoma, resection margins free of dysplasia or cancer, ≤ 2 mm depth of submucosal invasion, absence of angiolymphatic invasion), endoscopic management with EMR or ESD is sufficient if en bloc resection with negative margins can be achieved. However, for the patients with high-risk lesions and or T1b (poorly differentiated adenocarcinoma, cribriform pattern, >2 mm depth of submucosal invasion, lymphatic invasion, and tumor budding) surgical resection with lymph node dissection is recommended since they have a risk of lymph node metastasis (52–54).



Assessment of the Technical Difficulty

The second step in the resection of complex polyps is based on the assessment of the technical difficulty. It is well-recognized that incomplete resection is common, increases the difficulty for subsequent EMR or ESD, and is a risk factor for the need for surgical resection. The SMSA scoring system (size–S, morphology–M, site–S, and access–A) is a simple clinical score that helps to predict the difficulty in polypectomy and identify patients who are at increased risk of incomplete resection, adverse events, and recurrence based on the above-mentioned polyp characteristics (55–57).

Complex polyps should be managed by expert endoscopists with training in advanced polypectomy techniques in a multispecialty setting due to higher risk of complications like bleeding compared to conventional polypectomy; to minimize the risk of residual polyp/recurrence; to avoid unnecessary surgeries for benign polyps, and to achieve optimal oncologic resection in case of malignant polyps (26).




SURGICAL RESECTION

It is extremely important to identify malignant polyps prior to endoscopic resection to provide the best outcomes, as polyps with deep submucosal invasion are best treated with surgical resection. However, many patients in the United States still undergo surgical resection for benign colon polyps, independent of age, race, sex, or ethnicity (58). In an analysis of a large, nationally representative sample, it was found that surgery for nonmalignant colorectal polyps has significantly increased from 5.9 in 2000 to 9.4 in 2014 per 100,000 adults (incidence rate difference, 3.56; 95% CI 3.40–3.72) (58). Unnecessary surgical management results in increased morbidity, mortality, and direct and indirect costs (59, 60). In a large multicenter study, endoscopic management of large LSL by EMR was significantly more cost-effective than surgery, with a mean cost saving of $7,602 per patient (95% CI: $8,458–$9,220) and a reduction of inpatient hospitalization length of stay by 2.81 nights per patient (95% CI: 2.69–2.94) (60). A prospective study from National Surgical Quality Improvement Program included 12,732 patients who underwent elective surgery to remove the non-malignant colorectal polyps. This study showed that the overall risk of 30-day mortality was 0.7%, and the risk of one or more major postoperative adverse events was 14%. The index surgery resulted in ostomy among 2.2% of the study population (61).


Transanal Minimally Invasive Surgery

For the last 3 decades, trans-anal endoscopic microsurgery (TEM) has been the primary treatment for large, benign lesions of the rectum. However, the cost and technical complexity of the procedure limits its general use by colo-rectal surgeons. Transanal minimally invasive surgery (TAMIS) is a minimally invasive technique for resection of rectal tumors and was first described in 2009 by Atallah et al. as an alternative to TEM. EMR and ESD provide an endoscopic alternative for treating complex rectal lesions (62). There is very limited data comparing TAMIS with ESD.

In a single-center uncontrolled prospective study conducted in Germany, 330 patients referred for endoscopic resection of rectal large non-pedunculated colorectal polyps (LNPCPs) were included. ESD was performed in 302 patients with rectal LNPCPs, and the remaining 28 patients (advanced cancer was suspected macroscopically in 20 patients and benign lesion in 8 patients) were included. The resected lesion showed submucosal invasive cancer (SMIC) in 52 patients (17.2%) and benign lesions in 250 patients (82.8%). For SMIC, en bloc, R0, and curative resection were achieved in 81.4, 65.1, and 30.2% cases. Over the course of the study period, the curative resection rate increased from 13.6 to 47.6%, p = 0.036. En bloc and R0 resection for benign lesions was achieved in 83.2 and 70% cases, respectively. The total recurrence rate was seen in 4.8% cases for benign lesions after ESD (63). Quaresima et al. conducted a prospective study of 31 patients who underwent single-port TAMIS for mid and high rectal tumors. TAMIS was successfully completed in all cases without conversation into transabdominal surgery. The overall complication rate was 9.6%, including one case of urinary tract infection, one subcutaneous emphysema, and one hemorrhoidal thrombosis. R0 resection was allowed in 96.8% of cases with TAMIS. At a mean follow-up of 30 months, a single case of local recurrence occurred after large adenoma resection (64).

A multicenter randomized controlled trial (NL7083) is currently ongoing in Netherlands comparing TAMIS and ESD for the resection of non-pedunculated rectal lesions >2 cm size, with the bulk of lesion located below 15 cm from the anal verge (65). A target sample size is 198 patients who would be randomized into TAMIS and ESD arms. The primary endpoint is the recurrence rate at follow-up colonoscopy at 6 months. Secondary endpoints include radical (Ro-) resection rate, perceived burden and quality of life, cost-effectiveness, surgical referral rate, overall complication rate, and recurrence rate at 24 months (65).




COMPLEX POLYPECTOMY

Although most of the complex polyps are benign, and >90% of these can be safely resected endoscopically, assessment of malignancy should be determined first, as deeply invasive cancer should be removed surgically for complete resection and histologic assessment of lymph nodes to determine lymph node metastasis. Visual signs suggestive of malignancy on colonoscopy evaluation include induration, friability, ulceration, and fixation to the colonic wall. However, large polyps can have invasive carcinoma without these signs (24, 66–70). Technique selection varies based on location, the lesion's morphology, patient's comorbidities, and endoscopist skills (71, 72). Advanced endoscopic techniques include EMR, ESD, hybrid techniques such as pre-cut EMR, Hybrid ESD, and novel therapies such as endoscopic full-thickness resection.



APPROACH AND RESECTION TECHNIQUES


Endoscopic Mucosal Resection

Endoscopic mucosal resection (EMR) is a technique that involves the removal of lesions within the mucosa (71). EMR technique involves submucosal injection of a solution into submucosal space, thus lifting lesion away from the muscularis propria of the colon, followed by cautery snare resection (Figure 6) (12, 73). Cold snare EMR is a widely used technique for polyps sized <10 mm, with emerging data that supports its use for polyps between 10 and 20 mm and even beyond 20 mm, specially for serrated lesions (Figure 7) (18, 74–76). There are various solutions available for submucosal injections, with sterile normal saline being most frequently used. Other injectable solutions include saline with epinephrine, fibrin glue, hyaluronic acid, hydroxypropyl methylcellulose, succinylated gelatin and, glycerol (77–81). Vital dyes like methylene blue or non-vital dyes like indigo carmine help identify the deep muscular layer injury or perforation (82, 83). A meta-analysis of five randomized controlled studies showed a significant increase in en-bloc resection (OR 1.91, 95% Cl: 1.11–3.29, P = 0.02) and fewer residual lesions (OR 0.54, 95% Cl: 0.32–0.91, p = 0.02) with viscous solutions compared to normal saline used for submucosal injection for EMR (84). The US multi-society task force on colorectal cancer recommends the use of a viscous injection solution (e.g., hydroxyethyl starch, Eleview® submucosal injectable composition, ORISE™ Gel Submucosal Lifting Agent, Boston Scientific) for lesions ≥20 mm to remove the lesion in a piecemeal fashion with less procedure time compared to normal saline (Figure 8). It also recommends the use of contrast agents, such as indigo carmine or methylene blue, in the submucosal injection solution to facilitate recognition of the submucosa from the mucosa and muscularis propria layers (85). Lesions are removed by snare excision either as en-bloc resection or piecemeal polypectomy, depending on size and morphology (Figure 9). A meta-analysis of 50 studies, including 6,442 patients with colorectal polyps ≥20 mm treated with EMR, showed an initial success rate of 92% for endoscopic resection, and only 8% of patients underwent surgery due to non-curative endoscopic resection. Endoscopic recurrence, perforation and bleeding occurred in 13.8, 1.5 and 6.5%, respectively (86). Studies have shown that EMR is not only cost-effective than surgery; it has less morbidity and mortality also (Table 1). It should be considered the first line of treatment for patients with these sessile or lateral spreading large (≥20 mm) lesions (60, 87).
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Figure 6. (A,B). Paris 0-IIa lesion, injected with methylene blue, size noted to be larger than originally suspected; (C,D) En-bloc endoscopic mucosal resection with blended coagulation current and a 20 mm snare.
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FIGURE 7. (A) Sessile serrated lesion injected prior to resection to better define resection borders; (B,C) Sessile serrated lesion removed by dynamic submucosal injection and piecemeal cold endoscopic mucosal resection.
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FIGURE 8. (A) Submucosal injection using ORISE™ gel submucosal lifting agent (Boston Scientific). (B) Submucosa easily identify with indigocarmine non-vital stain.



[image: Figure 9]
FIGURE 9. Piecemeal endoscopic mucosal resection. (A) A 40 mm Paris 0-IIa, granular lateral spreading lesion in the cecum seen on white light; (B) Same lesion seen under narrow band imaging; (C–G) Polyp removed by dynamic and piecemeal injection using a blended cutting current. The histology showed tubular adenoma.



Table 1. Endoscopic mucosal resection (EMR) for colon polyp studies with more than 100 patients.
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En-bloc resection is preferred over piecemeal polypectomy as it allows more accurate histological assessment. In cases of malignant polyps, it gives fundamental information on lateral and vertical margins. Deep submucosal invasion, defined as tumor involvement ≥1 mm (1,000 mm, or SM3 on Kikuchi classification), is associated with a high risk of lymph node metastasis and residual recurrence (10–18%) (114). A meta-analysis of 33 studies showed the overall recurrence risk for EMR resection to be 15% (95% Cl 12–19%). The recurrence rate was higher after piecemeal resection (20%) than en-bloc resection (115). A multicenter prospective study of 1,000 successful EMR procedures for sessile or laterally spreading colonic lesions ≥20 mm in size showed an early recurrent/residual adenoma rate of 16% (95% Cl: 13.6–18.7%) (116). Out of the total, 71.7% of these were diminutive, and 93.1% treated successfully using the endoscopic method. Lesions size >40 mm, use of argon plasma coagulation (APC) for treatment of incomplete polyp resections, and intraprocedural bleeding was identified as risk factors for these recurrent/residual adenomas (116). Consequently, surveillance endoscopy is recommended at 6 and at 16–18 months after piecemeal EMR to detect any recurrence (117). The US Multi-Society Task Force on Colorectal Cancer recommends using adjuvant thermal ablation at the margins of the polypectomy, even when there is no endoscopically visible polypoid tissue for treatment of micropolyp not visible by endoscopy (39). The most common modalities include APC or snare tip soft coagulation. Residual polypoid tissue within the polypectomy site is best treated by avulsing the residual polyp using hot forceps called as hot forceps avulsion technique (39).

Another technique, underwater EMR is also gaining in popularity. Different from conventional injection assisted EMR, where submucosal injection provides a cushion separating the submucosal layer form the muscularis propria (MP), no submucosal injection is performed during underwater EMR to raise the lesion. The polyp is submersed in water and the intraluminal air removed, removing colonic wall tension, and separating the mucosa from the MP. This prevents accidental muscle entrapment with the snare and helps with thermal dissipation, decreasing the risk of perforation during resection. Additional advantages of this technique is that it allows the capture of a larger mucosal surface area in the opened snare, increasing the chance of en-bloc resection without the use of a larger snare, and the resection is faster than compared to the conventional technique. The disadvantage of this technique is bleeding underwater during resection can obscure visualization (118, 119).



Endoscopic Submucosal Dissection

Endoscopic submucosal dissection (ESD) is an advanced form of polypectomy designed to resect large lesions in an en-bloc manner resulting in lower recurrence rates (120, 121). It was initially described in Japan for resection of early gastric cancer and now adopted to treat complex colorectal polyps (122, 123). ESD allows en-bloc resection of large superficial polyps, especially flat polyps, which would otherwise need piecemeal resection with EMR. A piecemeal resection by EMR lead to increased recurrent rates when compared to en-bloc ESD (124, 125). ESD involves a submucosal injection to achieve adequate submucosal lift and then circumferential incision of mucosa using an endoscopic knife, followed by submucosal dissection underneath the lesion above the muscularis propria (73, 117, 126). ESD is time-consuming, labor-intensive, technically difficult, and has a higher risk of complications like bleeding or perforation (71, 117).

American Gastroenterology Association recommends ESD for colorectal lesions which are too large to ensure en bloc resection with EMR or at higher risk of containing cancer (125). Similarly, the European Society of Gastrointestinal Society recommends that ESD to be considered in patients with colonic and rectal lesions suspected to have a superficial submucosal invasion (sm1 and sm2), which cannot be removed en-bloc by EMR technique (127). Lesions with suspicion for deep submucosal invasion (sm3) or muscualris propria invasion should be referred for surgical management. The greatest benefit of ESD is in rectal lesions. ESD offers a minimally invasive option with adequate R0 resection in selected early rectal cancers (T1,where in cancer is restricted to the submucosa) with no high risk histologic features, ESD has also shown great results in the management of residual/recurrent tumors after EMR, tumors in patients with inflammatory bowel disease, and large colo-rectal polyps (128, 129).

There are 2 different techniques in ESD: the classical technique and the submucosal tunneling technique. The classical technique, with an initial circumferentially dissection around the polyp followed by dissection under the polyp and complete resection of the lesion. The submucosal tunnel leads to the creation of a pocket. The proximal end of the polyp is dissected initially and subsequently, the distal end is raised. The lateral end is not dissected at the beginning to avoid loss of injection fluid and the polyp raise is maintained. An inicision from the distal end is then used to create a tunnel and complete the dissection. Toward the end of the dissection, the lateral walls are dissected (130).

A meta-analysis of 14 studies evaluating the success of en-bloc resection of large colorectal polyps by ESD showed successful en-bloc resection in 84.91% (95% Cl: 77.82–90.82) and complete cure en-bloc resection in 75.39% (95% Cl: 66.69–82.21) (131) (Table 2). Another systematic review and meta-analysis of 97 studies evaluating colorectal lesions resected using the ESD technique showed that the R0 resection rate was 82.9% (95% Cl: 80.4–85.1%) and significantly higher in Asian countries than non-Asian countries (85.6 vs. 71.3%). Similarly, the en-bloc resection rate was 91% (95% Cl 89.2–92.5%), which was also significantly higher in Asian countries than non-Asian countries (93 vs. 81.2%). The complication like recurrence at 12 months (2%), delayed bleeding (2.7%) and perforation (5.2%) were significantly low (132). ESD is an established endoscopic resection method in Asian countries and being slowly adopted in Western countries with increasing practice in Europe over the last decade and now in the United States, mainly in advanced tertiary centers (125).


Table 2. Endoscopic submucosal dissection (ESD) for colon polyp studies with more than 100 patients.
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A meta-analysis of 66 studies comparing EMR and ESD for colorectal lesions showed higher en bloc resection rate of 90.5% with ESD compared to 62.8% with EMR (OR 0.18, 95% CI 0.16–0.2) (171). Similar results were reported in other meta-analyses showing higher en bloc resection rates with ESD compared to EMR (99, 172). There are several advancements in endoscopic tools which have made ESD less cumbersome. There are various colonic dissection knives (dual knife, dual-J knife, Hook knife, IT knife, IT-J knife, ERBE knife) and co-agulation grasping forceps for co-agulation of bleeding. However, the traction tools are still lacking making it a challenging procedure (173).



Hybrid ESD or Knife Assisted Snare Resection

It combines ESD with snaring and thus simplifies the process of submucosal dissection. It is associated with shortening time to perform the procedure and complication rate, although it has lower en-bloc resection rates than typical ESD (174). It involves using an ESD knife to make a circumferential mucosal incision around the lesion, and then the targeted subepithelial lesion is grasped, retracted toward the lumen, followed by snare resection. Resection is aimed for en-bloc removal. This technique uses a standard snare, and needle-knives during ESD (12, 130). It can also be used to resect scarred polyps (recurrence following previous EMR) (12).

Retrospective data was collected from a study in Japan conducted in patients with large colorectal polyps with size >20 mm who underwent either ESD (for 137 lesions in 134 patients) or hybrid ESD (27 lesions in 26 patients). Results showed a shorter procedure time with hybrid ESD (108 ± 59.5 vs. 122 ± 72.2 min) but lower en-bloc resection than the ESD group (66.7 vs. 94.2%). However, there were no significant differences in procedure time, in rates of en bloc resection or complication rates between the two groups (174).

In a meta-analysis, 97 studies evaluated standard technique, and 12 studies evaluated hybrid technique for colorectal lesions suspicious of superficial malignancy showed that R0 and en-bloc resection rate of 60.6 and 68.4%, respectively, for hybrid technique. It was significantly lower than the standard ESD technique with similar adverse event rates (132). Another recent meta-analysis of 16 studies with 751 patients who underwent hybrid ESD for large colorectal lesions showed an en-bloc resection rate and complication rate of 81.63% (95% Cl: 72.07–88.44) and 7.74% (95% Cl 4.78–12.31), respectively. Subgroup analysis of conventional (N = 1,703) with hybrid ESD (N = 497), procedure time was found to significantly shorter with hybrid ESD (mean difference 18.45 min; p = 0.003), lower complication rate (p = 0.04), but it has lower en bloc resection rate (p < 0.001) (175).



Endoscopic Full-Thickness Resection

This is another well-established advanced resection technique. The EFTR involves full-thickness plication of the bowel wall secured by an over-the-scope clip followed by bowel wall resection above the clip. Commercially available full-thickness resection device (FTRD®, Ovesco, Germany) is a single-step full-thickness device that combines a modified over-the-scope clip with an integrated snare (176). EFTR is for complex polyp that is not amenable to conventional endoscopic resection due to severe fibrosis and scarring, specific anatomical locations (close to a diverticulum or appendiceal orifice), and cases of incomplete resections. Lesions <2.5 cm are suitable for this technique (126, 177). There is a small risk of appendicitis when lesions are resected close to the appendix and some risk of dehiscence due to OVESCO clip falling off the colonic mucosa thereby leading to peritonitis and sepsis. Most of the data is from small studies, so further large, randomized studies are needed, especially compared with other available endoscopic resection techniques (178–181).




SPECIMEN HANDLING

Pathological examination of specimens resected by EMR or ESD is a critical step and crucial for diagnosis of lymphatic spread and risk of metastasis. A clinical report with endoscopic information and a pinned formalin-fixed specimen with margins properly oriented by an endoscopist are necessary to start pathologic assessment (182, 183). The specimens are pinned onto a paraffin wax block and submerged in formaldehyde before submitting for the pathologic assessment to preserve tissue shape, size, and orientation. Knowledge about the appearance of the lesion is required to have the orientation of the specimen. To help orientation of en bloc resection specimens, these specimens are first flattened and fixed at their periphery with thin needles before immersion to formalin. The distance of cancerous tissue from the resection margin should be included for pedunculated specimens. Similarly, non-pedunculated cancerous lesion specimens should include the histology, depth of the lesion, cancerous involvement of the lateral and vertical margins, presence of tumor budding, degree of pathologic differentiation, and lymphatic and blood vessel involvement (39).



COMPLICATIONS

These advanced endoscopic techniques for the removal of complex polyps have an increased risk of various complications. Bleeding and perforation are two main complications associated with EMR and ESD procedures. Other complications include non-specific postprocedural pain, post polypectomy syndrome, residual tissue. It is very important for the endoscopists to prevent, early recognition and prompt management of these complications (Tables 1, 2).


Bleeding

Bleeding is the most common complication after the EMR procedure, reported in 0.7–24% of the cases. It can be classified into immediate post-polypectomy–IPPB (intraprocedural) or delayed post-polypectomy–DPPB (post-procedural) bleed (184). Intraprocedural bleeding has been reported in 11–22% of cases, and it can be controlled endoscopically, but it does prolong the procedure (72, 83, 185). The risk factor for intraprocedural bleeding includes large polyps, tubulovillous or villous lesion, minimally elevated sessile polyps, limited operator experience with EMR. This bleeding is effectively managed during the procedure using snare tip soft coagulation, coagulation grasping forceps, or endoclips (72, 186). Postprocedural bleeding occurs hours to days after the procedure, and the rate of bleeding has been reported between 2 and 11%, with clinically significant bleeding in 6% of the cases (72, 83, 185). Risk factor for delayed bleeding includes lesions in the right colon, large lesions with size ≥40 mm, age more than 75 years, antiplatelets or anticoagulants within seven days of procedure and intraprocedural bleeding (83, 187–189).

The bleeding rate after ESD ranges from 0 to 11.9% for upto 15 days post procedure. It can be classified into immediate (intraprocedural) or delayed (post-procedural) bleed (190, 191). A recent meta-analysis of 104 studies showed the rate of immediate and delayed major bleeding of 0.75% (95% Cl: 0.31–1.8%) and 2.1% (95% Cl: 1.6–2.6%), respectively, after ESD for colorectal lesions (192). Risk factors for delayed bleeding include the lesion's size, sessile type, the occurrence of intraprocedural bleeding, use of prior anti-thrombotic agents (193, 194). Recent studies have shown lesions in the cecum and rectum have a higher incidence of delayed bleeding after ESD (193, 195, 196).

Several randomized studies have evaluated the utility of clip closure after resection of large non-pedunculated colonic polyps (197–199). Results of these studies argue against the routine use of prophylactic clip placement after polypectomy. However, clip closure is recommended to prevent DPPB after resection of large colorectal lesion ≥20 mm in size and proximal to the splenic flexure (200). Closure of lesion ≥20 mm is further supported by a recent meta-analysis of 13 studies that showed that prophylactic clipping (1.4%) was associated with a lower rate of delayed bleeding compared to no clipping (5.2%) (pooled OR:0.24, 95% Cl: 0.12–0.50) after the EMR procedure (201).



Perforation

Another potential complication after EMR and ESD is colonic perforation. The risk of perforation is low after EMR, with the reported risk of 1–2%. In a meta-analysis of 50 studies, endoscopic perforation occurred in 1.5% (95% Cl: 1.2–1.7%) of cases following EMR for colorectal polyps ≥20 mm (86). Risk factors include using larger diameters snares (≥20 mm), proximal location, bulky lesions, and cutting current. Perforation is more common following colorectal ESD, and the rate reported to be up to 3.3 to 10% (140, 171, 172, 202–204). A meta-analysis of 66 studies comparing EMR and ESD for colorectal lesions, perforation rate was found to higher with ESD compared to EMR (4.8 vs. 0.9%, p < 0.0001) (171). Similar results were reported in other meta-analyses showing higher perforation risk with ESD compared to EMR (99, 172). A meta-analysis of 97 studies with colorectal lesions removed by standard ESD showed a perforation rate of 5.2% (95% Cl: 4.4–6.1%). This meta-analysis also included 12 studies with colorectal lesions removed by hybrid ESD and showed a perforation rate of 4.8% (95% Cl: 2.4–9.1%) (132). Risk factors for perforations during ESD include tumor size, location, submucosal fibrosis, and operators with limited experience (205, 206). Perforations are more in the ascending colon and cecum due to its thin wall (207, 208).

Deep muscle injury without overt perforations (Sydney classification Type 2–3) or small perforations (up to 10 mm) recognized during colonoscopy can be managed endoscopically with through the scope clips. Surgery can be avoided for overt perforations (Type 4–5) up to 30mm by using larger capacity over the scope clips (Ovesco®, Endoscopy AG, Tübingen, Germany, or the Padlock Clip® Defect Closure System, Steris HC, OH, USA); however, it requires surgical intervention if recognized late or if there is overt contamination (83, 171, 190, 209, 210). In selected cases, endoscopic suturing devices (Overstitch Endoscopic Suturing System™, Austin, Texas, USA), which provide full thickness closure, have been used to close larger lesions (211).



Post-polypectomy Syndrome

Post polypectomy syndrome is an electrocoagulation injury to the bowel wall after endoscopic treatments, including conventional polypectomy, EMR, and ESD. Injury to the wall induces a transmural burn and localized peritonitis, which in turn causes serosal inflammation (212, 213). Incidence of post polypectomy syndrome varies from 1% after conventional polypectomy or EMR to 9% after ESD (212). The patient presents with abdominal pain, fever, tenderness, leukocytosis, elevated C-reactive protein after an endoscopic procedure like polypectomy, ESD, or EMR, without any obvious perforation on abdominal imaging like radiograph or computed tomography (138, 190, 213). Most of these patients are successfully managed with conservative treatment, including bowel rest, broad-spectrum antibiotics, and hydration. Patients should be reevaluated for possible delayed perforation in case they are not showing improvement or getting worse with conservative management (212, 214, 215).



Stenosis

Post-ESD stenosis is defined as narrowing through which a standard endoscope cannot be advanced (130). Fortunately, there are only a few studies describing post ESD stenosis after colorectal ESD. This is mostly seen when more than 75% of the circumferential lesion is resected. In a retrospective study of 822 patients who underwent colorectal ESD, 0.49% (4/822) of patients developed stenosis post-procedure. Post-ESD stenosis occurred in 11.1% of patients who underwent circumferential resection between ≥90 and 100%, and in 50% of patients who underwent 100% circumferential resection (216). Similarly, in another study of 69 patients with large rectal neoplasm that required ≥75 % circumferential resection, 19.7% of the patients developed post-ESD rectal strictures. In the subgroup analysis, patients who underwent total circumferential ESD developed stricture in 71.4% of cases, and those who underwent ≥90% circumferential resection developed stricture in 43.8% of cases (217). These studies showed that ≥90% circumferential resection is a risk factor for stenosis after colorectal ESD. Most of these patients are managed by endoscopic balloon dilatation (130, 216, 217).




FUTURE DIRECTION

The main challenges in performing ESD in the west have been higher prevalence of colorectal polyp requiring ESD, unlike in Japan where ESD is performed more in the stomach. There is more prevalence of obesity in the west, which makes the colon tortuous and thereby procedure technically challenging. The risk of procedure complications are higher due to thin colonic wall unlike the thick gastric wall. Therefore, there is a need for more advanced tools for polyp traction and post polypectomy defect closure to safely perform the procedure. In US, although there is increase interest in ESD for colorectal lesions, the adoption has been slow due to lack of dedicated training in ESD.

One of the common traction approaches is the distal attachment (cap) attached at the endoscope's end, which helps move the lesion away and allows visualization of the dissection plane (12, 218). Various traction devices have been developed to facilitate faster ESD with a lower complication rate (12, 219). One simple method to achieve traction is to have a silk line (like a dental floss) tied to a hemostatic clip to the edge of the lesion and pulling the lesion proximally using the line away from the colonic wall to perform a safe dissection. It is a simple method; it does not require any novel equipment but requires the endoscope's reinsertion (220). Internal traction modifies the above method by attaching a micro-tech elastic band or ring, or nylon to a clip attached to the lesion and another clip to the opposite end. No reinsertion of the endoscope is required (221, 222). Another novel system consisting of an expandable working chamber with two independent instrument guides (LIG) has been used in the in vivo model to achieve safe and effective completion of ESD and submuscular dissection by improving visualization, access to the target tissue, and improving procedure time (223).

Another technique, thin endoscope-assisted ESD, allows traction in any direction where the second endoscope is inserted alongside the main endoscope. At present, this technique is limited to the distal sigmoid colon and rectum (224). Other techniques like a three-dimensional printed overtube system with two manipulator arms at the tip and magnetic traction methods have shown promising results in animal models (225, 226). Most of these techniques are not in mainstream use. Clip and string are commonly used in most ESD practices as they don't require any special equipment (12).

Post polypectomy defect closure post resection is another significant challenge especially in the right side colon. Di-Lumen or Lumendi is an accessory to the endoscope, which works like an overtube. This helps in reducing the loop in the colon thereby ensuring better stability with right side colon polyp resection and faster access to the lesion especially in the right side of the colon. The time for resection of large polyps in the right side of the colon has decreased by nearly 50% due to Lumendi. The overtube can then be used as a conduit to pass the Apollo overstitch. The overstitch can usually only reach the left side of the colon, but because of the reduced loop and the colon being less tortuous and straight, it is now able to reach the right side of the colon for safe closure of the post polypectomy defect. The disadvantage in using an apollo overstitch is that the scope has to be removed, the suture has to be loaded and the scope again reinserted which can add to the already prolonged procedure time (227, 228). A novel suture device called endoscopic tack is now FDA approved and the post polypectomy defect can be safely closed without scope removal (229). In addition to the current colonic dissection knives, there is a new speed boat Knife (Creo Medical) which can help in simultaneous injection, dissection, and coagulation. This helps in speedy dissection and en-bloc resection (230).



CONCLUSION

Management strategies for complex polyp have evolved immensely over the last two decades and continue to do so. This is due to a better understanding of complex polyps' pathophysiology and advancement in technology, which led to the development of novel endoscopic tools and techniques and more effective management of complications. Whenever an endoscopist encounters a complex colorectal lesion, many patient-specific variables like age, comorbidities, use of anticoagulants and polyp-specific like lesion size, location, and malignancy risk should be considered before deciding to either resect or refer to an advanced endoscopist. Most premalignant lesions can be removed with advanced endoscopist techniques, but these procedures require an endoscopic expert in the field, a center with the appropriate equipment, and trained staff. Management of complex polyp with advanced endoscopic techniques like EMR, ESD, and hybrid approcahes will lead to decreased morbidity, mortality, and healthcare cost by decreasing the need for surgical interventions. This will prevent unnecessary morbid surgical procedures for benign lesions.
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Background: The over-the-scope clip (OTSC) is an innovative device and has been successfully used in endoscopic treatment, however, there is a lack of clinical data from China. The aim of this study is to investigate the OTSC applications in the treatment of upper non-variceal gastrointestinal bleeding (UNVGIB), perforations, and fistulas in China.

Methods: In total, 80 patients were treated with one OTSC respectively as first-line therapy in our endoscopy center between January 2016 and November 2020. Among them, 41 patients had UNVGIB, 34 patients had perforations, and five patients had fistulas. The technical and clinical success rates were used to assess the efficacy of OTSC on the above diseases. In addition, we compared the hemostatic efficacy of OTSC with the standard endoscopic therapy in ulcer bleeding and Dieulafoy's lesion by propensity score matching analysis.

Results: In general, the OTSCs were applied successfully in all patients and achieved 100% (80/80) technical success. The clinical success of all patients was 91.3% (73/80). Among 41 patients with UNVGIB, the clinical success was 85.4% (35/41); 6 patients presented with recurrence. For patients of Dieulafoy's lesion and under antithrombotic therapy, we found that OTSC treatment had both efficient and reliable hemostasis effects. In addition, according to the characteristics of ulcers, site of bleeding lesion, and Blatchford score, all patients received similar and reliable clinical success rates. After propensity score matching, we found that OTSC treatment had low rebleeding rates when compared with standard endoscopic therapy in both Dieulafoy's lesion (15.0 vs 30.0%) and ulcer bleeding (17.6 vs 29.4%). Among 34 patients with perforations, the clinical success was 100% (34/34). Among five patients with fistulas, only one patient failed in maintaining the OTSC before esophageal fistula healing, and the clip achieved an overall clinical success of 80% (4/5).

Conclusion: The OTSC represents a safe and effective endoscopic therapy for UNVGIB, perforations, and fistulas as first-line treatment, especially for Dieulafoy's lesion or patients under antithrombotic therapy for UNVGIB, etc. However, OTSC application in these specific lesions or patients lacks adequate evidence as first-line treatment. Therefore, further larger sample and multi-center clinical trials are required to improve its indications in clinical treatment.

Keywords: OTSC (over-the-scope clip), endoscopy, first-line therapy, upper non-variceal gastrointestinal bleeding (UNVGIB), perforation, fistula


INTRODUCTION

With the advancement of endoscopic techniques, many gastrointestinal lesions have been properly managed, but there are still challenges. Most upper non-variceal gastrointestinal bleeding (UNVGIB) could be treated by conventional endoscopic therapies, but recent studies have shown that some UNVGIB such as Dieulafoy's lesion and refractory bleeding could not be treated successfully and develop recurrence easily after standard endoscopic therapies such as epinephrine injections, hemoclips, or coagulation (1, 2). Equally, although many treatments have been attempted for the closure of perforations and fistulas, more and more iatrogenic gastric perforations are raised during endoscopic resection such as endoscopic mucosal resection (EMR) and endoscopic submucosal dissection (ESD), which could be handled by endoscopic closure and conservative management. However, there are still rare cases that need surgery (3, 4). Moreover, the closure of gastrointestinal fistulas is currently difficult because of the fibrosis tissue, inadequate opening width, and so on (5).

The over-the-scope clip (OTSC; OVESCO Endoscopy AG, Tuebingen, Germany), an innovative endoscopic full-thickness suturing device, has been developed and spread worldwide since it was firstly introduced for the closure of iatrogenic colon perforations in an animal experiment in 2007 (6). After that, in 2008, its effective application for UNVGIB and perforations in humans was confirmed in clinical experiences (7). In subsequent experimental studies, its indications have been further evaluated in many ways such as the closure of transgastric natural orifice transluminal endoscopic surgery (NOTES), perforations, fistulas, hemorrhage, and marking lesions before surgery in the gastrointestinal tract (8–14). For UNVGIB, the use of OTSC has emerged in recurrent ulcer bleeding treatment with promising results (15–17). However, data on use of OTSC as first-line therapy are very limited (17, 18). To date, the evidence on the efficacy of OTSC in Dieulafoy's lesion is derived from case series or small descriptive studies, meanwhile, studies on the comparison with standard endoscopic therapy are lacking (16, 18).

The OTSC was academically promoted officially in China and has become popular since 2014. However, the studies on OTSC application are mainly from European countries, and the published clinical data from China are still lacking (13). Here, we analyze and present the retrospective clinical study results of 80 patients, using the OTSC system for UNVGIB, perforations, and fistulas in a tertiary care hospital of China. Meanwhile, we investigate comparative outcomes of OTSC as first-line therapy versus standard endoscopic therapy in ulcer bleeding and Dieulafoy's lesion by using propensity score matching analysis.



MATERIALS AND METHODS


Patient Selection

We conducted a single-center retrospective study on the application of OTSC as first-line treatment in patients who were confirmed by endoscopy to have UNVGIB, perforations, and fistulas. A total of 80 patients underwent OTSC placement between January 2016 and November 2020 in our Endoscopy Center and each patient was treated with only one OTSC as first-line treatment respectively. To assess the efficiency of OTSC application as first-line treatment in UNVGIB (including large, fibrotic ulcer beds with obvious visible vessel or ulcers where the endoscopic treatment was difficult to perform, which may not be amenable to conventional endoscopic therapies, Dieulafoy's lesion, and other cause of UNVGIB), 41 patients were screened for eligibility. In addition, to further investigate the efficiency of OTSC application compared with the standard endoscopic therapy in ulcer bleeding and Dieulafoy's lesion of UNVGIB by propensity score matching analysis, 1,307 consecutive patients with UNVGIB who underwent endoscopic hemostasis were screened for eligibility at the same period. The inclusion criteria were as follows: (a) Patients with UNVGIB. (b) Patients treated with endoscopic hemostasis. The exclusion criteria were as follows: (a) Other cause of bleeding than ulcer bleeding and Dieulafoy's lesion. (b) This endoscopic therapy was not the initial treatment. (c) Patients with incomplete clinical information. (d) Patients with malignant lesions confirmed by pathology. (e) Endoscopic hemostasis with only epinephrine injection (endoscopic monotherapy of epinephrine injection is not recommended by recent guidelines) (15). Among them, they were divided into ulcer bleeding and Dieulafoy's lesion according to the lesion type. Each type was further divided into “OTSC” group and “standard endoscopic therapy” group according to whether OTSC was used or not. The flowchart of patient selection is shown in Figure 1. Meanwhile, to evaluate the efficiency of OTSC application as first-line treatment in perforations and fistulas, 34 patients with perforation and 5 patients with fistula were screened for eligibility. The inclusion criteria for perforations and fistulas were as follows: (a) Patients with perforations or fistulas. (b) Patients treated with OTSC as first-line treatment. The study was approved by the Ethics Committee of the First Affiliated Hospital of Nanchang University.


[image: Figure 1]
FIGURE 1. A flowchart of the study cohort in patients with UNVGIB.


The informed consent of patients was obtained before all endoscopic treatment. The medical history of patients was collected and analyzed including their demographics, indications for OTSC interventions, the characteristic of lesions, recurrence of the original lesion, as well as the technical and clinical success. The definition of technical success is the successful application at the targeted lesion when using OTSC. Clinical success is known as the achievement of the intent outcome without the need for additional therapies within 30 days during the follow-up. Recurrence was defined by the repeated symptoms of bleeding, perforation, or fistula after endoscopic treatment during the 30 days of follow-up (11, 19).



The OTSC System

The OTSC system consists of an over-the-scope clip, an applicator cap, a hand wheel, and a twin or anchor type grasper. The clip is mounted on the applicator cap and released by the hand wheel. It is made up of nitinol alloy which has the elasticity and memory that can restore its original shape after being released on the tissue. Then, the targeted lesion can be sutured to full-thickness by its teeth. Due to the different sizes of lesions, the OTSC has three sizes including 11, 12, and 14 mm. According to different indications, there are three different claw shapes such as blunt atraumatic type (a type), pointed traumatic edges (t type), and a special type for gastric wall closure (gc type). In this study, the 12 and 14 mm traumatic type (12/6t and 14/6t) were used in our institutions. Because the OTSC has the special occlusal structure, one advantage is the space between the teeth, which can prevent tissue necrosis by promoting blood supply. After installing the OTSC system and reaching the lesion, the twin grasper or anchor grasper is used to approximate the margins of the defect and pull the damaged tissue into the transparent applicator cap with the help of suction. When the targeted tissue is completely sucked into the cap, the hand wheel is turned to release the clip by tightening the thread. All the above procedures were performed by the experienced endoscopists who have completed formal training on the OTSC system in our Endoscopy Center.



Statistical Analysis

We divided the patients into two groups according to whether OTSC was used. All of the baseline characteristics were analyzed, as shown in Tables 3, 4. Propensity score matching was used to reduce selection bias of each group. Propensity score matching was estimated by using a multivariable logistic regression model with the following covariates: sex, age, lesion location, ulcer size, Forrest classification, antithrombotic therapy, hypertension, diabetes, and Blatchford score. All the categorical variables were reported as frequencies and percentages in the study and used to create a propensity score so as to match the “standard endoscopic therapy” group patients with the “OTSC” group. Patients were 1:1 matched using the nearest-neighbor method and with a caliper of 0.2. χ2 tests or Fisher's exact tests were used for all of the categorical variables. P < 0.05 were considered significant. R statistical software version 4.1.0 (www.r-project.org) and SPSS version 23.0 (IBM; Chicago, IL, USA) were used for the statistical analyses.




RESULTS

We retrospectively analyzed the collected clinical data. During this period, 80 patients [52 men and 28 women with an average age of 54 years (range 18–88 years)] treated with OTSC were divided into three categories based on indications, which were UNVGIB (n = 41), perforations (n = 34), and fistulas (n = 5). The characteristics of the patients are presented in Table 1. All patients were treated with only one traumatic version OTSC (Table 2).


Table 1. Overview on the characteristics and success rates of patients with different indications.
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Table 2. Indications and recurrence of OTSC placement.

[image: Table 2]

In general, the technical success was 80/80 (100.0%). The clinical success was 73/80 (91.3%), for six cases presented with recurrence of upper gastrointestinal bleeding and one patient failed in maintaining the OTSC before esophageal fistula healing. In addition, success was achieved in all perforated patients (Table 2).


Upper Non-variceal Gastrointestinal Bleeding

All 41 patients with UNVGIB were treated with one OTSC respectively. In this group, the technical success was 41/41 (100.0%). However, six patients experienced rebleeding after OTSC placement. Therefore, the clinical success rate was 35/41 (85.4%).

According to the type of bleeding, lesions were divided into three types: “Dieulafoy's lesion,” “ulcer,” and “wound bleeding after EMR” (Table 2). Both technical success and clinical success were 100% in “wound bleeding after EMR.”

In the Dieulafoy's lesion group of 21 patients, the technical success was 21/21 (100%). Nevertheless, three patients had rebleeding from the original exposed vessel and the clinical success was 18/21 (85.7%) (Figures 2A–D). The rebleeding occurred from 1 to 5 days. One rebleeding patient who had a Dieulafoy's lesion in the large diverticulum of descending duodenum underwent vascular interventional therapy after OTSC treatment, but the rebleeding was finally successfully stopped by tissue glue injection. One rebleeding patient accepted subsequent vascular interventional therapy, but the hemorrhage was eventually stopped by surgery. The last patient had a history of gastric cancer complicated with recurrence, refused any subsequent therapy, and eventually died.


[image: Figure 2]
FIGURE 2. The OTSC application in the treatment of UNVGIB caused by Dieulafoy's lesion. (A,B) Dieulafoy's lesion was successfully treated with OTSC; (C) a follow-up endoscopy at 7 days; (D) a follow-up endoscopy at 2 months after OTSC placement confirmed clinical success.


For further evaluation of the hemostasis achieved using OTSC, we compared the OTSC treatment to standard endoscopic therapy in Dieulafoy's lesion (Table 3). In the unmatched cohort, 21 patients had OTSC placement, and 115 underwent standard endoscopic hemostasis. The OTSC group and the standard endoscopic therapy group differed with respect to antithrombotic therapy. Utilization of hemostasis with OTSC was more frequent in duodenum and antithrombotic therapy, whereas patients in the standard endoscopic therapy group were more frequently treated in the stomach. In order to mitigate the effects of baseline confounders, patients were matched into 20 pairs using propensity score matching. Covariates included in the model were sex, age, lesion location, antithrombotic therapy, comorbidities, and Blatchford score. In the matched cohort, rebleeding events were less common in the OTSC group (3/20, 15.0%) compared with the standard endoscopic therapy group (6/20, 30.0%), however, the rebleeding rates between the two groups were not significantly different (15.0 vs. 30.0%, P = 0.451).


Table 3. Clinical characteristics of the patients with Dieulafoy's lesion in the unmatched and matched cohorts.
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There were 19 patients in the ulcer group, with 19/19 (100.0%) technical success. The clinical success of all 19 patients was 16/19 (84.2%). In terms of the characteristics of ulcers, Forrest Ia, Ib, and IIa each had one patient with recurrence of the original lesion, and the rebleeding time ranged from 1 to 4 days. The hemorrhages of three rebleeding patients were successfully stopped by endoscopic drug injection, interventional therapy, and surgical treatment, respectively. Depending on the site of bleeding lesion, the clinical success rate in the stomach was 11/13 (84.6%), in the duodenum was 18/21 (85.7%), and residual stomach after surgery was 6/7 (85.7%). In the assessment of the risk of rebleeding in all cases by Blatchford score, clinical success was 2/2 (100%) in two patients with low risk scores (<6 points), while 33/39 (84.6%) patients had moderate and high risk scores (≥6 points). Depending on antithrombotic therapy, both groups had acceptable clinical success (used 85.7%, unused 85.3%).

For further evaluation of the hemostasis achieved using OTSC, we compared OTSC treatment to standard endoscopic therapy in ulcer bleeding (Table 4). In the unmatched cohort, 19 patients had OTSC placement, and 380 underwent standard endoscopic therapy. The OTSC group and standard endoscopic therapy group differed with respect to lesion location and Forrest classification. Utilization of hemostasis with OTSC was more frequent in the remnant stomach after surgery, Forrest Ia, and antithrombotic therapy, whereas patients in the standard endoscopic therapy group had more lesions in the duodenum with Forrest IIb classification. Patients were matched into 17 pairs using propensity score matching, and the covariates included in the model were sex, age, site of bleeding, size of ulcer, Forrest classification, antithrombotic therapy, comorbidities, and Blatchford score. In the matched cohort, rebleeding events were less common in the OTSC group (3/17, 17.6%) compared with the standard endoscopic therapy group (5/17, 29.4%), however, the rebleeding rates between the two groups were not significantly different (17.6 vs. 29.4%, P = 0.688).


Table 4. Clinical characteristics of the patients with ulcers in the unmatched and matched cohorts.
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Perforations

A total of 34 patients with gastrointestinal perforations were treated with OTSC successfully (Figures 3A–D). Among these patients, one case had an iatrogenic perforation opposite to the duodenal papilla during ERCP, and was sutured by OTSC successfully. The remaining 33 cases had iatrogenic perforations caused by ESD and EMR (32 ESD and 1 EMR). Most of the removed tumors were stromal tumors, as well as ectopic pancreas and leiomyomas, which were all underwent full-thickness resection. Before using OTSCs, some perforations were first closed by titanium clips and nylon cords but failed. A total of 20 cases were located in the stomach, 13 cases in the duodenum, and one case in the ileocecum. In brief, the OTSCs used for perforations both achieved 100% in technical and clinical success, regardless of etiology and location. During follow-up, there were no complications, such as re-perforation and bleeding.


[image: Figure 3]
FIGURE 3. The iatrogenic perforation in the stomach was successfully closed by OTSC. (A,B) The perforation was successfully closed by OTSC; (C) a follow-up endoscopy at 6 months; (D) a follow-up endoscopy at 3 years showed the clip was still in place.




Fistulas

Five patients were treated with OTSCs due to fistulas, and each patient also used only one OTSC (Figures 4A–C). In this group of patients, the technical success was 5/5 (100%), and the clinical success was 4/5 (80%). The clinical failure patient had an esophageal fistula after thoracic surgery because of a foreign body in the esophagus. The fistula was successfully closed with one OTSC for the first treatment. However, the OTSC later failed when the patient had recurrent symptoms 1 month later. During the second treatment, a covered metallic stent was chosen to block the fistula which finally solved the issue. Another four patients had a tracheoesophageal fistula and gastrobrochial fistula after the surgery for esophageal cancer, a duodenal fistula after surgical repair of a duodenal bulb perforation, and an esophageal fistula caused by a foreign body in the esophagus, all of them were cured by OTSCs in one treatment.


[image: Figure 4]
FIGURE 4. OTSC closure of the tracheoesophageal fistula. (A,B) The fistula was successfully treated by OTSC; (C) a follow-up endoscopy at 10 days after OTSC placement found the clip was still in place and the fistula was sealed successfully.





DISCUSSION

To our knowledge, OTSC provides an effective and available alternative to manage various indications such as UNVGIB, perforations, and fistulas (20–25). However, clinical results were mainly from Europe, and there is a lack of data from East Asia, especially in China. Here, we evaluated a single-center experience about the application of OTSC in a Chinese endoscopy unit and also obtained favorable results for the use of OTSC. The overall technical and clinical success rates in our study were 100.0% (80/80) and 91.3% (73/80), respectively.

We found that OTSCs have achieved efficient and reliable hemostasis in UNVGIB, including Dieulafoy's lesion, ulcers, and other causes. Dieulafoy's lesion is characterized by a large submucosal artery without an associated ulcer (26). Identifying Dieulafoy's lesions could be challenging for the intermittent nature of bleeding and the absence of surrounding mucosal abnormalities. At present, endoscopic interventions are the main and primary treatment approach (27). However, the use of conventional endoscopic methods may be sometimes challenging because of the location of the lesion, size, and high risk of rebleeding, which may require angiographic embolization or on rare occasions surgical intervention for definitive hemostasis (27). At present, several studies reported only small cases on the use of OTSC for Dieulafoy's lesion, and achieved a reliable clinical effect (28–32). Our study reported 21 patients with Dieulafoy's lesion treated by OTSC, as far as we know, which was the current maximum sample size in published studies. The results indicated that rebleeding occurred in three patients (14.3%, 3/21) during the 30 day follow-up after successful hemostasis, and achieved a clinical success rate of 85.7% (18/21). So far, most studies on the use of OTSC in Dieulafoy's lesion include a limited sample size and lack a control group (16). Therefore, we tried to overcome this limitation by using propensity score analysis to balance the confounding factors between the OTSC and standard endoscopic therapy groups in our study. The result showed that the rebleeding rate of the standard endoscopic therapy group was twice as high as in the OTSC group (30.0 vs. 15.0%), however, the difference was not statistically significant. It is possible that the sample size was not large enough to be significant. To sum up, the OTSC could be raised as first-line treatment for Dieulafoy's lesion. Nevertheless, more large sample studies are required to prove its indications in clinical treatment.

At present, the studies found endoscopic treatment with OTSC to be superior to standard endoscopic therapy for patients with recurrent peptic ulcer bleeding, and was recommended in guidelines (15, 16, 33). However, the clinical data on OTSC treatment used as first-line therapy are limited to case series and retrospective studies (16, 33). Although there was one RCT evaluating the efficacy and safety of OTSC vs. standard endoscopic therapy for first-line treatment of UNVGIB recently published by Jensen et al. (29). However, methodological limitations to this study must be noted, including the relatively limited samples, and the inclusion of Dieulafoy's lesions in addition to peptic ulcers. In our study, we tried to compare the hemostasis achieved for ulcer bleeding between OTSC and standard endoscopic therapy groups by using propensity score analysis to balance the confounding factors. The result showed that the rebleeding rate of the standard endoscopic therapy group was almost twice as high as in the OTSC group (29.4 vs. 17.6%), however, the difference was not statistically significant. Similar to Dieulafoy's lesions, it is possible that the sample size was not large enough to be significant. Based upon current studies, the OTSC is shown to have an advantage over standard endoscopic therapy as first-line therapy for ulcer bleeding. Meanwhile, more large sample studies, especially randomized controlled studies, are required to evaluate its indications in clinical treatment as well.

Previous studies have shown that the risk of rebleeding of ulcers is significantly increased in patients who underwent antithrombotic therapy and have a relatively low success rate of hemostasis under the conventional endoscopic treatment (34–36). Improved endoscopic treatment of UNVGIB in anticoagulated patients might be achieved by new devices such as the OTSC, which allow for better tissue apposition and compression of bleeding vessels. For the time being, data on OTSC use for UNVGIB in patients under antithrombotic therapy are currently limited, quite different, and lack Chinese data. At present, only two studies reported a rebleeding rate from 9.5 to 38.5% among patients under antithrombotic therapy after OTSC treatment, and the rebleeding was more frequent among those who received antithrombotic therapy. However, the differences were not statistically significant (37, 38). In our study we found that the rebleeding between patients under antithrombotic therapy were similar with the patients without antithrombotic therapy (14.3 vs. 14.7%), which was consistent with the above results. The above indicates that OTSC may have an advantage in patients under antithrombotic therapy and more research is needed concerning the use of OTSC in anticoagulated patients.

In our study, there were six patients suffered from rebleeding under OTSC treatment, and the duration was from 1 to 5 days. In the subgroup, the duration of rebleeding was 1–5 days for Dieulafoy's lesion and 1–4 days for ulcers, which seems to be no difference. One clinical review reported that rebleeding typically occurs 1–4 days after initial conventional endoscopic therapy for Dieulafoy's lesion (39). For now, there are hardly any related studies that focus on the rebleeding time of Dieulafoy's lesion under OTSC treatment. However, whether OTSC treatment has an influence on the rebleeding time of Dieulafoy's lesion is not clear, and we will pay more attention to this in future.

With the development of endoscopic closure technology, it is rare that an iatrogenic perforation needs surgery. The effective treatment of OTSCs for iatrogenic perforations has been proposed in many previous studies (40–43). In general, the small iatrogenic perforation can be successfully closed by through-the-scope clips (TTSC) only (44). For large iatrogenic perforations, a nylon loop pouch suture has always been used. For this purpose, endoscopic closure of large procedure-related perforations using a single-channel endoscope was first proposed in our endoscopy center (45). In our study, the iatrogenic perforations were caused by EMR/ESD and ERCP, and were all closed by OTSC successfully. According to our follow-up, there was also no occurrence of delayed malignant events such as bleeding, perforation, and intestinal obstruction caused by the drop of the clip. Based on the 100% clinical success of iatrogenic perforation by OTSC and non-OTSC endoscopic therapy at the same period, we did not add counterparts for the treatment of OTSC in iatrogenic perforation.

Apart from gastrointestinal bleeding and perforations, OTSCs have been successfully used in fistulas, including tracheoesophageal, gastrobronchial, and esophageal fistulas (41, 46, 47). In our study, four fistulous patients were successfully treated with OTSCs while one developed recurrence during follow-up. The recurrent patient had an esophageal fistula after thoracic surgery because of a foreign body in the esophagus. Considering reasons for clinical failure, chronic fistulas lead to tissue necrosis and fibrosis around the fistula which makes it difficult for the clamp to bite, and insufficient nutritional supply after OTSC placement. Up to now, it is still difficult to manage GI fistulas with either endoscopic or surgical interventions and the optimal therapy is still being explored. Clinical success of the OTSC application in fistula management appears limited (14). Therefore, OTSC was rarely used in patients with fistulas in our endoscopic center and the sample size was only five. It is really difficult to conduct a comparative study based on so small a sample size, especially by using propensity score analysis, so we also did not add counterparts for the treatment of OTSC in patients with fistulas.

The OTSC is designed for full-thickness suture and is made of nickel-titanium alloy, which is the same material as cardiac and intracranial stents. Therefore, it can be worn for a long time and for life. During our follow-up in 80 patients, only one patient with a fistula experienced OTSC migration and resulted in symptom recurrence 1 month later. The OTSC was confirmed to be smoothly discharged from the body through X-ray, and there were no complications. Consistent with the previous reports, long-term OTSC attachment can be safe and effective, regardless of spontaneous detachment (21, 48).

However, our study still has the following limitations. On the one hand, the small number of related patients included, especially the closure of fistulas, may lead to a certain one-sidedness in the study results. On the other hand, as this was a single-center retrospective data analysis, the clinical data we selected were all from one tertiary care center of China, which could not avoid the inherent regional selection bias and represent the situation of other countries and hospitals. Therefore, larger sample and multi-center clinical studies are needed.



CONCLUSIONS

In conclusion, our study confirms that the OTSC system plays a safe and effective role in UNVGIB, perforations, and fistulas as first-line treatment. However, for the clinical efficacy of OTSC treatment on some special lesions or patients, such as Dieulafoy's lesion or patients under antithrombotic therapy of UNVGIB, larger sample and multi-center experiences are eagerly needed.
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A Novelly Developed Bipolar Needle Knife Can Be an Alternative Device Choice for Endoscopic Submucosal Dissection (With Video)
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Background: Endoscopic submucosal dissection (ESD) is technically difficult with high rates of complications, such as perforation and bleeding. We aimed to explore the safety and cutting efficiency of a novelly devised bipolar knife for ESD procedure.

Methods: Taking a traditional monopolar knife as a reference, the safety and feasibility of the novel bipolar knife were evaluated by an animal experiment and a human study. Furthermore, we assessed the usefulness and advantage of this novel bipolar knife by using the finite element method.

Results: A porcine experiment confirmed that there was no significant difference in wound size and cutting speed between the monopolar and bipolar knives. The thermal damage and histopathological scores produced by the two knives were similar. In addition, the porcine experiment and patients' study identified that the incidence of postoperative complications, such as bleeding, perforation, and infection, had no statistical difference between the monopolar and bipolar groups. Finally, the finite element model showed that the length and depth of thermal damage caused by the bipolar knife were, respectively, 102.77–117.98% and 80.87–84.53% of those caused by the monopolar knife at the same power.

Conclusion: The novel bipolar knife was theoretically safer than the monopolar knife and, at least, was confirmed not inferior to the monopolar knife in operability and cutting efficiency. Thus, the novel bipolar knife can be an alternative device choice for ESD.

Keywords: endoscopic submucosal dissection, novel bipolar-current needle-knife, alternative device choice, early digestive tract cancers, monopolar knife


INTRODUCTION

Digestive tract cancers (e.g., esophageal, gastric, and colorectal cancers) are common malignant tumors and major causes of mortality worldwide. The endoscopic submucosal dissection (ESD) is widely used for treating early cancer of digestive tract, which facilitates the en bloc resection of large superficial tumors, reduces the risk of local cancer recurrence, and enables an accurate histopathological diagnosis (1, 2). However, the procedure of ESD for treating early digestive tract cancers, especially the esophagus and colorectum with thinner walls than the stomach, is technically difficult.

Circumferential mucosal incision and dissection of the preinjected submucosal layer are key steps of ESD and are commonly performed by using a monopolar endoscopic electrosurgical knife (1, 2). Nevertheless, the traditional monopolar knife has high requirements for endoscopists' skills and experience. It may also cause perforation, bleeding, and other complications, particularly at the thin anatomic sites of the digestive tract while performing ESD (3, 4). Risk factors for postoperative complications are known as vertical thermal damage to muscularis propria of the digestive tract during operation and poor control of the endoscopic electrosurgical knife (4).

To minimize vertical thermal damage to deeper tissues, Sano et al. (5) designed a bipolar-current needle-knife (B-knife) with a negative electrode attached to the knife on the end of the sheath. In the following year, a ball-tip bipolar-current needle-knife (BB-knife) was developed for further easy use (6, 7). The electric current of the two bipolar knives is limited to the needle, leading to a reduction of perforation (8). Unfortunately, ESD procedure time is much longer by using a bipolar knife compared with a monopolar knife, mainly due to the lower cutting speed and cutting efficiency of a traditional bipolar knife (9).

Therefore, we developed a novel bipolar knife aimed to improve cutting speed while making sure of its safety during the ESD procedure. The main innovation of this bipolar knife was that the return electrode was assembled on a distal attachment outside of the endoscope rather than on the end of knife sheath (Figure 1), and the distal attachment can come into contact with the mucosa or mucus of the digestive tract and can conduct electricity during the ESD procedure. Given this structure, electric current can flow from the disc-shaped tip (active electrode) of the knife through a part of digestive tract superficial mucosa or mucus to distal attachment (return electrode), increasing the contact area between return electrode and tissue, which should theoretically improve cutting efficiency under the same voltage. Thus, we evaluated the cutting efficiency and feasibility of the novel bipolar knife for ESD in this study.


[image: Figure 1]
FIGURE 1. The structure of the novel bipolar knife.




METHODS


Animal Experiment

A total of 26 healthy pigs, no limitation with sex, aged 1–3 months, and weighted 30–40 kg, were purchased from Tianjin Bainong Laboratory Animal Breeding Technology Co. Ltd. We performed ESD for 15 mm target lesions in esophagus, stomach, and colorectum in 26 live pigs under general anesthesia. Acute and chronic time groups were divided in this study, and then animals were randomly assigned to monopolar and bipolar subgroups (Supplementary Table 1). In the acute time group, ESD was performed in 7 pigs by using monopolar knife and 7 pigs by using bipolar knife. These 14 pigs were sacrificed, and the specimens from esophagus, stomach and colorectum were taken immediately when the ESD procedure was completed. The remaining 12 pigs were belonged to the chronic time group, 6 of them were tested by using monopolar knife, and the other 6 were tested by using bipolar knife. After surgery, these 12 pigs were resuscitated, fed, and observed. On the 14th day, they were reexamined by an endoscope, euthanized, and autopsied, and specimens were taken by steps. Specifically, wound size, cutting time, en bloc resection rate, perforation, bleeding, thermal damage, and histopathological changes were recorded.



Patients

A total of 19 patients were enrolled in the bipolar knife group (11 cases underwent esophageal ESD and 8 underwent colorectal ESD) according to the inclusion criteria. Data of 22 patients in the monopolar knife group were collected from the electronic medical record system between June 2019 and December 2019 (10 cases underwent esophageal ESD and 12 underwent colorectal ESD). All patients met the indications of ESD and provided their informed consent for the procedure. The detailed study design and inclusion criteria are summarized in Figure 2.


[image: Figure 2]
FIGURE 2. Flow diagram depicting the patient selection process.




Endoscopic Submucosal Dissection

We cut lesions using the monopolar and novel bipolar knives under an endoscope. The monopolar and bipolar knives used the same setting. The auto-cut mode was set at 30 W, and the forced coagulation mode was set at 60 W. ESD in our study was characterized by the following steps: (1) making markers on the mucosa surrounding the lesion; (2) injecting 0.9% saline and methylene blue mixture into the submucosa to gain a liquid pad with a diameter of about 1.5 cm and elevate the lesion; and (3) cutting the mucosa around the liquid pad and dissecting the submucosa from the edge of the lesion. Three endoscopists performed the ESD procedure. Before this study, they all had rich experience in ESD procedures and completed more than 1,000 ESD cases (Supplementary Table 2).



Thermodynamic Damage Model

A thermodynamic damage model was developed to simulate an isolated digestive tract tissue in monopolar and bipolar systems by using the software COMSOL Multiphysics (version 5.4, COMSOL Inc.). The material and size of the electrodes were the same between monopolar and bipolar knives (Supplementary Figure 1). In the monopolar model, a ground electrode plate was attached to the bottom of the tissue, and the current flowed from the active electrode to the ground plate, whereas in the bipolar model, the current flowed from the active electrode to the return electrode that is assembled on the end of the endoscope (Supplementary Figure 2A).

For the purpose of further analysis of thermodynamic damage, the tissue of this model was simplified as a cuboid, and the active electrodes of the two knives were set to vertically insert tissue at 1 mm. We assumed that the heat flux and electric potentials of all boundaries met continuity. The active electrode was located in the center of the cuboid upper surface, and its thermal properties were the same as the surrounding area. The ground plate of the monopolar system was attached to the bottom of the tissue, and the return electrode of the bipolar system was simplified as a rectangular metal that positioned at the upper surface of the tissue (Supplementary Figure 2B).



Statistical Analysis

To compare the results of animal experiment and patients' study between the monopolar and bipolar groups, the Mann–Whitney U test and chi-square test were used for continuous variables and dichotomous variables, respectively. All statistical analyses were performed using SPSS version 22.0 and GraphPad Prism version 8.0. The P-value was two-sided, and P < 0.05 indicated a statistical difference.




RESULTS


Live Porcine Experiment

Both in the acute and chronic time groups, ESD procedure performed by the monopolar and novel bipolar knives showed no significant differences in wound size, cutting time, and cutting speed in esophagus, stomach, and colorectum (Figure 3). In the acute time group, the visible wounds of the digestive tract produced by the monopolar and bipolar knives looked similar; however, in the chronic time group, the digestive tract wounds caused by the two knives were almost healed (Supplementary Figure 3). The rates of en bloc resection in the monopolar and bipolar groups were both 100%. The rates of immediate and delayed bleeding between the monopolar and bipolar groups were also not statistically different. In addition, no perforation happened in the two groups during the animal experiments (Table 1).


[image: Figure 3]
FIGURE 3. Comparison of wound size, cutting time, and cutting speed produced by monopolar and bipolar knives in porcine esophagus, stomach, and colorectum in the acute time group (A) and chronic time group (B). Acute time group: record results immediately after endoscopic submucosal dissection (ESD). Chronic time group: record results on the 14th day after ESD.



Table 1. Ratio of en bloc resection, bleeding, and perforation in porcine experiment.

[image: Table 1]

Histological changes in the acute time group were assessed in terms of thermal damage length and incision depth, while histological changes in the chronic time group were presented as histopathological scores. The histological changes of target lesions in esophagus, stomach, and colorectum produced by monopolar and bipolar knives in the acute time group are shown in Figure 4A, and the length and depth of thermal damage caused by these two knives did not show any significant difference (Figure 4B). For the chronic time group, the histological changes caused by the two knives are shown in Figure 5A. In esophagus, stomach, and colorectum, the histopathological scores between monopolar and bipolar subgroups were not significantly different on incision flatness, thermal damage range, coagulative necrosis, incision inflammation, tissue carbonation, bleeding, wound healing, and wound infection (Figures 5B–D).


[image: Figure 4]
FIGURE 4. The digestive tract acute damage caused by the monopolar and bipolar knives during ESD operation. (A) H&E staining of porcine esophageal, gastric, and colorectal mucosa resected with the two knives. Scale bar: 0.5 mm. L: thermal damage length (range); D: incision depth; (B) Compare the length and depth of thermal damage between the monopolar and bipolar groups in esophagus, stomach, and colorectum at acute time point.



[image: Figure 5]
FIGURE 5. Histological changes of the digestive tract caused by the monopolar and bipolar knives in the chronic group. (A) Results of H&E staining about porcine esophageal, gastric and colorectal tissues resected by the two knives. Scale bar: 50 μm. The edges of wounds were indicated by solid line. Comparison of histological scores on incision flatness, thermal damage range, coagulative necrosis, incision inflammation, tissue carbonation, bleeding, wound healing, and wound infection between monopolar and bipolar groups in esophagus (B), stomach (C), and colorectum (D). The evaluation standards of these histological scores are summarized in Supplementary Table 3.




ESD in Patients

In the patients' study, a total of 21 esophageal ESDs and 20 colorectal ESDs were performed. For esophageal ESD, 10 and 11 patients were assigned to the monopolar group and bipolar group, respectively. For colorectal ESD, 12 and 8 patients were enrolled into the monopolar knife group and bipolar knife group, respectively. The baseline clinical characteristics, such as age, sex, smoking, alcohol drinking, family cancer history, hypertension, and diabetes mellitus, were almost the same between the monopolar and bipolar groups (Table 2). As shown in Tables 3, 4, the characteristics of target lesions in esophagus and colorectum were not significantly different between the groups of two knives. Regarding histological classification, squamous carcinoma was the most common type in esophageal lesions in these two groups (60 vs. 63.6%); for colorectal polyps, the high-grade adenoma and hyperplastic polyp were the most common type, respectively, in the two groups.


Table 2. The characteristics of patients underwent ESD in monopolar and bipolar groups.

[image: Table 2]


Table 3. Characteristics of esophageal lesions in patients who underwent esophageal ESD.

[image: Table 3]


Table 4. Characteristics of colorectal polyps in patients who underwent colorectal ESD.

[image: Table 4]

The outcomes and adverse events of ESDs in the two groups are presented in Table 5. All lesions of both groups achieved en bloc resection. No immediate bleeding, delayed bleeding, or perforation happened in the monopolar and bipolar groups. In esophageal ESD, 2 patients in the bipolar group had infection, but did not show a statistical difference compared with the monopolar group. Infection was not found in both groups after colorectal ESD. In addition, the postoperative inflammatory markers, such as C-reactive protein, white blood cell count, neutrophil count, and neutrophil percentage, were not significantly different between monopolar and bipolar groups.


Table 5. Outcomes and adverse events of patients after ESD in monopolar and bipolar groups.

[image: Table 5]



Finite Element Analysis of Monopolar and Bipolar Knives

The current density streamlines of the two knives based on a short-term transient finite element analysis of 1 s are shown in Figure 6A. The current of the monopolar knife model passed through the full-layer tissue from the knife tip vertically downward. The current density of the central region was the largest, which gradually decreased outward. In the bipolar knife model, the current flowed from the knife tip to the return electrode, and the current density of the upper surface was the largest, which gradually decreased downward. Besides, we compared the length and depth of thermal damage (horizontal and vertical damage) caused by the two knives in the region with temperature over 43°C at a different time under the power of 10, 30, 40, 70, and 120 W (Figure 6B). The average lengths of thermal damage in the monopolar model were 4.22, 4.77, 5.00, 5.26, and 6.41 mm under the power above, and those in the bipolar model were 4.45, 4.93, 5.14, 5.85, and 7.57 mm. At the same power condition, the depths of thermal damage produced by the monopolar knife were 1.85, 2.14, 2.26, 2.60, and 2.99 mm, while those produced by the bipolar knife were 1.49, 1.77, 1.88, 2.17, and 2.53 mm. Thus, the bipolar-to-monopolar percentages of average length and depth of thermal damage were, respectively, 102.77–117.98% and 80.87–84.53% in the finite element model (Figure 6C).


[image: Figure 6]
FIGURE 6. The finite element analysis of thermal damage caused by the monopolar and bipolar knives. (A) Current density streamline diagrams of monopolar and bipolar electrosurgical models. (B) The horizontal and vertical thermal damage analyzed by the finite element method under power of 10, 30, 40, 70, and 120 W with different times between monopolar and bipolar knives. (C) The bipolar-to-monopolar ratio of the average thermal damage length and depth under different powers between two knives.





DISCUSSION

The ESD has the advantages of a high en bloc resection rate and a low local recurrence rate, and yields an accurate pathological diagnosis, although substantial procedural complications (e.g., perforation) have been reported (1, 10). Following the introduction of an insulation-tipped diathermic knife (IT knife), many other electrosurgical knives have been reported for ESD (5, 11). Electrosurgical knives can be divided into monopolar knives and bipolar knives according to different current circuits. A monopolar knife has one electrode and one grounding pad, which is attached to the body surface. The current flow of the monopolar knife passes through the human body from the active electrode to the generator via the grounding pad (8). The vertical current transmission can cause thermal injury to the deep tissue of the digestive tract, leading to the occurrence of complications associated with ESD, such as perforation (4).

In contrast, a bipolar knife has two electrodes, and the current flow of the bipolar knife passes through the tissue horizontally from the active electrode to the generator via the return electrode. The current is horizontally transmitted and only limited between the two electrodes (8). Thus, the vertical thermal damage to the tissue caused by the bipolar knife is reduced within the controllable range of the surgical field, which may minimize the frequency and severity of complications associated with ESD (4). In addition, compared with the monopolar knife, the circuit feature of bipolar knife may make itself more friendly for patients who have medical devices' implantation. Because the current flow of bipolar knife only passes through a small area between the two electrodes, its electrical signal rarely interferes the implanted medical devices, such as artificial pacemaker and defibrillator (12).

This study evaluated the safety and feasibility of a novel bipolar needle knife for ESD in animals and patients. The perforation was not found in the monopolar group and bipolar group, and the en bloc resection of both groups was totally completed. In addition, the incidence of immediate and delayed bleeding did not show any significant difference between the monopolar and bipolar groups in pigs and patients (Tables 1, 5). The wound size, length of thermal damage, and depth of thermal damage were almost the same in monopolar and bipolar groups (Figures 3, 4). In the chronic time group, histopathological results of the porcine experiment showed that incision flatness, thermal damage range, coagulative necrosis, incision inflammation, tissue carbonation, bleeding, wound healing, and wound infection all were not significantly different between the monopolar and the bipolar subgroups in esophagus, stomach, and colorectum (Figure 5). Hence, we confirmed that the safety of the bipolar knife was at least not inferior to the monopolar knife for ESD according to the results of the porcine and patients' study.

To date, ESD knives are still dominated by monopolar knives clinically because of the low cutting speed of traditional bipolar knives. The most important point of this study is that our novel bipolar knife was proved that it has almost the same cutting speed as that of a commonly used monopolar knife in porcine ESD (Figure 3), meaning that the cutting efficiency of our bipolar knife is superior to the previously invented bipolar knives (i.e., the BB-knife). During the actual ESD operation with traditional bipolar knife, return electrode needs to be placed on the wall of the lumen all the time and contacts the gastrointestinal mucosa to form a current circuit. Therefore, once ESD is performed in a large lumen, such as gastric angulus and body, the return electrode will be suspended and difficult to touch the gastrointestinal mucosa, which hinders the current circuit formation. However, the innovation of our novel bipolar knife is that the return electrode is assembled on a distal attachment at the end of the endoscope but not on the end of the knife sheath (Figure 1). The current can flow from the tip of the knife to the distal attachment through mucosa or mucus of the digestive tract surface, and then back to the high-frequency generator via the return electrode, making full use of the peripheral surface area of the endoscope. In addition, the end part of the knife sheath is also electroconductive, and a small current circuit can be formed when it touched the mucosa or mucus on the gastrointestinal surface, which makes sure that the novel bipolar knife can still work when the contact area with the mucosa of digestive tract is limited. The active electrode, the end of knife sheath, and the distal attachment of this novel bipolar knife are all electroconductive. This special characteristic increases the conductive area between tissue and knife, makes the current circuit easier to form than the traditional bipolar knife, enhances the current intensity of knife tip, and finally improves cutting efficiency under the same voltage.

What calls for special attention is that the knife tip and the end of the endoscope need to keep a certain distance during the ESD procedure by using this bipolar knife, and the knife tip should be clearly seen in the surgical field of vision. If the knife tip is too far from the end of the endoscope, it is difficult for the distal attachment to touch the mucosa, resulting in the contact area between the return electrode and the mucosal tissue becomes smaller, the current intensity of the knife tip is reduced, and at last the cutting efficiency is lowered. By the way, the tip of this novel bipolar knife was shaped as a disc (Figure 1), which provides an anti-slip effect, and makes it easier to mark, hook, and cut the tissue during ESD operation.

The peristaltic frequency of the digestive tract and thickness of its mucosa were different among porcine and human participants. Besides, the real digestive tract structure is complex and layered, and its electrical resistance is uneven. Although endoscopists in this study all have rich operating experience in ESD, their operating skills still cannot be totally consistent. For these reasons, the results of this study may have some deviations. To overcome the deviations caused by these confounding factors above, we then evaluated the safety and effectiveness of the bipolar knife by using the finite element method. The structure of the simulated tissue in the finite element model was simple, and electrical resistance in different parts of the simulated tissue was consistent. In addition, the finite element analysis can well-simulate the specific potential distribution and current density. The simulated model showed that the current flow of the monopolar system was vertical and the current density gradually decreased outward, whereas the current flow of the bipolar device was horizontal and its current density gradually decreased downward (Figure 6A). Moreover, the mean length and depth of thermal damage produced by the bipolar knife were, respectively, 102.77–117.98% and 80.87–84.53% of those produced by the monopolar knife at the same power (Figure 6C). Therefore, the bipolar knife might be safer than its monopolar counterpart for ESD procedure due to the theoretical reduction of thermal damage depth.

In summary, this study demonstrated that our novel bipolar needle knife had similar cutting efficiency to the monopolar knife, and the safety was at least not inferior to its monopolar counterpart. Furthermore, the finite element analysis showed that this bipolar knife may tend to be safer than the monopolar knife. Thus, we concluded that our novel bipolar needle knife can be an alternative device choice for ESD based on that it not only ensures the cutting efficiency but also theoretically reduces the electrical damage during the cutting process. It is a pity that this was not a truly prospective study. The data of the monopolar group were retrospectively collected from the electronic medical record system and might have a selection bias. Moreover, the sample size of our study was small, and all of the participants were only recruited from one institute. Therefore, a larger sample size prospective study with balanced populations from multiple centers is required to further validate the safety and feasibility of our novel bipolar knife in the future.
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The Feasibility of Applying Artificial Intelligence to Gastrointestinal Endoscopy to Improve the Detection Rate of Early Gastric Cancer Screening
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Convolutional neural networks in the field of artificial intelligence show great potential in image recognition. It assisted endoscopy to improve the detection rate of early gastric cancer. The 5-year survival rate for advanced gastric cancer is less than 30%, while the 5-year survival rate for early gastric cancer is more than 90%. Therefore, earlier screening for gastric cancer can lead to a better prognosis. However, the detection rate of early gastric cancer in China has been extremely low due to many factors, such as the presence of gastric cancer without obvious symptoms, difficulty identifying lesions by the naked eye, and a lack of experience among endoscopists. The introduction of artificial intelligence can help mitigate these shortcomings and greatly improve the accuracy of screening. According to relevant reports, the sensitivity and accuracy of artificial intelligence trained on deep cirrocumulus neural networks are better than those of endoscopists, and evaluations also take less time, which can greatly reduce the burden on endoscopists. In addition, artificial intelligence can also perform real-time detection and feedback on the inspection process of the endoscopist to standardize the operation of the endoscopist. AI has also shown great potential in training novice endoscopists. With the maturity of AI technology, AI has the ability to improve the detection rate of early gastric cancer in China and reduce the death rate of gastric cancer related diseases in China.

Keywords: artificial intelligence, early gastric cancer, screening, improving, application


INTRODUCTION

Gastric cancer (GC) is the fifth-most common malignant tumor and the third leading cause of cancer-related death in the world (1, 2). Gastric cancer is also the second leading cause of cancer deaths in China, with a standardized 5-year survival rate of only 27.4% (3). According to related research, there were approximately 1 million newly diagnosed gastric cancer cases in 2008, 47% of which were in China, which accounted for half of the global gastric cancer deaths (4, 5). Of note, however: the 5-year survival rate of early gastric cancer (EGC) was over 90%, which was much higher than that of advanced gastric cancer (AGC) (30%) (6–8). Therefore, improving the detection rate of endoscopic EGC is essential for reducing the mortality, labor loss, and tumor treatment cost caused by GC (9).

The diagnosis of EGC is related to the ability of endoscopists to adequately analyze endoscopic images, a skill cultivated through extensive training over a long period (10). While the diagnostic level of EGC has gradually improved in China with the establishment and improvement of many endoscopic centers, the rate of endoscopy diagnoses differs among regions, and areas with better economic and medical development consequently have better equipment and training systems, whereas facilities in remote areas tend to have insufficient training in endoscopy technology and a lack of experience endoscopists (11). Therefore, it is necessary to improve the detection rate of EGC under endoscopy with instrument-assisted diagnostic tools, especially in areas where there is a shortage of endoscopists.

With the rapid development of computer science and technology, artificial intelligence (AI) technology is maturing, allowing it to be used to improve accuracy in a variety of medical situations (12). The number of endoscopists in China is insufficient at present, being primarily concentrated in the top three hospitals. Most community hospitals lack the proper equipment for endoscopy, and even in cases where they do have the equipment, operators are lacking. Community hospitals are unable to receive diverted patients, resulting in a heavy burden on endoscopists in tertiary hospitals. Under this massive workload, endoscopists struggle to accurately identify any lesions, and EGC is even more difficult to detect. Therefore, to resolve the current situation, attention has been focused on the feasibility of applying AI technology to endoscopy (11).

Among AI technologies, neural networks, represented by cirrocumulus neural networks, have demonstrated remarkable progress, achieving feats comparable to or even surpassing human beings in the field of image recognition. AI is not affected by subjectivity, fatigue, experience, or other factors. It performs medical image-assisted diagnoses well and has a high focus recognition rate. In addition, its learning ability is continuous and improves with increasing exposure to training data. AI has shown great potential in endoscopy, including in screening for EGC (12).



ANALYSIS OF RECENT TRENDS IN THE LITERATURE ON ARTIFICIAL INTELLIGENCE AND EARLY GASTRIC CANCER

We analyze current research trends in AI, EGC, and endoscopy by searching relevant topics in the Web of Science core database. The analysis results are presented with citeSpace drawings. In our search concerning endoscopy and EGC, we found 1,664 related articles, and 1,625 were used in the final analysis. In our search concerning endoscopy and AI, we found 392 related articles, and 354 were used in the final analysis. In our search concerning AI and EGC, we found 67 relevant articles, and 58 were used in the final analysis. We then combined these three search terms to perform retrieval again and found 55 relevant articles, and 40 were used in the final analysis. We analyzed the topics related to endoscopy and EGC, obtaining three figures (Figures 1–3). On analyzing these three figures, we found that the studies on endoscopy and EGC were mainly concentrated between 1999 and 2010, without much research or attention focused on these topics in the last decade. In line with Figure 3, we also found that various endoscopic operation techniques have been attracting increasing attention in recent years. In addition, we found that convolutional neural networks have received a lot of attention in the last 3 years.
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FIGURE 1. The red font in the figure represents the keywords with the highest frequency in the included literature, the circle represents the articles published in that year, the size represents the number of articles published, and the color of the line represents the year. The reports on endoscopy and EGC were mainly concentrated between 1999 and 2010, with less and less relevant literature published in this field after that point. In the last decade, the topic of combining endoscopy with EGC has no longer been a research topic of interest.
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FIGURE 2. The closer the font is to the center of the figure, the more attention is paid. In addition, the size of the circle indicates the number of relevant publications. The top-down color indicates the year. The diagnosis gets the most attention, followed by the various digestive diseases that surround the diagnosis.
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FIGURE 3. This figure shows the 25 keywords with the highest frequency in the literature and the attention paid to these keywords over time. It’s not hard to see that convolutional neural networks are beginning to attract attention.


We next analyzed the literature on endoscopy and AI and obtained two similar figures (Figures 4, 5). By combining these two pictures, we found that the combination of AI and endoscopy has been a hot topic in the past 3 years, specifically for the detection of early cancer. We then searched for related literature on AI and EGC as well as the combination of these three topics and obtained four figures (Figures 6–9). Based on our analysis of these four figures and in combination with previous findings, we concluded that the application of AI to endoscopy in order to detect EGC remains a hot research topic, although relevant studies are lacking, so further new findings are awaited. By analyzing the existing literature, we also found that current research is focusing on convolutional neural networks and screening.
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FIGURE 4. Based on combined images, the studies related to AI are concentrated in the last 3 years, and there is an obvious growth trend.
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FIGURE 5. This figure is based on the literature analysis of artificial intelligence and endoscopy. It can be seen that the research hotspots under this topic are the classification of gastric cancer and computer-aided examination and diagnosis. At the same time, convolutional neural networks also appear in hot spots, indicating that convolutional neural networks are showing an increasing trend in the application of artificial intelligence.
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FIGURE 6. By analyzing the figure, it can be seen that when combined with literature on early gastric cancer and artificial intelligence, both of these topics have occurred in recent years. Additionally, this year’s study focused on endoscopic screening.
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FIGURE 7. According to this figure, we can see that the convolutional neural network is currently attracting a lot of attention and is closely associated with gastric cancer.
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FIGURE 8. It can be seen from the revised figure that the literature studies on the combination of early gastric cancer, artificial intelligence, and endoscopy have taken place in recent 3 years, and the main research hotspots in 2022 are focused on screening, i.e., applying artificial intelligence to endoscopy to screen early gastric cancer.
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FIGURE 9. Combined with literature on early gastric cancer, artificial intelligence, and endoscopy, convolutional neural networks occupy the center and become an absolute research hotspot.


This review will focus on these three aspects: convolutional neural networks, the dilemmas associated with EGC screening, and the feasibility of applying AI to GC screening.



THE TECHNOLOGY OF ARTIFICIAL INTELLIGENCE

Machine learning and deep learning are considered two sub-technologies of AI (13). Deep learning can be used for prediction and judgment (14, 15). Machine learning can automatically improve computer algorithms through experience and use data or past experience to optimize the performance standards of computer programs (13). Both of these are the most commonly used technologies to build AI models (16).

An artificial neural network (ANN) is a monitoring model whose model structure is very similar to that of neurons in the human central nervous system (17, 18). Neurons are joined to create a network as a computational unit. When data enter the input layer, they travel through a series of concealed layers before reaching the output layer (18). Before ANNs can be utilized, they must first be trained, which entails splitting data into “training sets” that define the network structure and “test sets” that assess the ANN’s ability to anticipate the intended output (19, 20).

To meet the need for increased performance, more and more complex neural networks are developed, resulting in the concept of deep learning. Deep learning works by progressively extracting higher-level features from raw input using multi-level structures (21). A deep neural network (DNN) is derived from an ANN and consists of multiple continuous filters that can automatically detect and extract important features of input data (22, 23). To improve performance, a large amount of marked training data is required, which involves a combination of deep learning and reinforcing learning.

At present, the most widely used and effective network is the convolutional neural network (CNN). It has shown great potential in many fields, such as pathological analyses, computed tomography, and magnetic resonance imaging analyses (23–28). A CNN is a feedforward multi-layer network in which the information flow is unidirectional, i.e., from input to output, and each layer uses a set of convolution kernels to perform multiple transformations in the process of information flow (14). Through this process, information characteristics are extracted. A CNN model mainly includes a convolution layer, pooling layer, and full connection layer. A novel network model is created based on the CNN model by merging multi-layer convolution and multi-layer pooling, which can increase network structure accuracy (22). A traditional CNN is mainly composed of two parts: the multi-component convolution layer and classification layer. The convolution layer’s primary job is to extract features from the input data. When the input data is an image, e.g., and the observed item is an abstract entity, the convolution layer extracts the abstract and valuable texture elements from the image and sends them to the classification layer, which is primarily responsible for classifying the input image (29, 30). Furthermore, because a CNN uses the convolution operation of the weight-sharing scheme, the number of network parameters required by a CNN is dramatically decreased compared to completely linked networks with the same number of network layers, thereby reducing the risk of over-fitting. A CNN may be very profound and complex in the eyes of outsiders, but its working mode is briefly expressed in Figure 10. A CNN is currently being used to solve a variety of computer recognition challenges, including picture categorization, target detection, and image synthesis (31). This model imitates the recognition and the processing of image by the human brain, making the processing of image information faster and more accurate. At the same time, with the continuous iteration and update of the technology, more images can be identified for review. The recognition of medical examination images, including imaging findings, pathological endoscopic images, and endoscopic images (32). A deep CNN was trained using 1,29,450 skin photos to create 2,032 distinct skin disease presentations (33). The model was then put to the test against 21 board-certified dermatologists, who were shown to be equally skilled at telling the difference between keratinocyte cancer and benign seborrheic keratosis, as well as malignant melanoma and benign nevus (33). This example reflects the great potential of CNN-based AI in the field of image recognition.
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FIGURE 10. A CNN model was trained to identify whether or not the content of a given picture was an airplane. We assumed that the characteristics of the aircraft were the tail, engine, and fuselage and set the characteristics as the convolution kernel. The image was then converted into a matrix that a computer could recognize. The eigenmatrix of the sample was obtained by a convolution operation between the convolution kernel and the sample image. A non-linear activation function was then used to perform a non-linear activation operation on the eigenmatrix to improve the sparsity of the network and reduce the interdependence of parameters. The pooling layer was used to reduce the dimension of the feature matrix, compress the image features, remove the redundant information, and reduce the amount of calculation. Finally, we converted the calculated eigenspace mapping sample marker space into a one-dimensional vector through the full connection layer to obtain the complete image features. After completing the above steps, we also established an error function to determine the accuracy of the output. The convolution kernel parameters were adjusted to reduce the error and obtain the actual features of aircraft images.


If AI can be successfully combined with various clinical examinations, it will greatly improve clinical practice. However, at present this is a brand-new field, so further exploration and experimentation are necessary. In recent years, there have been numerous attempts to integrate AI into various medical fields, including endoscopy. The potential utility of this approach in GC screening is discussed below.



THE DILEMMA OF SCREENING FOR EARLY GASTRIC CANCER

Early gastric cancer is difficult to detect, as the early symptoms of GC are not obvious, and some patients do not actually show any early symptoms, while elderly people tend to avoid visiting the hospital for regular examinations (34). Patients who wait for obvious symptoms to visit a doctor often present with advanced GC, missing the optimum treatment window.

At present, only two nations have government-funded GC screening programs: Japan and South Korea (35). Despite the high prevalence of GC, the death to morbidity ratio is low in these countries (0.43 in Japan and 0.35 in Korea), indicating the value of population-based screening in high-risk locations (4, 35). Another experiment looking into whether or not early detection of GC reduced medical expenditures discovered that the cost of treating GC rises considerably with the stage of the disease. Early identification of GC and endoscopic submucosal dissection (ESD) can thus significantly reduce GC treatment costs, indicating that early identification of GC is critical for reducing medical expenditures (34).

However, despite the country’s relatively high incidence of GC, China still lacks a countrywide screening program and the only way to identify EGC is through opportunistic screening (36). A domestic study established a mathematical model to analyze the long-term population impact of an endoscopic screening program on the disease burden of GC patients in China. Experiments have shown that 5.53–4.64 million cases and 7,40,000–5.42 million deaths could be prevented over 30 years with different screening coverage and frequency. It is necessary to carry out large-scale screening in China (37). To address this issue, China must step up its efforts in EGC screening.

Endoscopy is the most effective diagnostic method for gastric cancer and can improve the detection rate of EGC (38). Despite the ongoing progress of endoscopic imaging technology, which has improved the detection rate of EGC, there remains a high rate of missed diagnoses, as the ultimate result of endoscopy largely depends on the endoscopist, and both their experience and operation approach will affect this outcome. Studies have shown that a diagnosis was missed in up to 10% of patients who underwent endoscopy recently. Meanwhile, in a recent randomized clinical trial in Japan, the sensitivity of GC was only 75% (39), indicating that the detection of EGC still has room for improvement.

Some studies have shown that the sensitivity of GC detection can be increased by training endoscopists to improve their operational skills and ability to identify lesions (9). In addition, In today’s clinical setting, each endoscopist must perform the same set of procedures on a large number of patients and identify lesions that are difficult to identify with the naked eye in a large number of endoscopic images. This is difficult for any endoscopist, even an experienced one, resulting in a risk of subjective mistakes (40). Prolonged endoscopy has been shown to cause endoscopists to lose focus, reducing the quality of the examination and perhaps leading to a false-negative diagnosis. According to 10 studies involving 3,787 patients undergoing upper gastrointestinal (GI) endoscopy, 11.3% of upper GI tumors were missed 3 years before they were ultimately diagnosed (41). Missed diagnoses also depend on the type and location of GC and are more pronounced in endoscopists with under 10 years of experience than in more experienced individuals. The physical and mental condition of the endoscopist who performs the procedure also strongly influences the rate of missed diagnoses.

Because of the uneven distribution of population and medical resources in China, the situation of endoscopy in China is more serious than that in some developed countries. The huge workload may result in our missed diagnosis rate being significantly higher than theirs. According to the census results of the number of practitioners of digestive endoscopy conducted in China in 2013, there is a huge gap in the number of endoscopists in China. Moreover, their technical level is not equal, and the doctors in economically developed cities have more medical resources and opportunities for intensive training than those in less developed cities. According to the census data, the number of digestive endoscopy physicians per million people in 20 provinces and cities is lower than the national average of 19. There are now only 30,000 endoscopists in China, despite a demand for endoscopy in the hundreds of millions. Such a big gap has left endoscopists in China with a huge workload, forcing them to reduce the examination time per patient in order to improve efficiency and relieve the pressure of work caused by a labor shortage. Studies have shown that the duration set aside for endoscopy and the rate of disease detection are positively correlated (42). Shorter test times mean a higher rate of missed diagnoses.

In addition, compared with other developed countries, the development rates of digestive endoscopy diagnoses and treatment technology in China are still quite low, and standardized training of endoscopists has not yet matured, resulting in a disparity of technical skills among endoscopists across the country. Operator factors significantly influence the outcome of endoscopy. Compared to other nations, China’s current condition has rendered the stability and sensitivity of endoscopy unreliable. In general, there are three dilemmas facing GC screening in China: (1) there is still a big gap between the development of digestive endoscopy technology in China and that of foreign countries and a systematic and standardized training system has not been implemented; (2) there is a serious shortage of endoscopists in China that is unable to meet the current demand for endoscopy in China; and (3) the accuracy of endoscopy cannot be guaranteed.



ARTIFICIAL INTELLIGENCE IN SCREENING OF EARLY GASTRIC CANCER

Endoscopy screening for EGC is a difficult and time-consuming procedure, but it should not be taken lightly, as each missed diagnosis may cause patients to lose out on the most effective therapy option. Early identification and therapy are still the most effective treatments for GC. Endoscopists must therefore thoroughly examine each patient. However, humans are not machines, and long-term endoscopic operation can impair endoscopists’ discriminating capacity and impact the examination quality. The involvement of nurses can increase the rate of lesion identification and the quality of endoscopy by acting as a second observer during the procedure (43). As AI technology advances, it will be possible for AI to be involved in internal examinations as a third observer.

Furthermore, an increasing number of studies have proven that trained CNNs can swiftly identify lesions with an accuracy equivalent to that of endoscopists. A research team from Japan created a model of a CNN-based system using a training model of 13,584 gastroscopic images of GC. The total sensitivity of the model reached 92.2%, and it only took 47 s to examine 2,296 detection images (44). CNN can accurately detect images of invasive GC, and the detection rate of lesions above 6 mm in diameter is 98.6%. A similar study, also from Japan, described training a CNN model in a similar way, and the model recognized each image in just 4 ms (45). These studies show that AI can quickly and accurately identify lesions. If this approach can be applied to the clinical setting, it will reduce the pressure on endoscopists.

The Japan Cancer Research Foundation conducted a study comparing the speed and accuracy of endoscopic image recognition by artificial intelligence and endoscopists. Researchers trained a CNN-based model with 13,584 endoscopy images to work with 67 endoscopists to identify 2,940 images from 140 instances (46). The AI was able to recognize each image in about 40 s, while the endoscopist took about 220 times longer to recognize each endoscope image. On comparing the sensitivity, specificity, and positive and negative predictive values, the AI specificity and positive predictive value were found to be lower than those of endoscopists, while the other two values were higher than those of endoscopists (46). Although the AI model in this trial was able to determine whether or not GC was present in the images, the location, and extent of the tumors in the images were not assessed in detail. The number of endoscopists used for the comparison was also small. However, a CNN was compared with several experienced endoscopists who made their evaluations under the same conditions, so the experimental data obtained were still convincing. We have every reason to believe that by increasing the amount of data even further, the identification ability of AI can be rendered extremely close to that of actual endoscopists or even comparable to that of experienced endoscopists.

A similar experiment was carried out in the Department of Gastroenterology at the People’s Hospital of Wuhan University in China. They used an AI system designed by themselves to validate the results using 200 endoscopic pictures. Its accuracy, sensitivity, and specificity for identifying EGC were 92.5, 94, and 91%, respectively, compared to 89.7, 93.9, and 87.3% for experienced endoscopists (47). The Department of Gastroenterology, Peking University People’s Hospital also trained their own CNN model and obtained similar results (48). The above two experiments also compared the AI trained themselves with endoscopists and obtained similar results. However, the AI used in these experiments has common limitations, as it was only able to recognize static endoscopic images, and only a small number of endoscopists were involved. If more endoscopists had been included in the comparison, the comparison reliability would have been higher. In addition, data from a hospital were used in the above tests to analyze the training model, and there was no strict quality control of the endoscopic images. The same problem also appeared in the experiment comparing AI and endoscopists conducted by Drum Tower Hospital affiliated with Nanjing University Medical School. The results showed that AI was superior to endoscopists with regard to accuracy (85.1–91.2%), sensitivity (85.9–95.5%), and specificity (81.7–90.3%). However, it also has its innovation point, which tests the identification ability of the lesions of the intern endoscopists assisted by artificial intelligence, and makes a comparison with the experts. The sensitivity of interns increased from 82.7 to 94.7%, and their performance was comparable to that of specialists (sensitivity: 94.7 vs. 97.4%) (49). A comparative experiment was also conducted in the Sun Yat-sen University Cancer Center, in which endoscopists were innovatively divided into three levels: expert endoscopist (10 years of endoscopy experience), competent endoscopist (5 years of endoscopy experience), and trainee endoscopist (2 years of endoscopy experience); their evaluations were then compared with AI. Experimental data showed that the diagnostic sensitivity of AI was similar to that of endoscopy experts (0.942 and 0.945). The positive predictive value for experts was 0.932, while that for AI was 0.814. In terms of the negative predictive value, AI was slightly better than the expert endoscopist (0.980) and higher than the competent endoscopist (0.951). AI also demonstrated superior capability to trainees, although the positive predictive value was similar between the two. The advantage of this experiment is that the samples were obtained from multiple hospitals, which reduces the error potentially caused by using samples from a single hospital. At the same time, the quality of the endoscope image was strictly controlled. Each endoscope image was manually marked by two experienced endoscopists and any images that did not meet the requirements were eliminated. However, that study also had limitations, such as only using white-light images. In addition, the AI’s training and external validation sets were obtained retrospectively, which may have led to a certain degree of selection bias. In addition, this experiment did not use a specific method to process images obtained at different positions in the same series of videos, which may have caused some inheritance bias (50).

Despite the limitations, that experiment and each of the others described above had their own innovations. At the same time, there are many similar retrospective experiments, all of which have verified the utility of AI in lesion identification and demonstrated the great potential of AI in endoscopy. Based on the above findings, we believe that AI can quickly identify lesions with accuracy, greatly reducing the current burden on endoscopists.

Furthermore, there are many other aspects to AI that bear highlighting. For example, the AI system developed by the People’s Hospital of Wuhan University was able to divide gastroscopic images into 26 anatomical areas with an accuracy of 65.9%, which was comparable to the rate of 63.8% for experienced endoscopists, and reduced the rate of image sites missing by 15% in a comprehensive randomized controlled trial (47). In addition, the authors found that using an AI system in routine endoscopy can dramatically minimize the number of missed locations. As a result, the use of AI is expected to reduce the number of cases of GC missed due to insufficient endoscopy (51).

A successful case of applying AI to clinical practice was recently reported in the “EndoAngel.” This is an AI quality control auxiliary diagnosis system of digestive endoscopy based on a CNN model that can effectively monitor the blind area on GI imaging, assist in the detection of suspicious lesions in real time, improve the quality of endoscopy and improve the detection rate of GI tumor lesions; in addition, it is also equipped with a scoring training system for upper and lower gastrointestinal endoscopy. It is a fully functional AI product integrating quality control and auxiliary diagnostic functions. The People’s Hospital of Wuhan University has cooperated with 13 other hospitals to conduct a functional verification study of the EndoAngel for the early diagnosis of GC. The EndoAngel has a 92% diagnostic accuracy in EGC, and its main working mode is shown in Figure 11.
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FIGURE 11. EndoAngel-assisted endoscopy. The image on the left shows high-risk lesions, and the image on the right shows low-risk lesions. During endoscopy, AI automatically identified and evaluated the lesion. If it detected a high-risk lesion, a red prompt box appeared, while a blue prompt box appeared for low-risk lesions. The prompt box not only helps the endoscopist quickly identify the lesion but also helps doctors carry out an accurate sampling biopsy.


The technological skill level of endoscopic physicians is disparate at present, and the operation is not sufficiently standardized, affecting the endoscope quality. The ADM system, based on a CNN and developed by the People’s Hospital of Wuhan University is intended to provide the following statistical quality indicators: colonoscopy time, cecal endoscopy intubation rate (CIR), adequate bowel preparation rate, polyp detection rate (PDR), adenoma detection rate (ADR), gastroscopy time, and gastric precancerous condition (GPC) detection rate. The system may also simultaneously analyze the quality of each endoscope and provide rapid feedback to the operator. Controlled experiments verified that the detection rate of precancerous lesions increased in the endoscopic group with AI feedback (3–7%) as well as in the control group (3.5–3.9%) (11). These findings suggest that quality management of endoscopy operations can significantly increase the screening rate. Furthermore, AI can not only serve as a quality control system to supervise endoscopists’ performance but also participate in the standardized training of endoscopists, reduce the endoscopist training time.

Extensive endoscopy cannot be performed in China at present. One reason for this is a lack of corresponding equipment in community hospitals, and another is the scarcity of endoscopists, with this latter reason being the main issue. Endoscopists are in short supply in China, being mostly centered in major hospitals; this means that even if rural hospitals have similar technology, no one is available to operate them. The advent of AI appears to be a game-changer. In terms of the sensitivity and accuracy of inspections, the present AI model based on a CNN appears to have the equivalent skill to professional endoscopists (52). If AI were to be introduced to community hospitals in China, it would be equivalent to having an experienced endoscopist in each hospital. With this approach, large-scale screening for EGC will also become possible.



CONCLUSION

Thus far, retrospective trials of AI screening for early stomach cancer have yielded promising results. The precision and accuracy with which lesions are identified are equivalent to those of endoscopists. If AI were to be employed in the early stomach cancer screening process, it would significantly improve the poor detection rate of EGC in China (53). Furthermore, AI, which is still being developed, can aid in training endoscopists, making endoscopy training in China more unified and uniform. However, while AI has demonstrated significant potential in early stomach cancer screening, such clinical trials are uncommon at present, and there remains much research to complete before AI can be widely used in this regard.
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Background and Aims: Severe discomfort during an upper gastrointestinal endoscopy (UGE) is often a stressful experience for patients undergoing the procedure. An increasing number of studies have shown that acupuncture may reduce discomfort during UGE. A systematic review in 2004 investigated the effect of acupuncture for gastrointestinal endoscopy, but these data have not been recently reviewed. Therefore, this study was conducted to evaluate the current evidence and provide up-to-date knowledge for clinical decision-making.

Methods: Nine databases were searched from inception to June 2021. Eligible randomized controlled trials (RCTs) were included. The outcome data were synthesized where necessary, and risks of bias of included studies were assessed using RevMan V.5.3.

Results: Twenty-three eligible RCTs with 3,349 patients were identified. It was found that acupuncture plus topical pharyngeal anesthesia with lidocaine hydrochloride (TPALH) resulted in greater improvements regarding visual analog scale (VAS) scores and the incidence of nausea and vomiting (INV) when compared with TPALH alone. These results were consistent among studies of manual acupuncture, electroacupuncture, auricular-plaster, superficial needle (SFN) and acupressure. In the meta-analysis, SFN plus TPALH showed significant improvement of VAS scores compared to sham SFN plus TPALH (MD −1.11, 95% CI −1.52 to −0.70, P < 0.00001). Most of included studies did not report any side effects in their findings, and were of medium-to-high risk of bias.

Conclusion: Acupuncture, as adjunctive therapy to TPA, may result in less patient discomfort than TPA alone. Findings from this review should be interpreted with caution due to the high heterogeneity identified. There is low-quality evidence supporting the use of acupuncture over sham. More rigorously designed RCTs are needed to inform clinical decision-making.

Systematic Review Registration: PROSPERO [CRD42014008966].

Keywords: acupuncture, endoscopy, gastrointestinal, systematic review, meta-analysis


INTRODUCTION

Severe discomfort due to strong gag reflexes and pain during upper gastrointestinal endoscopy (UGE) often results in a stressful experience for patients who undergo the procedure and occasionally hinders the success of the procedure (1, 2). As a result, sedated UGE procedures with less discomfort and pain have been the predominant method used in endoscopic clinics in Europe and North America (3, 4). However, there are concerns regarding the cost and adverse events (e.g., cardiopulmonary events, allergic reactions) associated with the use of sedatives for UGE, especially in the elderly population with pre-existing cardiopulmonary disease (5, 6). Therefore, unsedated UGE is still being used by many physicians and patients in China and other developing countries (7, 8). Topical pharyngeal anesthesia (TPA), which has been reported to be effective in suppressing the threshold of the gag reflex, is often applied before an unsedated UGE to ease discomfort and pain (9–11). However, involuntary gagging cannot be suppressed among certain patients even after the use of TPA due to sensitive gag reflexes (9).

Acupuncture is a therapeutic intervention that involves the insertion of fine needles into the skin or deeper tissues at specific locations on the surface of the body with the aim of curing disease or promoting health, according to the theory of Traditional Chinese Medicine (12). Acupuncture has been frequently used to treat various diseases including nausea and vomiting associated with chemotherapy, pregnancy, and recovery from surgical procedures (13, 14), and some published studies have also demonstrated that acupuncture may be able to increase tolerance and reduce discomfort during UGE (15, 16). A systematic review in 2004 on the effect of acupuncture during gastrointestinal (GI) endoscopies included only six studies with inconclusive findings. However, it did not distinguish UGEs from colonoscopies, nor sedated from unsedated procedures, during which the patient status would be very different (17). On the other hand, the number of studies focusing on acupuncture to relieve patient discomfort during an unsedated UGE has increased, and many have reported that acupuncture was often used in conjunction with TPA during an unsedated UGE. However, there have been no systematic reviews concerning the effect of acupuncture on discomfort during UGE since 2004. Therefore, the current systematic review and meta-analysis was conducted with the aim of evaluating current evidence on acupuncture for the management of discomfort during an unsedated UGE, and thus providing up-to-date recommendations for clinical practice and decision-making.



METHODS

This systematic review and meta-analysis were conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (18). The protocol was registered at PROSPERO with registration number CRD42014008966 (19).


Search Strategy

The following databases were searched from inception to June 2021: MEDLINE, EMBASE, the Cochrane Central Register of Controlled Trials, Scopus, Web of Science, the Chinese Biomedical Literature Database, the China National Knowledge Infrastructure, Wanfang Database, VIP Database, the WHO International Clinical Trials Registry Platform portal, and ClinicalTrials.gov. The key search terms included: “endoscopy,” “upper gastrointestinal endoscopy,” “discomfort,” and “acupuncture,” etc. Tailored search strategies were developed for each database. Published review papers were searched to identify additional references.



Inclusion Criteria

Studies were included if they focused on (1) Population: patients who received an unsedated UGE (e.g., screening, surveillance, diagnosis; without the limitation of the brands or models of gastroscopes), regardless of age, sex, or race; (2) Intervention: were evaluating either invasive or non-invasive acupuncture therapies with or without concomitant treatment, with the aim of relieving discomfort during UGE (acupuncture hereby was defined as any treatment methods that achieve their effect by stimulating acupoints on body, including electroacupuncture, manual acupuncture, acupressure, etc.); (3) Comparison: were comparing acupuncture with any conservative interventions, not limited to the following: no treatment, placebo, sham acupuncture (SA), or other active conservative interventions (e.g., lubricant use, TPA, and sedation); and (4)Outcomes and Studies: were RCTs reporting at least one of the following outcomes, including discomfort severity using validated scales [e.g., visual analog scale (VAS), numerical rating scale (NRS)], incidence of nausea and vomiting (INV) during the UGE procedure, the proportion of patients satisfied with the process or patients who would opt for the same procedure again, and the incidence and types of adverse events related to acupuncture treatment regardless of language.



Exclusion Criteria

Studies were excluded if they (1) were investigating patients having chronic pharyngolaryngitis, severe digestive system diseases, persistent hiccups, severe nausea and retching, proven tumors in the upper digestive tract, severe mental disorders, or uncontrolled cardiopulmonary disease; (2) were only comparing different types of acupunctures without a comparison group of no treatment, placebo or sham acupuncture, medicine, or other conservative therapies; and (3) were not RCTs or were quasi-RCTs, or without a clear description of interventions, or did not provide outcome data.



Study Selection and Data Extraction

Two reviewers (Ning Gao and Huan Chen) independently reviewed all retrieved papers by title and abstract to identify relevant papers, then the full texts of relevant papers were retrieved and reviewed for eligibility according to inclusion and exclusion criteria. Data were then extracted from the included studies, including author and year of the study, patient characteristics, study design, sample size, treatment type and regimen of experiment, control groups, outcomes measures, etc. Disagreements were resolved via discussion or arbitration by a third reviewer if necessary.



Assessment of Risk-of-Bias

According to the “risk-of-bias” tool from the Cochrane Handbook for Systematic Reviews of Interventions, two reviewers independently evaluated the risk of bias for the included studies considering the following seven domains: random sequence generation, allocation concealment, blinding of patients and personnel, blinding of outcome assessment, incomplete outcome data, selective outcome reporting, and other sources of bias (20). Each domain was rated as “low risk,” “high risk,” or “unclear risk.”



Data Analysis

All studies were categorized based on the types of interventions. For continuous variables (e.g., VAS), the mean difference (MD) with standard deviation was used to present treatment effect. For dichotomous variables (e.g., INV), treatment effects were presented as a risk ratio (RR) with 95% confidence intervals (CIs).

Outcome data were synthesized to estimate the pooled effect size of acupuncture where applicable. The heterogeneity across studies would be assessed using the I2 and the chi-square tests and was considered significant at I2 > 50% or P < 0.1. A random-effects model was used if heterogeneity was significant, otherwise a fixed-effects model was used. Sensitivity analysis was conducted by removing a single study to explore if the influence of each study would change the direction of the pooled effect size in the meta-analysis.




RESULTS

A total of 2,462 studies were identified through an initial search. After removing duplicates, 1,939 studies were reviewed by title and abstract, and 1,756 studies were excluded for not meeting the inclusion criteria. Next, the full-text of 175 studies were obtained for further assessment, and 23 studies were considered eligible for the review according to the inclusion and exclusion criteria, and four studies were included in the meta-analysis. The details of the study selection process were shown in a PRISMA flow diagram (Figure 1).


[image: Figure 1]
FIGURE 1. Flow diagram of study selection process.



Characteristics of the Included Studies

The 23 RCTs included were conducted in Germany (one study) (21), Turkey (one study) (15), France (one study) (16), and China (20 studies), (22–41). A total of 3,349 patients (1,717 male and 1,393 female) who underwent UGE were included, with ages ranging from 16 to 86 years. Two studies did not report the number of male and female patients included (16, 34).

Among the 23 RCTs, seven studies used an electronic gastroscope and one study used a fibergastroscope, while 15 studies did not report the type of gastroscope used. Studies were categorized by types of acupuncture assessed, including electroacupuncture (EA, five studies), manual acupuncture (MA, 10 studies), auricular plaster therapy (AP, two studies), superficial needle (SFN, two studies), acupressure (one study), transcutaneous electric nerve stimulation (TENS, one study), and a combination of EA and AP (two studies). The most frequently used acupoints were PC-6 (Neiguan) and LI-4 (Hegu) on the hands, and ST-36 (Zusanli) on legs based on the symptoms presented during UGE.

Twenty-one studies initiated the acupuncture treatment prior to the UGE procedure and continued treatment throughout the procedure, while two studies only applied acupuncture before the procedure. The average duration of acupuncture treatment was in accordance with the duration of the UGE procedure and varied across patients and performers.

In terms of outcome reporting, 14 studies reported INV observed by the researcher, eight studies reported the VAS scores evaluated by patients to assess discomfort, and eight studies reported the proportion of patients satisfied with the entire process or those willing to undergo the procedure again. The VAS scores were evaluated by participants right when UGE had finished, and INV were observed by researcher according the signs of participants during the whole procedure. Four studies reported the incidence and types of adverse events related to acupuncture treatment. Some studies (15, 16, 21) also reported other outcomes, such as number of intubation attempts and eructation, the rate of successfully performed procedures, anxiety scores, etc. The details of the included studies were summarized in Tables 1, 2.


Table 1. Characteristics of included studies.
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Table 2. Reported outcomes of included studies.
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Risk of Bias Assessment of Included Studies

Most of the 23 studies had medium-to-high risk of bias, while one study had low risk of bias (21). Fourteen studies reported sound methods of random number generation, and nine studies did not contain detailed methods of randomization, while two studies out of nine were performed by experienced team which we assessed low risk of bias in randomization process. Five studies provided details regarding allocation concealment, while the rest did not. Six studies reported methods used for blinding patients and outcome assessors. Seventeen studies did not perform blinding of patients as their comparisons were between acupuncture and non-acupuncture treatment, and did not mention blinding of outcome assessors. Due to the characteristics of the acupuncture technique, doctors performing acupuncture treatment cannot be blinded. Almost all studies were considered low risk of attrition bias as the duration of intervention was short and no follow-up was conducted in any study other than two studies (28, 34). Except for a single study (21), the protocols were not available

to confirm whether the pre-designed outcomes were reported in their entirety (15, 16, 22–41). Two studies did not clarify whether baselines were comparable between different arms, and as such were considered to have other sources of bias (Figures 2, 3).


[image: Figure 2]
FIGURE 2. Risk of bias summary: review authors' judgement regarding each risk of bias item for each included study.
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FIGURE 3. Methodological quality graph: review authors' judgements regarding each methodological quality item.




Assessment of Effects - Manual Acupuncture

Ten studies (1,530 patients) investigated the effect of MA on improving discomfort among patients who underwent UGE. Among these studies, MA was compared with topical pharyngeal anesthesia with lidocaine hydrochloride (TPALH), sham-MA, usual care, and no treatment, with or without concomitant treatment. Two studies began MA and the UGE procedure at the same time (40, 41), while eight other studies began MA 3–20 min before the procedure and continued treatment until the end of the procedure (21, 24, 28, 34, 35, 37–41).


MA Plus TPALH vs. TPALH Alone

Five studies (406 patients) compared MA plus TPALH with TPALH alone. Dai et al. (39) and Zhou et al. (35) adopted the same acupuncture regimen (ST-36 and PC-6), while Wang (37) adopted ST-34, Wang et al. (28) adopted PC-6, and Li and Wang (24) adopted ST-36, PC-6 and LI-4.

A 2011 study by Wang reported that the VAS score of discomfort in the MA plus TPALH group was significantly lower compared to the TPALH alone group (3.81 ± 1.48 vs. 4.71 ± 1.43, MD −0.90, 95% CI −1.45 to −0.35, P = 0.001). In 2020, Dai reported significantly less INV in the MA plus TPALH group compared to the TPALH group (RR 0.57, 95% CI 0.35–0.94, P = 0.03), and Wang et al. (28) reported significantly less INV in the MA plus TPALH group that in the TPALH group (RR 0.62, 95% CI 0.43–0.88, P = 0.009). However, in a 2007 study by Zhou, the INV of each group (P < 0.05) was inconsistent with our calculation (RR 0.86, 95% CI 0.71–1.05, P = 0.14), in which we transformed the categorical data (overall effective rate) into dichotomous variables (event rate). Li and Wang (24) reported that the rate of patients willing to repeat the procedure in the MA plus TPALH group was 2.42 times higher compared to the TPALH-only group (RR 2.42, 95% CI 1.40–4.16; P = 0.001). By synthesizing the INV data from two studies (35, 39), it was determined that there was no significant difference between the MA plus TPALH and TPALH-only groups using a random-effect model (RR 0.74, 95% CI 0.47–1.15, P = 0.18, I2 = 66%, Figure 4).


[image: Figure 4]
FIGURE 4. Forest plots of comparison between acupuncture plus lidocaine hydrochloride and sham acupuncture plus lidocaine hydrochloride.




MA vs. TPALH

Two studies (460 patients) investigated the effect of MA in comparison with TPALH but with varied timing of treatment and acupoints (40, 41). In 2004, Wang reported INV in the MA (PC-6) group was less than that in the TPALH group (RR 0.75, 95% CI 0.58–0.97; P = 0.03). In 1991, Zhang reported that INV was not statistically different between the two groups (PC-6, ST-36; RR 1.00, 95% CI 0.73–1.36; P = 1.00).



MA vs. Sham-MA

In 2008, a study by Leung (140 patients) compared MA to sham-MA, and reported that the VAS scores of discomfort (mainly pain) during the UGE were not significantly different between the two groups (1.6 ± 2.4 vs. 2.0 ± 2.7, MD −0.40, 95% CI −1.25 to 0.45, P = 0.35). This study also reported that there were no statistical differences regarding anxiety scores (MD −0.10, 95% CI −0.90 to 0.70, P = 0.81), the proportion of patients rating their overall tolerance as “excellent or good” (36 vs. 23%, P = 0.095), or the overall satisfaction scores (MD 0.30, 95% CI −0.46 to 1.06, P = 0.44) between the two groups.

Schaible et al. [(21); 354 patients] published a study comparing MA with sham-MA, where TPALH was used in both groups as standard care. This study reported that the rates of successfully performed UGE procedures (73.5 vs. 72.9%, P = 0.9045), as well as the proportions of patients willing to repeat the procedure (86.9 vs. 87.6%, P = 0.857), were not significantly different between the two groups. In addition, there were no significant differences in terms of heart rate, blood pressure, or oxygen saturation between the two groups at various time points (P-values were not provided). The percentage of patients with a reduced gag reflex was also not significantly different between the two groups (55.7 vs. 53.1%, P = 0.627).



MA vs. No Treatment

The 1999 Tian study (90 patients) compared the effect of MA with no treatment during UGE. The treatment effect was ranked as follows: (1) marked effective: mild discomfort in the epigastric area, without nausea or vomiting; (2) effective: moderate discomfort in the epigastric area, and the frequency of nausea and vomiting decreased to 1–3 times per minute; (3) ineffective: no improvement on symptoms of discomfort in the epigastric area, or nausea and vomiting. Overall response rate (ORR), the proportion of “marked effective” and “effective” cases, were used as the primary outcomes in this study. A significant difference of ORR between the MA and no treatment groups was found (90 vs. 47.5%, P < 0.01) given the baseline characteristics were comparable between the two groups.




Assessment of Effects - Electroacupuncture

Five studies (674 patients) investigated the effect of EA on improvement of discomfort during UGE by comparing EA with TPALH or sham-EA, with or without concomitant treatment. The ST-36, LI-4, and PC-6 were used as principle acupoints in the regimens of these studies (16, 22, 23, 25, 26).


EA Plus TPALH vs. TPALH Alone

Three studies compared EA plus TPALH with TPALH alone. The ST-36 was used as the principle acupoint by all three studies (22, 23, 26).

A 2009 study by Zhou reported lower levels of VAS (discomfort) following treatment in the EA plus TPALH group compared to the TPALH-only group (3.19 ± 2.29 vs. 4.28 ± 2.6, MD −1.09, 95% CI −1.71 to −0.47, P = 0.0005). Chen et al. (26) reported INV was significantly lower in the EA plus TPALH group (RR 0.44, 95% CI 0.31–0.62; P < 0.00001). Cui reported in 2006 that the INV was significantly different between the two groups (P = 0.045), which was inconsistent with our calculation (RR 0.93, 95% CI 0.74–1.16; P = 0.50). Chen et al. (26) also reported the rate of patients willing to repeat the procedure in the EA plus TPALH group was approximately seven times higher than that in the control group (RR 6.92, 95% CI 2.23–21.47; P = 0.0008).



EA vs. Sham-EA

Two studies (192 patients) compared EA with sham-EA with or without TPALH as standard care (16, 25). In 2009, Jin reported the VAS score of discomfort in the EA plus TPALH group was significantly lower than that in the sham-EA plus TPALH group (3.82 ± 1.27 vs. 4.35 ± 1.40, P < 0.05), which was inconsistent with our calculation (MD −0.53, 95% CI −1.05 to −0.01; P = 0.05). Cahn et al. (16) reported that the incidences of eructation (P < 0.001), vomiting attempts (P < 0.001), and agitation (P < 0.001) assessed by the endoscopist were significantly lower in the experimental group, while the proportion of patients willing to repeat the procedure was not statistically different between the two groups (P > 0.05).




Assessment of Effects - Auricular-Plaster
 
AP Plus TPALH vs. TPALH

Two studies (280 patients) investigated the effect of AP during UGE and reported conflicting results (27, 36). Qi (27) reported that the VAS score of discomfort in the AP plus TPALH group was lower than that in the TPALH-only group (3.73 ± 1.32, 4.33 ± 1.33, MD −0.60, 95% CI −1.18 to −0.02; P = 0.04), and the proportion of patients willing to repeat the procedure was also higher in the AP plus TPALH group (RR 1.41, 95% CI 1.02–1.95; P = 0.04). On the contrary, Liang reported in 1988 that the INV in the AP group was higher than that in the atropine plus dicaine group (RR 1.29, 95% CI 0.73–2.29; P = 0.37).



AP Plus EA & TPALH vs. TPALH

Two studies (202 patients) compared the effect of AP plus EA and TPALH with TPALH alone (31, 32). The regimens and schedule of interventions were similar between the two studies. In 2008, Qi reported that the AP plus EA and TPALH group had significantly lower VAS scores of discomfort compared with the TPALH-only group (3.61 ± 1.43 vs. 4.51 ± 1.38, MD −0.90, 95% CI −1.45 to −0.35; P = 0.001), and the results of the 2010 Wu study on INV (RR 0.44, 95% CI 0.30–0.64; P < 0.0001) and the proportion of patients willing to repeat the procedure (RR 5.20, 95% CI 2.17–12.45; P < 0.0002) supported better outcomes in the AP plus EA and TPALH group compared with that of the TPALH-only group.




Assessment of Effects - Superficial Needle
 
SFN Plus TPALH vs. Sham-SFN Plus TPALH

Two studies (260 patients) compared SFN plus TPALH with sham-SFN plus TPALH for discomfort during UGE (29, 33). Yang (33) reported that the experimental group was more effective in reducing INV (RR 0.48, 95% CI 0.35–0.67; P < 0.00001), while Chen (29) did not find a significant difference in INV between the two groups (RR 0.90, 95% CI 0.77–1.05, P = 0.17). For VAS scores of discomfort, both studies found that the SFN plus TPALH group showed greater improvement compared to control [Yang (33): MD −1.00, 95% CI −1.32 to −0.68, P < 0.00001; Chen (29): MD −1.50, 95% CI −2.29 to −0.71, P = 0.0002]. Chen (29) also reported the proportion of patients willing to repeat the procedure in the SFN group was higher than that in the control group (RR 2.33, 95% CI 1.04–5.25, P = 0.04).

The 2019 Chen study used VAS to primarily measure the feeling of pain, while the 2015 Yang study measured general discomfort during the UGE procedure. Considering that pain carries considerable weight in discomfort, the VAS score data of the two studies were combined. These new results revealed that patients receiving SFN plus TPALH reported a greater improvement on the VAS scores of discomfort compared to sham-SFN plus TPALH group using a random-effect model (MD −1.11, 95% CI −1.52 to −0.70, P < 0.00001; I2 = 24%, Figure 5).


[image: Figure 5]
FIGURE 5. Forest plots of comparison between acupuncture plus lidocaine hydrochloride and lidocaine hydrochloride.





Assessment of Effects - Acupressure

A single 2013 study by Jiang (156 patients) compared acupressure plus TPALH to TPALH alone (30). The study reported that patients in the experimental group had a lower INV compared to the control group (RR 0.80, 95% CI 0.68–0.95, P = 0.01).



Assessment of Effects - Transcutaneous Electrical Nerve Stimulation

One study by Tarçin et al. (327 patients) designed a four-arm study, comparing the effects of TENS plus TPALH, sham-TENS plus TPALH, sham-acupoints plus TPALH, and standard care with TPALH alone to assess discomfort during UGE (15). PC-6 was used as the acupoint of stimulation. As reported, there were no significant differences found between the groups on nausea-retching scores (P > 0.05), swallowing scores (P > 0.005), score of the endoscopists' opinion of the procedure (P > 0.005), and the proportion of patients who would accept re-endoscopy (P > 0.05).



Adverse Events

Among the 23 studies, four studies (17.39%) reported that there were no adverse events associated with acupuncture. One study (4.35%) reported that a single patient in the EA group could not complete the UGE procedure due to discomfort. The remaining 18 studies (78.26%) did not report any adverse events.



Publication Bias

Funnel plots and Egger's test were not feasible due to the limited number of studies included for each type of intervention in the review (42).




DISCUSSION

To the best of our knowledge, this is the first systematic review and meta-analysis to assess the effect of acupuncture on the improvement of discomfort during UGE procedures. Among the 23 included RCTs, the results (improvement of VAS or INV) were in favor of acupuncture plus TPA (primarily TPALH) compared with TPA alone, among studies of MA, EA, AP, SFN, and acupressure. However, the results appeared inconsistent when comparing acupuncture methods alone to anesthetics, sham acupuncture, usual care, or no treatment. Most of the included studies did not report any adverse events in their findings and were of medium-to-high risk of bias.

Some studies explored the anti-emetic effects of acupuncture that might be associated with an increase in the hypophyseal secretion of beta-endorphins and adrenocorticotropic hormone, together with subsequent suppression of the chemoreceptor trigger zone and vomiting center (43, 44). Studies have shown that the Neiguan (PC-6) acupoint, which is the most commonly used acupoint to treat GI symptoms, may reduce nausea through a variety of mechanisms, including neurotransmitters (e.g., the endogenous opioid system, serotonin transmission), a direct influence on the smooth muscle of the gut, somatovisceral reflex, sensory input inhibition, somatosympathetic reflex-induced gastric relaxation, vagal modulation, central cerebellar modulation, or psychological aspects (45, 46). Some studies have indicated that Zusanli (ST-36) and Neiguan (PC-6) have a synergistic effect on gastric myoelectrical activity (47, 48). However, the true mechanism by which acupuncture relieves discomfort during UGE remains inconclusive.

An early systematic review (2004) (17) on discomfort during GI endoscopy (including UGE and colonoscopy) with six RCTs found that the effect of acupuncture (EA and MA) on relieving discomfort was similar to active medication, but better than that of sham acupuncture, with or without TPA or a sedative (17). The results described in the current review suggest that regardless of the type of acupuncture, the VAS score of discomfort during UGE in groups with acupuncture plus TPA was significantly lower than of TPA-alone, which was not claimed in the previous review. These results could indicate that the use of acupuncture as an adjuvant therapy could enhance the effect of TPA and thus may reduce the amount of TPA required during UGE. When comparing EA or MA with sham acupuncture, the results in the current review were inconsistent across studies with or without TPA, which diverged from the conclusions of the previous study (17).

It was unfortunate that we did not find substantiative evidence regarding the minimum clinical important difference of the VAS scores of discomfort (one of the major measurements of discomfort) during GI endoscopy from previous studies and systematic reviews (17). The discomfort during UGE and colonoscopy procedures is often regarded as comparable due to one common mechanism - the pressure of air distension (49). One previous study reported that the VAS pain scores during a colonoscopy were significantly lower in patients receiving anesthetics plus acupuncture (1.4 ± 0.4) compared to patients receiving anesthetics plus sham acupuncture (3.0 ± 0.3), with a difference of −1.30 (−1.58, −1.02, P = 0.003) (50). Another study reported the VAS discomfort scores in EA and SA groups were significantly different at 24 mmHg (pressure of air distension) during a colonoscope (2.80 vs. 4.74, P = 0.013) (51). In the current review, the mean VAS scores of discomfort ranged from 2.94 to 4.80 after treatment in patients receiving TPA plus acupuncture, and from 3.94 to 6.3 in patients receiving TPA only, with MD ranging from −1.11 to −0.65 (P all <0.05). Although the data of the VAS scores presented above looks comparable across studies, it would be arbitrary to draw any conclusion with the limited data and substantial heterogeneity regarding type of acupuncture, regimens (including beginning and ending time of acupuncture treatment in relation to the endoscopy, the total duration of endoscopy, acupoints selected, intensity of simulation), skills of doctors, as well as level of risk of bias.

It is worth mentioning that the outcome measurements used by the studies included in this review varied considerably, which hindered the syntheses of effects across all studies. For instance, considering the level of discomfort, nearly half of the included studies did not use internationally recognized tools, such as VAS or NRS, to measure the level of discomfort. Instead, they developed a ranking system to categorize the effect of acupuncture without a consistent definition for each rank across multiple studies. In addition, numerous factors can influence the discomfort level during a UGE procedure, such as the size of endoscopy lens, physical sensitivity and characteristics of the patients (e.g., age, sex, tolerance, upper gastrointestinal diseases, and previous endoscopy experience), time of measurement, the UGE operator's experience (52), etc. However, limited information was reported on the above factors to allow for further understanding or analysis on the effect of acupuncture. Given the side effect of TPA or sedatives, a reduced dosage when combined with acupuncture should be another key reflection of the effect of acupuncture. However, not all studies reported on this outcome (28, 35). None of the studies reported any data on cost-effectiveness of the use of acupuncture during UGE.

The current review has many strengths. It included a greater number of studies than the previous review, focused specifically on unsedated UGE, and used a comprehensive search of both English and Chinese language biomedical databases. However, several limitations are also present. Firstly, the 23 RCTs were heterogeneous regarding the type and regimen of acupuncture and the control group, as well as outcome measurements, which limited our attempt to synthesize the effect from individual studies (Figure 6). Secondly, the tolerance of discomfort and acceptance of sedated UGE vary considerably among patients in different countries. More than 90% (21/23) of the included studies were conducted in Asian countries (i.e., China, Turkey), and only two were carried out in Europe (i.e., France, Germany), which may constrain the generalization of the results. Thirdly, with limited information, the review was not able to determine the specific characteristics of patients (e.g., sex, age) may benefit more from acupuncture, and which type of acupuncture and stimulation were superior to others. Fourthly, due to the lauguage capacity, we didnot search Korean or Japanese databases specially, which might add publication bias out of regional inequality.


[image: Figure 6]
FIGURE 6. Categories of included studies.




CONCLUSIONS

In this review, it was shown that acupuncture, as an adjuvant therapy to TPA, may further decrease discomfort levels compared to TPA alone. When compared with sham acupuncture, usual care, or no treatment, the effect of acupuncture was not consistent. Findings from this review should be interpreted with caution given the heterogeneity and bias identified across the studies. Rigorously designed RCTs that measure standardized and clinically relevant outcomes are needed to inform clinical decision-making regarding the use of acupuncture for discomfort relief during unsedated UGE procedures.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



AUTHOR CONTRIBUTIONS

WW and ZL contributed to study conception and design. NG and HC searched the databases, reviewed studies, and assessed the quality of studies. YW and YG analyzed data and carried out the statistical analysis. This manuscript was drafted by NG and revised by WW and HC. All authors approved the final version of the manuscript.



FUNDING

This study was funded by the China Academy of Chinese Medical Sciences (Grant No. ZZ13-YQ-019). The funding agency had no role in the design or conduct of the study.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2022.865035/full#supplementary-material



ABBREVIATIONS

UGE, upper gastrointestinal endoscopy; RCTs, randomized controlled trials; TPALH, topical pharyngeal anesthesia with lidocaine hydrochloride; VAS, visual analog scale; INV, incidence of nausea and vomiting; SFN, superficial needle; TPA, topical pharyngeal anesthesia; GI, gastrointestinal; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; NRS, numerical rating scale; MD, mean difference; RR, risk ratio; Cis, confidence intervals; SA, sham acupuncture; AP, auricular plaster; EA, electroacupuncture; MA, manual acupuncture; TENS, transcutaneous electric nerve stimulation; ORR, overall response rate.



REFERENCES

 1. Park JY, Kim BJ, Lee SW, Kang H, Kim JW, Jang IJ, et al. Influence of midazolam-related genetic polymorphism on conscious sedation during upper gastrointestinal endoscopy in a Korean population. Sci Rep. (2019) 9:3–10. doi: 10.1038/s41598-019-52517-7

 2. Campo R, Brullet E, Montserrat A, Calvet X, Moix J, Rué M, et al. Identification of factors that influence tolerance of upper gastrointestinal endoscopy. Eur J Gastroenterol Hepatol. (1999) 11:201–4. doi: 10.1097/00042737-199902000-00023

 3. Hazeldine S, Fritschi L, Forbes G. Predicting patient tolerance of endoscopy with conscious sedation. Scand J Gastroenterol. (2010) 45:1248–54. doi: 10.3109/00365521.2010.497939

 4. Feld AD. Endoscopic sedation: medicolegal considerations. Gastrointest Endosc Clin N Am. (2008) 18:783–8. doi: 10.1016/j.giec.2008.06.009

 5. Abraham NS, Fallone CA, Mayrand S, Huang J, Wieczorek P, Barkun AN. Sedation versus no sedation in the performance of diagnostic upper gastrointestinal endoscopy: a Canadian randomized controlled cost-outcome study. Am J Gastroenterol. (2004) 99:1692–9. doi: 10.1111/j.1572-0241.2004.40157.x

 6. Kerker A, Hardt C, Schlief HE, Dumoulin FL. Combined sedation with midazolam/propofol for gastrointestinal endoscopy in elderly patients. BMC Gastroenterol. (2010) 10:1–5. doi: 10.1186/1471-230X-10-11

 7. Wang HL, Ye F, Liao WF, Xia B, Zheng GR. Unsedated versus sedated gastrointestinal endoscopy: A questionnaire investigation in Wuhan, central China. J Huazhong Univ Sci Technol Med Sci. (2013) 33:857–61. doi: 10.1007/s11596-013-1211-y

 8. Zheng HR, Zhang XQ Li LZ, Wang YL, Wei Y, Chen YM, et al. Multicentre prospective cohort study evaluating gastroscopy without sedation in China. Br J Anaesth. (2018) 121:508–11. doi: 10.1016/j.bja.2018.04.027

 9. Evans LT, Saberi S, Kim HM, Elta GH, Schoenfeld P. Pharyngeal anesthesia during sedated EGDs: is “the spray” beneficial? A meta-analysis and systematic review. Gastrointest Endosc. (2006) 63:761–6. doi: 10.1016/j.gie.2005.11.059

 10. Hwang SH, Park CS, Kim BG, Cho JH, Kang JM. Topical anesthetic preparations for rigid and flexible endoscopy: a meta-analysis. Eur Arch Otorhinolaryngol. (2015) 272:263–70. doi: 10.1007/s00405-014-3012-8

 11. Heuss LT, Hanhart A, Dell-Kuster S, Zdrnja K, Ortmann M, Beglinger C, et al. Propofol sedation alone or in combination with pharyngeal lidocaine anesthesia for routine upper GI endoscopy: a randomized, double-blind, placebo-controlled, non-inferiority trial. Gastrointest Endosc. (2011) 74:1207–14. doi: 10.1016/j.gie.2011.07.072

 12. Vickers A, Wilson P, Kleijnen J. Acupuncture. Qual Saf Heal Care. (2002) 11:92–7. doi: 10.1136/qhc.11.1.92

 13. Lee A, Done ML. The use of nonpharmacologic techniques to prevent postoperative nausea and vomiting: a meta-analysis. Anesth Analg. (1999) 88:1362–9. doi: 10.1213/00000539-199906000-00031

 14. Vickers AJ. Can acupuncture have specific effects on health? A systematic review of acupuncture antiemesis trials. J R Soc Med. (1996) 89:303–11. doi: 10.1177/014107689608900602

 15. Tarçin O, Gürbüz AK, Poçan S, Keskin O, Demirtürk L. Acustimulation of the neiguan point during gastroscopy: its effects on nausea and retching. Turk J Gastroenterol. (2004) 15:258–62.

 16. Cahn AM, Carayon P, Hill C. Acupuncture in gastroscopy. Lancet. (1978) 311:182–3. doi: 10.1016/S0140-6736(78)90614-1

 17. Lee H, Ernst E. Acupuncture for GI endoscopy: a systematic review. Gastrointest Endosc. (2004) 60:784–9. doi: 10.1016/S0016-5107(04)02030-9

 18. Moher D, Liberati A, Tetzlaff J, Altman DG. PRISMA Group. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. BMJ. (2009) 339:332–6. doi: 10.1136/bmj.b2535

 19. Wang W, Zhang T, Peng W, Wu J, Liu Z. Acupuncture for discomfort in patients during gastroscopy: a systematic review protocol. BMJ Open. (2014) 4:e005735. doi: 10.1136/bmjopen-2014-005735

 20. Higgins JPT, Thomas JWV, (eds),. Cochrane Handbook for Systematic Reviews of Interventions Version 6.1. Cochrane (2020). Available from: www.training.cochrane.org/handbook (accessed January 3, 2022) 

 21. Schaible A, Schwan K, Bruckner T, Plaschke K, Büchler MW, Weigand M, et al. Acupuncture to improve tolerance of diagnostic esophagogastroduodenoscopy in patients without systemic sedation: results of a single-center, double-blinded, randomized controlled trial (DRKS00000164). Trials. (2016) 17:1–9. doi: 10.1186/s13063-016-1468-0

 22. Cui B. Clinical trial on prevention and treatment of side effects during gastroscopy in middle-aged and senior people with Zusanli(ST-36) acupoint. China Acad Chin Med Sci. (2006) 9:865035. doi: 10.3389/fmed.2022.865035 

 23. Zhou Y, Fang H. Clinical effect of acupuncture at Neiguan(PC-6) and Zusanli(ST-36) during gastroscopy examination. In: Chinese Nursing Association National Academic Exchange Conference of Traditional Chinese and Western Medicine Nursing. Wuhan (2009). 4 p. 

 24. Li W, Wang L. A randomized controlled clinical trial for acupuncture to prevent adverse effect during gastroscopy. Chinese J Med Innov. (2012) 9:155–6. 

 25. Jin X, Yang Q, Liu W. Clinical observation of 102 cases by using electroacupuncture during gastroscopy. In: China Association of Traditional Chinese Medicine 21st Annual Congress on Spleen and Stomach Diseases. Nanjing (2009). p. 75–8. 

 26. Chen Y, Lu Q, Lan A. Clinical observation for acupuncture to prevent nausea and vomiting during gastroscopy. Chinese J Acupunct Moxibustion. (2007) 09:685–6. 

 27. Qi C. Theoretical Study and Clinical Observation of Auricular Acupoint Pressing on Improving Tolerance During Gastroscopy. Nanjing University of Traditional Chinese Medicine (2009). 

 28. Wang R, Cai H, Zheng W. Application of acupuncture anesthesia in gastrointestinal endoscopy. J Massage Rehabil Med. (2015) 6:32–3.

 29. Chen M. Observation of Clinical Analgesic Effect of Superficial Needle on Gastroscopy. Nanjing: Nanjing University of Traditional Chinese Medicine (2019). 

 30. Jiang H. The application of acupressure on Neiguan point(PC-6) in patients during normal gastroscopy. Hunan J Tradit Chinese Med. (2013) 29:82–3. 

 31. Qi C, Jin X. Observation of clinical effects of electroacupuncture plus auricular plaster on gastroscopy. Shanxi J Tradit Chinese Med. (2008) 11:32–3. 

 32. Wu X, Ye R. Clinical observation of 50 cases by using acupuncture plus auricular plaster during gastroscopy. Henan J Tradit Chinese Med. (2010) 30:1018–9. 

 33. Yang J. Clinical Study of Superficial Needle Improving Tolerance During Gastroscopy. Nanjing: Nanjing University of Traditional Chinese Medicine (2015). 

 34. Leung WW, Mui WL, Ng SS, Lee JF, Ng EK. Lau JY. Acupuncture for diagnostic upper endoscopy in adults? A randomized sham-controlled trial. Gastrointest Endosc. (2008) 67:AB245. doi: 10.1016/j.gie.2008.03.646 

 35. Zhou J, Pan B, Feng J. Application of acupuncture at Neiguan(P-6) and Zusanli(ST-36) in gastroscopy. Bright Chinese Med. (2007) 04:53–5. 

 36. Liang F, Li Y, Liu J. Anesthesia effect of auricular acupoints pressing in fibergastroscopy. Guangxi J Tradit Chinese Med. (1988) 05:32. 

 37. Wang S. A randomized controlled clinical trial for acupuncture stimulation of Liangqiu(ST-34) to prevent adverse effect during gastroscopy. J Qilu Nurs. (2011) 17:60–1. 

 38. Tian Q, Wu W. Clinical observation for acupuncture to prevent nausea and vomiting during gastroscopy. Chin J Inf Tradit chinese Med. (1999) 04:64. 

 39. Dai Y, Sheng Y, Wu T. Clinical effect of acupuncture at Neiguan(PC-6) and Zusanli(ST-36) in gastroscopy. Front Med. (2020) 10:208–10. 

 40. Wang S. Observation on the effect of acupuncture at Neiguan point(PC-6) before gastroscopy. Chin J Dig Integr Tradit West Med. (2004) 5:303.

 41. Zhang P, Hao X, Ma H. Comparison of the effect of acupuncture and active drugs before fibergastroscopy. J Weifang Med Coll. (1991)2:144–5. 

 42. Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical test. Br Med J. (1997) 315:629–34. doi: 10.1136/bmj.315.7109.629

 43. Mayor D. An exploratory review of the electroacupuncture literature: clinical applications and endorphin mechanisms. Acupunct Med. (2013) 31:409–15. doi: 10.1136/acupmed-2013-010324

 44. Samuels N. Acupuncture for nausea: how does it work? Harefuah. (2003) 142:297–300,316. 

 45. Bai L, Yan H, Li L, Qin W, Chen P, Liu P, et al. Neural specificity of acupuncture stimulation at pericardium 6: evidence from an fMRI study. J Magn Reson Imaging. (2010) 31:71–7. doi: 10.1002/jmri.22006

 46. Streitberger K, Ezzo J, Schneider A. Acupuncture for nausea and vomiting: an update of clinical and experimental studies. Auton Neurosci Basic Clin. (2006) 129:107–17. doi: 10.1016/j.autneu.2006.07.015

 47. Shiotani A, Tatewaki M, Hoshino E, Takahashi T. Effects of electroacupuncture on gastric myoelectrical activity in healthy humans. Neurogastroenterol Motil. (2004) 16:293–8. doi: 10.1111/j.1365-2982.2004.00504.x

 48. Sarosiek I, Song G, Sun Y, Sandoval H, Sands S, Chen J, et al. Central and peripheral effects of transcutaneous acupuncture treatment for nausea in patients with diabetic gastroparesis. J Neurogastroenterol Motil. (2017) 23:245–53. doi: 10.5056/jnm16097

 49. Wang WL, Wu ZH, Sun Q, Wei JF, Chen XF, Zhou DK, et al. Meta-analysis: the use of carbon dioxide insufflation vs. room air insufflation for gastrointestinal endoscopy. Aliment Pharmacol Ther. (2012) 35:1145–54. doi: 10.1111/j.1365-2036.2012.05078.x

 50. Li CK, Nauck M, Löser C, Fölsch UR, Creutzfeldt W. Acupuncture to alleviate pain during colonoscopy. Dtsch Med Wochenschr. (1991) 116:367–70. doi: 10.1055/s-2008-1063621

 51. Fanti L, Gemma M, Passaretti S, Guslandi M, Testoni PA, Casati A, et al. Electroacupuncture analgesia for colonoscopy: a prospective, randomized, placebo-controlled study. Am J Gastroenterol. (2003) 98:312–6. doi: 10.1111/j.1572-0241.2003.07231.x

 52. Kim WH, Cho YJ, Park JY, Min PK, Kang JK, Park IS. Factors affecting insertion time and patient discomfort during colonoscopy. Gastrointest Endosc. (2000) 52:600–5. doi: 10.1067/mge.2000.109802

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Gao, Chen, Wang, Guo, Liu and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.












	
	ORIGINAL RESEARCH
published: 09 June 2022
doi: 10.3389/fmed.2022.822731






[image: image2]

Artificial Intelligence Assisted Topographic Mapping System for Endoscopic Submucosal Dissection Specimens

Yu Xiao1†, Zhigang Song2†, Shuangmei Zou3†, Yan You1, Jie Cui1, Shuhao Wang4,5*, Calvin Ku5, Xi Wu6, Xiaowei Xue1, Wenqi Han1 and Weixun Zhou1*


1Department of Pathology, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, China

2Department of Pathology, The Chinese PLA General Hospital, Beijing, China

3Department of Pathology, National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, China

4Institute for Interdisciplinary Information Sciences, Tsinghua University, Beijing, China

5Thorough Images, Beijing, China

6Department of Gastroenterology, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, China

Edited by:
Benjamin Tharian, University of Arkansas at Little Rock, United States

Reviewed by:
Virginia Solitano, Humanitas University, Italy
 Sumant Inamdar, University of Arkansas System, United States

*Correspondence: Shuhao Wang, ericwang@tsinghua.edu.cn
 Weixun Zhou, zweixun@163.com

†These authors have contributed equally to this work

Specialty section: This article was submitted to Gastroenterology, a section of the journal Frontiers in Medicine

Received: 08 January 2022
 Accepted: 16 May 2022
 Published: 09 June 2022

Citation: Xiao Y, Song Z, Zou S, You Y, Cui J, Wang S, Ku C, Wu X, Xue X, Han W and Zhou W (2022) Artificial Intelligence Assisted Topographic Mapping System for Endoscopic Submucosal Dissection Specimens. Front. Med. 9:822731. doi: 10.3389/fmed.2022.822731



Background: Endoscopic submucosal dissection (ESD), a minimally invasive surgery used to treat early gastrointestinal malignancies, has been widely embraced around the world. The gross reconstruction of ESD specimens can facilitate a more precise pathological diagnosis and allow endoscopists to explore lesions thoroughly. The traditional method of mapping is time-consuming and inaccurate. We aim to design a topographic mapping system via artificial intelligence to perform the job automatically.

Methods: The topographic mapping system was built using computer vision techniques. We enrolled 23 ESD cases at the Peking Union Medical College Hospital from September to November 2019. The reconstruction maps were created for each case using both the traditional approach and the system.

Results: Using the system, the time saved per case ranges from 34 to 3,336 s. Two approaches revealed no significant variations in the shape, size, or tumor area.

Conclusion: We developed an AI-assisted system that would help pathologists complete the ESD topographic mapping process rapidly and accurately.

Keywords: endoscopic submucosal dissection, artificial intelligence, topographic mapping, diagnosis, pathology


BACKGROUND

Endoscopic submucosal dissection (ESD) is a well-accepted endoscopic resection method for removing early malignant gastrointestinal (GI) lesions. ESD can remove large and irregular superficial lesions en bloc while keeping the organs complete. It causes little damage to the patients and significantly improves their postoperative quality of life. Although the technique requires a steep learning curve, it is now widely used in Japan, China, and many nearby Asian countries, and is increasingly favored in Europe and the United States (1–3).

After the operation, the ESD specimens should be carefully evaluated by pathologists. Except for the diagnosis of the lesion, parameters such as the size, boundary, depth of infiltration, and lymphatic vascular invasion of the lesion should be evaluated accurately one by one. If there are high-risk factors for metastasis, further surgical treatment is required. The topographic mapping of the specimen is an essential step of pathological evaluation. It shows the size and shape of the lesion clearly and helps to judge the involvement of the cutting edge. Besides, reconstruction of the lesion and correlation of endoscopic changes could help endoscopists perform better treatments (4–6).

The traditional method of mapping is a tedious and time-consuming process. To map the specimen accurately, one has to mark the tumor area in the slides, then map each point of the entire area to the cutting lines on the gross picture proportionally. In particular, when the lesions are large and irregular, it may take a pathologist many hours to reconstruct one case (4, 7). With the rapid development of science and technology, artificial intelligence (AI) has gradually penetrated the medical field, especially in the fields of endoscopy, imaging, and pathology. In endoscopic diagnosis, studies successfully applied AI to the screening and monitoring of early cancer (8), detecting lesions easily overlooked by endoscopy (9) and diagnosing inflammatory bowel diseases (10). All previous study aimed to improve diagnostic efficiency and accuracy. In the field of pathology, AI has been used to detect tumor tissue, measure clinical outcomes, and predict molecular and genetic alterations (11). Our team also applied AI to identify GI tumors and achieved clinically applicable results (12). In this report, we established an AI-assisted automatic topographic mapping system for ESD specimens.



MATERIALS AND METHODS


Case and Specimen Processing

We enrolled 23 continuous ESD specimens at Peking Union Medical College Hospital from September 2019 to November 2019. All cases were early tumors confirmed by biopsies and treated with en bloc ESD resection. There were nine cases of well-differentiated adenocarcinoma, four cases of moderately-differentiated adenocarcinoma, six cases of high-grade dysplasia, one case of low-grade dysplasia, one case of squamous cell carcinoma (esophageal), and two cases of well-differentiated neuroendocrine tumor.

After the ESD operation, all specimens are carefully extended by the endoscopist and pinned to the flexible plastic plate with fine steel needles. The specimen was then fixed in a 10% neutral buffer formalin solution for 12–48 h. Two photographs were taken before cutting: one is the original photograph with steel needles, and the other is a complete specimen photograph with the needles removed. The specimen was cut into tissue strips every 2 mm according to the standard procedure (1, 4). After being properly segmented according to size, they were grouped into embedding boxes to be paraffin-embedded, sectioned, and hematoxylin-eosin (HE) stained. The third photograph was taken after cutting the tissue into strips, and the fourth photograph was recorded after grouping. Each block is given a number, and the position of the tissue within the block is marked so that the same tissue strips can be used for mapping (7).



Traditional Method of Mapping

All cases were mapped using traditional methods and the topographic mapping system, respectively. In the traditional way, the lesion area was marked on the slides with a marker pen as the pathologist read the slides. Then, attributes of the lesion were measured and recorded, including the total length of each strip, the length of the lesion area, and its position on the strip. The lesion area, of each tissue was then drawn on the photograph of the tissue strips according to the marked slides (i.e., the third photograph) in proportion to complete the reconstruction (7).



Mapping With the System

All cases were also mapped using the system. First, the pathologist imported the gross photograph and the corresponding digital slides of tissue into the system. Then the pathologist marked the sampling sequence and the lesion area on the digital slides. After the two steps were completed, the system then automatically reconstructed the gross picture of the lesion.



Overview of the Mapping System

As shown in Figure 1, the mapping system was designed in the style of service-oriented architecture (SOA), where the main functions of the system are wrapped up as centralized services in the private cloud for other components of the system. Conceptually, there are three roles within the system that have to work together for the reconstruction task. They are “Prepping Technician,” “Upload Technician,” and “Pathologist,” respectively. As just mentioned, these roles are conceptual, which means they can be played by one single individual or can be played by multiple individuals. During the process, information is collected at the System Core and then passed to the role that requires it. Eventually, all the information is gathered and processed in the System Core to produce the final result. The reconstruction algorithm can be broken down into the following steps: (1) foreground detection, (2) segregation of strips, and (3) linear mapping. We will describe these steps in more detail in the following sections.


[image: Figure 1]
FIGURE 1. Overview of the mapping system.




Foreground Detection

We adopted Otsu's method, a widely accepted foreground detection method in computer vision, to perform this task. To be more specific, a grid search of the thresholding parameter t was done on the grayscale digital slide thumbnail (which will be called the slide from now on) to reduce the intra-class variance.

With the searched threshold t*, we could turn the grayscale image into a binary image where the 1s mark the locations of the foreground pixels.



Segregation of Strips

When a slide is prepared properly, the tissue strips will lie parallel to one another. Based on this assumption, the segregation algorithm can be broken down into the following steps: (1) auto tilting; (2) denoising: erosion and dilation; (3) denoising: Suzuki and Abe topological analysis; and (4) segregation of centroids.

We assumed the tissue strips were homogeneous within their boundaries. With this assumption, we could grid search within a range of angles to calculate the following for each angle:

(1) Sum up projections onto the y-axis of the pixels;

(2) Remove values <90th percentile;

(3) Calculate the mean of the resulting values.

The target angle a* is then obtained by computing the argmax for all the mean values. This algorithm helps to rotate the slide in a way so that all the tissue strips are horizontal.

Erosion and dilation are two fundamental operations in morphological image processing. The erosion operation uses a structuring element B (typically an all-one matrix) to move inside the target image A in a way that the center of B would cover every single pixel of A in turn. The transformed image A' satisfies A ⊖ B = ⋂b∈BA−b. In this research, we chose [image: image].

The intuition of this is that when B is sliding across A, the submatrix of A that coincides with B has to include B (in the sense of set theory) so that the resulting value is 1, otherwise it would be zero. This operation would tend to zero out scattered values in the original image A since the neighborhood of those scattered values cannot form a submatrix that includes B. This also tells us that the larger the size of B we choose, the heavier the erosion operation.

Similarly, the dilation operation satisfies the following condition:

[image: image]

and interpolates extra values in between the scattered values. We use B = (1, 1, 1, 1, 1), and the dilation is applied twice in practice.

Then we used Suzuki and Abe's topological analysis to find the connected components with the maximum areas in order to denoise the image further. Since the number of strips on each slide is given (which is equal to the number of the cutting lines to be restored), let the number be k. We can retain k connected components with the maximum areas, to avoid disturbance from any unanticipated noise. Furthermore, we can identify the centroids of these maximum areas for further computation.

Now that the slide is binarized, noise-free, and rotated so that the strips are horizontally aligned. We can find the midpoints between the centroids obtained from Suzuki and Abe's topological analysis, and hence the segregation of strips is done.



Linear Mapping

In the gross picture, each cutting line can be described and identified with its endpoints. Each cutting line is a 1D the entity in a 2D linear space. For each cutting line, there is a corresponding stripe. Therefore, the relative coordinates of the lesion pixels (with respect to the pixels of the entire strip) can be projected to the x-axis, to obtain a 1D representation, removing their depth information. By normalizing it, we obtain a dimensionless parameter t for each lesion pixel. Let the endpoints of any cutting line be p1, p2, and their coordinates are (x1, y1) and (x2, y2), respectively. Then, for any normalized lesion pixel parameter t, we can calculate their corresponding coordinates in the gross picture linear space by

[image: image]



System and Process Design

In the mapping system, we break down the entire reconstruction process into smaller tasks and assign these tasks to three different roles: Prepping Technician, Upload Technician, and Pathologist. We make use of the iPad to accelerate the tissue preparation and slide diagnostic process. Similar methodologies can also be applied to other platforms. The tasks are enumerated by each role in the following:

a. Prepping Technician (on iPad):

(1) Capture an image of the prepared tissue;

(2) Trace the cutting lines with the Apple Pencil to record the line coordinates of the lines in the tissue space;

(3) Arrange the lines into groups; the lines represent the strips, and the groups represent the slides on which the strips will be placed;

(4) Save and submit.

b. Upload Technician (on PC):

(1) Scan the slides;

(2) Select the digital images of the slides;

(3) Save and submit.

c. Pathologist (on iPad):

(1) Make diagnoses and uses the Apple Pencil to make annotations on the slides;

(2) Perform corrections (flipping, rotation, auxiliary lines) to the slides;

(3) Submits and completes the reconstruction.

Once the pathologist submits the diagnosis result, the System Core will integrate all the data collected from the three roles and calculate the final result. The result will then be available for viewing by the pathologist.




RESULTS

The size of the specimens ranged from 1.7 × 1.4 to 8.4 × 5.2 cm. At our center, we used to put 3–5 tissue strips in each block. The smallest specimen had two blocks and seven tissue strips, while the largest specimen had 34 blocks and 81 tissue strips. The time required for mapping depends on the size of the specimen and the number of strips that contain tumors (i.e., tumorous strips). In addition, the complexity of the tumor area outline also affected the consumed time. Among the 23 specimens, the number of tumorous strips in a single specimen was 1–36, and the median was 12.

With the reconstruction system, the diagnostic time for a single case ranged from 235 s (3 min 55 s) to 3,257 s (54 min 17 s), with a median time of 1,265 s (21 min 5 s). In comparison, with traditional methods, the mapping time for a case ranged from 300 s (5 min) to 6,180 s (103 min), with a median time of 1,980 s (33 min) (Figure 2). Using the system, the time saved for a single case ranged from 34 s to 3,336 s (55 min 36 s) (Figure 3). Although specimens of larger and more complex tumor areas took more overall time, the average diagnostic time for tumorous strips was relatively less. The average diagnostic time of a tumorous strip was 64.3–235 s and 115.4–300 s, respectively, by systematic and traditional methods (Figure 4).


[image: Figure 2]
FIGURE 2. The diagnostic time for cases with different numbers of tumorous strips.



[image: Figure 3]
FIGURE 3. Saved time for diagnosing the entire case against the number of tumorous strips.



[image: Figure 4]
FIGURE 4. Average strip diagnostic time vs. the number of tumorous strips.


The shape, size, and location of the tumor area were all controlled while comparing the two methods (refer to Figure 5). The pathologist marked the area of the lesion on the digital slides so that different tissues and lesions can be reconstructed. Traditionally, when looking at the tissues one by one, it was difficult to determine whether the discontinuous lesions were caused by irregular margins or by multifocal lesions. With the system, irregular or multifocal lesions were clearly shown (Figure 5). In addition, the system was able to accurately show small or discontinuous lesions that were hard to draw with traditional methods (refer to Figure 6).


[image: Figure 5]
FIGURE 5. Case No. 5: (A) Mapping using the traditional method. (B) Mapping by the system. The shape, size, and location of the tumor area were the same. The reconstructed map showed two foci of the tumor clearly.



[image: Figure 6]
FIGURE 6. Case No. 20: (A) Local discontinuous lesions under microscopy, outlined in red; (B) The reconstructed map. The corresponding tissue strips in the orange frame showed discontinuous lesions in small foci.




DISCUSSION

Endoscopic submucosal dissection was first developed in Japan in the late 1990s. It has now been widely used to remove GI mucosal neoplasms to avoid local residue and recurrence (13). In addition, it has been indicated to minimize the chance of lymph node metastasis. The size of the lesion indicates the risk of lymph node metastasis (14). Oversized cancers or high-risk lymph node metastases require further surgery to ensure complete removal of the tumor. Maintenance of proper orientation, macroscopic description, and mapping are necessary to accurately determine the size of the lesion (4). Mapping and rebuilding the lesion on the gross photograph with cutting lines is recommended to evaluate the size and shape of the lesion, as well as to compare microscopic, macroscopic, and endoscopic findings (7, 15).

Traditionally, we could only reconstruct the lesion manually. We need to mark the lesion area on the slides and draw it in proportion to the cutting lines of the gross photograph. Tissue shrinks during the process of preparation, and the photos may have different magnifications to adapt to the size of the specimen. As a result, the corresponding marking process is tedious and time-consuming. The limitation of time constraints for endoscopists and pathologists may be the reason for hindering the implementation of this concept in daily routine practice (7).

Both endoscopic and pathological diagnosis are based on the observation of the morphology of lesions, which are closely related to each other and require good cooperation. In recent years, AI has made rapid progress and achieved amazing results in both fields. Now, AI is used in endoscopic diagnosis to identify early esophageal and gastric cancers (8, 16), colorectal polyps (9), and inflammatory bowel disease classification (11). AI techniques have also been developed and are widely utilized in research and the practice of surgical pathology (17). Across GI and liver cancer types, AI can automatically detect tumor tissues, capture prognostically relevant tissue features, and predict molecular and genetic alterations (11).

Based on our previous study (12), we established our AI-assisted topographic mapping system to make the mapping process automatic. For the 23 cases we studied, the system reconstructed them accurately. When compared with the traditional method, the shape and size of the lesions are the same. Without mapping, the size of the lesion could only be estimated from the tumor on the cutting line and the thickness of the accumulated tissue strips. If the cutting line is not parallel to or perpendicular to the long axis of the lesion, the true maximum diameter of the lesion cannot be obtained. The exact diameter can only be measured once the mapping is done accurately.

The system shows significant work efficiency improvements. The reconstruction time varies depending on specimen size and tumor area. Among our 23 cases, the system saved 34 s to around 55 min compared to the traditional method. Most specimens could be reconstructed within 20–30 min using the system. As traditional methods take a long time to get accurate results, only specific cases requiring discussion are studied. It is difficult to reconstruct each case. With the system, the reconstruction time is significantly reduced, making it applicable in daily work.

The system is well-demonstrated for multifocal and irregular lesions. Not all lesions are circular or oval, and some have very uneven boundaries. In such lesions, a cutting line may separate them into intermittent lesions. If not reconstructed, they may be considered multiple lesions. However, once the reconstruction is completed, it may be possible to find the connected regions to determine whether it is a single irregular lesion or a multifocal lesion. Among the three lesions (case nos. 13, 17, and 19) having irregular boundaries, we find local boundaries exceeding the contour by at least 0.5 cm. In addition, there were three cases (case nos. 6, 11, and 14) with two lesions. The topographic mappings from the system reveal them accurately.

The system can be more precise than the traditional method for small discontinuous areas. When the lesion area is very small, it is difficult to annotate on the glass slide, and could not be reconstructed by traditional methods. The digital slide can be enlarged and annotated, circling the small lesion area clearly. Meanwhile, at the edge of the lesion, the local morphology is very important to be compared with the endoscopic manifestations. A good topographic map can improve the understanding of the morphology of the lesion, especially for endoscopists (7). Based on a precisely performed reconstruction map, when comparing histology with endoscopic details, endoscopists would get feedback on the morphology of the lesions, promoting the understanding of the morphology under endoscopy and improving the diagnostic ability (7). After the implementation of the system, we carry out the topographic map for each case in our daily work. Moreover, it is applied in our monthly endoscope-pathology discussion.

The system is designed to be user-friendly and suitable for different tissue preparation routines. When the specimen is too large to fit into the embedding box, the tissue strips are disconnected, resulting in the splicing of cutting lines. Besides, the number of tissues inside each embedding box varies. Under all these situations, the system could be implemented directly without special settings or modifications. All that the system needs are clear gross pictures, digital slides, and the correct sequence of tissue strips.

The system has some defects. First, our limited number of cases at present only indicates the availability of the system. More practice may show specific problems that need to be improved. Second, for the automatic recognition of cutting lines, it is sometimes not so accurate under different photo color configurations. When the gross picture reflects strongly or the color is dark, the algorithm cannot recognize the cutting lines accurately. We are going to standardize the process of taking gross pictures and improve the model accuracy with more training cases. Moreover, we plan to further develop measures such as depth of infiltration, which is also an important parameter to indicate further surgery. In addition, our system can be extended to other tumor measurements. The tumor-node-metastasis (TNM) staging of particular tumors is based on the maximum tumor diameter. Accurate reconstruction and measurement of tumor size could better indicate the prognosis. We will add these functionalities to the system in future work.

A precise topographic map could reconstruct a lesion accurately. It not only makes the pathological report more accurate but also tightly connects histology with endoscopy. Therefore, it should be one part of the standardized protocol of ESD specimen pathology (7). The AI-assisted topographic mapping system completes the reconstruction process automatically, reducing the diagnostic work from several hours to half an hour. It not only improves work efficiency but also enables detailed and quantitative diagnosis that ultimately benefits patients.
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Aim: The research aimed to study the effect of using WeChat (a mobile social media application) on pregastroscopy anxiety and the cooperation of patients with different coping styles.

Methods: In order to decrease patients' pregastroscopy anxiety and improve the tolerance of unsedated gastroscopy, WeChat, a widely used mobile social media application, was applied to provide information prior to their endoscopic procedure. Two hundred and thirty patients who underwent initial unsedated gastroscopy in a large teaching hospital in China were classified into two groups based on their coping style: information seekers or information avoiders, using the Information Subscale of the Krantz Health Opinion Survey (KHOS-I). Each of the two groups was prospectively randomly assigned to either receiving the brochure information or conjunctive interactive WeChat-delivered information of gastroscopy. To measure the level of state anxiety, the State Anxiety Scale of Spielberg's State-Trait Anxiety Inventory questionnaire was used. State anxiety, blood pressure and heart rate were measured at enrollment, upon arrival, and before gastroscopy.

Results: Information seekers and avoiders who received information from the brochure and the WeChat platform experienced significantly less state anxiety upon arrival and before gastroscopy. Furthermore, information seekers who received information from the conjunctive WeChat platform had lower frequency of retching, lower scores of nausea and bloating, and better tolerance. Information avoiders who received information from the conjunctive WeChat platform had lower frequency of retching, lower scores of discomfort while swallowing the scope and nausea, and better tolerance. However, we found the percentage of information seekers who preferred no WeChat-delivered pregastroscopy information is greater than WeChat-delivered information at the initial questionnaire. No significant difference was found in blood pressure or heart rate upon arrival and before gastroscopy.

Conclusions: Although people preferred no WeChat-delivered pregastroscopy information, the provision of gastroscopy information through a mobile social media application, such as WeChat, could significantly reduce patients' pregastroscopy anxiety, lower the frequency of retching, reduce the scores of nausea and bloating, and improve tolerance for information seekers. In addition, it could lower the frequency of retching, reduce the scores of discomfort while swallowing the scope and its concurrent nausea, and improve tolerance for information avoiders.

Keywords: gastroscopy, anxiety, social media, mobile application, patient cooperation, tolerance


INTRODUCTION

Gastric cancer has become the second leading cause of death worldwide. Furthermore, incidence rates are highest in Eastern and Central Asia and confer a higher mortality rate there than in other nations (1). One well-documented method for gastric cancer prevention is via endoscopic screening in the asymptomatic population (2). Despite this globally well-known procedure, patients quite often perceive this procedure as uncomfortable and/or possibly embarrassing and may have concerns with potential exam results. These feelings about a commonplace procedure are generated from limited information, distress caused by perceived fear of discomfort, and an unfamiliarity with the process (3). Such preoccupations produce burdensome anxiety (4). As the need for these procedures increases, the process is dictated by direct referral and so the chance to meet the endoscopist in advance of the procedure is often bypassed, and also the ability of physicians to detect and gauge patient anxiety has proven less than adequate (5, 6).

Furthermore, procedural anxiety could affect patients' satisfaction and impede patient compliance with this routine procedure, and make it more difficult for them to tolerate gastroscopy (7, 8). There are instances whereby the stomach cannot be thoroughly examined which can be attributed to poor patient cooperation. In addition, the lack of patient cooperation amplifies the possibility of endoscopic complications and the miss rate of significant gastric lesions (9).

Recently, alternative methods, including tools like booklets, cartoons, and short message services (SMS) (10–12), have been used to relieve patients' stress and improve patient cooperation (13). Even more recently, smart phone-based strategies have been developed to help patients get prepared (14–21).

One critical method to consider when dealing with patients is their coping styles. In treatment, there may be information seekers, those who like to gather as much information as possible about the illness and/or procedure to make it more predictable and controllable, or they may be information avoiders, those who like to avoid the stressful situation and distract themselves from any threat-relevant information, siding toward unpredictability. Taking patients' coping styles into consideration could reduce procedural anxiety more effectively (22, 23). This is even as important as the content of the illness itself.

Liu, et al. reported that the provision of sensory information could reduce patients' pregastroscopy anxiety significantly, regardless of patients' information coping style (24). Morgan, et al. found information congruent with coping style reduced anxiety and observed behavioral indices of colonoscopy pain (25). In a study by Yang, et al., it was demonstrated that pregastroscopy anxiety was an independent predictor of severe discomfort and poor tolerance in patients undergoing unsedated gastroscopy (26). Kang, et al. claimed instruction via a mobile social media application, in conjunction with standard instruction, improves the adequacy of bowel preparation for colonoscopy (16). However, to date, few studies have been conducted to identify the effect of interactive information delivery via mobile social media application on the pregastroscopy anxiety of different coping styles, patient cooperation and tolerance during gastroscopy.

WeChat is the most widely used multipurpose social media platform in China, which is integrated with messaging, voice and video calls, and other services. The number of daily active WeChat users is estimated to be around 1 billion and the popularity of WeChat stems from its instant messaging and interaction function (27). WeChat could also provide a platform for medical professionals to more effectively clarify and reassure gastroscopy information. Through WeChat, patients can raise their concerns in complete privacy.

In the study we performed a prospective, randomized, controlled trial to compare the effect of pregastroscopy anxiety, and patient cooperation of different coping styles receiving gastroscopy informational brochure with interactive WeChat-delivered information vs. the informational brochure only. We tested the hypothesis that information delivered by the WeChat reduces pregastroscopy anxiety, improves patient cooperation, and tolerance for information seekers. And we also tested the hypothesis that the percentage of information seekers who preferred WeChat-delivered pregastroscopy information is greater than no WeChat-delivered information.



MATERIALS AND METHODS


Study Design

This prospective, single-blinded, randomized, controlled study was conducted in the Endoscopy Center in a large teaching hospital in southeast China from 28 June to 8 August 2020. The institutional review board approved the study protocol and informed consent form (Number of Approval: IIT20200203A-R1). This study has been registered at www.Chictr.org.cn (ChiCTR2000034213).

All the patients received pregastroscopy information in the form of an official brochure when scheduling the gastroscopy. The brochure was handed out by two designated nurses who were not involved in gastroscopy and blinded to the randomization. The informational brochure was written in simple words and illustrated by animated pictures.

The patients were classified into two groups based on coping style: information seekers or information avoiders using the Information Subscale of the Krantz Health Opinion Survey (KHOS-I) (24, 28). Each group was randomly assigned by computer-generated random numbers to receive informational brochure only (control group) or both informational brochure and interactive information delivered by the mobile application, WeChat (WeChat group).

Both information seekers and information avoiders allocated to the WeChat portion of the study were invited to get access to the WeChat (Hospital official account: Endoscopy Center) on the day of the gastroscopy scheduling by two trained nurses who were not involved in data collection. In addition to receiving the brochure, they also received the same information delivered by WeChat (Hospital official account: Endoscopy Center). Possible interaction was the only difference between the control and WeChat group of both the information seekers and avoiders. Otherwise, all the information across all four groups was the same.

One nurse practitioner logged in to the WeChat platform using the official account between 4 and 6 p.m. daily to explain the brochure information which some patients could not fully understand by themselves. The nurse practitioner was trained to use therapeutic communication skills to address patients' concerns and give consistent answers to the same question.

All patients and their families were instructed not to disclose that they had access to the WeChat-delivered information, to endoscopists, medical staff, or other patients. State anxiety was assessed by the State Anxiety Scale of Spielberg's State Anxiety Inventory (29). Blood pressure, and pulse were measured at enrollment, upon arrival, and before gastroscopy by a designated nurse that was not involved in the procedure of gastroscopy and blinded to the randomization.

The gastroscopy was performed by 2 professional endoscopists with a minimum experience of 5,000 gastroscopies. The gastroscope (GIF-HQ290; Olympus), Radial Jaw (Boston Scientific), and mouthpiece (MB-142; Olympus) were used for each procedure and a topical anesthetic was applied to anesthetize the throat to suppress the gag reflex. The setup of the endoscopy room is unified.

Patient cooperation, patient discomfort, and tolerance were recorded by trained nurses. Belching, retching, and coughing were the main manifestations of poor cooperation (9). And the visual analog scale (VAS) was used to measure patients' discomfort during the procedure (30–33), including the scope passing through the throat, nausea, abdominal pain, and bloating. Patients were asked to rate the severity of their symptoms from “0–10,” with “0” being “I felt absolutely comfortable during the procedure” and “10” being “I was suffering to death during the procedure.” And patient tolerance was recorded by the answer to the question of the acceptability of unsedated gastroscopy after the procedure (Easy, A little difficult, Very difficult, and Cannot endure). The endoscopists and trained nurses were blinded to the participants.



Study Participants

Participants were from 18–70 years of age and underwent their initial gastroscopies in regular health screening, without any former experience of colonoscopy or bronchoscopy. Patients were considered to meet the inclusion criteria in the study if: They were mentally alert and able to communicate freely, underwent initial, unsedated gastroscopy as outpatients, and had access to WeChat themselves or through close family members. Patients were excluded if they suffered from severe cardiopulmonary disease, underwent emergency gastroscopy, had impaired consciousness or impaired hearing, were mentally distressed or underwent other invasive procedures on the same days, such as colonoscopy contrast enhanced CT, and an ultrasound-guided fine needle aspiration, etc. No sample sizes were performed a priori, as it is difficult to find other studies presenting data which could be used to estimate variance and effect size.



Assessment Methods

Participants' personal characteristics were collected by a questionnaire including their gender, age, education level, employment status, income level, and family gastric and/or esophageal cancer history, their preferences of receiving information via WeChat or the brochure, their knowledge about gastroscopy, and days of waiting for gastroscopy upon enrollment.

The KHOS-I subscale was used to determine patients' coping style by answering “Yes/No” questions relating to their preference for information, their desire to be involved in medical decision-making and their own wish to raise questions about the procedure (34).

Furthermore, subjects completed the Spielberger State Anxiety Inventory, which measures degrees of anxiety (e.g., feelings of tension, apprehension, and nervousness.). It consists of 20 statements and each statement has “1–4” points, with “4” indicating greatest anxiety (35).

All the information distributed via the brochure and through the WeChat (Hospital official account: Endoscopy Center), was collected based on information guides (Endoscopy (Upper GI) from (36)) aga gi patient center and Understanding Upper Endoscopy from ASGE, and from the suggestions of endoscopists, nurses and patients. It consists of five parts, which are detailed in Supplementary Material 1.



Statistical Analysis

The independent samples t-test for age, days of waiting for gastroscopy, and Chi-square test for gender, education level, employment status, income level, and family history of gastric and/or esophageal cancer, preferences of receiving information via WeChat or not, preferences of receiving information via the brochure or not, knowledge about gastroscopy, were used to determine whether there were baseline differences. P < 0.05 was used as the significance level in this study.

An independent sample t-test for state anxiety score, blood pressure, and pulse, frequency of coughing, belching, retching, and scores of discomfort while swallowing the scope, nausea, abdominal pain, and bloating, and Chi-square test for tolerance, was used to find any significant differences between the control group and the WeChat group in information seekers and information avoiders. Multiple regression analysis was used to determine the factors predicting state anxiety. The data were analyzed by using Statistical Package for Social Sciences (SPSS) version 25.




RESULTS


Patient Baseline Characteristics

Two hundred and sixty-two patients were screened in total. Twenty-seven patients (one patient with severe cardiopulmonary disease, 10 patients who underwent emergency gastroscopy, four patients with psychiatric mental health problems, 10 patients who made the appointment of colonoscopy and two patients who made the appointment of contrast enhanced CT on the same day with gastroscopy), who did not meet the criteria were excluded. Two patients of information seekers from the WeChat group who were hospitalized before gastroscopy were excluded. This study also excluded three cases of treatment failure: Two patients of information avoiders from the WeChat group and one patient of information avoiders from the control group who could not tolerate the procedure and changed to the sedated procedure. A total of 230 participants (76 Seekers and 154 Avoiders) completed all the questionnaires (Response Rate = 97.9%) (Figure 1).


[image: Figure 1]
FIGURE 1. The flowchart of procedure. KHOS-I indicates Krantz Health Opinion Survey.


As shown in Table 1, there were no significant differences among the measured patient baseline parameters. However, Table 1 shows that greater percentage of participants in all groups preferred pregastroscopy information “brochure” over “no brochure information,” and greater percentage of participants preferred “no WeChat pregastroscopy information” over “WeChat pregastroscopy information.”


Table 1. Baseline characteristics of patients undergoing gastroscopy included in the study.
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As shown in Table 2, no significant difference was found in anxiety level, blood pressure (BP), heart rate (HR), upon enrollment at baseline for information seekers and information avoiders, between patients who received gastroscopy information via the brochure and those who received information via brochure as well as the WeChat platform. There was no significant difference in endoscopist distribution between groups (Supplementary Tables S1, S2).


Table 2. Anxiety level at baseline, upon arrival and before gastroscopy, and patient cooperation and tolerance by information seekers and avoiders in each of the two information groups.

[image: Table 2]

After receiving the intervention, the state anxiety score upon arrival (P = 0.001) and before gastroscopy (P < 0.001) from the WeChat group of information seekers, and the state anxiety score upon arrival (P < 0.001) and before gastroscopy (P < 0.001) from the WeChat group of information avoiders, all significantly declined.

In our study, we have two information avoiders from the WeChat group and one information avoider from the control group who could not tolerate the procedure and changed to the sedated procedure. The anxiety levels of the two information avoiders from the WeChat group (35 at baseline, 30 upon arrival, and 39 before gastroscopy; 31 at baseline, 28 upon arrival, and 35 before gastroscopy) showed no significant difference from their group anxiety levels. The anxiety level of the information avoider from the control group (34 at baseline, 40 upon arrival, and 42 before gastroscopy) shows no significant difference from their group anxiety levels either.

No significant difference was found in BP and HR upon arrival and before gastroscopy for information seekers or information avoiders, between those who received gastroscopy information via the brochure and those who received information via brochure, as well as the WeChat platform.

Compared to information seekers who received information from the brochure only, those who received information from the WeChat and the brochure, had lower frequency of retching (P < 0.001), lower scores of nausea (P < 0.001), and bloating (P < 0.05), and better tolerance (P < 0.001).

In contrast to information avoiders who received information from brochure only, those who received information from WeChat and the brochure, had lower frequency of retching (P < 0.001), lower scores of Discomfort while swallowing the scope (P < 0.05), and nausea (P < 0.001), and better tolerance (P < 0.001).

Women have been found to have higher anxiety score than men at the baseline when scheduling the procedure (P < 0.05), but no significant differences in anxiety score were found upon arrival and before the gastroscopy between women and men (P > 0.05) (Table 3).


Table 3. Predictors of anxiety level of patients undergoing gastroscopy at three different stages.
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DISCUSSION

This study found that the anxiety state score improved for information seekers and information avoiders who received information from the brochure as well as the WeChat platform compared to the informational brochure only. This finding was found both upon arrival and before the gastroscopy procedure.

Information seekers who received information from the brochure and the WeChat platform had less frequency of retching, lower scores of nausea, bloating, and better tolerance than information seekers receiving information only from the brochure.

Information avoiders who received information from the brochure and the WeChat platform had less frequency of retching, lower scores of discomfort while swallowing the scope, and nausea, and better tolerance, compared to information avoiders receiving information from the brochure only.

These results support the conclusion that the delivery of pregastroscopy information though mobile social media app could significantly reduce patients' pregastroscopy anxiety no matter the patients' information coping style. Furthermore, it could improve patient cooperation and tolerance.

According to previous studies, Vukmir, et al. reported that a computer printout, like a brochure, does not help most patient comply with the physician's instructions (37). Abbott reported that poor understanding of the procedure may result in lack of patient cooperation (31).

Online interactive guidance conveys a more personalized set of instructions, making them more relevant to the patient (38). Professional communication provided the patients with reassurance and clarity, and helped remove the uncertainty for those who were concerned about their lack of understanding of the procedure.

These conclusions were consistent with some previous studies. Sewitch, et al. reported that a user-centered smart phone application has the benefit of broadening the patient community, educating patients with comprehensive information, and improving patient cooperation (39). Kang, et al. demonstrates that information delivered by the smart phone application WeChat could improve bowel preparation of colonoscopy and patient compliance (16). Vliet, et al. concluded that medical personnel provides invaluable guidance through coaching when preparing patients for gastrointestinal endoscopy (40). Online coaches through a smart phone application, such as WeChat, help fill the gap when patients leave the hospital. Smart phones help patients cope better (14–21). Liu, et al. reported that the state anxiety score significantly declined after the intervention of sensory information for information seekers and information avoiders (24).

However, some studies showed inconsistent outcomes. Morgan, et al. discovered in their anxiety and pain study for patients undergoing initial colonoscopy that patients who received information congruent with coping style experienced less state anxiety, whereas those who received information not congruent with their coping style maintained the same anxiety level (25). There are essential differences between colonoscopy and gastroscopy, even though they are both gastrointestinal endoscopy procedures. Colonoscopy is generally regarded to be a painful procedure (41), and a considerable proportion of patients experience pain (42). However, only a few patients complain of pain and bloating in gastroscopy. The potential for bloating and especially for pain may frighten information avoiders.

In this study, we found that the percentage of people who preferred brochure pregastroscopy information is greater than no brochure information in all groups, and the percentage of people who preferred no WeChat-delivered pregastroscopy information is greater than WeChat-delivered information in all groups, which is inconsistent with our hypothesis that the percentage of information seekers who preferred WeChat-delivered pregastroscopy information is greater than no WeChat-delivered information. The cause could be attributed to unfamiliarity with WeChat as a mode of education. There is no up to date interactive information regarding pregastrscopy patient education delivered via mobile application.

Contrary to our assumptions, information-avoiders also had reduced anxiety level for receiving information through WeChat, which is in contrast to previous studies and original theory (22, 23, 25, 43), in which avoiders were associated with lower demand for information. However, Sewitch, et al. reported that the ability to tailor instructions made the smartphone application preferable to other delivery modes (39). An explanation might be that avoiders did not reject formation input through a non-face to face manner. As such, a social media application that comes from a trusted source, is capable of sending timely and tailored messages, provides reassurance, has clear instructions, and is easy to use (39), may benefit information-avoider patients in the future. Furthermore, we provided information via WeChat with the intent of soothing and calming, believing it constitutes a less threatening means of communication. Without having to look someone in the eye, avoiders may feel more reassured and relaxed using it.

In accordance with previous investigations, women have been found to have higher anxiety score than men when scheduling the procedure. In the investigation of Ersöz, et al., women scored higher STAI state anxiety scores than men in gastroscopy and colonoscopy (44). Luck, et al. claimed higher anxiety levels in female patients before colonoscopy (45). Liu, et al. reported that gender was a predictor of state anxiety prior to gastroscopy (24). Shafer, et al. reported variables associated with higher anxiety about bowel preparation were female gender (46). Muzzarelli, et al. revealed that women had higher percentile of the state anxiety raw score measured prior to a scheduled endoscopy (47).

Therefore, the difference in which men and women handle information is an essential consideration for healthcare providers and should focus on future studies into the use and effectiveness of social media applications in reducing anxiety in medical procedures such as gastroscopy.

The study's major strength is the prospective randomized single-blind design and use of validated scales to assess the effect of interactive instructions via WeChat on patient anxiety toward unsedated gastroscopy. However, our current study has a few limitations. Firstly, the study was performed in a single center and we could focus on a multicenter study in the future to test the outcome. Furthermore, the sedated patients were excluded, which may introduce bias in the state anxiety outcome. Moreover, VAS was applied to measure the patient's discomfort, but one single scale may not be enough. As a result, multi-validated scales should be used to measure patient discomfort in the future. A final limitation is that the study's results may not be widely applicable in countries where unseated gastroscopy is not the norm.

In conclusion, although people prefer to receive information via brochure, the provision of the brochure with WeChat-based disseminated information reduced patients' pregastroscopy anxiety no matter their information coping styles. An acceptable and wide-reaching smartphone application may decrease pregastroscopy anxiety, improve patient cooperation, and tolerance.
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Purpose: Biliary drainage is an important modality for extrahepatic obstructive jaundice both in patients with palliative and resectable. Currently, endoscopic biliary drainage is preferred in clinical practice, including endoscopic nasobiliary drainage (ENBD) and endoscopic biliary stenting (EBS), both of which have their own advantages and disadvantages. The purpose of our study was to compare the safety and efficacy of endoscopic biliary stenting (EBS) only vs. EBS plus nasobiliary drain for obstructive jaundice.

Methods: We consecutively reviewed patients with endoscopic biliary drainage in our institution from November 2014 to March 2021. Combined (ENBD plus stent) and single approach (EBS only) were defined as combined approach and single modality, respectively, and all eligible patients were divided into a combined approach group and a single modality group. We compared combined vs. single modality approaches to investigate whether there were statistical differences in liver chemistries, postoperative adverse events, and stent patency time.

Results: In 271 patients, a total of 356 times endoscopic biliary drainages were performed. All eligible patients were divided into the combined approach group (n = 74) and the single modality group (n = 271). The combined approach was associated with a lower incidence of postoperative cholangitis and bleeding and greater improvement in liver chemistries, although it was not statistically significant. However, it was superior to the single modality group in terms of hospital stay (12.7 ± 5.2 vs. 14.5 ± 7.9 days, p = 0.020 < 0.05) and stent patency time (8.1 ± 3.9 vs. 4.3±2.7 months, p = 0.001 < 0.05).

Conclusion: Endoscopic combined (ENBD plus stent) drainage is a more advantageous biliary drainage method that is characterized by more adequate biliary drainage, a lower incidence of postoperative adverse events, and longer effective biliary drainage time.
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Introduction

Jaundice is defined as serum bilirubin ≥2 mg/dl, of which obstructive jaundice is the most common in the surgical department. It is referred to as surgical jaundice because it requires surgical intervention due to the blockage of the intrahepatic and extrahepatic bile ducts. However, obstructive jaundice is almost caused by the obstruction of extrahepatic bile ducts, such as bile duct stones, benign strictures, metastatic carcinomas, bile duct, pancreatic, and duodenal tumors. Endoscopic retrograde cholangiopancreatography (ERCP) is an important modality for the treatment of obstructive jaundice due to its superiority and availability. Improved diagnostic imaging and surgical procedures have clear benefits for the management of obstructive jaundice, however, we know that most malignant obstructive jaundice has lost the opportunity for radical surgery when it is identified. Biliary drainage has become the most important palliative treatment for these patients, which not only improves their quality of life (QOL), such as relieving jaundice and severe pruritus but also improves their survival rate (1, 2). Similarly, preoperative biliary drainage (PBD) is an essential procedure for resectable patients, which not only improves liver chemistries, coagulation, and nutritional status, but also improves immune function, promotes liver regeneration, and reduces the risk of intraoperative and postoperative complications (3–6). In addition, another study confirmed that PBD can improve postoperative mortality, morbidity, and resection rate (7).

Current biliary drainage includes percutaneous transhepatic biliary drainage (PTCD), endoscopic nasobiliary drainage (ENBD), and endoscopic biliary stenting (EBS), all of which are used clinically due to their own advantages and disadvantages. PTCD is still the main procedure for alleviating jaundice in institutions without ERCP-related equipment and professionally trained endoscopists. However, it is a more invasive procedure, which not only has the risk of adverse events such as cholangitis, pancreatitis, bleeding, and liver abscess, but also has the risk of tumor implantation (8, 9). Considering the patient's quality of life and avoiding tumor spread and serious complications, surgeons prefer endoscopic biliary drainage (10–12), which includes ENBD and EBS. Unlike ENBD, which not only allows us to observe biliary drainage more directly, regularly flush and dredge the nasobiliary duct and perform cholangiography, but also allows for cytology (13) and microbial culture to guide subsequent treatment, EBS does not. EBS has a higher incidence of cholangitis than ENBD due to stent obstruction and intestinal bacterial reflux (14–17). However, it has advantages in liver chemistries and immune function by maintaining intestinal hepatic circulation, metabolism, and vitamin absorption (18, 19). It also has the advantage of being aesthetically pleasing and free of nasopharyngeal discomfort. Plastic and nasobiliary ducts are common in developing countries due to the expense and availability of metal stents. At present, there is no consensus on the choice of endoscopic biliary drainage, which is usually based on the clinical experience of the institution and patient preferences.

Therefore, we hypothesized that endoscopic combined (ENBD plus stent) drainage is superior to EBS alone for obstructive jaundice. The purpose of our study was to compare the safety and efficacy of endoscopic biliary stenting (EBS) only vs. EBS plus nasobiliary drain for obstructive jaundice.



Materials and methods


Patients

Our study is a single-center retrospective cohort study, which was reviewed by the Ethics Committee of Zhongshan Hospital of Traditional Chinese Medicine, Guangzhou University of Traditional Chinese Medicine and waived the ethical requirements. All patients obtained written informed consent. We consecutively reviewed patients with obstructive jaundice who underwent endoscopic biliary drainage in our institution between November 2014 and March 2021. All data were obtained through electronic medical record systems and telephone follow-ups. The inclusion and exclusion criteria for this study are as follows. Inclusion criteria: (a) total serum bilirubin (TSB) > 2 mg/dl; (b) obstructive jaundice identified by computed tomography (CT), magnetic resonance cholangiopancreatography (MRCP) or ERCP; and (c) cause of biliary obstruction determined by imaging or endoscopic pathology. Exclusion criteria: (a) patients with intrahepatic biliary obstruction; (b) patients with other causes of jaundice, such as hepatocellular and hemolytic jaundice; (c) patients with missing primary data; and (d) patients with only ENBD.

Data collected included clinical characteristics, ERCP procedures, and their efficacy. Clinical characteristics included gender, age, etiology of obstructive jaundice, number of ERCPs, diabetes mellitus, history of malignancy and surgery, and preoperative cholangitis and pancreatitis. The ERCP procedures included whether or not to perform endoscopic sphincterotomy (EST), method of biliary drainage, type and number of stents, operation time, and technical success rate. The efficacy indicators included length of hospital stay, liver chemistries, postoperative cholangitis, pancreatitis and bleeding, and stent patency time. Liver chemistries indicators included serum alkaline phosphatase (ALP), glutamyl transpeptidase (GGT), serum total bilirubin (TSB), alanine aminotransferase (ALT), and aspartate aminotransferase (AST).

The diagnosis of cholangitis is based on clinical manifestations, such as fever, abdominal pain, jaundice, shock, altered consciousness, and increased white blood cells (WBCs) and serum total bilirubin. The diagnosis of pancreatitis is based on a patient's serum amylase level >3 times the upper limit of normal, or clinical manifestations, such as fever and abdominal pain, and imaging studies, such as abdominal ultrasound, CT, or magnetic resonance imaging (MRI). Postoperative bleeding was defined as symptoms, such as melena, hematemesis, or ENBD with bloody drainage, or a decrease in hemoglobin of ≥20 g/L requiring blood transfusion.

Combined (ENBD plus stent) and stent only were defined as combined approach and single modality, respectively, and all eligible patients were divided into the combined approach group (n = 74) and the single modality group (n = 271).



Endoscopic procedures

All ERCP procedures were performed by surgeons who perform more than 200 ERCPs per year. Both groups used the same endoscopic treatment system (such as, duodenoscope, contrast agent, contrast method, and pressure), the same anesthesia method, and postoperative follow-up. The only difference between the two groups was that the combined approach group had ENBD. All placed ENBDs were the same length and were sized to match the bile duct diameter and metal stent.



Statistical analysis

Categorical variables and normally distributed quantitative variables were represented by frequency (percentage) and mean ± standard deviation (SD), respectively. Based on the characteristics of the data, we appropriately applied the t-test, the chi-square test, and Fisher's exact test to assess differences between groups. While the Wilcoxon and Kruskal–Wallis tests were applied for non-normally distributed data. All statistical analysis were performed with SPSS version 25 (IBM, Armonk, NY, USA). A two-sided p < 0.05 was used to indicate statistical significance. All methods in our studies were carried out in accordance with relevant guidelines and regulations.




Results

The flow of the study is shown in Figure 1.


[image: Figure 1]
FIGURE 1
 A flowchart of the study (the combined approach group: ENBD plus stent; and the single modality group: stent only).


A total of 271 patients with obstructive jaundice underwent endoscopic biliary drainage from November 2014 to March 2021, with a total of 356 ERCPs. Among these patients, 11 patients with ENBD only were excluded, and the eligible patients were divided into the single modality group (n = 271) and the combined approach group (n = 74).

The clinical characteristics of eligible patients are shown in Table 1. The mean age of all eligible patients was 67.8 ± 11.2 years, and there were 202 (58.6%) men and 143 (41.4%) women, respectively. The causes of obstructive jaundice were extrahepatic cholangiocarcinoma, pancreatic cancer, ampullary cancer, large common biliary stones, metastatic lesions, and others. The other was a patient with sclerosing cholangitis. The primary tumors of 6 metastatic cancers were two liver cancer, two gallbladder cancer, one gastric cancer, and one colon cancer.


TABLE 1 Clinical characteristics of eligible patients.

[image: Table 1]

The clinical characteristics of the two groups are shown in Table 2. There were no statistically significant differences between the two groups in mean age, sex, diabetes, preoperative cholangitis and pancreatitis, and history of cholecystectomy and malignancy. The etiology of obstruction was statistically significant between the two groups (p = 0.001), and there were more patients with bile duct stones and inflammatory strictures in the single modality group than in the combined group. We saw that the proportion of previous ERCPs in the single modality group was significantly higher than that in the combined approach group (37.6 vs. 13.5%, p = 0.001), especially the number of ERCPs ≥ 2. Although the proportion of liver metastases and distant metastases in the combined approach group was higher than that in the single modality group, there was no statistical difference (8.1 vs. 6.6%, p = 0.660; 16.2 vs. 9.3%, p = 0.051).


TABLE 2 Clinical characteristics of the two groups.
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The ERCP procedures in the two groups are shown in Table 3. During ERCP, EST is usually performed to facilitate stent implantation and removal of common biliary stones. We saw that the proportion of EST was higher in the combined approach group than in the single modality group (72.9 vs. 31%, p = 0.001). There were 2 patients with failed stent placement in the single modality group, but none in the combined approach group. However, there was no significant difference in the technical success rate between the two groups (99.3 vs. 100%, p = 1.000). To prevent or relieve pancreatitis, we usually place pancreatic plastic stents in selected patients. We saw no difference in the proportion of pancreatic duct stents between the two groups (14.9 vs. 14.0%, p = 0.854). We saw that the proportion of multiple biliary stents placed in the single modality group was significantly higher than that in the combined approach group (36.5 vs. 20.3%, p = 0.008). The single modality group preferred multiple plastic stents, however, the combined approach group was mostly a single metal stent.


TABLE 3 Comparison of the combined approach group and the single modality group in ERCP procedures.
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The laboratory parameters are shown in Table 4. In terms of preoperative-postoperative changes in WBC, it was decreased in both groups, and the difference was statistically significant in the single modality group, but not in the combined approach group. However, its change was not statistically different between the two groups (0.4 ± 4.2 vs. 0.6 ± 3.8, p = 0.719). We saw a statistically significant decrease in hemoglobin (HB) in the combined approach group and the single modality group (11.2 ± 14.1, p = 0.001, 7.9 ± 15.2, p = 0.001), however, there was no difference in the change in HB (11.2 ± 14.1 vs. 7.9 ± 15.2, p = 0.107). After ERCP, ALP decreased statistically in the two groups (638.5 ± 396.6 vs. 436.2 ± 335.0 U/L, p = 0.001 and 649.8 ± 385.5 vs. 433.3 ± 245.1 U/L, p = 0.001). Although there was no difference in ALP change between the two groups, the combined approach group was more significant than the single modality group (182.2 ± 191.4 vs. 142.6±233.9 U/L, p = 0.185). There were statistically significant differences in GGT changes between the combined approach group and the single modality group (671.1 ± 596.9 vs. 321.1 ± 225.5 U/L, p = 0.001 and 514.2 ± 386.0 vs. 329.9 ± 223.4 U/L, p = 0.001), and the change was more significant in the combined approach group (351.1 ± 492.2 vs. 184.7 ± 345.6 U/L, p = 0.008). TSB decreased statistically in the two groups (212.1 ± 138.3 vs. 98.3 ± 79.8 μmol/L, p = 0.001 and 182.4 ± 178.3 vs. 84.4 ± 80.1 μmol/L, p = 0.001). The change was more significant in the combined approach group than in the single modality group (113.8 ± 108.3 vs. 98.5 ± 153.9 μmol/L, p = 0.425). We saw that in the two groups, liver chemistries had been significantly improved, and there was no difference in the changes between the two groups. The changes in ALT and AST were 90.5 ± 100.7 U/L (p = 0.001), 64.1 ± 82.6 U/L (p = 0.001) in the combined approach group, and 86.2 ± 132.8 U/L, 76.5 ± 107.3 U/L (p = 0.001) in the single modality group. There was no significant difference in ALT and AST changes between the two groups (p = 0.803 and p = 0.370).


TABLE 4 Laboratory parameters in the combined approach group and the single modality group.
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The efficacy and adverse events after EBS are shown in Table 5. The length of hospital stay was significantly shorter in the combined approach than in the single modality (12.7 ± 5.2 vs 14.5 ± 7.9 days, p = 0.020). We found a higher incidence of postoperative pancreatitis in the combined approach group than in the single modality group (16.2 vs. 10.2%), however, the results were reversed for postoperative cholangitis and bleeding (2.7 vs. 8.1 and 2.7 vs. 6.3%), but these were not statistically significant. In terms of stent patency time, we obtained detailed data on stent patency time, with 14 patients in the combined approach group and 56 patients in the single modality group. The shortest and longest times were 3 and 18 months in the combined approach group, respectively, and 15 days and 16 months in the single modality group. We saw that the stent patency time in the combined approach group was significantly longer than that in the single modality group (8.1 ± 3.9 vs. 4.3 ± 2.7 months, p = 0.001).


TABLE 5 Comparison of postoperative adverse events and efficacy in the two groups.
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Discussion

We know that the most common causes of extrahepatic obstructive jaundice are cholangiocarcinoma, pancreatic cancer, and ampullary malignancies. When the disease is recognized, they are inoperable due to the advanced stage. Therefore, biliary drainage to relieve hyperbilirubinemia has become the most important treatment for these patients (20, 21). It not only relieves severe itching to improve the quality of life, but also restores the enterohepatic circulation of bilirubin to improve the nutritional status of patients, and alleviates the effects of hyperbilirubinemia on other organ functions (22), which are beneficial to the survival of patients. In addition, PBD is an essential procedure for those patients who can be radically resected (19), which reduces postoperative adverse events and improves survival. Some studies have shown that the median survival time of cholangiocarcinoma patients with bilirubin > 2 mg/dl was 4.8 months (95% CI, 3.1–9.4 months), however, 15.2 months (95% CI, 11.7–19.3 months) in patients with bilirubin ≤2 mg/dl (23). Similarly, another study also confirmed that even in patients with normal bilirubin, successful biliary drainage improves patient survival (1). In the institutions available for ERCP, the current biliary drainage prefers endoscopic biliary drainage over PTCD. Infection after ERCP is an inevitable serious complication, and its fatality rate is 8–20% (24, 25), and EBS increases its risk even more. Although EBS unblocks the passage of bile from the liver or gallbladder into the gut, it disrupts the mechanical and functional anti-reflux barriers, leading to an increased risk of acute cholangitis, pancreatitis, and liver abscesses, especially in the lower common biliary carcinoma and ampullary malignancies.

For patients with malignant obstructive jaundice, the median survival even after radical surgery is 1–4 years (26), whereas for patients with palliative biliary drainage may be only a few months. Therefore, the choice of the biliary drainage method needs to take into account the improvement of liver chemistry, postoperative adverse events, and effective drainage time. Our study found that the combined approach was superior to the single modality in terms of the stent patency time (8.1 ± 3.9 vs. 4.3 ± 2.7 months, p = 0.001). Repeated hospitalizations and multiple ERCPs not only increase the economic and physical burden but also cause mental distress and affect the quality of life in the end stage. Longer stent patency times mean fewer stent replacements, and the clinical characteristics of patients provide some evidence to some extent. In our study, we saw that the proportion of previous ERCPs was significantly higher in the single modality group than in the combined approach group (37.6 vs. 13.5%, p = 0.001), and even more so in multiple ERCPs. Our ideal biliary drainage would be better-improved liver chemistry, lower postoperative adverse events, and longer functional biliary drainage. In terms of improvement in liver chemistry indications in our study, we saw significant improvements in ALP, GGT, TSB, ALT, and AST in both groups, and more significantly in the combined approach group, but it was not statistically significant. Similarly, the incidence of postoperative cholangitis and bleeding in the combined approach group was lower than that in the single modality group, and the difference was not statistically significant. However, considering the differences in liver and distant metastases between the two groups at admission (8.1 vs. 6.6%, p = 0.660 and 16.2 vs. 9.3%, p = 0.051), we can see that the condition was more serious in the combined approach group. Therefore, this provided some evidence to some extent that combined (ENBD plus stent) drainage is more advantageous than stent drainage only in extrahepatic biliary obstructive jaundice.

In our study, we saw that the single modality group was more inclined to place multiple biliary stents than the combined approach group (36.5 vs. 20.3%, p = 0.008). Moreover, we found that the single modality group tended to be more plastic (62.8 vs. 3.4%, p = 0.001), even when placing multiple stents, there would be more choices for placing multiple metal stents. The cost of a single plastic stent is slightly lower than that of a metal stent. However, in clinical practice, surgeons usually tend to place multiple plastic stents for adequate drainage, and the overall cost is not less than that of metal stents. Moreover, multiple previous studies suggested that patients with bilateral multiple biliary stent drainage had an increased incidence of adverse events, such as cholangitis and liver abscess after ERCP (27–29). According to our clinical experience, patients with multiple common biliary plastic stents complain of upper abdominal discomfort, especially in patients with ≥3 plastic stents. The study by Cassani et al. showed that in the drainage of hilar biliary malignant tumors, there was no significant difference between plastic stents and metal stents in clinical success rate, cholangitis, acute pancreatitis, and stent displacement. However, in terms of stent blockage and tumor growth, plastic stents are obviously superior to metal stents (23). However, in current clinical practice, metal stents are almost fully covered with self-expanding metal stents, and compared with plastic stents, there is no significant difference in tumor growth in the stent. Moreover, when the metal stent is blocked, we need to unclog or replace it with ERCP again. However, the plastic stent needs to be replaced. Multiple studies have confirmed that fully covered metal stents have longer patient survival, a lower risk of stent dysfunction, cholangitis, and fewer re-interventions (3, 20, 30–32), and the patient's health-related quality of life (such as, general and disease-specific) is better (33). The study by Zhang et al. showed that patients with ENBD for biliary drainage had a significantly lower incidence of acute cholangitis, pancreatitis, and stent dysfunction (34).

Therefore, we prefer endoscopic combined (ENBD plus stent) drainage for patients with extrahepatic obstructive jaundice, especially for patients with malignant tumors of the lower end of the common biliary and ampulla. However, multiple studies have shown that ENBD is lower than EBS in postoperative cholangitis (14, 16, 35, 36) and stent dysfunction (14, 18, 19, 36) for malignant biliary obstruction drainage. A previous study showed that the temporary placement of ENBD in patients with fully covered self-expanding metal stents can reduce the incidence of postoperative cholangitis (37). Similarly, the bridge preoperative biliary drainage, that is, ENBD is replaced with a biliary stent when it is dysfunctional or intolerant, which can shorten the preoperative hospital stay and have a longer preoperative biliary drainage time (38). In our study, combined (ENBD plus stent) drainage can adequately drain the biliary tract and reduce the number of stents and procedure time, which fully utilizes ENBD and EBS. It is manifested as a more advantageous biliary drainage method, with sufficient biliary drainage, a lower incidence of postoperative adverse events, and longer successful biliary drainage time. We know that patients with malignant biliary obstruction are mostly elderly and have multiple underlying diseases. The longer the procedure time, the higher the incidence of postoperative adverse events, which affect the morbidity and mortality of patients. The causes of biliary stent dysfunction are usually refluxed food particles, blood clots, sludge, and small stones. For patients with ENBD plus stent drainage, when the biliary drainage dysfunction occurs, we can remove the ENBD or unblock the biliary stent, and the biliary drainage may be successful again.

Although, nasobiliary drainage is undoubtedly a good option for drainage, its displacement and nasopharyngeal discomfort are unavoidable problems, which lead to nasobiliary ducts rarely used in the West. However, nasobiliary application is more common in Asia because malignant patients are more concerned with clinical symptoms, such as jaundice and pruritus rather than nasopharyngeal discomfort. Due to the above reasons, we could not include nasopharyngeal discomfort in our study. The advantage of EBS is more stability and immobilization. However, for patients with PBD, EBS may not be a good choice because of stent removal and the impact on subsequent surgery. The EBSplus stent in our study may be more suitable for those patients with unresectable malignant obstructive jaundice, which may prolong stent patency, reduce adverse events, and improve quality of life. Compared with EBS alone, it is also possible to provide patients with psychological comfort and support, which is very important for patients with these advanced tumors, while its suitability for other patients remains to be studied.

This study also has many limitations. First, patient quality of life (QOL) is an important indicator, especially considering the limited life expectancy of patients with advanced malignancies, however, our study did not incorporate QOL measures. Second, our study assumes that the size of the biliary stent does not affect its function.



Conclusion

In conclusion, combined (ENBD plus stent) drainage is a more advantageous biliary drainage method, which is characterized by more adequate biliary drainage, a lower incidence of postoperative adverse events, and a longer effective biliary drainage time.
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Background: The American Society of Gastrointestinal Endoscopy (ASGE) has proposed practice guidelines for evaluating patients with suspected choledocholithiasis. This study aims to assess and compare practice patterns for following ASGE guidelines for choledocholithiasis in a large academic vs. community hospital setting.

Methods: A total of one thousand ER indicated for choledocholithiasis were randomly selected. Patients’ demographics, total bilirubin, imaging studies including magnetic resonance cholangiopancreatography (MRCP), intraoperative cholangiogram (IOC), endoscopic ultrasound (EUS), and ERCP results were retrospectively collected. Patients with prior sphincterotomy were excluded. We examined the following practice deviations from the current ASGE guidelines; (1) ERCP was potentially delayed in high probability cases while awaiting additional imaging studies, (2) ERCP was performed without additional imaging studies in cases of low/intermediate-risk, or (3) ERCP was performed in low/intermediate-risk cases when additional imaging studies were negative.

Results: A total of 640 patients with native papilla who underwent ERCP were included in the final analysis. Overall, the management of 43% (275) of patients was deviated from the applicable ASGE guidelines. Academic and community provider rates of non-adherence were 32 vs. 45%, respectively (p-value: < 0.01). Of 381 high-risk cases, 54.1% had additional imaging before ERCP. (Academic vs. community; 11.7 vs. 88.3%, p-value: < 0.01). In 26.7% (69/258) of low/intermediate risk cases, ERCP was performed without additional studies; academic (14.5%) vs. community (85.5%) (p-value: < 0.01). Finally, in 11.2% (19/170) of patients, ERCP was performed despite intermediate/low probability and negative imaging; academic (26.3%) vs. community (73.7%) (p-value: 0.02).

Conclusion: Our study results show that providers do not adhere to ASGE practice guidelines in 43% of suspected choledocholithiasis cases. The rate of non-adherence was significantly higher in community settings. It could be due to various reasons, including lack/delays for alternate studies (i.e., MRCP, EUS), concern regarding the length of stay, patient preference, or lack of awareness/understanding of the guidelines. Increased availability of alternate imaging and educational strategies may be needed to increase the adoption of practice guidelines across academic and community settings to improve patient outcomes and save healthcare dollars.

KEYWORDS
choledocholithiasis, practice guidelines, adherence, American Society of Gastrointestinal Endoscopy (ASGE), endoscopic retrograde cholangiopancreatography (ERCP)


Introduction

Practice guidelines are developed by reviewing relevant literature and incorporating expert opinions to provide evidence-based recommendations to aid clinicians with the decision-making and management of a specific condition. Adherence to the relevant society guidelines has been shown to reduce variations in clinical practice and improve patient outcomes (1–3). Therefore, authorities, regulatory agencies, and payers often consider compliance with guidelines the “standard of care,” and healthcare practitioners (HCPs) are expected to follow society’s recommendations. Adherence to guidelines can vary among clinicians and is sometimes poorly practiced in certain settings (4, 5). These guidelines are to “guide” the HCPs to treat patients in appropriate clinical scenarios, and deviation can occur on a case-by-case basis, but there are other factors related to non-adherence (6).

Choledocholithiasis (CDL) is commonly managed by endoscopic retrograde cholangiopancreatography (ERCP). In the last two decades, ERCP has evolved from a diagnostic modality to primarily a therapeutic intervention with advancements in non-invasive imaging techniques. However, ERCP can be life-saving in septic patients due to ascending cholangitis but can be associated with complications including acute pancreatitis etc. in 6–15%, and prolonged hospitalizations and death in 1–2% of cases (7, 8). The American Society for Gastrointestinal Endoscopy (ASGE) published practice guidelines for the management of suspected CDL in 2010 (9), which was revised in 2019 to increase specificity and the positive predictive value (PPV) of predicting the presence of bile duct stones (10). According to 2010 criteria, ERCP was recommended without the need for non-invasive studies in high-risk patients, defined as one of the following clinical characteristics: (1) ascending cholangitis, (2) CDL on imaging, (3) total bilirubin (TB) > 4 mg/dl or (4) TB between 1.8 and 4 mg/dl and dilated common bile duct (CBD) on imaging. For those at intermediate risk for CDL, which includes other abnormal liver biochemical tests, gallstone pancreatitis, age >55 years, or CBD dilation (without TB > 1.8 mg/dl), guidelines recommend using less invasive tests like endoscopic ultrasound (EUS), magnetic resonance cholangiopancreatography (MRCP) or intraoperative cholangiogram (IOC) during cholecystectomy. These tests have a diagnostic performance comparable to ERCP with a lower risk of adverse events (11, 12). Finally, laparoscopic cholecystectomy without bile duct imaging is recommended for patients with symptomatic cholelithiasis without any of the predictors (Figure 1).
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FIGURE 1
American Society of Gastrointestinal Endoscopy 2010 guidelines for the management of patients with symptomatic choledocholithiasis. TB, Total bilirubin; CBD, Common bile duct; IOC, Intraoperative cholangiogram; US, Ultrasound; EUS, Endoscopic ultrasound; MRCP, Magnetic resonance cholangiopancreatography; ERCP, Endoscopic retrograde cholangiopancreatography.


These criteria are widely used by practicing gastroenterologists for risk assessment of CDL; however, the rate of adherence to these recommendations in different practice settings is unknown. In this study, we aim to evaluate how commonly clinical practice deviated from the guidelines and to compare practice patterns in academic vs. community hospitals.



Materials and methods

In our hospital system, over 10,000 ERCPs were performed from 2013 to 2019, which are included in a prospectively maintained internal electronic database. We randomly selected 1,000 ERCPs performed for an indication of CDL. Data on demographics, hospital settings (academic or community), TB on initial presentation, CBD diameter on initial abdominal ultrasound or CT scan, and presence of CDL on imaging were collected by retrospective chart review. Additional information was collected regarding alternative tests like MRCP, EUS, or IOC and whether choledocholithiasis was detected; the presence of clinical ascending cholangitis; gallstone pancreatitis; and ERCP findings. For patients who underwent multiple ERCPs for CDL, only the index presentation and first ERCP findings were included. Patients with prior biliary sphincterotomy, history of biliary stricture, primary sclerosing cholangitis, history of chronic liver disease with baseline abnormal liver function test, and those without available baseline labs and initial imaging were excluded. This study was approved by the Institutional Review Board at UTHealth-Houston.

Based on initial laboratory data and imaging findings, each patient was categorized as low/intermediate probability or high CDL probability per the 2010 ASGE guideline. Dilated CBD was defined as CBD diameter >6 mm with an intact gallbladder or >8 mm in those with prior cholecystectomy (13). We defined clinical cholangitis as the presence of Charcot’s triad of abdominal pain, fever and/or leukocytosis, and abnormal liver test results on presentation. Subsequently, we examined how often practice deviations from 2010 guidelines occurred (Figure 2):
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FIGURE 2
Choledocholithiasis management algorithm based on the 2010 ASGE practice guidelines with three non-adherence pathways causing delay in care, potential harm, and significant harm.



1.Potential delay in care: ERCP was potentially delayed awaiting additional imaging studies in high probability cases.

2.Potential Harm: ERCP was performed without additional imaging studies in cases of low/intermediate-risk.

3.Significant Harm: ERCP was performed in low/intermediate-risk cases when additional imaging studies were negative.





Results

After reviewing the initial 1000 ERCP patients, a total of 640 records, academics vs. community; 107 (17%) vs. 533 (83%) patients with native papilla who underwent ERCP were included in the final analysis. The mean age of the entire cohort was 47.2 years; 44.6 vs. 47.7 years in academics vs. community, respectively. The gender ratio was also similar in the two groups, with 74.7% females; (academics vs. community 73.8% vs. 74.9%). There were no significant differences in the mean TB 2.8 (2.4 vs. 2.9) and mean CBD diameter of 8.3 mm (8.5 vs. 8.3) academics vs. community group, respectively (Table 1).


TABLE 1    Demographics and clinical characteristics comparing subjects in the academic vs. community practice groups.
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A total of 355 patients underwent alternative imaging studies prior to ERCP, among which 303 (85.3%) had positive results for CDL. Two hundred fifty patients underwent MRCP, of which 205 (82%) had positive results. Fifty-nine intraoperative cholangiograms (IOC) were performed during cholecystectomies, of which 57 (96.6%) were positive. Nineteen patients had a EUS, of which 18 (94.7%) were indicative of CBD stone or sludge.

Overall, deviation from the applicable ASGE guidelines was observed in 43% (275) of cases. The rate of non-adherence was 32 vs. 45% among academic and community physicians (p-value: < 0.01) (Table 2).


TABLE 2    Frequency of guidelines non-adherence causing delay in care, potential harm and significant harm comparing the academic vs. community setting.
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1.Potential delay in the standard of care: Of 381 high-risk cases, 54.1% (206/381) had additional imaging before ERCP; community vs. academics (88.3 vs. 11.7%, p-value: < 0.01).

2.Potential Harm: In 26.7% (69/258) of low/intermediate risk cases, ERCP was performed without additional studies; community vs. academic practice (85.5 vs. 14.5%, p-value: < 0.01).

3.Significant Harm: In 11.2% (19/170) of patients, ERCP was performed despite intermediate/low probability and additional negative imaging; community vs. academic practice (73.7 vs. 26.3%, p-value: 0.02).





Discussion

The results of our study show that the ASGE practice guidelines for managing suspected CDL were not followed in about half of the cases. The guideline non-adherence was significantly higher in the community practice compared to the academic setting. These results are consistent with prior studies on failing to adhere to the North American and European guidelines. A study across eight universities of Toronto affiliated hospitals for management of gallstone pancreatitis showed that of 52 patients with image-confirmed CBD obstruction, only 16 (31%) underwent ERCP, with an average of 3.1 days after admission (14). Similarly, another study from the United Kingdom revealed that only one-third (32.1%) of patients with mild gallstone pancreatitis were managed as per British Society of Gastroenterology guidelines and underwent cholecystectomy during or within 2 weeks of the index admission. About 20% of the patients suffered further morbidity as a result of a delayed operation (15).

Guidelines are written to provide evidence-based recommendations to minimize variability in clinical practice and improve patient outcomes. Nevertheless, the circumstances for deviation from the guidelines are still unclear, and information about the potential barriers to guideline adherence is unavailable. However, these guidelines are not “rules or mandates,” and clinical decisions in certain cases are based on the patient’s condition and available resources. Therefore, the clinical situation of a given patient may lead an HCP to take a deviated course of action from guidelines. These guidelines are often applied while considering each unique patient’s social and ethical aspects and incorporating patient and family wishes in shared decision-making for managing a particular condition. The HCPs need to ensure and document that their recommendations are justifiably in the patient’s best interest, not driven by bias or conflict of interest. Clinicians are obligated to respect patient autonomy and clearly communicate the information about risks, benefits, and alternatives of available treatment options (16).

The potential barriers to guideline adherence are divided into guideline-related and clinician-related factors. Guideline-related factors include the complexity of the recommendation(s), multiple rules in a single guideline, the discrepancy between guidelines from different societies on a single disease, the perception that a guideline is outdated, and the lack of applicability of guidelines in general and specifically to individual patients. Clinician-related factors include incompetency and knowledge gaps in complex cases, unawareness of the most recent guidelines, overconfidence, time pressures, resistance to changing usual practice, and fragmentation of care (6, 17).

The findings of our study regarding the significant rate of non-adherence could be due to the patient and/or provider preference, as well as the availability of local resources. The difference in the academic and community setting could be partly explained by clinician-related barriers such as lack of readily available alternative studies (i.e., MRCP, EUS, or IOC), provider concern regarding the length of stay, or lack of understanding of the guidelines. Participation in scientific meetings, such as multidisciplinary discussions, grand rounds, journal clubs, etc., in the academic setting may play a role in a better understanding and interpretation of recommendations, especially in complex cases. Additionally, the educational environment and assistance provided by the trainees in patient care would ease the time pressure that may otherwise affect clinicians in community settings. Also, the hierarchical and dynamic nature of the academic setting may further facilitate changing from routine practice. Although the factors mentioned above could potentially explain our findings, our study is limited in identifying the very specific barriers that further affect adherence in the private setting. The lack of available data about patient outcomes, especially in the non-adherent group, is another potential limitation of our study. Further studies are needed to directly compare the benefits of guideline adherence in patients with choledocholithiasis.



Conclusion

In conclusion, ASGE guidelines for CDL management are not consistently followed among physicians from community and academic settings. However, non-adherence is more common with HCPs in the community setting. It could be related to a variety of factors, including clinician-related factors or limitations of the guidelines, such as relatively poor specificity and predictive value for the presence of bile duct stones. These results highlight the significance of increased awareness and further education about the guideline availability for CDL among HCPs, especially in the community setting.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by the Institutional Review Board at UTHealth—Houston. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author contributions

ShR, HG, and NT: conception and design. PP, AC, and BD: literature review. ShR: first draft. All authors: critical revision, editing and final approval.



Funding

This work was partially supported by the Atilla Ertan MD Endowment fund.



Conflict of interest

NT was a consultant for Boston-Scientific, Medtronic, Pentax America, received royalty from UpToDate, and was a speaker for Abbvie. SG was a consultant for Medtronic. HG was a consultant for Aimloxy LLC.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. CCarlhed R, Bojestig M, Wallentin L, Lindström G, Peterson A, Aberg C, et al. Improved adherence to Swedish national guidelines for acute myocardial infarction: the Quality Improvement in Coronary Care (QUICC) Study. Am Heart J. (2006) 152:1175–81. doi: 10.1016/j.ahj.2006.07.028

2. Grimshaw JM, Russell IT. Effect of clinical guidelines on medical practice: a systematic review of rigorous evaluations. Lancet. (1993) 342:1317–22. doi: 10.1016/0140-6736(93)92244-N

3. Lugtenberg M, Burgers JS, Westert GP. Effects of evidence-based clinical practice guidelines on quality of care: a systematic review. Qual Saf Health Care. (2009) 18:385–92. doi: 10.1136/qshc.2008.028043

4. Lomas J, Anderson GM, Domnick-Pierre K, Vayda E, Enkin MW, Hannah WJ, et al. Do practice guidelines guide practice? The effect of a consensus statement on the practice of physicians. N Engl J Med. (1989) 321:1306–11. doi: 10.1056/NEJM198911093211906

5. McGlynn EA, Asch SM, Adams J, Keesey J, Hicks J, DeCristofaro A, et al. The quality of health care delivered to adults in the United States. N Engl J Med. (2003) 348:2635–45. doi: 10.1056/NEJMsa022615

6. Barth JH, Misra S, Aakre KM, Langlois MR, Watine J, Twomey PJ, et al. Why are clinical practice guidelines not followed? Clin Chem Lab Med. (2016) 54:1133–9.

7. Freeman ML, Nelson DB, Sherman S, Haber GB, Herman ME, Dorsher PJ, et al. Complications of endoscopic biliary sphincterotomy. N Engl J Med. (1996) 335:909–18. doi: 10.1056/NEJM199609263351301

8. Buxbaum J, Leonor P, Tung J, Lane C, Sahakian A, Laine L, et al. Randomized trial of endoscopist-controlled vs. assistant-controlled wire-guided cannulation of the bile duct. Am J Gastroenterol. (2016) 111:1841–7. doi: 10.1038/ajg.2016.268

9. Asge Standards of Practice Committee, Maple JT, Ben-Menachem T, Anderson MA, Appalaneni V, Banerjee S, et al. The role of endoscopy in the evaluation of suspected choledocholithiasis. Gastrointest Endosc. (2010) 71:1–9. doi: 10.1016/j.gie.2009.09.041

10. Asge Standards of Practice Committee, Buxbaum JL, Abbas Fehmi SM, Sultan S, Fishman DS, Qumseya BJ, et al. ASGE guideline on the role of endoscopy in the evaluation and management of choledocholithiasis. Gastrointest Endosc. (2019) 89:1075–105.e15. doi: 10.1016/j.gie.2018.10.001

11. Romagnuolo J, Bardou M, Rahme E, Joseph L, Reinhold C, Barkun AN, et al. Magnetic resonance cholangiopancreatography: a meta-analysis of test performance in suspected biliary disease. Ann Intern Med. (2003) 139:547–57. doi: 10.7326/0003-4819-139-7-200310070-00006

12. Tse F, Liu L, Barkun AN, Armstrong D, Moayyedi P. EUS: a meta-analysis of test performance in suspected choledocholithiasis. Gastrointest Endosc. (2008) 67:235–44. doi: 10.1016/j.gie.2007.09.047

13. Leopold GR, Amberg J, Gosink BB, Mittelstaedt C. Gray scale ultrasonic cholecystography: a comparison with conventional radiographic techniques. Radiology. (1976) 121:445–8. doi: 10.1148/121.2.445

14. Greenberg JA, Hsu J, Bawazeer M, Marshall J, Friedrich JO, Nathens A, et al. Compliance with evidence-based guidelines in acute pancreatitis: an audit of practices in university of toronto hospitals. J Gastrointest Surg. (2016) 20:392–400. doi: 10.1007/s11605-015-3023-9

15. Chatterjee S, Rees C, Dwarakanath AD, Barton R, MacDonald C, Greenaway J, et al. Endoscopic retrograde cholangio-pancreatography practice in district general hospitals in North East England: a Northern Regional Endoscopy Group (NREG) Study. J R Coll Phys Edinb. (2011) 41:109–13. doi: 10.4997/JRCPE.2011.221

16. Lown BA, Victor KE. Should a physician offer recommendations based on experience but contrary to current practice guidelines? AMA J Ethics. (2018) 20:E1007–16. doi: 10.1001/amajethics.2018.1007

17. Lugtenberg M, Burgers JS, Besters CF, Han D, Westert GP. Perceived barriers to guideline adherence: a survey among general practitioners. BMC Fam Pract. (2011) 12:98. doi: 10.1186/1471-2296-12-98





[image: image]


OPS/images/fmed-08-728696/crossmark.jpg
©

2

i

|





OPS/images/fmed-08-728696/fmed-08-728696-g001.gif
Endoscopicaduancement
management of GERD

— e

Advancement in endoscopic Advancement in endoscopic reaument
imaging
[ r—
ointeaion Ensosery R —
p— o et ooty
[—
Noow 80 o
Ensoscopi Fut Thcnsspicaton (GERDC")
] Wt oo Endescooe S D
[Rve—— AR Endicna

Koo picar

g prsiordl
= LS






OPS/images/fmed-08-728696/fmed-08-728696-t001.jpg
Endoscopic imaging test Study

Magrification Endoscopy Retrospective observational
study (23)
Chromoendoscopy Meta-analysis and
systematic review (29)
Meta-analysis and
systematic review (35)

Narrow-band imaging (NBI)

Multicenter randomized
controlled trial (40)

Meta-analysis (43)

Autofluorescence imaging (AFE)

Confocal laser endormicroscopy (CLE)

Wireless esophageal capsule endoscopy Meta-analysis (46)

BE, Barrett's esophagus.

Number of patients

500 procedures were
included

843 patients

502 patients

130 patients

789 patients

618 patients

Results

Use of dual focus magnification and high-definition endoscopy
associated with odd ratio of 1.87 (95% Cl: 1.11-3.12) for detection of
pathology on EGD

Diagnostic yield for detection of dysplasia or cancer in patients with BE
increases by 34% (95% Cl: 20-56%; 0 < 0.0001)

Sensitiity and specificity of NB is 0.91 (95% Cl: 0.86-0.94) and 0.85
(95% CI: 0.76-0.92) on a per-patient for specialized intestinal
metaplasia, whereas for high-grade dysplasia, respectively, sensitivity
and specificty are 0.91 (95% Cl: 0.75-0.98) and 0.64 995% Cl:
059-0.68).

On per patient basis, AFE and conventional endoscopy diagnostic yield
was 12 and 5.3%, respectively.

Per patient analysis showed pooled sensitivity and specificity of 89%
(95% C: 0.82-0.94) and 83% (95% Cl: 0.87-0.90) respectively, for
detection of neoplasia in BE.

Pooled sensttivity and specificity for diagnosis of BE is 77 and 86%,
respectively.





OPS/images/fmed-08-728696/fmed-08-728696-t002.jpg
Injection agent name
Enteryx®
Durasphere®

Gatekeeper™
Plexiglas

Composition

8% ethylene-vinyl alcohol copolymer mixed with tantalum dissolved
in dimethyl sulfoxide.

Carbon-coated beads containing zirconium oxide, suspended in a
water-based, absorbable polysaccharide carrier gel.

Soft piiable cushion polyacrylonitrie-based hydrogel prosthesis.
Polymethyimethacrylate (PMMA)

beads

GERD, Gastroesophageal reflux disease; FDA, Food and Drug Administration.

FDA status

Recalled from Market by manufacturers in 2015 due to complications
including death.
Not approved by FDA for GERD treatment

Removed from market due to poor long-term restilts
Not approved by FDA for GERD treatment





OPS/images/fmed-08-757485/fmed-08-757485-g001.gif
o






OPS/images/fmed-08-757485/fmed-08-757485-g002.gif





OPS/images/fmed-08-757485/fmed-08-757485-g003.gif





OPS/images/fmed-08-757485/fmed-08-757485-g004.gif





OPS/images/fmed-08-715256/fmed-08-715256-t001.jpg
Timeline

Clinical
data

Admission day 1

The 13C urea breath
test was negative.
Blood routine, urine
routine, fecal routine,
biochemistry tests,
immune indexes and
infection indexes
were all within normal
ranges.

Admission day 2

Aslightly yellowish 5-mm
protrusion was detected in
the rectum by colonoscopy.
The white light image
indicated a possiilty of a
neuroendocrine tumor and
we resected it by ESD. No
complication occurred
during ESD.

Admission day
3

The patient was
discharged from
the hospital
without
complication after
ESD.

5 days after
ESD

The pathological
findings of the.
rectal lesion
confirmed the
diagnosis of
MALT lymphoma.

6 days after
ESD

PET/CT
demonstrated
negative
evidence of
malignancy in
the whole body
after ESD.

3 months after
ESD

The endoscopic
follow-up at the
3rd month after
ESD showed
no residual or
recurrent
lesions.

9 months after
ESD

‘The endoscopic
follow-up at the
th month after
ESD showed
no residual or
recurrent
lesions.





OPS/images/fmed-08-757485/crossmark.jpg
©

2

i

|





OPS/images/fmed-08-792668/fmed-08-792668-t001.jpg
Indication

Obscure gastrointestinal bleeding
Acute gastrointestinal bleeding
Abdominal pain

NSAID enteropathy

Crohn's disease

Celiac disease

Familial adenomatous polyps
Peutz-Jeghers Syndrome

Diagnostic yield (%)

44
64-87
3-21
5-60
39-50
54
29
22-59





OPS/images/fmed-08-792668/fmed-08-792668-t002.jpg
Company  Depth of maximal

insertion, antergrade

Push 60-80cm
Enteroscopy

Double Balloon ~ Fuifiim, 220-360cm
Enteroscopy  Tokyo, Japan
Single Balloon  Olympus, 133-270cm
Enteroscopy  Tokyo, Japan
Balloon Guided NaviAid, 120-190cm
Endoscopy  Smart

Medical

Systems,

Israel
Manual Spiral ~ Spirus 175-262cm
Enteroscopy  Medical,

Stoughton,

Massachusetts
Motorized Spiral Olympus, 450-490cm

enteroscopy  Tokyo, Japan

SBE, single balloon enteroscopy, DBE, double balloon enteroscopy.

Diagnostic yield

16-40%

40-80%

41-65%

45-59%

30-66%

65-80%

Total

enteroscopy rate

0%

40-60%

16-25%

N/A

10%

60-70%

Average procedure  Major complication rate Advantages
(%) (includes perforation,
pancreatitis, bleeding)

time, antegrade
(minutes)

30

60-123

57-72

16-62

36-62

40

0.1-0.3

0.72-1.2

0.02

Limited data

0.08

- Shortest sedation and

Disadvantages

- Evaluation limited to proximal
procedure time jejunum
Wide availabity and ease

of use

- Higher depth of insertion and - Lengthy procedure time

- Most studied technique in

- Shorter procediure time and

total enteroscopy rate achieve

compared to SBE

- Longer time  to
competency

- Two operators required

safety and efficacy

- Lower depth of insertion and

easier use compared to DBE  total enteroscopy rate

compared to DBE
- No special preloadingand - Very limited data on efficacy
preparation needed and safety

Device inserted via instrument
channel as needed

Shorter procedure time - Difficult retrograde passage
compared to balloon assisted - Low total enteroscopy rate

enteroscopy - Two operators required
- Includes large 3:2mm Limited data on safety
accessory channelanda - Prophylactic esophageal

- Short procedure time and

separate irfigation channel dilation may be required
- Limited availabilty

easy to use

- Highest total enteroscopy rate
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Procedure name

Electrical stimulation of
LES

Anti-reflux
mucosectomy

Radiofrequency
ablation (Stretta)

Transoral incisionless
fundoplication

Medigus ultrasonic
surgical endostapler

Endoscopic
full-thickness plication
(GERDX™)

Wilson-Cook
endoscopic suturing
device

BARD EndoCinch™

NDO plicator

Anti-reflux device

His-Wiz anti-reflux
procedure
Endoscopic band
ligation

Peroral endoscopic
cardial constriction

Evidence

Single center, feasibilty
study (58)

Retrospective study (62)

Systematic review and
meta-analysis of 28 studies (68)

Systematic review and
meta-analysis of 32 studies (76)

Multicenter prospective trial (77)

Prospective study (79)

Single center prospective
study (83)

Single-center, double-blind,
randomized, sham-controlled
trial (96)

Multicenter, randomized,
patient-blinded, sham-controlled
trial (93)

Multicenter study (94)

Prospective pilot study (95)

Single center prospective
study (80)

Preliminary follow up study (31)

Resection and plication ~ Prospective study (32)

Number of
patients

6 patients

109 patients

2,468 patients

1,475 patients

66 patients

40 patients

20 patients

60 patients

159 patients

70 patients

7 patients

150 patients

13 patients

10 patients

Quality of life index
(GERD-HRQL or GIQLI or
SF-20)

N/A

N/A

GERD-HRQL score improved by
mean (random effects model) of
—14.6(~16.48, —12.73),

p <0001

GERD-HRQL -Improved
significantly to mean ifference of
17.72 (95% Ck: 17.31-18.14),

p <0001

GERD-HRQL-improved
significantly to mean (SD) 9.0
(9.1) on 6 months follow up
GIQLI- Improved significantly to
mean  SD of 112.03  13.11

(b < 0.001) at 3 months follow up

GERD-HRQL. 50% patient
reported improved in score but
not statistically significant

Showed improvement in SF-20 at
6and 12 months

Showed significant improvement
to mean = standard deviation of
1254 11.1,p <0001 at 3
months

Mean GERD-HRQL improved to
69% at 6 months follow up

N/A

GERD-HRQL score improved to
mean £ SD of 14.7 £39at 1
year follow up

GERD-HRQL score improved to
mean  SD of 4.46 & 4.31 and
5,60 % 5.07 at 3 and 6 months
follow up

GERD-HRQL Score showed
absolute reduction 22.3, (95 %
C119.3-25.3), p < 0.0001 on
median 9 months follow up

Reduction/
discontinuation of PP
use during follow up

N/A

40-50% patients
discontinued PPl on 6-12
months follow up

51% patients
discontinued PPI

89% patients
discontinued PP

64.6% patients
discontinued PPl on 6
months follow up
63.3% patients
discontinued PPl on 3
months follow up

Only 10% patients had
reduction in PPl use at 6
months

250 and 295%
reductions in 68 and 20%
of patients at 12 months.
57% complete PPI
cessation at 3 months, p
=0.001

63% patients off
anti-secretory medications
at 6 months.

57.14% patients off
anti-secretory medications
N/A

N/A

80% stopped using PPI
on median 9 months
follow up

DeMeester
scores-measuring
abnormal
esophageal acid
exposure

N/A

Improved to 24.9 £
36.0,p < 001 at 2
months follow up
DeMeester
score-pooled estimate
(random effects model)
of ~18.79 (~20.01,
~7.58),p < 0.001
Improved significantly
by mean difference of
10.22 (95% Cl:
8.38-12.12,

p <0.0001)

NA

Improved to mean
SD —20.08 + 23.62
(o <0.001)at3
months follow up
DeMeester score
improved to 47.1
(260.0-89.6), p = 0.54
at 6 months

NA

Improved to [median
(1st- 18 and 8rd
~quartile)) —28 (18, 42)
p=0001 at 3 months
NA

N/A

N/A

Improved to mean
SD of 16.97 + 12.76

and 2032 £ 15.22at 3
and 6 months follow up

N/A

GERD-HRQL, Gastroesophageal disease health-related quality of life; SF-20-, 20-item Short-Form Health Survey; SD, Standard Deviation; PPI, proton pump inhibitors.
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Procedure name Evidence Number of Quality of life index Reduction/ DeMeester
patients (GERD-HRQL or GIGLI or discontinuation of PPl scores-measuring
SF-20) use during follow up ~ abnormal
esophageal acid
exposure
Electrical stimulation of  Single center, feasibility 6 patients NA N/A NA
LES study (58)
Anti-reflux Retrospective study (62) 109 patients  N/A 40-50% patients Improved to 24.9 &
mucosestomy discontinued PPlon 612 36.0,p < 0.01 at 2
months follow up months follow up
Radiofrequency Systematic review and 2,468 patients  GERD-HRQL score improved by~ 51% patients DeMeester
ablation (Stretta) meta-analysis of 28 studies (68) mean (random effects model) of  discontinued PPI score-pooled estimate

Transoral incisionless
fundoplication

Medigus ultrasonic
surgical endostapler

Endoscopic
full-thickness plication
(GERDX™)

Wilson-Cook
endoscopic suturing
device

BARD EndoCinch™

NDO piicator

Anti-reflux device

His-Wiz anti-reflux
procedure
Endoscopic band
ligation

Peroral endoscopic
cardial constriction

Systematic review and
meta-analysis of 32 studies (76)

Multicenter prospective trial (77)

Prospective study (79)

Single center prospective
study (83)

Single-center, double-blind,
randomized, sham-controlled
trial (96)

Multicenter, randomized,
patient-blinded, sham-controlled
trial (93)

Multicenter study (94)

Prospective pilot study (95)

Single center prospective
study (80)

Preliminary follow up study (81)

Resection and plication ~ Prospective study (82)

1,475 patients

66 patients

40 patients

20 patients

60 patients

159 patients

70 patients

7 patients

150 patients

13 patients

10 patients

—14.6(~16.48, ~12.73),
p <0001

GERD-HRQL -Improved
significantly to mean difference of
17.72(95% Ck: 17.31-18.14),

p <0001

GERD-HRQL-improved
significantly to mean (SD) 9.0
(9.1) on 6 months follow up.
GlQU- Improved significantly to
mean =+ SD of 112.08 £ 13.11

(b < 0.001) at 8 months follow up

GERD-HRQL. 50% patient
reported improved in score but
not statistically significant

Showed improvement in SF-20 at
6and 12 months

Showed significant improvement
to mean & standard deviation of
125+ 11.1,p < 0.001 at3
months

Mean GERD-HRQL improved to
69% at 6 months follow up

N/A

GERD-HRQL score improved to
mean & SD of 14.7 £ 39 at 1
year follow up

GERD-HRQL score improved to
mean & SD of 4.46  4.31 and
569+ 5.07 at 3 and 6 months
follow up

GERD-HRQL Score showed
absolute reduction 22.3, (95 %
C119.3-253), p < 0.0001 on
median 9 months follow up

89% patients
discontinued PPI

64.6% patients
discontinued PPl on 6
months follow up
63.3% patients
discontinued PPl on 3
months follow up

Only 10% patients had
reduction in PPl use at 6
months

250 and 295%
reductions in 68 and 29%
of patients at 12 months.
57% complete PPI
cessation at 3 months, p
=0.001

63% patients off
anti-secretory medications
at 6 months.

57.14% patients off
anti-secretory medications
N/A

N/A

80% stopped using PPI
on median 9 months
follow up

(random effects mode)
of ~13.79 (-20.01,
~758),p < 0.001
Improved significantly
by mean difference of
10.22 (95% Cl:
8.38-12.12,

p <0.0001)

N/A

Improved to mean
SD —20.03 + 23,62

(p <0.001)at 3
months follow up
DeMeester score
improved to 47.1
(260.0-89.6), p = 0.54
at 6 months

NA

Improved to [median
(1st-18.and 3rd
-quartile)) —28 (18, 42)
p =0.001 at 3 months

N/A

N/A

N/A

Improved to mean
SDof 16.97 + 12.76
and 2032 + 16.22 at 3
and 6 months follow up

N/A

GERD-HRQL, Gastroesophageal disease health-related quality of life; SF-20-, 20-item Short-Form Health Survey; SD, Standard Deviation; PPI, proton pump inhibitors.
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Functional classification

Identifying anatomy

Reducing the biind spot rate of
endoscopy

Guided biopsy

Determining the depth and boundary
of gastric cancer invasion

Identifying and characterizing
colorectal lesions

Automated assessment of bowel
cleansing

Areas of assistance

Identify the upper digestive tract

Identify the lower diigestive tract

Reduce the blind spot rate of
gastroscopy

Barrett esophagus positioning biopsy
Helicobacter pylori detection

Optical biopsies of endoscopic cells
Fiber optic positioning biopsy

Differentiate the depth of infitration of
esophageal squamous cell carcinoma

Diagnose the early gastric cancer
infiltration depth

Delineate the gastric cancer boundary

Quantitative identification of gastric
cancer

Identify polyp size

Infltrating depth difference between
malignant polyps

Assess bowel preparation for
examinations

The sharpness of the video image,
speed of exit and level of intestinal
preparation were measured

Specific application

Divided into 8 or 26 parts

Measure polyp size
Monitor the speed of miror
withdrawal

Real-time monitoring and monitoring
of blind spots

Al-assisted sedation of c-EGD was
most effective in reducing the rate of
blind spots

Distinguish neoplastic or hyperplastic
Locate the anatomical site of the
stomach

Detect colon lesions

Intestinal polyp nature determination
Distinguish between microinvasive
carcinoma and deep invasive
carcinoma

Use the invasion depth of endoscope
images to determine the wall of the
stomach

Use enlarged NBI images to delineate
the relationship between cancerous
‘and non-cancerous gastric lesions
Based on a support vector machine
analysis of different output values,
quantitatively identify gastric cancer
Degree of recognizing different polyp
sizes (<5 mm, 6-9mm and =10mm)
CNN system for diagnosing a CT18
polyp

The accuracy of ENDOANGEL was
higher than that of professional
endoscopists.

The automatic system has high
accuracy in scoring

References

Choi etal. (12)

Wuetal. (10, 11)
Abadir et al. (1)
Hassan et al. (14)

Wuetal. (10)

Chen etal. (11)

Sharma et al. (19)

Shichio et al. (21), Gulati et al. (22)

Misawa et al. (24)
Rath et al. (25)
Nakagawa et al. (26)

Kubota et al. (30), Zhu et al. (31)

Kanesaka et al. (32)

Miyaki et al. (33)

Requa etal. (35)

ltoetal. (37)

Zhou et al. (40)

Filip etal. (41)
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Study  Adverse events

Huetal. (6) Total 21/32
(mucosal injury 12;
gas-related events

3; fever 6)
Tangetal. 0/4

(12)

Lvetal  Total2/23

(13 (gas-related events

1; perforation 1)
Maruyama  Total 4/16

etal. (14)  (mucosal injury 1;
incomplete clipping
2; gas-related
events 1)
Yoonetal. -

(15)

Fujyoshi  Total 6/108

etal.(16)  (perforation 3;
bleeding 3)

Sanaka  0/20

etal. (17)

NabiZ Total 2/32

etal.(18)  (delayed mucosal
barier failure 1;
pleural effusion 1)

Total

8/31
(25.8%)

3/23
(13.0%)

76
(43.8%)

Methods of diagnosis

Objective Symptomatic
confirmation of reflux
reflux

(EGD/24-h pH)

EGD7 6/31
= o4
EGD3 323
(grade B)

EGD 7 (%3
(grade

N/A/B/C/D = 9/5/

2/0/0)

EGD 50 10/88
(grade

N/A/B/C/D = 37/29/

18/7/1)

24-h pH 6/10 118

EGD 18; 24-h pH -
3 (grade
AB=7/11)

POEM, peroral endoscopic myotomy; EGD, esophagogastroduodenoscopy.
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References

Borkett et al. (20)

Chen etal. (21)
Chen" et al. (14)

Pambianco et al.
(@4

Pastis et al. (12)

Rex et al. (13)

Rex et al. (13)

Study

Borkett et al. (20)

Chen etal. (21)
Chen* etal. (14)

Pambianco et al.
(@4

Pastis et al. (12)

Rex et al. (13)

Rex et al. (13)

Patients in each group ()

Remimazolam

0.10 mgrkg: 25
0.15 mg/kg: 25
0.20 mg/kg: 25

194

189
8.0/3.0 mg: 40
7.0/2.0 mg: 40
5.0/3.0 mg: 40

303

296

31

Control

Midazolam: 25

Propofol: 190
Propofol: 189
Midazolam: 40

Placebo: 59
Midazolam: 69
Placebo: 60
Midazolam: 102
Placebo: 16
Midazolam: 30

Patients in each group (n)

Remimazolam

0.10 mgrkg: 25
0.16 mg/kg: 25
0.20 mg/kg: 25

194
189

8.0/3.0 mg: 40
7.0/2.0 mg: 40
5.0/3.0 mg: 40

308
296

31

Control

Midazolam: 25

Propofol: 190
Propofol: 189
Midazolam: 40

Placebo: 59
Midazolam: 69
Placebo: 60
Midazolam: 102
Placebo: 16
Midazolam: 30

Hypotension (1)

Remimazolam  Control

0.40mgkg: 0 Midazolam: 1

0.15 mg/kg: O

0.20 mg/kg: O

46 Propofol: 97

24 Propofol: 81

80/80mg:1  Midazolam: 0

7.0/2.0 mg: 1

5.0/3.0 mg: 0

127 Placebo: 37
Midazolam: 34

115 Placebo: 25
Midazolam: 63

18 Placebo: 11
Midazolam: 17

Nausea (n)

Remimazolam  Control

NA NA

5 Propofol: 1

NA NA

NA NA

12 Placebo: 2
Midazolam: 2

5 Placebo: 4
Midazolam: 2

NA NA

*indicates different articles published by the same author in the same year.

Hypoxia (n)

Remimazolam Control

0.40mg/kg: 4 Midazolam:5
0.15 mg/kg: &
0.20 mg/kg: 6
6 Propofol: 32
2 Propofol: 13
80/80mg: 1 Midazolam: 1
7.0/20mg:2
5.0/3.0 mg: 0
66 Placebo: 12
Midazolam: 13
3 Placebo: 2
Midazolam: 1
6 Placebo: 2
Midazolam: 8
Vomiting (n)

Remimazolam Control

NA

NA
NA

NA

NA

Propofol: 0
NA
NA

Placebo: 1
Midazolam:2

Placebo: 2
Midazolam: O

NA

Bradycardia (n)

Remimazolam Control

NA NA

2 Propofol: 7

NA NA

NA NA

13 Placebo: 4
Midazolam: 3

33 Placebo: 7
Midazolam: 16

1 Placebo: 1
Midazolam: 4

Pain of injection site (n)

Remimazolam Control

NA NA

1 Propofol: 19
o Propofol: 31
NA NA

2 Placebo: 0

Midazolam: O

NA NA

NA NA
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Control Complications

Placebo Hypotension
Hypoxia
Bradycardia
Nausea
Vormiting
Pain of injection site
Propofol Hypotension
Hypoxia
Bradycardia
Nausea
Vomiting
Pain of injection site
Midazolam Hypotension
Hypoxia
Bradycardia
Nausea
Vormiting
Pain of injection site

OR

0.62
1.08
0.80
051
0.59
0.99
025
0.15
027
5.00
295
0.08
0.56
1.04
0.66
113
1.01
1.15

95% Cl

(0.42,091)
(056, 1.87)
(0.41,1.56)
(0.11,2.46)
(0.16,221)
(0.05,20.82)
(0.18,0.34)
(0.07,0.33)
(0.08, 1.33)
(058, 43.20)
(0.12, 72.95)
(0.01,0.13)
(0.41,0.77)
(0.64,1.68)
(0.38,1.14)
(0:37,8.43)
(0.25,4.07)
(0.05,24.28)

36%
7%
0%

58%
0%

36%
0%

0%
37%
0%
0%
0%
0%

p-value for effect

p=001
p=093
p=051
p=040
p=043
p=099
p < 000001
P < 000001
p=0.11
p=0.14
p=051
p <0.0001
p=0.0003
p=089
p=0414
p=083
p=099
p=093

—: Represents only one study, the result has no P value. The adverse events was defined as follows: (1) hypotension: the reduction of SBP = 20% or decreased to <80 mmHg
(compared to baseline); (2) hypoxia: respiratory rate <8 breaths/min and/or oxygen saturation <90% in the duration from initial administration of trial cugs to fully alert; (3) bradiycardia:
heart rate <40 beats/min or a drop in heart rate of 20% or more from baseline, which lasted continuously for 30s; (4) nausea, vomiting, and pein of injection site are considered to have

occurred as long as the clinical symptoms appear more than once.
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References Study No. of Country/centers Procedures Age (years) Gender (M/  Criterion of sedation Remimazolam Control
design patients
Borkettetal. (20) RCT 100 United States/ Upper gastrointestinal ~ 18-65 46/54 Iniiated sedation: MOAA/  Single dose:  Midazolam: (Single dose
multicenter endoscopy S <83; Maintained 0.10mghkg  0.075 mg/kg)
sedation: MOAA/S<4 0.15 mg/kg
020 mg/kg
Chenetal. (21)  RCT 384 China/multicenter Colonoscopy 18-65 161/223 Initiated sediation: MOAA/S  Initial dose:  Propofol: (nitial dose: 1.5 mg/kg;
<8; Maintained 5.0mg; top-up dose: 0.5 mg/kg per time)
sedation: MOAA/S<4 Top-up dose:
255mg per time
Chen*etal. (14 RCT 378 China/multicenter Upper gastrointestinal ~ 18-60 148/230 Intiated sedation: MOAA/S  Initial dose:  Propofol: (initial dose:1.5 mg/kg;
endoscopy <8; Maintained 5.0mg; top-up dose:0.5 mg/kg per time)
sedation: MOAA/S=4 Top-up dose:
25mg per
time.
Pambianco etal.  RCT 160 United States/ Colonoscopy 18-70 72/88 Intiated sedation: MOAA/S  Initial andl Midazolam: (Initial and
@4 multicenter <8; Maintained sedation:  top-up dose:  top-up dose: 2.5/1.0mg)
MOAA'S < 4 80/30mg
7.0/2.0mg
5.0/3.0mg
Pastisetal. (1)  RCT 439 United States/ Bronchoscopy 22-95 206/233 Iniiated sedation: MOAA/S Initial dose:  Placebo; Midazolam: (initial dose
multicenter <3; Maintained 50mg; 1.75mg < 60 years or 1.0mg >
sedation: MOAA/S<4 Top-up dose: 60 years; top-up dose: 1.0mg <
25mg per time 60 years or 0.5mg > 60 years)
Rexetal. (13) RCT 458 United States/ Colonoscopy 19-92 226/232 Iniiated sedation: MOAA/S Initial dose:  Placebo; Midazolam: (iitial dose
multicenter <3; Maintained sedation:  5.0mg; 1.75mg < 60 years or 1.0mg >
MOAA'S < 4 Top-up dose: 60 years; top-up dose: 1.0mg <
25mg per time 60 years or 0.5mg > 60 years)
Rexetal. (13) RCT 7 United States/ Colonoscopy 42-84 43/34 Iniiated sedation: MOAA/S  Initial dose:  Placebo; Midazolam: (iitial dose
multicenter <8; Maintained sedation:  25-50mg;  1.0mg; top-up dose: 0.5 mg)
MOAA'S < 4 Top-up dose:
125-2.5mg

MOAW/S, Modified Observer's Assessment of Alertness/Sedation. The evaluation criteria: responds reacily to name spoken in normal tone (alert, 5 score); lethargic response to name spoken in normal tone (4 score); responds only after
name is called loudlly or repeatedly (3 score); responds only after mild prodding or shaking (2 score); does not respond to mild proding or shaking (1 score); does not respond to noxious stimulation (0 score). *indicates different articles.
published by the same author in the same year.
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Chen etal. (21)
Chen* etal. (14)
Pambianco et al.
@4

Pastis et al. (12)

Rex etal. (13)

Rex etal. (13)

Study design

RCT

RCT

RCT

RCT

RCT

RCT

RCT

No. of patients in each group

Remimazolam

0.10 mg/kg: 25
0.15 mg/kg: 25
0.20 mg/kg: 25
194

189

8.0/3.0 mg: 40
7.0/2.0 mg: 40
5.0/3.0 mg: 40

303

296

31

Control

Midazolam: 25

Propofol:190
Propofol: 189
Midazolam: 40

Placebo: 63
Midazolam: 73
Placebo: 60
Midazolam: 102
Placebo: 16
Midazolam: 30

No. of successful sedation

Remimazolam

0.10 mgrkg: 8
0.15 mgrkg: 14
0.20 mg/kg: 16
188
184

8.0/3.0 mg: 37
7.0/20 mg: 38
5.0/3.0 mg: 39

250

270

27

Control

Midazolam: 14

Propofol: 190
Propofol: 189
Midazolam: 30

Placebo: 3
Midazolam: 24
Placebo: 1
Midazolam: 26
Placebo: 0
Midazolam: 4

Assessment
methods of
successful
sedation

(1), 2, @), 6

[GACAC]

), @), @

(1. @). @), ©)

@. @@

@. @@

@, 0.4

The successful sedation was defined as follows: (1) MOAA/S < 4 on three consecutive measurements taken every minute; (2) completion of the whole endoscopy procedure;
(3) no requirement for an altemative and/or rescue sedetive; (4) administered up to @ maximum of five supplemental doses within 15min after the initial dose; (5) no manual or
mechanical ventilation. *indicates different articles published by the same author in the same year.
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Retrospective
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patients
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211
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En bloc resection

rate (%)
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15
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syndrome-0.6
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Delayed bleeding-3.7, perforation-0

Delayed bleeding-4.5, perforation-0
Procedural bleeding-10.14, perforation-0.68,
post-polypectomy syndrome-1.35

Intraprocedural bleeding-7.4, perforation-0, post-coagulation
syndrome-0.3

Delayed bleeding-3.1, perforation-1.3

Bleeding-2.9, perforation-0
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Intraprocedural bleeding-4.8, delayed bleeding-1.67,
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Delayed bleeding-5.1

Bleeding-1.4, perforation-0
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Parameter Monopolar Bipolar P

(n=10) (n=11)

Lesion size (cm?), mean + SD 1383+ 11563 7.84+381 0119
Position, 1 (%) 0365

Cenvical esophagus 1(100) 0(0)

Upper thoracic esophagus 2(20.0) 101

Middle thoracic esophagus 5(50.0 4(36.4)

Lower thoracic esophagus 2(200) 6(54.5)
IPCL classification, n (%) 1.000

B1 9(90.0) 10 90.9)

B2 1(10.0) 10.1)
Histopathology, n (%) 0459

Low-grade intraepithelial neoplasia 1(10.0) 00

High-grade intraepithefial neoplasia 3(30.0) 4(36.4)

Squamous carcinoma 6(60.0) 7(63.6)

SD, stendard deviation. IPCL classification: intraepithelel papillary capillary loop
classification. P: dichotomous variables—Chi-square test or Fisher's exact test;
continuous variables—Mann-Whitney U test.





OPS/images/fmed-09-888635/fmed-09-888635-t002.jpg
Parameter Esophageal ESD (n = 21)

Monopolar (n = 10)

Age (years), mean  SD 62.80 +8.95
Male sex, n (%) 7(70.0)
Smoking, 1 (%) 6(60.0)
Alcohol drinking, n (%) 4(40.0)
Family cancer history, n (%) 4(40.0)
Hypertension, n (%) 4(40.4)
Diabetes melitus, n (%) 1(100)
Preoperative CRP (mg/L), mean  SD 200+ 2.19
Preoperative WBC count (109/L), mean = SD 526103
Preoperative neutrophil count (109/L), mean & SD 330076
Preoperative neutrophil percentage (%), meanz: SD 62,59+ 6.95

Bipolar (n = 11)

67.36 +7.58
10(90.9)
6(54.5)
7(63.6)
6(54.5)
6(54.5)

1.9)
1.35+1.68
4.85+1.17

293002

5921 £8.26

P

0.221
0.311
1.000
0.395
0.670
0.670
1.000
0.392
0.402
0.327
0.326

Colorectal ESD (1 = 20)

Monopolar (n = 12)

5417 +11.07

5(41.7)
183)
3(25.0)
3(25.0)
4(33.9)
183)
1.08:£0.79
656+ 2.19
411+£158
6199754

Bipolar (n = 8)

56.88 % 12.19

3(37.5)
1(125)
00
6(75.0)
2(25.0)
2(25.0)
1.18 +£0.91
6.19%2.44
364 1.56
57.86+7.10

P

0613
1.000
1.000
0.242
0.065
1.000
0.537
0.786
0.727
0519
0.235

8D, standard deviation; CRP, C-reactive protein; WBC, white blood cell. P: dichotomous variables —Chi-square test or Fisher’s exact test; continuous variables —Mann-Whitney U test.
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Parameter

En bioc resection
Immediate bleeding
Delayed bleeding
Perforation

NA, not available.

Monopolar group.

(Event
no./cutting
no)

39/39
3/39
2/18
0/39

%

100
769
1.1

Bipolar group

(Event %

no./cutting
no)

39/39 100
1/39 256
1118 5.60
039 0

NA
0.305
0.546

NA
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Variables Unmatched cohort Matched cohort
OTSC(1=19) Standard endoscopic p-Value  OTSC Standard endoscopic p-Value
therapy (n = 380) (=17 therapy (= 17)

Sex (male), n (%) 16 (84.2) 317 (83.4) 1.000 14 (82.4) 13 (76.5) 1.000
Age (260), n (%) 8(42.1) 151 (39.7) 1.000 7@12) 7(@12) 1.000
Location, n (%) 0.001 0.109

Stomach 2(10.5) 80(21.0) 169 5(29.4)

Duodenum 13 (68.4) 293 (77.1) 12 (70.6) 11 (64.7)

Rermnant stomach 4(21.0) 7(18) 0.157 4(235) 169

after surgery
Size (=1 cm), n (%) 11(67.9) 155 (40.8) 0.157 11(64.7) 9(62.9) 0.728
Forrest, n (%) 0.000 0.224

la 5(26.3) 23(6.0) 4(235) 3(17.6)

Ib 6(31.6) 265 (69.7) 6(35.3) 9(52.9)

la 8(42.1) 71(18.7) 7@12) 3(17.6)

b 0(0.0) 21(5.5) 0000 2(11.8)
Antithrombotic therapyn (%) 3 (15.8) 28(7.4) 0.176 169 2(11.8) 1.000
Uleer history, n (%) 5(26.3) 72(18.9) 0384 5(20.4) 6(35.9) 1.000
Hypertension, n (%) 421.0) 89(23.4) 1.000 4(235) 5(29.4) 1.000
Diabetes, n (%) 41.0) 3489 0095 4(235) 3(17.6) 1.000
Blatchford score=6, n (%) 18 (94.7) 348(91.6) 1.000 16 (94.1) 16 (94.1) 1.000
Rebleeding, n (%) 3(15.8) 61(16.0) 1.000 3(17.6) 5(29.4) 0.688
Clinical success 84.2% 83.9% 82.4% 70.6%

OTSC, over-the-scope clip. Statistical analysis was performed with %2 tests or Fisher's exact tests. p <0.05 were considered significant.





OPS/images/fmed-09-753956/fmed-09-753956-t003.jpg
Variables

Sex (male), n (%)
Age (=60), n (%)
Location, n (%)

Stomach

Duodenum

Remnant stomach after surgery
Antithrombotic therapy.n (%)
Hypertension, n (%)
Diabetes, n (%)
Blatchford score=6, n (%)
Rebleeding, n (%)
Clinical success

OTSC, over-the-scope clip. Statistical analysis was performed with x2 tests or Fisher's exact tests. p < 0.05 were considered significant.

OTSC (n =21)

18 (85.7)
12(57.1)

11 (62.4)
7(339)
3(1439)
5(23.8)
5(23.8)
1(4.8)

21 (100.0)
3(149)
85.7%

Unmatched cohort

Standard endoscopic
therapy (n = 115)

98(85.2)
52(45.2)

80(69.6)
22 (19.1)
13(11.3)
6(52)
19(16.5)
5(49)
107 (93.0)
28(24.9)
75.7%

p-Value

1.000
0.349
0.267

0.014
0.532
1.000
0.609
0.405

oTsc
(n=20)

18(90.0)
11(65.0)

11(55.0)
6(30.0)
3(15.0)
4(200)
5(5.0)
1(5.0)

20 (100.0)
3(15.0)
85.0%

Matched cohort

Standard
endoscopic therapy

=20

15 (75.0)
10 (50.0)

15 (75.0)
5(25.0)
0(0.0)
4(20.0)
4(20.0)
0(0.0)
17 85.0)
6(30.0)
700%

p-Value

0.407
1.000
0.227

1.000
1.000
1.000
0.231
0.451
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Indication

Bleeding
Type
Dieulafoy's lesion
Ulcer
Forrest la
Forrest lb
Forrest lla
Wound bieeding after EMR
Location
Stomach
Duodenum
Remnant stomach after surgery
Blatchford score
<6 (low risk)
26 (moderate and high risk)
Antithrombotic therapy
Yes
No
Perforations
Duodenal ESD
Gastric ESD
leocecal EMR
Duodenal perforation

istulas
Tracheoesophageal fistula
Gastrobrochial fistula
Esophageal fistula
Duodenal fistula

39

34
34
12

[ N

Type of clip
(a/t/ge)

(0/41/0)

(0/21/0)
(0/19/0)
(0/5/0)
(0/6/0)
(0/8/0)
(©/1/0)

(0/13/0)
(0/21/0)
©/7/0)

(0/2/0)
(0/39/0)

(©0/7/0)
(0/34/0)
(0/34/0)
(0/12/0)
(0/20/0)
(©/1/0)
(0/1/0)
(0/5/0)
©/1/0)
(©/1/0)
(0/2/0)
(©/1/0)

Technical success

41741 (100%)

21/21 (100%)
19/19 (100%)
5/5 (100%)
6/6 (100%)
/8 (100%)
174 (100%)

18/13 (100%)
21/21 (100%)
/7 (100%)

2/2 (100%)
39/39 (100%)

7/7 (100%)
34/34 (100%)
34/34 (100%)
12/12 (100%)
20/20 (100%)
1/1 (100%)
1/1 (100%)
5/5 (100%)
1/1 (100%)
1/1 (100%)
2/2 (100%)
1/1 (100%)

Recurrence

(0]

O 4 nmw e

®

©o—-0o0-2-000000

Clinical success

35/41 (85.4%)

18/21 (85.7%)
16/19 (84.2%)
415 (80%)
5/6(83.3%)
7/8 (87.5%)
1/1 (100%)

11/13 (84.6%)
18/21 (85.7%)
6/7(85.7%)

2/2 (100%)
33/39 (84.6%)

617 (85.7%)
29/34 (85.3%)
34/34 (100%)
12/12 (100%)
20/20 (100%)
1/1 (100%)

1/1 (100%)
415 (80%)

1/1 (100%)

1/ (100%)
1/2 (50%)

11 (100%)

OTSC, over-the-scope clip; a, atraumatic; t, traumatic; ge, gastric wall closure type; EMR, endoscopic mucosal resection; ESD, endoscopic submucosal dissection.
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Group

Bleeding
Perforations
Fistulas
Total

Patients (n)

4
34

80

Sex
(male/female)

35/6
12/22
5/0
52/28

Median age (years)
(min-max)

55 (18-76)
51(19-88)
62 (55-71)
54 (18-89)

Technical success

41/41 (100%)
34/34 (100%)
5/5 (100%)

80/80 (100%)

Recurrence (n)

~ = 0o

Clinical success

35/41 (85.4%)
34/34 (100%)
4/5 (80.0%)

73/80 (91.3%)
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Study type

Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Prospective

Retrospective
Prospective

Retrospective
Retrospective
Retrospective
Retrospective

Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Prospective

Prospective

Prospective

Retrospective
Retrospective

Retrospective
Retrospective

Retrospective
Prospective

Prospective

Number of
patients

278
120
290
203
418
268
282
1,090
250
162
137
101
614
297
874
816
150
232
145
147
164
816

122
629
107
472
156
222
178
319
227
165
423
1,233

301
412

171
141

692

En bloc resection
rate (%)

0.1
93
80.3

8883

89.1
94
89.4
87.2
975
945

93

94.7
95
94

86.6
94
975

83
89.7
88.4

79.39
83
wa

2.6

80
995

825
91.8

915

RO resection
rate (%)

79.8
85
745
86
92
98
791
89
81
75
86.4
92
87.1
80.1
91.2
93
96.3
92
97
86.8
92
78

87
92
91
87
81
83.0
89.4
80
79
ksl
81
83.7

69
86.9

749
NA

84.2

RO, Radical resection rate; Defined as dysplasia free vertical and lateral resection margins at histology.

Complications (%)

Bleeding-0.7, perforation-8.2
Perforation-7.5, bleeding-N.A PMID-21175483
Post-operative bleeding-1.3 and perforation-4.5
Bleeding- 0, perforation-7 PMID-20626303
Bleeding-2, 4 perforation-5.26

Bleeding-0.37, perforation-2.2

Bleeding-0.7, perforation-8.1

Postoperative bleeding-1.5, perforation-4.9
Post-operative bleeding-2.4, perforation-6
Immediate bleding-1, delayed bleeding-1, and perforation-7.4
Perforation-3.6, post-operative hemorrhage-3.6
Bleeding-0, perforation-1.98

Bleeding 1.4, perforation-2.6

Post-procedure bleeding-1.7, perforation- 4.7
Perforation-5.3

Delayed bleeding 2.2, perforation-1.6
Perforations-4.7, delayed bleeding-0
Bleeding-n/a, perforation-2

Bleeding-0, perforation-0

Bleeding-1.3, perforation-1.3

Delayed bieecing-3, perforation-4

Perforation 2.1, bleeding-2.2

Delayed bleecing-8.7, perforation-6.7
Bleeding-0.79, perforation-3.1
Bleeding-1.7, perforation-0.8
Bleeding-2.2, perforation-4
Perforation-2.3, bleeding-3.4
Bleeding-6.3, perforarion-5.4
Delayed bleeding-2.7, perforation-9.3
Perforation-0.6, bleeding-3.1
Bleeding 4.4, perforation-7.9

Delayed bieeding-1, perforation-3
Delayed bieeding-1 and perforation 3

Delayed bleeding-3.7, perforation-intraoperative-3.4, and
delayed perforation-0.4

Bleeding-3 and perforation-14

Bleeding-2.2, perforation-1, post-ESD electrocoagulation
syndrome-6.8

Bleeding-2.3, perforation-4.1

Delayed bleeding-7.8, perforation-2, post-colorectal ESD
coagulation syndrome-4.3

Bleeding-2.3 and perforation-2.9
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Data

Sex-men
Mean age (years)

Origin

CHU

Clinic:

Peripheric hospital (CH) center
PRF of BDI

None

1

>2

Average follow-up time
From the BDI

Since the biliary repair

N (Percentage)

10 (45.5%)
617173

4(18.2%)
2(9.1%)
16 (72.7%)

14 (63.6%)
7 (31.8%)
1(4.6%)
In months
145
126

CHU, university hospital center; CH, hospital center; PRF; personal risk factor (obesity,

history of abdominal surgery, hepatopathy).





OPS/images/fmed-08-637987/fmed-08-637987-t002.jpg
Data N (Percentage)

Surgery conditions - elective 13 (69.1%)
Operative indications

History of complicated vesicular lithiasis 9(40.9%)
Present acute lithiasis cholecystiis 9(40.9%)
Surgical approach

Laparoscopy 17 (77.3%)
Converted laparoscopy 3(13.6%)
Surgeon - senior 20 (90.9%)
Intra operative difficulties

Local inflammation/hepatic pedicle inflammation 12 (54.5%)
Chronic Cholecystitis 8(36.4%)
Anatomical variations 4(18.2%)
Cholecystodigestive fistula 4(18.2%)
Intraoperative bleeding 3(13.6%)
Voluminous left lobe / Billary cyst 1(4.5%)
Realisation of a cholangiography 9(40.9%)

Intra operative diagnosis of BDI 5(22.7%)
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Parameter Monopolar snare

(n=31)

En bloc resection, n (%) 31(100)
Procedure, n (%)

Polypectomy 16(51.6)

EMR 15 (48.4)
Adverse events, n (%)

Immediate bleeding 00

Delayed bleeding 132)

Perforation 00)
Postoperative CRP (mg/L), mean & SD 6274694
Postoperative WBC count (10°/L), mean = SD 5.44+1.48
Postoperative neutrophi count (10%/L), mean  SD 348+ 107
Postoperative neutrophil percentage (%), mean = SD 63.84 +£5.88

SD, standard deviation; CRR, C-reactive protein; WBC, white blood cel; NA, not available.
*Categorical variables: Fisher exact test, continuous variables: Kruskai-Wells test.

Immediate bleeding defined as hemorrhage during the procedure. Delayed bleeding defined as bleeding that occurred at least 1 h after the procedure.

Bipolar snare
(n=28)

28(100)

12 (42.9)
16(57.1)

0(0)
3(10.7)
0(0)
5.08 4 6.40
549 1.18
3.38.+0.07
61.40 +8.51

NA
0.604

NA
0.337

NA
0.462
0.982
0.698
0.163
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References Total
patients (n)
Carrafiello et al. (32) 1
Limmer et al. (33) 1
Wu etal. (34) 1
Singh et al. (35) 1
Rossi et al. (31) 7
D'Onofiio et al. (30) 18

Age*

77

80

64

62

62.4

No. of
tumors (n)

1

Type of tumor
(mm)
Pancreatic metastasis 20
Insulinoma 15
Gastrinoma 40
PDAC
PNET 16
PDAC 48.1

Size of tumor* Approach of

PC ablation

PC with CT

PC with CT

PG with CT

PG with CT

PC with CT

PC with US

Probe
size

19G

16G

NA

17G
19G

176G

Clinical outcome n (%)

1/1 (100%), Complete resolution
of lesions

1/1 (100), Complete resolution of
symptoms and lesions

1/1 (1009%) improvement of
symptoms with reduction in
primary and metastatic lesions
1/4 (100%) Partial reduction in
tumor size (up to 3cm)

6/7 reduced tumor size,

1/7 complete resolution

8/18 (44.4%) increase in tumor
size

10/18 (55.6%) stable lesions at
1 month

PDAC, pancreatic ductal adenocarcinoma; PNET, pancreatic neuroendocrine tumor; PC, percutaneous; US, ultrasound; CT, computed tomography; NA, not available.

*Mean.

Adverse events ()

Abdominal pain, Hyperamylasemia
None

none

None

Increased
serum amylase and lipase within
24h (6); Pancreatits (1)

None

Follow up*
(months)

12
1.25

20

NA

34
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Levy et al. (58) 5

Pai et al. (59) 7

Wang et al. (60) 3

Park et al. (61) 1
Song etal. (39) 6

Lakhtakia et al. (62) 3

Paik et . (63) 8

Qin et al. (64) 7

Di Matteo et al. (65) 9

Crino el al. (40) 8

Choi et al. (66) 10
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Barthet el al. (68) 12
Oleinikov el al. (69) 18
Matsumoto et al. 5
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Ohetal. (71) 13

'61.9
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*69

62.7

52.5

62

45
55

74.7

67

21-71

*50-71

59.9

60.4

*55-74

*60

16

09

08

10
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27

5

13

LAPDAC

Insulinoma
PDAC

Unresectable
pancreatic cancer

NNET (9), Insulinoma
@

LAPDAC
Insulinoma

NNET (2), Insulinoma
(3), Gastrinoma (1),
SPN(2)

Insulinoma
LAPDAC

LAPDAC (7),
Metastatic RCC (1)

NNET (7), Insulinoma
(1), SPN(2)

LAPDAC

NNET

NNET (11), Insulinoma

@)
NNET

Pancreatic serous
cystic neoplasms

(mm) (mean) EUS Ablation sessions/

35.7

15
35.2
37.3

123

38

8-34
35.4

36

20

25-75

13.1

143

10

50"

EUS-RFA

EUS-EA
EUS-RFA
EUS-RFA

EUS-EA

EUS-RFA

EUS-RFA
EUS-EA

EUS-LI

EUS-LA

EUS-RFA
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EUS-RFA

Ablation

lesions

16/16

1/5
3
4/3
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9/3
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1/11

99
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16/10
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Technical
success n
(%)

16/22 (73)

5/5(100)
717 (100)
3/3(100)

11/11 (100)
6/6 (100)

3/3 (100)
8/8 (100)

11/11 (100)
9/9 (100)
8/8(100)

10/10 (100)

10/10 (100)

12/12 (100)

26/27 (96.2)
5/5(100)

18/13 (100)

Clinical success n (%) ~ Adverse events (n)

Resolution of Resolution/

symptoms

5/5(100)

3/3(100)

2/2(100)

3/3(100)
4/4.(100)

7/7 (100}

1/1(100)

7/7 (100}

1313 (100)

decrease in
tumor size

6/6(100)  Abdominal pain (3),
Bleeding (1),
Hyperamylasemia (1),
Obstructive jaundice (2),
Duodenal strictures (1)

NA None
7/7(100)  Pancreatitis
3/3(100) None

13/13(100) Abdominal pain (1),
Pancreatis (3), Pancreatic
duct stenosis (1).
6/6(100)  Abdominal pain (2)
2/3(67) None
6/8(75)  Abdominal pain (2)

NA None
9/9(100)  Pseudocyst (3),
Hyperamylasemia (2)
8/8(100)  Abdominal pain (3),
Hyperamylasemia (1)
10/10 (100) Abdominal pain (1),
Pancreatiis (1)
9/10(90)  Asymptomatic ascites (2),
Peripancreatic effusion (2)
12/14 (87.5) Bacteremia (1), Pancreatic
duct stenosis (1)
25/27 (92.5) Pancreatitis (2)

4/5(80)  None

8/13(61.5) Abdominal pain (1)

Follow up
(mean months)

13
3-6
15

12

2-6

11-12
16.5

1-18
7.4

42

12

2-21

12

9.21*

NA, not available; LAPDAC, locally advanced pancreatic ductal adenocarcinoma; NNET, non-functional neuroendocrine tumor; SPN, serous pancreatic neoplasm; H, head; BT, body neck and tail; EUS, endoscopic ultrasound; RFA,
radlofrequency ablation; EA, ethanol ablation; LI, lauromacrogol injection; LA, laser ablation.

“Medan.
‘Range.






OPS/images/fmed-07-619844/fmed-07-619844-t001.jpg
Parameter

En bloc resection
Immediate bleeding
Delayed bleeding
Acute perforation
Chronic perforation

Monopolar group

(Event no./cutting no.,)

20/20

0/20
09
0/20
09

%

100

o

o
[
o

Bipolar group

(Event no./cutting no.)

20/20

0/20
0/9
0/20
09

ocooo3d

%

0





OPS/images/fmed-07-619844/fmed-07-619844-t002.jpg
Parameter

Age (years), mean & SD

Male gender, n (%)

Smoking, n (%)

Alcohol drinking, n (%)

Hypertension, n (%)

Diabetes melltus, n (%)
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Preoperative neutrophil count (10%/L), mean = SD
Preoperative neutrophil percentage (%), mean & SD

SD, standard deviation; CRF, C-reactive protein; WBC, white blood cel.
*Categorical variables: Fisher exact test, continuous variables: Kruskal-Wallis test.
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Top 25 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End 1999 - 2022
age 1999 4.551999 2006
high grade dysplasia 1999 8.67 2000 2005
barretts esophagus 1998 7.03 2000 2009
peptic ulcer 1999 4.82 2003 2007
microvascular architecture 1999 4.73 2004 2008
esophagus 1999 5.152005 2008 ——
endoscopic mucosal resection 1999 6.01 2006 2012
system 1999 6.26 2008 2011 —
knife 1999 4.552009 2013
emr 1999 6.66 2010 2012 —
neoplasia 1999 4912011 2015
mucosal resection 1999 6.49 2012 2013 —-—
learning curve 1999 4.63 2012 2016
long term outcm 1999 6.87 2014 2016 —
multicenter 1955 5.76 2014 2019
feasibility 1999 6.94 2015 2018 —
submucosal dissection 1999 6.73 2015 2017 —
recurrence 1999 4912015 2019
conventional endoscopy 1999 5.14 2016 2019 —
prediction 1999 4752016 2022
trial 1999 5.17 2017 2019 —
surveillance 1999 5.652018 2019 p—
european society 1999 542018 2022

convolutional neural network 1999 7.46 2020 2022 —
upper gastrointestinal endoscopy 1999 52020 2022 —
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Esophageal ESD (1 = 21)

Parameter Monopolar (n = 10)
En bloc resection, n (%) 10(100)
Adverse events, n (%)
Immediate bleeding* 0()
Delayed bleeding* 00
Perforation 0(0)
Infection 00
Postoperative CRP (mg/L), mean  SD 349+ 1594
Postoperative WBC count (10° /L), mean & SD 684+ 1.00
Postoperative neutrophil count (10° /L), mean + SD 5.03+0.83
Postoperative neutrophil percentage (%), mean = SD 73.72:46.19
Length of in-hospital stay (days), mean & SD 4.80+1.40

SD, standard deviation; CRFR. C-reactive protein; WBC, white blood cell; NA, not available.

Bipolar (n = 11)

11(100)

0©
0O
0©
2(182)
31.00 4 17.59
6.98+1.63
527 +1.64
74.70 £ 5.63
4.00 £1.00

NA

NA

NA

NA
0.476
0.606
0.815
0.678
0.708
0.145

Colorectal ESD (n = 20)

Monopolar (n = 12)

12 (100)

0©
0
0©
00
7.74 £ 10.79
6.53+1.42
3.49+1.65
6260 +7.00
425£1.71

Bipolar (n = 8)

8(100)

0
00
0
0
9.48 £ 1320
525+ 181
334128
6233+ 6.33
363092

P

NA

NA
NA
NA
NA
0.749
0.708
0.783
0.907
0.359

*Immediate bleeding defined as hemorrhage during the procedure. *Delayed bleeding defined as bleeding that occurred at least 1h after the procedure. P: dichotomous
variables —Chi-square test or Fisher's exact test: continuous variables —Mann-Whitney U test.
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Parameter

Polyp maximum size (cm), mean = SD
Morphology, n (%)

Granular

Non-granular

Pit pattern classiication, n (%)
|
[

Hi-L
[
v
%

Histopathology, n (%)
Inflammatory polyp
Hyperplastic polyp
Adenoma
High-grade adenoma
Adenocarcinoma
Carcinoid

Monopolar
(n=12)

1.69+1.47

7(68.3)
5(41.7)

3(25.0)
183
3(25.0)
00
3(25.0)
2(16.7)

2(16.7)
183
2(16.7)
4(33.9)
183
2(16.7)

Bipolar
(=8

1.34.£047

6(75.5)
2(25.0)

2(25.0)
3(37.5)
1(12.5)
00
0O
2(25.0)

00
3@87.5)
1(125)
1(12.5)
1(125)
2(25.0)

0.521
0.642

0.450

0.621

SD, standard deviation. P: dichotomous variables —Chi-square test or Fisher's exact test;

continuous variables —Mann-Whitney U test.
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Predictor variables

Gender
Age

Education level

Employment status.

Income level

Family cancer history

Days of waiting for gastroscopy

Preference of receiving information via WeChat
Preference of receiving information via brochure
Knowledge about gastroscopy

R

R

F

Anxiety baseline

2873
0.036
0.200
-1.126
-0.385
0.984
—0.050
-2.038
—-0.020
-0.008
0.044
0.209
0.998

Beta

0.160
0.050
0.018
—0.059
-0.05
0.039
-0.014
—0.082
—0.001

0.020
0.570
0.845
0.398
0.506
0.572
0.835
0.324
0.990
0.998

0.446

Anxiety upon arrival

B Beta
2226 0.120
0.023 0.032
0.784 0.069

-2.907 -0.148
-0.581 -0.073
2259 0.088
0.118 0032
-0.712 -0.028
0.255 0.013
0.323 0.018
0.053
0.229
1217

P

0.077
0.717
0.453
0.034
0.326
0.205
0633
0.736
0.868
0.786

0.281

Anxiety before gastroscopy
B Beta P
2697 0.118 0.082
-0009  -0.010 0908
-048 ~0.034 0709
—1561  -0.065 0352
-0039  -0.004 0958
4239 0.133 0.054
0.071 0.016 0.816
0.451 0014 0862
2777 0.118 0.142
2360 0.108 0.109
0059
0242
1.362 0200
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State anxiety
Baseline

Upon arrival

Before gastroscopy
SBP

Baseline

Upon arival

Before gastroscopy
DBP

Baseline

Upon arrival

Before gastroscopy
HR

Baseline

Upon arival

Before gastroscopy
Coughing

Belching

Retching
Discomfort swallowing the scope
Nausea

Abdominal pain
Bloating
Tolerance

Easy

Alitte difficult

Very difficult
Cannot endure

Seekers

WeChat group

39.06 +6.57
34.80+7.04
31.98+7.26

129.50 + 14.29
130.85 £ 15.59
126.36 £ 14.71

80.85+9.84
80.43 + 8.58
77.05+9.37

86.73 + 12.17

88.75 + 15.29

83.13 + 13.08
0.43 +0.87
1.15+1.23
133+ 1.44
3.10+1.62
330 1.77
0.13 £0.40
0.13 £0.40

5(12.50)
30(75)
5(12.50)
0(0)

Control group

36.81 £8.24
40.97 £9.15
40.78 + 8.51

127.64 +14.09
128.89 + 13.99
125.86 + 15.85

7958 +£11.18
81.83+11.95
7819+ 11.75

82.72 £ 9.46

90.14 £ 17.04

88.14 + 15.43
0.75+1.23
1.58 + 1.66
458 £5.23
411 £281
519£225
0.36 +£0.68
0.44 £081

1(2.78)
18 (50)
14 (38.89)
3(8.33)

Measured values are presented as mean  SD or number (percentage).
DBP, diastolic blood pressure; SBR, systolic blood pressure; HR, heart rate.

WeChat group: Received Conjunctive WeChat-delivered information.

Control group: Received the brochure information.
Systolic blood pressure measured in mm H.
Diastolic blood pressure measured in mm Hg.

Heart rate measured in bpm.

0.191
0.001
P <0.001

0.570
0.567
0.889

0.601
0.564
0.638

0.117
0.709
0.130
0.184
0.198
P < 0.001
0.061
P < 0.001
0.067
0.030

0.050

Avoiders

WeChat group

37.87 +10.54
3217 £7.90
30.53 + 12.97

128.28 + 16,67
129.08 £ 14.73
12327 £ 16.19

78.88 +9.35
79.72 £9.83
77.65+10.64

88.77 + 13.50

87.28 £13.31

83.72 + 14.39
0.65 £ 1.37
123+£1.356
143£1.75
2834224
3.40 £2.39
0.11£0.39
0.16 £0.52

16 (21.33)
46 (61.34)
12(16)
1(1.33)

Control group

36.44 + 8.56
42,73 £7.83
4324 +7.71

127.28 £12.53
128.72 £ 15.57
126.44 £ 15.06

78.16 +£9.89
78.99 + 11.66
78.03 + 11.36

82.43 +13.07

89.59 + 14.80

86.61 + 15.56
089 +1.22
1.68 £ 1.71
2.85 +£2.50
378 £2.45
491 £2.40
023 £0.68
03077

3(3.80)
37 (46.89)
36 (45.57)

3(3.80)

0.358
P < 0.001
P <0.001

0.660
0.884
0.195

0.646
0.675
0.834

0.531
0310
0.234
0267
0.068
P < 0.001
0.012
P < 0.001
0.130
0.180

P <0001
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Seekers P Avoiders I

WeChat group Control group WeChat group Control group
(n = 40) N (%) (n=36) N (%) (n=T75) N (%) (n=T9)N (%)

Sex
Male 23 (57.50) 17 (47.22) 0370 48 (64.00) 43 (54.43) 0227
Female 17 (42.50) 19 (52.78) 27 (36.00) 36 (45.57)

Education level
Primary school 5(12.50) 3(832) 0.240 7(9.39) 7(886) 0.113
high school 9(22.50) 11(30.56) 30 (40.00) 24(30.38)
Undergraduate/Da zhuan 18 (45.00) 20 (55.56) 35 (46.67) 36 (45.57)
Master's degree or above 8(20.00) 2(556) 3(4.00 12 (15.19)

Employment status
Employed 27 (67.50) 27 (75.00) 0.472 46 (61.33) 56 (70.89) 0210
Unemployed 13 (32.50) 9(25.00) 29(38.67) 23(20.11)

Famiy income
<4,000 (8565) 11(27.50) 8(22.22) 0,643 18 (24.00) 19 (24.05) 0953
4,000-8,000 (8565-81,130) 8(20.00) 10(27.78) 22(20.34) 22 (27.85)
8,000-10,000 (81,130-81,413) 9(22.50) 5(13.89) 16 (21.39) 15 (18.99)
10,000 ($1,413) and above 12(30.00) 13 (36.11) 19(25.33) 23(20.11)

Famiy gastric and/or esophageal cancer history
Yes 4(10.00) 7(19.44) 0.243 14 (18.67) 9(11.39) 0206
No 36 (90.00) 29 (80.56) 61 (81.33) 70 (88.61)

Preference of receiving information via WeChat
Yes 7(17.50) 4(11.11) 0.429 12 (16.00) 12 (15.19) 0.890
No 33(82.50) 32 (88.89) 63 (84.00) 67 (84.81)

Preference of receiving information via brochure
Yes 25 (62.50) 29(80.56) 0,083 49 (65.39) 44 (55.70) 0222
No 15 (37.50) 7(19.44) 26 (34.67) 35 (44.30)

Knowledge about gastroscopy
None 17 (42.50) 19 (52.78) 0370 39 (52.00) 37 (46.84) 0.809
Alitlie 23 (57.50) 17 (47.22) 35 (46.67) 41(51.90)
Alot 0(0) 0(0) 1(1.33) 1(1.26)

Age 35.10+ 1355 37.30 + 12,05 0.463 38,00 + 1301 35,10 11.52 0.134

Days of waiting for gastroscopy 3.48+195 331 +2.21 0.724 838+ 2.40 351298 0693

“Age” and “Days of waiting for gastroscopy” are presented as mean = SD.
WeChat group: Received Conjunctive WeChat-delivered information.
Control group: Received the brochure information.
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Variable Curative resection  Non-curative p-value

(n=351) resection (n = 127)

Age, year, mean + SD 62.70 + 9.34 64.87 £+ 10.32 0.030

260, year 13137.9) 30(23.6) 0007

Male, n (%) 254 (72.4) 90(70.9) 0836

Smoking history, n (%) 142 (40.5) 62 (48.8) 0.126

Alcohol history, n (%) 100 31.1) 44(34.68) 0.527

Family history of tumor, 96 (27.4) 46(36.2) 0078

n (%)

Co-morbidity disease

Hypertension, n (%) 129(36.8) 46(36.2) > 0999

Hyperlipidemia, n (%) 45 (12.8) 23(18.1) 0.189

Diabtes melitus, 1 (%) 53(15.1) 24(18.9) 0392

Cardiovascular disease, 68 (19.4) 30 (23.6) 0.374

n (%)

Pre-procedure <0.001

diagnosis

Adenoma o atypical 87(24.4) 22(18.0)

cells, n (%)

Differentiated, n (%) 266(74.7) 87(71.3)

Undiffrentiated, n (%) 308) 13(10.7)

Post-procedure <0.001
liagnosis

Differentiated, n (%) 330(96.6) 100(78.7)

Undifferentiated, n (%) 12 (3.4) 27(21.3)

Tumor location, long <0.001

axis, n (%)

Lower 87 (24.8) 49 (38.6)

Middle 43(123) 25(19.7)

Upper 221 (63.0) 53(41.7)

Tumor location, short 0475

axis, n (%)

Lesser curvature 102 (29.1) 40 (31.5)

Greater curvature 55(15.7) 24(18.9)

Posterior wall 120 (34.2) 34(26.8)

Anterior wall 74@21.9) 29(22.8)

Gross type, n (%) 0343

Elevated 189(53.8) 59 (46.5)

Flat 63(17.9) 25(19.7)

Depressed 99 (282) 43(339)

Tumor size, cm 1.77 £1.06 240+ 185 < 0.001

Endoscopic findings,

n (%)

Ulcer 42 (12.0) 34 (26.8) < 0.001

Remarkable redness 152 (43.3) 42(33.1) 0057

Central depression 90(25.3) 38(31.1) 0098

Interruption or smooth 4(1.9) 6(4.7) 0040

tapering of fold

White fur 24(6.8) 19(15.0) 0.010

Nodularity 18/6.1) 10(7.9) 0364

Depth of tumor, n (%) <0.001

Mucosal lesion 338 (96.9) 82(64.6)

Submucosal lesion 13(3.7) 45(35.5)

Complication, n (%)

Bleeding during 70 431.0 0.690

procedure

Bleeding after procedure 18(5.1) 9(7.1) 0552

Hp infection, n (%) 188 (52.8) 46 37.7) 0004

Negative

Positive 26(7.9) 6(4.9)

Not tested 142(39.9) 7057.4)

Treatment <0.001

ESD 343 (75.4) 112 (24.6)

EMR 8(34.7) 15 (65.2)

Piecemeal fesection 00 24 (18.9) <0.001

SD, standard deviation; ESD, endoscopic submucosal dissection; EMR, endoscopic
mucosal resection; Hp, Helicobacter pylori.
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Variable Multivariate analysis P-value

oR 95% CI
Age

<60 year 1

260 year 2568 1.280 5111 0.008
Gender

Fomale 1

Male 1.581 0845 2.960 0.152
Post-procedure diagnosis

Differentiated 1

Undifferentiated 4917 1.591 15.195 0.006
Tumor location, long axis

Lower 1

Middle 1.016 0.403 2558 0974

Upper 0987 0.486 2,003 0971
Tumor size

<8em

>3cm 3.952 1.397 11.184 0.010
Ulcer

N 1

Y 1.664 0.775 3.573 0.191
Interruption or smooth tapering of fold

N 1

Y 2567 0220 20782 0.454
Depth of tumor

Mucosal lesion 1

Submucosal lesion 249 1738 3.61 <0.001
En bloc resection

Y 1

N 63.021 12270 323687 <0001
HP infection

Negative 1

Positive 1,604 0835 3.083 0.156

Not tested 0664 0.153 2.8% 0585
Resection method

ESD 1

EMR 4.581 1.526 13.748 0.007

OR, odds ratio; Cl, confidence interval; ESD, endoscopic submucosal dissection; EMR,
endoscopic mucosal resection. Hp, Helicobacter pylori.
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EBS®  CBS® OR(95%C) P
(=128 (n=125)

Patient-reported outcomes, n (%)

Incidents 28(219) 23(18.4) 0808 (044101.49) 0.49
Good or excellent 115(89.8) 109(87.2) 0.60.6(0.34 to 1.18) 0.38
satistaction

Few or no difficulties 126 (98.4) 123(98.4) 1.01.0(0.14 to 7.39) 1.00
Wilingness to repeat  116(91.3) 110(88.0) 0.80.8 (0.28102.09) 0.38

9EBS, enhanced bowel preparation strategy: 4-L split-dose polyethylene  glycol
(PEG) regimen.

BCBS, conventional bowel preparation strategy: 2-L split-dose PEG plus ascorbic acid,
LRD, low-residue diet: OR, odds ratio; Cl, confidence interval.
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Studies Outcomes

MA + TPALH VS. TPALH
Wang etal (28)  INV

Zhou et al. (35) INV
LiandWang (24)  willingness to repeat the procedure
Dai et al. (39) INV

Wang (37) vas of discomfort

MA VS. TPALH

Zhangetal. (41)  INV

Wang (40) INV

MAVS. SA

Leungetal. (34)  1.vas of discomfort
2.adverse effects
3.the anxiety scores

4.the proportion of patients’ gradled
overall tolerance as‘excellent or good’

5.overall satisfaction scores
MA + TPALH V.S. SA + TPALH

Schaible et al. (21)  1.the frequency of successfully

performed examination
2.the duration of procedure

3.wilingness to repeat the procedure
4.adverse effects

MA VS. no treatment

TianandWu (38)  INV

EA + TPALH vs. TPALH

Chenetal (26) 1INV
2.willingness to repeat the procedure

Cui (22) INV

Zhouand Fang  vas of discomfort

(3)

EAVS.SA

Cahnetal.(16).  1.no. of intubation attempts
2.eructation, vomiting attempts®,
agitating & vomiting (E)
3.pain in the pharynx, esophagus &
stomach (P)
4.nausea & bioating (P)
S.willingness to repeat the procedure

EA + TPALH V.S.SA + TPALH

Jinetal. [25[ vas of discomfort

AP + TPALH ViS. TPALH

Qi7) 1.vas of discomfort

2.wilingness to repeat the procedure
Liangetal. (36)  INV
AP + EA + TPALH ViS. TPALH
WuandYe(32) 1INV

2.willingness to repeat the procedure
QiandJun (31)  vas of discomfort
SFN + TPALH VS. SA + TPALH

Chen (29) 1INV
2.vas of discomfort
Buwillingness to repeat the procedure
Yang (33) 1INV

2.vas of discomfort
Acupressure + TPALH V.S. TPALH
Jiang (30) INV

TENS + TPALH V.S. sham-TENS + TPALH V.S. sham-acupoints + TPALH V.S. no attachment + TPALH

Targinetal (15) 1INV

2.willingness to repeat the procedure
3.the swallowing scores

4.the score of endoscopists’ opinion
regarded the procedure

INV, incidence of nausea and vomiting incidence of nausea and vomiting incidence of nausea and vomiting; TPALH, topical pharyngeal anesthesia with lidocaine hydrochloride; SA, sham acupuncture; SFN, superficial needle; AP

Sample size

60 30/30
80 40740
98 49/49
60 30/30
108 54/54

160 80/80
300 169/131

140 70/70

3541771177

90 50/40

97 52/45

137 66/68
248 123/1256

90 45/45

102 50/52

80 40740

200 100/100

100 50/50

102 51/51

60 30/30

200 100/100

156 77/79

327
T8/79/79/77

Outcome

measurement

ORR, n (%)
ORR, n (%)
ORR, n (%)
ORR, n (%)
Mean, SD

ORR, n (%)
ORR, n (%)

Mean, SD
Event rate
Mean, SD
Event rate

mean, SD

event rate

Average (min,
max)

Event rate
Event rate

ORR, n (%)

ORR, n (%)
ORR, n (%)
ORR, n (%)
mean, SD

Event rate

Event rate

Event rate

Mean, SD

Mean, SD
ORR, n (%)
ORR, n (%)

ORR, n (%)
ORR, n (%)
Mean, SD

ORR, n (%)
Mean, SD
ORR, n (%)
ORR, n (%)
Mean, SD

ORR, n (%)

Experiment
group

16 (53.39)
31(77.50)
29(59.18)
12 (40.00)

381148

40 (50.00)
64 (37.87)

1.60 + 2.40
None
1.00 +2.40
36.00%

8.10 £ 2.40

73.50%

7 (2-20)

86.90%
None

32 (64.00)

21(40.38)
24 (46.15)
44 (66.67)

319229

3.82+1.28

373+ 132
31(77.50)
22 (22.00)

19 (38.00)
26 (52.00)
361:+1.43

26 (86.67)
480 1.65
14 (46.67)
32 (32.00)
294%1.16

54(70.13)

Auricular-Plaster; ORR, overall response rate; adverse effects above were associated with acupuncture treatment.
Ve transformed ORR into dichotomous variable (event rate), RR was calculated as event rate in experiment group divided by tht in control group.

“Changes of experiment and control group, mean difference (MD)/risk ratio (RR) and P-value? were calculated based on data provided in the original papers using RevMan V.5.3. MD was calculated as mean difference of treatment
effect (post-treatment-value minus control group value) in each comparison. P-value® were data provided in the original papers (mean + SD), mean means mean discomfort (VAS) score in each group measured right after upper GI

endoscopy procedure.

Cahn et al.'s (16) study reported event rate of kinds of various discomfort symptom, among it some were assessed by endoscopist (E) and some were assessed by patients (P). Other studies reported the INV observed by the researcher

and vas of discomfort evaluated by patients.

Schaible et al. (21) also reported other outcomes in the original paper, while considering that they were not out attention points, we did not present it here (e.q., heart rate; blood pressure, and oxygen saturation assessed at different

time points: ®before esophagogastroduodenoscopy; @after passage of the larynx; ®after removal of the endoscope).

Control group

26 (86.67)
36 (90.00)
12 (24.49)
21 (70.00)

4712143

40 (50.00)
66 (50.38)

2.00£270
None
1104240
23.00%

7.80+£220

72.90%

7 (2-25)

87.60%
None

38(95.00)

4191.11)
3(6.67)
49 (70.06)
428+ 2.60

4.36 £ 1.40

433+ 133
22 (55.00)
17 (17.00)

43 (86.00)
5(10.00)
451+138

29(96.67)
630 + 147
6(20.00)
66 (66.00)
394+ 1.15

69(87.34)

RR (95% CI)/MD

062 (0.43-0.88)
0.86 (0.71-1.05)
2.42 (1.40-4.16)
057 (0.35-0.94)

~0.90 (-1.45 10-0.35)

1.00 (0.73-1.36)
0.75 (0.68-0.97)

—0.40(-1.25, 0.45)

—0.10(-0.90, 0.70)

0.30 (:0.46, 1.06)

067 (0.54-0.84)

0.4 (0.31-0.62)
692 (2.23-21.47)
093 (0.74-1.16)

~1.09 (-1.71 10-0.47)

~058 (-1.05 t0~0.01)

—0.60 (~1.18 0-0.02)
1.41 (1.02-1.95)
1.29 (0.73-2.29)

0.44 (0.30-0.64)
5.20 (2.17-12.45)
~0.90 (-1.45 10-0.35)

0.90 (0.77-1.08)
~150 (229 10-0.71)
233 (1.04-5.25)
0.48 (0.35-0.67)
~1.00 (-1.32 10-0.68)

0.80 (0.68-0.95)

Difference*

P-value® P-value®

<0.050
<0.050
<0.050
=0.019
<0.050

<0.010
<0.050

=0.391

=0.822
=0.005 -

=0.224

=0.905

=0.406

=0.867

<0.010 <0.001
<0.001
<0.001
=0.500
<0.001

<0.010
<0.010
=0.045
<0.050

EA < SA (p < 0.050) -
Ea < sa (o < 0.001) except not 1= 0002
significant at 5% level in vomiting

Pharynx: ea < sa o < 0.010) -
esophagus:ea = sa stomach: ea <

sa(p < 1076)

Nausea: ea < sa (p < 107%) -
bloating: ea < sa (p < 0.050)

EA = SA (not significant at 5% level)
<0050

=0.046
033

<0.050
<0.010
<0.050

=0.170
<0.001
=0.040
<0.001
<0.001

<0.010
<0.010
=0.028
<0.001
<0.050

<0.050 =0.010

>0.005

>0.006
>0.050
>0.050
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Country

China

China

China

China

China

China

China

China

China

China

China

China

China

China

China

China

China

China

China

France

Turkey

Germany

China

Sample
size
(dropouts)

60(0)
30/30

60(0)
30/30

80(0)
40/40

156 (0)
7779

970
52145

137 @)
66/68

160 (0)
80/80

90 ()
50/40

300 (0)
169/131

80(0)
40140

248 (6)
123(3)/125(3)

100 (0)
50/50

108(0)
54/54

98(0)
49/49

200 (0)
100/100

102(0)
51/51

102(0)
50/52

60(0)
30/30

200 (0)
100/100

90(0)
45/45

327 (14)
7879/79/77

354(0)
177477

140 (0)
70170

Age, mean  SD
Experiment/control

G1:46.37 + 4.63

G2:47.92 +£7.28
G1:49.57 £ 11.52

G2:48.63 + 11.61

G1:52.40 £ 12.26

G2:52.156 £ 12.96
G1:20-70

G2:22-68
G1:31.50 + 6.98

G2:31.60+7.18

G1:55.48 +6.64

G2:56.91 +7.02

48(20-70)

G1:52.44 £9.51

G2:47.25 + 1135
43.6(23-60)

G1:34 £ 15

G2:40 £ 18
G1:41.93 £ 10.56

G2:39.90 £ 11.08
G1:41.58 £ 13.15

G2:42.45 £ 12.76

G1:61.74 £ 13.45

G2: 52,25 £ 12.16
G1:503+3.8

G2:51.5+4.4
G1:47.80 £ 14.68

G2: 48.60 + 13.76
G1:50.74 £ 13.34

G2:51.26 £ 13.15
G1:50.74 £ 13.35

G2:61.27 £ 13.16

G1:49.08 + 9.41

G2:52.14 £ 10.11
G1: 17-69

G2: 16-70

NM

48 % 11 (range: 17-86)

G1:52.3 + 13.5

G2:53.4 + 13.8

NM

Interventions

G1:

G2:

&l

G2:

G1:

G2:

G1:

MA + TPALH

TPALH
SFN + TPALH

SA + TPALH

AP + TPALH

TPALH

acupressure +

TPALH

G2:
G1:

G2:

5

G2:

G1:

G2:

heis

G2:
G1:

G2:

G

G2:
G1:

G2:
AP + EA + TPALH

G

G2:

G

G2:

G

G2:
: SFN + TPALH

G

G2:
Gt

G2:
+ EA + TPALH

G

G2:

G

G2:
G1:

G2

TPALH
EA + TPALH

TPALH

EA + TPALH

TPALH

MA

TPALH

no treatment
MA

TPALH

: MA + TPALH

TPALH
EA + TPALH

TPALH

TPALH

+ MA + TPALH

TPALH
MA + TPALH

TPALH

SA + TPALH
AP + EA 4 T PALH

TPALH

SA + TPALH

: MA + TPALH

TPALH

atropine 0.5mg ih

+ 1%dicaine for
pharyngeal anesthesia

Gt

G2:

Gt

G2:

EA

SA

TENS + TPALH

sham-TENS +

TPALH

G3:

sham-acupoints +

TPALH

G4:

no attachment +

TPALH

Gt

G2:

Gt

G2:

MA + TPALH

SA + TPALH

MA

SA

Time point (T/C)

5min pre-operation to the end of
procedure

5min pre-operation
5min pre-operation to the end of
procedure

Pre-operation

20 min pre-operation to the end of
procedure

Pre-operation

2min pre-operation to the end of
procedure

10min pre-operation

20min pre-operation to the end of
procedure

10min pre-operation

20min pre-operation to the end of
procedure
10min pre-operation

Whole duration of the operation

15 min pre-operation

10min pre-operation to the end of
procedure

40-50 min pre-operation to the start
of procedure

15-20 min pre-operation
Whole duration of the procedure

10min pre-operation
3-5min pre-operation to the end of
procedure

5min pre-operation

15min pre-operation to the end of
procedure

15 min pre-operation

10min pre-operation to the end of
procedure

10min pre-operation

20 min pre-operation to the end of
procedure

10min pre-operation

15-20 min pre-operation to the end
of procedure

Pre-operation

15 min pre-operation to the end of
procedure

10min pre-operation

3-5min pre-operation to the end of
procedure

Pre-operation

5min pre-operation to the end of
procedure

Pre-operation
10min pre-operation to the end of
procedure

30min pre-operation
10min pre-operation to the end of
procedure

NM

15 min pre-operation to the end of
procedure
Pre-operatin

10min pre-operation to the end of
procedure

Pre-operation

10min pre-operation to the end of
procedure
NM

Types of
gastroscopy

NM

Olympus normal
lens

Pentax2970 D =9
8mm

NM

NM

NM

NM

NM

NM

Electronic
gastroscope

NM

NM

NM

NM

Electronic
gastroscope
(Pentax)

NM
Electronic

gastroscope

Electronic
gastroscope
(Pentax)

Fibergastroscope

NM

Electrogastrography

NM

NM

Regimens
Dosage of TPALH

PC-6; with hand
manipulating for the whole
procedure

lidocaine 2% gel 5 mi
PC-6; with hand
manipulating for 2 min

NM

TF4,AH,004,AT4,TG3;
with hand manipulating
ear beans for 20 min
NM

PC-6

Lidocaine 2% gel twice
Li-4, PC-6, ST-36

Lidocaine gel 10mI
ST36

Dicaine 0.2% spray three
times.
ST-36, PC-6

Lidocaine 2% spray 1mi
ST-36,PC-6; with hand
manipulating at a interval
of 2-3min

PC-6; with hand
manipulating at a interval
of 10-15 min

Lidocaine 2% spray three
times

ST-36, PC-6

Lidocaine 2% gel 3ml
ST-36,PC-6

Lidocaine 2% gel 5ml
LU-4, ST-36, PC-6, TF4,
AHB, CO4

Lidocaine gel 10ml
ST-34

Lidocaine gel 10ml
LI-4,8T-36,PC-6

Lidocaine gel 10mi
ST-40with hand
manipulating for 2min

Lidocaine gel 10m

ST-36, PC-6, TF4, AHB,
Co4

Lidocaine gel 10ml
ST-36, PC-6

Lidocaine gel
ST-36, PC-6

Lidocaine gel

CO4, TG3, CO18; with
hand manipulating for the
whole procedure

Dicaine 1% spray three
times

ST-36, PC-6, SP-5,
RN-23, RN-24,
Shanzhong, RN-12
NM

PC-6

Xylocaine 10ml

RN-24, PC-6, LI-4

Xylocaine spray
(AstraZeneca, Germany)

HT-7,PC-6

NM

Outcomes

1INV

1. INV

2. vas of discomfort

3. willngness to repeat
the procedure

1. vas of discomfort

2. wilingness to repeat
the procedure
1. INV

1INV
2. willngness to repeat

the procedure
1. INV

N

. adverse effects

1. INV

. vas of discomfort

1INV

2. willngness to repeat
the procedure

1. vas of discomfort

1. willngness to repeat
the procedure

1. 1INV

el

vas of discomfort

vas of discomfort

vas of discomfort

1. 1INV

Ll

adverse effects.
1INV

1. no. of intubation
attempts

2. eructation, vomiting
attempts?, agitating &
vomiting (E)

3. pain in the pharynx,
esophagus & stomach
)

4. nausea & bloating (P)
5. willngness to repeat
the procedure

1INV

2. willingness to repeat
the procedure

3. the swallowing
scores;

4.the score of
endoscopists’ opinion
regarded the procedure
1. the frequency of
successfully performed
‘examination;

2. the duration of
procedure;

3. willngness to repeat
the procedure

4. adverse effects

1. vas of discomfort;

2. adverse effects

3. the anxiety scores

4. the proportion of
patients’ graded overall
tolerance as'excellent
or good’

5. overall satisfaction
scores

INV, incidence of nausea and vomiting; TPALH, topical pharyngeal anesthesia with idocaine hydrochloride; SA, sham acupuncture; SFN, superficial needle; AR Auricular-Plaster; NI, not mentioned; adverse effects above were associated

with acupuncture treatment.

Cahn et al, (16) study reported event rate of kindss of various discomfort symptom, among it some were assessed by endoscopist () and some were assessed by patients (F). Other studies reported the INV observed by the researcher
and vas of discomfort evaluated by patients.
Schaible et al. (21) also reported other outcomes in the originel paper, whie considering that they were not out attention points, we did not present it here (e.g., heart rate; blood pressure, and oxygen saturation assessed at different
time points: Mbefore esophagogastroduodenoscopy; @ater passage of the larynx; @after removal of the endoscope).
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Study Year of
publication

Huetal. (5) 2015

Tang etal. 2015

(12

Lvetal. (13) 2016

Maruyama 2020

etal. (14)

Yoon et al. 2020

(15)

Fujyoshietal. 2020
(16)

Sanaka et al. 2020
7
Nabi Z et al. 2020
(18)

Country

China

China

China

Japan
Korea

Japan

United States

India

Duration

Nov 2010-Jul
2012
Jul 2012-Aug
2013

Aug 2011~Jun
2014

May 2015-Dec
2017

Jul 2013-Dec
2018

Sept 2008-Jun
2019

Apr 2014-Dec
2019

Dec 2014-Nov
2018

Study
design

Prospective

Retrospecti

Retrospective

Retrospective
Retrospective

Retrospective®

Retrospective

Retrospective

Patient
)

32

108

20

32

Age (years)

436
(range 18-72)
39868

49" (range
21-72)

63.4 £15.4
533 (range

17-81)
58.4+14.7

63.3"
(IQR 55.5-72.4)

43.84 + 13.29

Gender
(M/F)

1718

410

5/18

1274
/6

57/51

18/7

23/9

Durationof  Previous
symptoms  interventions
(months)

34(ange  PD14;stent3;
0.1-50)  BT:3;HM3

11 (range 3-20) PD 1

96" (range  PD6; Stent 1;
24-300)  BTI2;
HM 1

= PDS
165.7 (QR228) PD5

17.4(ange  PD 49;

7.7-29)  Helor-Dor 8;
HM 2

50°(QR  PD4;BTI6;HM
2.0-13.0) 6; PD+BTI 1;

CRE balloon and

savory dilation 5
166.40 +44.77 PD 13; HM 3

Sigmoid
type

$1/82: 29/3

$1/82: 19/4

Sg/asg:
11/5

Sg/aSg: 85

MVF, male/female; PD, pneumatic dilatation; BT1, botulinum toxin injection; HM, Heller myotomy; Sg/aSg, sigmoid type/advanced sigmoid type; IQR, interquartile range; CRE, controlled

radial expansion.

*Published conference abstracts.

AMedian.
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Study Myotomy Procedure
length (cm)  time (min)
Huetal. (6) E80 63.7
(range 5-11)  (range 22-130)
G23
(range 2-5)
T103
(range 7-14)
Tangetal. (12) 5.3 (range 5-6) 553
(range 45-70)
Lvetal. (13) - 676
(range 45-120)
Maruyama E86£25 947314
etal. (14) G81+12
Ti17+25
Yoon et al. (15) - .
Fujyoshietal.  E7(ange5-9) 959821
(16) G3
(range 2-3)
Sanaka et al. E4.0(QR 895
(17 40-50) (R
G40 65.2-103.7)
(IQR3.2-5.0)
T8s
(IQR 8.0-9.75)
NabiZ et al. 9534198 6260 %3271
(18)

Hospital stay
(days)

39
(range 1-29)

58422

5
(range 3-10)
6934

4
(range 4-5)

10
(QR1.0-1.0)

Technical
success

32/32 (100%)

474 (100%)
23/23 (100%)

16/16 (100%)

13/13 (100%)

32/32 (100%)

Clinical
success

30/31 (96.8%)

4/4 (100%)

22123
(95.6%)

16/16 (100%)

13/13 (100%)

82/92 (89.1%)

17/18 (94.4%)

27/32 (84.4%)

Eckardt
score (pre/
post-POEM)

7.8 (range
4-12y
1.4 (range 0-5)

7 (range
4111
4921/
0406

7.0 range
4-10/0.5
(range 0-2)
5025/
11210

7.0* (QR
6.0-10.0/0.0"
(IQR0.0-2.0)

6.81 £1.73/
1.18£0.87

Angle of
esophageal
tortuosity
(pre/
post-POEM)

88.4+23.1/
100.6 + 16.7

915+ 13.9/
1146 +£17.5

Diameter of
esophageal
(mm) (pre/

post-POEM)

582+ 11.6/
375+£73

67.6 £27.5/
49.8 £ 180

48.1 £ 17.5/

POEM, peroral endoscopic myotomy; LES, lower esophageal sphincter; IRP, integrated relaxation pressure; E, esophageal; G, gastric; T, total; IQR, interquartile range.

AMedian.

LES pressure

(mmHg)
(pre/
post-POEM)

37.9 (range
219703y
12.9 (range
7.7-225)

34.78 + 4.51/
11.60 +2.56

19.4 £102/
92+6.4

19.9 £13.9/
146£7.7

33.4 (OR
89-53.3)
14.2% (OR
10.8-16.5)

IRP (mmHg)
(pre/
post-POEM)

29.62 + 3.67/
10.61 + 1.64

176 £92/
79+556

176+£78/
88+82

15.7 £9.9/
86+55

15,6 (QR
10.5-30.5)/
39" (R
1.9-10.9)

Follow-up
(months)

300
(range 24-44)

12
18"

(range 12-42)
2

34.03 + 13.78
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Patient
number

® ~

Patients’ characteristics

Age when BDI Sex Risk factors

46 (2015)
82 (2015)
36 (2016)
51 (2011)
69(2010)
83 (2013)
71(2017)
51(2018)
78 (2018)
47 (2018)

mmMTMETMEE L

for bdi

~ooomMooOoO

1
1
0No
1: 1 Risk factor

2: > 2RISK
FACTORS

Origin

B O O S I SR

1 University Hospital Of Limoges

2 Peripheric hospital

3 Private Hospital

PoOC

Performed

Surgery
condition

[N T CR NSO R

2
1 Emergency

2 Elective

Cholecystectomy

Type of

Surgeon’s

Per

surgery experience operative

B O

1
Laparoscopy

2 OPEN

3
CCONVERSION
TO OPEN

[ SR SO SR N

2
1 Junior

2 SENIOR

difficulty

2
3+2

3+4
143
243
2
0
0
0
0No

1 Anatomical
variations
2 Local
inflammation

3 Chronic
cholecystitis
4intra
operative
bleeding
5 Large left
liver or cyst
in the liver

Follow-up
time

O R TGN
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Patients’ characteristics PoC Cholecystectomy Follow-up

time
Patient  Age when BDI Sex Risk factors Origin Non- Surgery  Typeof  Surgeon’s  Per
number for BDI performed condition  surgery  experience operative
difficulty
1 29(2012) 0 3 No 2 1 2 248+1 1
2 68(2013) F 0 2 No 2 1 2 2 1
4 46(2012) M 0 2 No 2 1 2 1 2
5 54(2018) F 0 2 No 1 3 2 244 2
6 85 (2010) M 1 4 No 1 3 2 14245 2
10 71011 M 0 2 No 1 1 2 24344 2
13 39(2011) F 1 2 No 1 1 2 1 1
14 77010 M 0 2 No 2 3 2 243 1
15 45(2016)  F 0 2 No 2 1 2 o 1
16 (016 F 1 2 No 1 1 2 24341 1
19 700017 M 0 2 No 1 1 2 2 2
20 602018 F 1 2 No 2 1 2 2 1
ONO 1 University hospital of fimoges 1 Emergency 1 1 Junior ONO
Laparoscopy
1:1riskfactor 2 Peripheric Hospital 2Ekctive  20pen 2 Senior 1 Anatomical
variations
2: 2 21isk 3 Private Hospital 3 Conversion 2 Local
factors toopen inflammation
3 Chronic
cholecystitis
4 Intra
operative
bleeding
5 Large left
liver or cyst

in the liver
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Data linked to the BDI

Characteristics

Relationship to biliary convergence
Injury of convergence or proximal

Type of wound

Lateral MBD injury

Complete Section MBD

MBD Ciips

Secondary necrosis of MBD

Accessory condut leak (cystic, Luschika)

HA right branch associated lesion

Yes

Diagnostic time

Intra operative

Post-operative immediate (<6weeks)
Associated endoscopic treatment, of which:
Endoscopic sphincterotomy alone

MBD Prosthesis

MBD catheterization failure

Associated endoscopic support, including
Trans-hepatic bilary drainage

Both

Initial surgical management, including
External drainage only

External drainage before repair surgery
Choledocholic suture on T-tube

Simple Suture

BDA: early <6 weeks post-operatively

BDA: late > 6 weeks post-operatively

HA: Hepatic Artery
MBD: Main Bile Duct
BDA: Bilio-digestive anastomosis

N = (Percentage)

12 (54.5%)

7 (31.8%)
6(27.3%)
5(22.7%)
2(9.1%)
2(9.1%)

5(22,7%)
14 (63,6%)
15 (68,2%)
1(6.6%)
4(26,7%)
10 (66,7%)
4(18,2%)
1(25%)
1(25%)
21(95,4%)
1(4,8%)
5(23,8%)
3(14,3%)
3(14,3%)
5(23,8%)
9(42,8%)
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Characteristics

Injuries types
Injuries distally to the BC

HA right branch associated lesion
Yes

Diagnostic time

Intra operative

Post-operative immediate (<6 weeks)
Discovery mode

Bllary leakage

Blliary retention

Associated endoscopic treatment, of which:

Endoscopic sphincterotomy alone
MBD Prosthesis

MBD catheterization failure
Associated radiologic treatment, of which:
Biiome/abcess drainage

Transhepatic biliary drainage

Both

Initial surgical treatment, of which:
External drainage only

External drainage before surgery
Choledocholic suture on T-tube
Simple suture

BDA early < 6 weeks post-operatively
Morbi-mortality

Anastomotic Stenosis

Death

TypeIN=2
(91%)

2(100%)

0(0%)

0(0%)
2(100%)

2(100%)
0(0%)

0(0%)
0(0%)
0(0%)

0(0%)
0(0%)
0(0%)

0(0%)
0(0%)
0(0%)
2/(100.0%)
0(0%)

0(0%)
0(0%)

TypelIN=7
(31.8%)

4(57.1%)

3(42.9%)

2(28.6%)
5(71.4%)

5(71.4%)
2(28.6%)

0(0%)
3 (42.9%)
2(28.6%)

2(28.6%)
0(0%)
0(0%)

1(14.3%)
2(28.6%)
1(14.3%)
1(14.3%)
2(28.6%)

3(42.9%)
1(14.3%)

Type lIN =5
(22.7%)

1(20.0%)

2(40.0%)

0(0%)
2(40.0%)

0(0%)
5(100%)

1(20.0%)
1(20.0%)
2(40.0%)

0(0%)
0(0%)
0(0%)

0(0%)
1(20.0%)
0(0%)
0(0%)
0(0%)

1(20.0%)
0(0%)

Type VN =8
(36.4%)

5(62.5%)

4(50%)

3(37.5%)
5(62.5%)

8(100%)
0(0%)

0(0%)
0(0%)
6 (75.0%)

0(0%)
1(12.5%)
1(125%)

0(0%)
2(25.0%)
2 (25.0%)
0(0%)

3(37.5%)

4(50%)
1(14.3%)

Total (N = 22)

12 (54.5%)

9(40.9%)

5(22.7%)
14 (63.6%)

15 (68.2%)
7(31.8%)
15 (68,2%)
1(6.6%)
4(26.7%)
10 (66.7%)
4(18,2%)
2(50%)
1(25%)
1(25%)
21(95,5%)
1(4.8%)
5(23.8%)
3(14.3%)
3(14.3%)
5(23.8%)

8(36.4%)
2(9.1%)
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PoC BDI

Patients Performed Results BDI TYPE of Discovery Delay of Associated
diagnosis BDI mode discovery Arterial
with POC wound

Patient N°1 No NA No L-8DI L PO Missing Data

Patient N°2 No NA No cuP R POl o

Patient N°3 Yes H No D L POl 1

Patient N°4 No NA No cuP R PO-L Missing Data

Patient N°5 No NA No D L PO Missing Data

Patient N°6 No NA No L-BDI R PO No

Patient N°7 Yes H No SN L PO-I No

Patient N°8 Failure NA No cuP R POl Yes

Patient N°9 Yes s No D L POl Missing Data

Patient N°10 No NA No L-BDI R POl Missing Data

Patient N°11 Yes N No SN L PO-I Missing Data

Patient N°12 Yes IH Yes D L PO Yes

Patient N°13 No NA No cup R PO-L Missing Data

Patient N°14 No NA No L-8DI L POl Missing Data

Patient N°15 No NA No cuP R PO-L No

Patient N°16 No NA No L-BDI L POl Missing Data

Patient N°17 Yes H Yes D L PO Yes

Patient N°18 Yes IH No L-BDI L POl No

Patient N°19 No NA No D L PO-l Missing Data

Patient N°20 No NA No L-BDI L POl Yes

Patient N°21 Yes N No A L POl No

Patient N°22 Yes N No A L POl No

Resuts: N, Normel; IH, incomplete hepato-gram; S, *Stone" /Lithiasis in the Main Bile duct; NA, non-achieved.

Type of BOI: A, Injury Type A of Amsterdem: Leakege on the cystic duct/ accessory canal; L-BDI, lateral BDI; D, injury type D of Amsterdam including only Comlete section Main Bile Duct.
CLIR CLIP MBD; SN, secondéry necrosis.

Discovery mode: L, billry leakege; R, bilery retention.

Delay of discovery: PO, per operative; PO-I, post-operative immediate < 6 weeks; PO-L, post-operative late> 6 weeks.
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Variables Without POC

N=13
(59.1%)
Injuries gravity
Injuries distally to the BC 7 (63.8%)
Complex injuries 6 (46.2%)
Diagnostic Time
Intra operative 3(28.1%)
Post-operative immediate < 6 7 (63.8%)
weeks
Post-operative late> 6 weeks 3(28.1%)
Delay to surgical treatment
Intra operative 2(15.4%)
Post-operative immediate < 6 3(23.1%)
weeks
Post-operative late > 6 weeks 6 (46.1%)
Failure of late reparation 1.(7.7%)
Death before surgery 1(7.7%)
Morbi-mortaiity 7(53.8%)
Anastomotic Stenosis 6(46.1 %)
Death 1(7.7%)
OR: Odds Ratio

[.... Interval of confidence at
9%

With POC N =
9(40.9%)

6(66.7%)
3(33.3%)

3(33.3%)
6(66.7%)

0(0%)

1(11.1%)
5(55.6%)

3(33.3%)
0(0%)
0 (0%)

3(33.3%)

2(22.2%)

1(11.1%)

OR [IC95%] (p-value)

059 [0.07-4.52) (o = 0.67)
1.670.22-15.12) (o = 0.67)

0.61(0.08: 6.16] o = 0.65)
059 [0.07 : 4.52] (o = 0.67)

50 [0.29: 0] (o = 0.24)

1.4[0,06:96,32] (o = 1)
0.26 [0,03: 2,07) (p = 0.19)

1.67 [0,22: 15,12] (p = 0.67)
20[0,02: 0] (o= 1)
00 [0,02: 0] p = 1)
2,24(0,30: 20,39] (o = 0.41)
2,85(0.34-38.66] (0 = 0.38%)
0.68 [0.01 - 58.78] (p=1)
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Distribution of ERCP
Potential delay (n = 206)
Potential harm (n = 69)

Significant harm (n = 19)

Academic

107 (16.7%)
24 (11.7%)
10 (14.5%)
5 (26.3%)

Private

533 (83.3%)
182 (88.3%)
59 (85.5%)
14 (73.7%)

P-value

<0.01
<0.01
0.02
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Age
Gender

Choledocholithiasis on initial imaging

Total bilirubin
CBD Diameter (mm)

Female
Male
Yes
No

Overall (n = 640)

472 +21.6 (11-96)
476 (74.7%)
161 (25.3%)
115 (18%)
524 (82%)
2.8 +263(0.1-35.4)
8.3 +3.65 (1.3-24)

Academic (n=107)

44.6 +22.3 (11-94)
78 (73.6%)
28 (26.4%)
16 (15%)
91 (85%)
2.4+1.97(0.2-9.2)
8.5 +3.72 (2.4-19)

Community (n = 533)

47.7 + 215 (17-96)
398 (74.9%)
133 (25.1%)
99 (18.6%)
433 (81.4%)
2.9+2.74(0.1-35.4)
83 +3.64 (1.3-24)
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2010 Society guidelines for management of suspected choledocholithiasis
Red arrows are indicative of three non adherence patterns
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Symptomatic cholelithiasis

CBD stone
or

Clinicalascending cholangitis
or

< Tb >4 mg/dL

No predictors present Age >55y s

Dilated CBD + 7B 1.8-4 mg/dL

Abnormal liver tests other than T8

Clinicalbiliary pancreatitis

!

Intermediate

-‘h

=y
Cholecystectomy = or

(- N
Negative Laparoscopic 10C or US Positive

ERCP
Pre-operative EUS or MRCP
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Combined approach group Single modality group P-value

Length of hospital stay (day) 127452 14579 0.020

Postoperative pancreatitis 1 (%) 0.161
Yes 12(162) 28(103)
No 62(83.8) 243 (89.7)

Postoperative cholangitis 1 (%) 0.105
Yes 2(27) 22(8.1)
No 72(973) 249.(919)

Postoperative bleeding 1 (%) 0.387
Yes 227 17(6.3)
No 72(97.3) 254(93.7)

Stent patency time (month)
N 14 56 0.001
(mean  SD) 8.1£39 43427

SD, standard deviation.

N', the number of patients whose stent patent time s available.
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Colonoscopy findings EBS®
(n=121)
Cecal intubation rate —no. (%) 114(94.2)
Lavage, mL—mean (SD) 131.8
(110.13)
Withdrawal time, min—mean (SD) 962.91)
Colorectal cancer detection rate—no. (%) 6(5)
Polyp detection rate—no. (%) 56 (46.3)
Adenoma detection rate—no. (%) 52 (43)
Diminutive polyp detection rate—no. (%) 44.(36.4)

Diminutive adenoma detection rate—no. (%) 41 (339)
Number of polyps per patient—mean (SDF 130 (2.47)
Number of adenomas per patient—mean (SD)  1.04 (1.97)
Adverse effects—no. (%) 0

cBs®
(n=123)

111(90.2)
1147
(120.02)

10.0 (3.54)
3(2.4)
53(43.1)
48 39)
42 (34.1)
39(31.7)
1.31(2.15)
1.07(1.75)
0

0.25
0.41

0.39
03

0.62
0.43
0.52
0.68
0.97
0.92

%EBS, enhanced bowel preparation strategy:d-L  split-dose polyethylene glycol

(PEG) regimen.

bCBS, conventional bowel preparation strategy: 2-L split-dose PEG plus ascorbic acid

(PEG + Asc) regimen.
©Mean (SD): mean + standard deviation.
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WBC (x109/L)
HB (x1,012/L)
ALP (U/L)
GGT (U/L)
TSB (mol/L)
ALT (U/L)
AST (U/L)

Combined approach group

Pre-ERCP

73£30
118,14 194
6385 396.6
671.1 % 5969
20211383
1438 1135
118.0 £ 83.9

D

04£42
12141
1822 £ 191.4
35114922
1138 £ 1083
90.5 % 100.7
64.1£82.6

The p-value': D (combined approach) vs. D (single modality group).
D, pre-ERCP minus post-ERCP.

AL, alkaline phosphatase; AL

hemoglobi

P-value

0.465
0.001
0.001
0.001
0.001
0.001
0.001

alanine aminotransferase; AST, aspartae aminotransierases GGT,
indicators are not shown, but can be provided if

Pre-ERCP

74£36
11734204
649.8 £ 3855
514.2 4 3860
1824 £ 1783
141.8 % 1454
12441096

Y-glutamy transpeptidase;

n

Single modality group
D

06438
79%152
142.6 £2339
1847 £ 3456
98541539
862+ 1328
7651073

eeded.

P-value

0019
0.001
0.001
0.001
0.001
0.001
0.001

P-value*

0719
0.107
0.185
0.008
0425
0.803
0370

'SB, total serum bilirubin; WBC, white blood cell; HB,
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Characteristics

EST n (%)

Yes

No

EBS technical success rate 1 (%)
Yes

No

Pancreas stenting n (%)

Yes

No

Number of biliary stents n (%)
1

=2

Number and types of biliary stents n (%)
.

Metal

Plastic

=2
1Metal + IPlastic
2Plastic
N23
1Metal + 2Plastic
3Plastic
4Plastic

P, endoscopic retrograde cholangiopancreatograph

Combined approach group

54(72.9)
20(27.1)

74(100.0)
0(0.0)

11(14.9)
63 (85.1)

59(79.7)
15(203)

59(79.7)
57(96.6)
2(3.4)
15(203)
5(33.3)
10(66.7)
0(0)
0(00)
0(0.0)
0(00)

Single modality group

84(31.0)
187 (69.0)

269 (99.3)
2(07)

38(14.0)
233 (86.0)

172(63.5)
99(36.5)

173 (63.8)
64(37.2)
109 (62.8)
80(29.5)
12(15.0)
68 (85.0)
17(63)
6(353)
10(58.8)
1(59)

ndoscopic biliary stenting,

P-value

0.001

1.000

0.854

0.008

0.001

0.135
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Characteristics

Age, y (mean £ SD)
Sex, n (%)
Male
Female
Causes of extrahepatic biliary obstruction
Cholangiocarcinoma
Hilar
Non-hilar
Pancreatic cancer
Ampullary carcinoma
Large CBD stones
Malignant tumor metastasis
Inflammatory stricture
With common biliary stones
‘Without common biliary stones
Other
ERCP 1 (%)
Yes
No
ERCP number (%)
0
1
V)
3
24
Diabetes n (%)
Yes
No
Previous cholecystectomy n (%)
Yes
No
History of malignant tumor 1 (%)
Yes
No
Liver metastases on admission 1 (%)
Yes
No
Distant metastasis on admission n (%)
Yes
No
Preoperative pancreatitis 1 (%)
Yes
No
Preoperative cholangitis (%)
Yes
No

D, standard deviatior

BD, common bile duct.

Combined approach group (n =74)

692104

36 (48.7)
38(51.3)

15(20.3)

20(27.0)

320432
6(8.1)
0(0.0)
101.4)

0(0.0)
0(0.0)
0(0.0)

10 (13.5)
64(86.5)

64(86.5)
8(10.7)
0(0.0)
114
104

7(9.5)
67(90.5)

227)
72(973)

6(8.1)
6(91.9)

6(8.1)
68(91.9)

12(162)
62 (83.8)

104
73 (98.6)

27
72(973)

Single modality group (n = 271)

674% 114

166 (61.3)
36 (38.7)

49 (18.1)
66 (23.4)
62(229)
31(11.4)
31(11.4)
5(1.8)

14(5.2)
12 (4.4)
104

102 (37.6)
169 (62.4)

169 (624)
61(22.5)
26 (9.6)

10(37)

5(18)

23(85)
248 (91.5)

2(8.1)
249 (91.9)

1(4.1)
260 (95.9)

18(6.6)
253 (93.4)

23(9.3)
248 (90.7)

5(1.8)
266 (98.2)

2(8.1)
249 (91.9)

P-value

0206
0051

0.001

0.001

0792

0.105

0220

0.660

0051

0.105
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Characteristics

Age, y (mean % SD)
Sex, n (%)
Male
Female
Causes of extrahepatic biliary obstruction, n (%)
Cholangiocarcinoma
Hilar
Non-hilar
Pancreatic cancer
Ampullary carcinoma
Large CBD stones

Malignant tumor metastasis

Inflammatory stricture
With common biliary stones
Without common biliary stones

Other

SD, standard deviation; CBD, common bile duct.

6784112

202 (58.6)
143 (41.4)

61(186)
86(24.9)
94(27.2)
37(107)
31(9.0)
6(17)

1235
14(4.1)
1(03)
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Predictor factor of inadequate bowel preparation Score

Comorbidity® 4
Tricydlic antidepressants. 1.705
Chronic constipation® 1.225
Abdominal or pelvic surgery 0,608

#Diabetes melitus, stroke, liver cirhosis, chronic kidney disease (glomerular filtration rate
< 60 mUmin).

b<3 bowel movements/week and at least one of the following: straining, hard stools
defined as Bristol scale 1 or 2 and incomplete evacuation.
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Demographic and clinical variables

Age (mean  SD)
Sex (male), n (%)
BMF° (mean % SD)
Education,® n (%)
FDRs,® n (%)
Personal history of adenoma, n (%)
Comorbidity, n (%)
Diabetes
Stroke
Girthosis.
Chronic renal failure
Hypertension
Constipation
Abdominal/pelvic surgery
Medical treatment, n (%)
Opioids
Calcium antagonists
Antidepressants
Indications, n (%)
Anemia
Reotal bleeding
Postpolypectomy surveillance
Average-risk population screening
Familial colorectal cancer screening
Change in bowel habits
Other
BBPS' at index colonoscopy

EBS®
(n=128)

703+9.63
61(47.7)

29.33 +4.82

23(18.0)
20(15.6)
40(31.3)

99(77.3)
10(7.8)
4@3.1)

16 (12.6)

54(42.2)

23(18.0)

62(48.2)

765)
21(16.4)
7(65)

24(18.8)
9(7.0)
35(27.8)
34(26.6)
5.9
15(11.7)
6(4.7)
1.34 £1.411

cast
(n=125)

60.3+9.52
62(49.6)

28.98 +5.43
31(24.8)
23(18.4)
40(32.0)

101 (80.8)
8(6.4)
1(0.8)

17 (13.6)

4737.6)

24(19.2)

56 (44.8)

118.8)
23(18.4)
5(4.0)

24(19.2)
16(12.8)
33 (26.4)
27 (21.6)

8(6.4)

9(72)

8(6.4)
1.57 + 1536

041
0.76
0.60
0.19
0.56
0.90

0.50
0.66
037
0.81
0.17
0.80
056

0.30
0.68
0.58

0.93
0.12
0.87
0.36
0.37
0.22
0.65
0.22

%EBS, enhanced bowel preparation strategy: 4-L splt-dose polyethylene glycol

(PEG) regimen.

bCBS, conventional bowel preparation strategy: 2-L split-dose PEG plus ascorbic acid

(PEG + Asc) regimen.
“Body mass index.
9Education higher than high school.

°First-degree relatives with colorectal cancer.

! Boston Bowel Preparation Scale.
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Global and per-segment adequate
cleansing

Intention-to-treat analysis
Global BBPS® score > 2
per segment—no. (%)
Left BBPS score > 2—no. (%)
Transverse BBPS score > 2—no. (%)
Right BBPS score > 2—no. (%)
Mean BBPS in the whole colon
(mean, SD)*
Mean BBPS in the left colon (mean,
SD)
Mean BBPS in the transverse colon
(mean, SD)
Mean BBPS in the right colon (mean,
SD)

Per-protocol analysis
Global BBPS score > 2
per segment—no. (%)
Left BBPS score > 2—no. (%)
Transverse BBPS score > 2—no. (%)
Right BBPS score > 2—no. (%)
Mean BBPS in the whole colon
(mean, SD)
Mean BBPS in the left colon (mean,
SD)
Mean BBPS in the transverse colon
(mean SD)
Mean BBPS in the right colon (mean
D)

EBS®

(n=128)

102 (79.7)

113 (88.3)
104 (82.5)
110 (85.9)

605 (2.118)
2.1(0.719)

2.05(0.782)

1.93(0.771)

(n=121)
102 (84.9)

110(90.9)
108 (89.9)

104 (86.7)
6.29(1.823)

2.17 (0.624)

2.12(0.678)

202 (0.673)

cBs®

(n =125

96 (76.8)

108 (86.4)
93(79.5)
108 (87.1)

5.66(2.314)

2.02(0.788)

1.98(0.801)

1.82 (0.784)

(n =128
96 (78.0)

106 (86.2)
107 (87.0)
93(79.5)

570 2.315)

2.02(0.794)

1.98 (0.804)

1.82 (0.784)

0.58

0.65
0.54
079
0.17

0.41

0.48

0.28

021

025
0.59
0.14
0.028

0.125

0.121

0.04

%EBS, enhanced bowel preparation strategy: 4-L split-dose polyethylene glycol

(PEG) regimen.

bCBS, conventional bowel preparation strategy: 2-L split-dose PEG plus ascorbic acid

(PEG+Asc) regimen.
°BBPS: Boston Bowel Predictive Scale.
9Mean, SD: mean + standard deviation.
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Year Nation Study type Endoscopy for Image Format Processing DL Algorithm Affiliated  Gold standard ~ Training database Endoscopist Real-

training type image size tools involvement time

Yoonetal. 2019 Korea  Retrospective WLE Image  Not Not ONN  VGG-16(20)  Grac-CAM WHO Gangnam Severance Hospital, Yonsei  No No
(19) mentioned  mentioned dlassification of  University College

Tumors 21),  of Medicine, Korea

Japanese

dlassification (22)
Choetal. 2019 Korea Retrospective WLE Image  JPEG 1,280 x 640 ONN  Inception-  SGD Histopathology ~ Endoscopically biopsied or EMR/ESD ~ Yes No
©3) pixels Resnet-v2 lesions from Chuncheon and Dongtan

Sacred Heart Hospitals Korea
Sckaietal. 2018 Japan Retrospective WLE image  Not 204x 224 ONN  GoogleNet(25) No Histopathology  Not mentioned No No
@4) mentioned ~ pixels
Horiuchi 2019 Japan  Retrospective  ME-NBI Image  Not 224x 224 CNN  GoogleNet  No Histopathology ~ Cancer Institute Hospital, Ariake, No No
etal. (26) mentioned  pixels Koto-ku, Japan
Lanetal. 2019 China  Retrospective  ME-NBI Image  Not 299x299 CONN  Inceptionv Kerasdeep Revisited Vienna Four hospitals in four areas of Zhefieng  Yes No
@7) mentioned  pixels to 512 leaming  lassification of  province
x 512 pixels framework  gastrointestinal

epithelial

neoplasia(28)
Toshiaki 2018 Japan  Retrospective  WLE, image  Not 300x 300 ONN  SSD(30) No Japanese Gancer Institute Hospital Ariake, Japan, No No
etal. (29) Chromoendoscopy mentioned  pixels dlassification  Tokatsu Tsujinaka Hospital, Japan and

and N8I Tomohiro Institute of Gastroenterology

and Proctology, Japan, Lalaport
Yokohama Ciinic, Japan

Yanetal 2019 China  Retrospective WLE image  Not 299299 ONN  ResNet50(@2) No Japanese Endoscopy Center of Zhongshan Yes No
@1) mentioned  pixels dlassification  Hospital, China
Kanesska 2017 Japan  Retrospective  ME-NBI image  Not 40x40  CAD  SVMdssfier No pathology-proven Ethics Committee of the Osaka No No
etal. (33) mentioned  pixels EGCs resected by Intemational Cancer Institute

ESD
Wuetal 2018 China  Retrospective WLE,NBILBLE  video  Not 224224 ONN  VGG-16, No Histopathology  Renmin Hospital of Wuhan University,  Yes Yes
©4) mentioned  pixels ResNet-50 China
Miyakietal. 2013 Japan Retrospective magnifying image  Not 1280x  GAD  SVMdassifier No Histopathology  Hiroshima University Hospital No No
©5) endoscope mentioned 1024 pixels
Ikenoyama 2020 Japan  Retrospective  WLE image  Not 300x 300 ONN  SSD sGD Histopathology ~ Cancer Institute Hospital Ariake, Yes No
etal. (36) mentioned  pixels Tokatsu-Tsujinaka Hospital, Tada

Tomohiro Institute of Gastroenterology
‘and Proctology, Lalaport Yokohama

Giric, Japan

Aliietal. (37) 2018 Pakistan Retrospective ~ Chromoendoscopy Image  Not Not CAD  SVMclassifier G2LCM  Notmentioned  Public data-set at the Portuguese No No
mentioned  mentioned descriptors Institute of Oncology
BunJoo 2020 Korea  Retrospective WLE Image  JPEG 480 x 480 ONN Inception-  Class Histopathology ~ Chuncheon Sacred Heart Hospital  No No
etal. (38) pixels ResNet-v2 and activation
DenseNet- 161 map (CAM)

Horiuchi 2020 Japan  Retrospective  ME-NBI Video  Not 204x 224 ONN  GoogleNet ~ SGD Histopathology  Lesions initially treated with ESD at the  Yes No
etal. (39) mentioned  pixels Cancer

Institute Hospital
Ueyama 2020 Japan  Retrospective  ME-NBI Image  Not 224x224  CNN  ResNets0  SGD Japanese Department of Gastroenterology, No No
etal. (40) mentioned  pixels Classification  Juntendo University School of Medicine
Zhangetal. 2020 China  Retrospective  WLE Image  Not Not ONN  ResNet3d  Deeplabvd Histopathology  Gastric cases admitted to Peking Yes Yes
@) mentioned  mentioned structure University People’s Hospital

WLE, White Light Endoscopy; NBI, Narrow Band Imaging; BLI, blue-leser imaging; WHO, World Health Organization; SVM, support vector machine; SSD, Single Shot MultiBox Detector; CNN, Convolutional Neural Network, CAD,
Computer-aided diagnosis; Grad-CAM, gradient-weighted class activation mapping; VGG-186, Visual Geometry Group-16, SVM, Support vector machines, SGD, Stochastic gradient descent.
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