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Abstract 

Endoscopic submucosal dissection (ESD) is a technique for endoscopic resection oflesions and is used in many cases, 

including gastrointestinal cancers. However, ESD training has the following problems Time and effort required for 

preparation and training, which can be a burden for busy doctor. In addition, there are cases in which the training is not 

integrated as part of the endoscopist's hospital duties, so there is a need to develop a proactive and easy system to enable 

busy doctors to continue ESD training on a daily basis. Therefore, in this study, we developed and verified an ESD training 

system that endoscopists can implement without spending time, resources, and money. The system consists of a game 

interface that can be operated in the same way as an endoscope and a game designed for ESD training. After the system 

was developed, two groups of doctors, one with extensive ESD experience and the other with limited ESD experience, 

were divided into two groups for the same validation. As a result, it was verified that the system allows training during free 

time in the office without time and effort for preparation, and that the gamification element of the system makes the 

training fun and continuous. 
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1 Introduction 
An endoscope is a medical device used to examine and treat 

the digestive organs, such as the stomach, esophagus, and 

intestines. The advantage of endoscopy is that lesions inside 

the digestive organs can be seen without incisional surgery, 

and it is widely used in medical practice [l]. One of the 

endoscopic procedures is endoscopic submucosal dissection 

("ESD"). ESD is a procedure in which an endoscope is used to 

remove lesions in the esophagus, stomach or colon by 
dissecting the submucosa from the lesion after incising the 

mucosa surrounding the lesion. With ESD, the inside of the GI 

tract is viewed on a video monitor through a camera lens 

attached to the tip of the scope, while electrocautery is applied 

through a forceps port attached to the tip of the scope to 

remove the lesion. However, ESD is considered to be more 

difficult than other endoscopic procedures. This is because 

routine endoscopy and lesion sampling is not only an 

unfamiliar procedure because the scope is rarely rotated to 

manipulate the forceps as in ESD, but also because the 

structural limitations of the endoscope make it impossible to 

move the electrocautery and camera lens separately, so the 

field of view moves along with the forceps, a feature that 

requires familiarity. In addition, complications such as 

gastrointestinal perforation and bleeding can occur, requiring 

non-human training to reduce the risk to patients in real 

clinical settings. Therefore, training in ESD is considered 

necessary. 

According to "Current state of education and training for 

endoscopic submucosal dissection: translating strategy and 

success to the USA " [2], it is recommended that beginning 

endoscopists should perform about 2 0  to 4 0  gastric ESD, 

which is relatively less difficult, in order to gain adequate 

skills in ESD. However, the number of gastric cancer patients 

is expected to decrease in Japan, [3] and the opportunities to 

perform ESD in clinical practice are expected to decrease. 

Therefore, the need for training is expected to increase in the 

future. Although simulators using resected pig stomach are the 

training methods for ESD in Japan, [2] this method requires 

a lot of time for preparation and cleanup, and the endoscopic 

instruments used for pigs ca皿ot be used for humans due to 

hygiene concerns, such as infection. On the other hand, 

interviews with endoscopists revealed that although there are 

simulators that can provide ESD training, [ 4] they are not 

widely used due to the extremely high cost of implementation 

and running cost. Installation costs often exceed 1,000,000 yen 

in most cases, and running costs vary depending on the 

manufacturer's equipment, but cost about 7,000 yen per 

training session for consumables. Therefore, in this study, it is 

necessary to construct a system with as low an introduction 

cost as possible and no running cost. In some cases, ESD 

training is not integrated into endoscopists'in-house duties, 

and busy doctors often engage in training after work hours or 

when they are free from work. Therefore, in order to make 

ESD training more routine and ongoing, it is necessary to 

devise ways to make ESD training less time-consuming and 

labor-intensive to prepare for and conduct. Furthermore, to 

encourage people to play in their spare time during busy work 

hours, it is desirable to have specifications that allow people to 

play casually, as if they were playing a game. 
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