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“We are what we repeatedly do. 

Excellence, therefore, is not an act, but a habit.” 

 

Will Durant 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

  



 

 

PREAMBLE 

 

Some things could hardly have evolved any better. 

The story of this thesis, like that of many other narratives, began without awareness, 

long before its initial design. 

The certainty that my vocation was to be a doctor and that the fulcrum of my activity 

would always be the sick human being, escorts me since I entered the Faculty of Medicine 

and has heightened with each passing day. 

Interestingly, the perception that medical education was an appealing field and that 

learning could be different from what I knew, came during my time in the General Surgery 

internship in Braga. There I was in contact with students who were part of a Medicine 

course with an innovative approach to teaching. This connection with the surgery territory 

probably also imprinted traces that would later become visible, when already within the 

Gastroenterology universe I committed to interventional endoscopy. 

During my Gastroenterology residency, I was lucky to get close to Prof. Doutora 

Carla Rolanda, with whom I have the pleasure to collaborate for years and admire the 

hands-on courses that, with immense merit and quality, she implemented in Portugal. 

Prof. Doutor Mário Dinis-Ribeiro, who deeply influenced a generation of Portuguese 

gastroenterologists, combining outstanding research with differentiated clinical practice, 

excels in opening horizons and in his worldwide recognition. So, at the end of my 

residency period, after introducing me to an advanced endoscopic technique, he mediated 

an internship at the Erasmus University Medical Center, Rotterdam, under the guidance of 

Prof. Doutor Arjun Koch. 

In the Netherlands, the structure and dynamics of a reference University Department 

regarding teaching, working, researching and people´s relationships had a huge impact on 

my development. Prof Doutor Arjun Koch, who seems cut out as no one else to sublimely 

teach, investigate and work suggested a joint research, where he would lend his 

knowledge, particularly in his area of interest - endoscopy teaching. 

Meanwhile, I started working at the Gastroenterology Department of Hospital Santo 

António, Centro Hospitalar Universitário do Porto. There, Prof. Doutora Isabel Pedroto, 

director of the Department and tireless promoter of the clinical progress of its members, 

along with Prof. Doutor Ricardo Marcos-Pinto, with vast clinical scope, unsurpassed 

intelligence and dedication to the area of therapeutic endoscopy, embraced the idea. 

Together, we agreed to bring the project to Instituto de Ciências Biomédicas Abel 

Salazar, Universidade do Porto, with which my Hospital collaborates in medical students 

training for years. 



 

 

And so, unparalleled conditions were combined - the area of education, the field of 

intervention, the possibility of impacting patients, the ideal group of experts involved and 

the openness of the Institutions of my city. 

Even today I can't imagine a greater combination. 

May I know how to share with others what I learned throughout this journey. 
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OUTLINE OF THE THESIS 

 

The present thesis is organized according to the following structure. 

In Chapter I - Acknowledgements - a recognition of those who supported the 

achievement of this project is provided. 

In Chapter II - Outline of the thesis and list of publications - the thesis layout and 

the scientific publications that permitted its accomplishment are displayed. 

In Chapter III - Summary - a brief description of the thesis is presented. 

In Chapter IV - Introduction - the rationale and motivation of the research are 

explained. Subsequently, the aims of the thesis are described. Additionally, background 

information regarding the research topics, such as gastrointestinal neoplasms and 

strategies for training in advanced endoscopic resection techniques, particularly in 

endoscopic submucosal dissection (ESD) are addressed. 

In Chapter V - Simulation in gastrointestinal endoscopy training - a review 

article on simulator training in gastrointestinal endoscopy is presented. 

In Chapter VI - Animal model simulation for advanced endoscopic resection 

techniques - two aims of the thesis are answered by two original articles exploring the 

role of the live porcine model. The first establishes the validation of endoscopic mucosal 

resection/ESD for training and the other evaluates the early learning curve of ESD on this 

model. 

In Chapter VII - Endoscopic submucosal dissection training pathways and 

clinical outcomes - two additional aims are addressed through two original articles. One 

focuses on the acquired training, namely in animal model, by expert endoscopists 

performing ESD, while the other assesses ESD training pathways of participants of 

dedicated workshops and its impact on clinical outcomes. 

In Chapter VIII - Discussion - the results of the studies are globally and 

comprehensively discussed. 

In Chapter IX - Conclusions and future perspectives - the clinical impact of the 

thesis, major conclusions and potential areas of research are stressed. 
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SUMMARY 

 

Endoscopic resection procedures are treatment modalities used in clinical practice 

to manage both pre-malignant and early neoplastic lesions. One of these techniques, 

endoscopic submucosal dissection (ESD), allows en bloc resection irrespective of lesion 

size and precise histopathological assessment. It provides higher radical (R0) resection 

rates and lower local recurrence rates compared to conventional endoscopic mucosal 

resection (EMR). On the other hand, due to its complexity, ESD involves prolonged 

procedure times and an increased risk of adverse events. Taking this in consideration, 

enhanced technical skills are required and, consequently, ESD has a long learning curve. 

Therefore, endoscopic societies have widely recognized the necessity of adequate 

strategies to establish comprehensive ESD training curricula. In fact, an endoscopist 

aiming to start performing ESD should follow step-up training program which involves 

baseline endoscopic experience, acquiring ESD theory knowledge, observing/assisting 

procedures, practicing on animal models and, only then, proceeding to clinical practice, 

under expert supervision. ESD performance on animal models has been recognized as 

the simulation setting of choice, due to its perceived human similarity. Certainly, general 

principles of endoscopy training are common in different medical procedures. 

The aims of the thesis were: (i) to formally validate the live porcine model in 

performing EMR, ESD and subsequent complication management; (ii) to evaluate the 

early learning curve for performing ESD on live porcine model; (iii) to determine how 

Western endoscopists from referral centers for advanced endoscopic resection 

techniques have acquired their ESD training and (iv) to assess ESD training pathways of 

endoscopists participating in dedicated workshops and consequently its clinical impact on 

ESD outcomes. 

To achieve those goals, the realism of the animal model compared to human setting 

and key ESD procedural performance measures were assessed in hands-on live porcine 

model EMR and ESD workshops. Additionally, surveys for advanced Western 

endoscopists performing ESD and for previous participants of live porcine models ESD 

workshops were conducted. 

Face, content and expert validity of the live porcine model in performing multiband 

EMR, esophageal and gastric ESD was established, by 91 endoscopists participating in 4 

workshops. Training in a live porcine model was considered very realistic compared to the 

human setting, with median global classifications ranging between 7,0-8,0 (IQR 5,0-9,0) 

on the realism of the model and from 8,5-9,0 (IQR 8,0-10,0) on the execution of the 

procedures. It was highly appreciated as a learning tool with medians of 9,0-10,0 (IQR 

5,0-10,0). In a subsequent study carried out by 17 trainees, performing 70 ESDs, 
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complete resections, en bloc resections and ESD speed improved (88,2% to 100%; 

76,5% to 100%; 8,6 to 31,4mm2/min, respectively), whereas adverse events decreased (6 

to 0), during consecutive procedures. 

Furthermore, we realized that Western endoscopists had extensive endoscopic 

experience before starting ESD and the majority (92%) underwent training with animal 

models (84% with live animal and 74% with ex vivo). Data concerned 50 endoscopists, 

from 58 participating experts, that were conducting clinical ESD. Animal models were 

considered very useful, with ratings of 9,0-10,0 (IQR 8,0-10,0), and deemed a prerequisite 

before clinical practice by the majority of the endoscopists (84% and 78% for ex vivo and 

live animal models, respectively). Finally, 40 endoscopists attending ESD workshops with 

live porcine models, participated in our following research and 19 were performing human 

ESD. We ascertained that they were adequately skilled prior to clinical ESD practice, with 

7,7 years (SD 4,1) of endoscopic experience and all were performing EMR and 

emergency therapeutic endoscopy. Participants complied with recommendations for 

training and, in particular, 100% of them trained with live animal models. ESD was 

properly implemented in clinical practice, with the vast majority starting clinical procedures 

in the lower third of the stomach or rectum (90%), with lesions with ≤30mm (89%). Overall 

total en bloc resection rate was 92%, R0 resection rate 88%, curative resection rate 86% 

and adverse events rate <10%. Only endoscopists who had performed >10 human ESD 

procedures surpassed predefined clinical competence thresholds. 

In conclusion, considering the close resemblance of the animal model to the human 

setting, its key role as a learning tool, along with the validation of EMR and ESD for 

training, adequate evidence has been gathered to recommend its incorporation into formal 

teaching programs. Supporting this assumption, improvement in ESD performance 

measures was demonstrated by training with such models, which were considered very 

useful and a prerequisite before clinical practice. Furthermore, endoscopists performing 

clinical ESD were adequately skilled before human ESD initiation, complying with most of 

recommendations for training and appropriately implementing the technique in clinical 

practice. Importantly, we observed that structured training programs translated into clinical 

outcomes that exceed established standards, namely in the early clinical phase. 
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RESUMO 

 

Os procedimentos de resseção endoscópica constituem modalidades de tratamento 

utilizadas na prática clínica para abordar lesões pré-malignas e neoplásicas precoces. 

Uma dessas técnicas, a disseção endoscópica da submucosa (ESD), permite resseções 

em bloco, independentemente do tamanho da lesões e avaliação histopatológica precisa. 

Possibilita portanto, uma taxa de resseção radical (R0) superior e uma taxa de 

recorrência local inferior, quando comparada com a mucosectomia convencional (EMR). 

Por outro lado, devido à sua complexidade, a ESD envolve tempos de procedimento 

prolongados e um risco aumentado de eventos adversos. Desta forma são necessárias 

competências técnicas avançadas e, consequentemente, a sua curva de aprendizagem é 

longa. Portanto, as sociedades endoscópicas reconheceram amplamente a necessidade 

de estratégias adequadas para estabelecer currículos completos de treino em ESD. 

Efetivamente, um endoscopista com o objetivo de iniciar a técnica de ESD deve seguir 

um programa de treino gradual que envolve experiência endoscópica de base, aquisição 

de conhecimento teórico sobre ESD, observação/auxílio em procedimentos, prática em 

modelos animais e apenas posteriormente, o início da prática clínica, sob supervisão de 

um perito. A prática da ESD em modelos animais foi reconhecida como o cenário de 

escolha em simulação, devido à sua presumida semelhança humana. Certamente, os 

princípios gerais do treino em endoscopia podem ser partilhados por outros procedimento 

médicos. 

Os objetivos da tese são: (i) validar formalmente o modelo porcino vivo na 

execução de EMR, ESD e a abordagem subsequente de complicações; (ii) avaliar a 

curva de aprendizagem inicial para a realização de ESD em modelo porcino vivo; (iii) 

determinar a forma como os endoscopistas Ocidentais de centros de referência para 

técnicas avançadas de resseção endoscópica adquiriram o treino em ESD e (iv) explorar 

as estratégias de treino em ESD de endoscopistas que participam em workshops 

dedicados e, consequentemente, o seu impacto clínico nos resultados da execução da 

ESD. 

Para atingir esses propósitos, o realismo do modelo animal relativamente ao 

contexto humano e as principais medidas de desempenho da execução de ESD foram 

avaliados em workshops práticos de EMR e ESD em modelos porcinos vivos. 

Posteriormente, desenvolveram-se questionários para endoscopistas avançados 

Ocidentais que realizavam ESD e para participantes de workshops prévios de ESD, em 

modelos porcinos vivos. 

A validação de face, conteúdo e de perito do modelo porcino vivo na realização de 

EMR multiband, ESD esofágica e gástrica foi estabelecida por 91 endoscopistas que 
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participaram em 4 workshops. O treino em modelo porcino vivo foi considerado muito 

realista relativamente ao contexto humano, com classificações globais medianas a variar 

entre 7,0-8,0 (IQR 5,0-9,0) no realismo do modelo e de 8,5-9,0 (IQR 8,0-10,0) na 

execução dos procedimentos. O modelo foi altamente  apreciado como ferramenta de 

aprendizagem, com medianas de 9,0-10,0 (IQR 5,0-10,0). Num estudo subsequente, 

envolvendo 17 formandos que efetuaram 70 ESDs, as resseções completas, resseções 

em bloco e a velocidade da ESD melhoraram (88,2% para 100%; 76,5% para 100%; 8,6 

para 31,4mm2/min, respetivamente), enquanto os eventos adversos diminuíram (6 para 

0), durante procedimentos consecutivos. 

Adicionalmente, constatámos que os endoscopistas Ocidentais detinham ampla 

experiência endoscópica antes de iniciar a ESD e a maioria (92%) recorreu ao treino com 

modelos animais (84% com animal vivo e 74% com ex vivo). Os dados reportaram-se a 

50 endoscopistas, dentre 58 peritos participantes, que realizavam ESD clínica. Os 

modelos animais foram considerados muito úteis, com classificações de 9,0-10, (IQR 8,0-

10,0) e considerados um pré-requisito antes da prática clínica pela maioria dos 

endoscopistas (84% e 78% para modelos animais ex e in vivo, respetivamente). 

Finalmente, 40 endoscopistas que frequentaram workshops de ESD com modelos 

porcinos vivos, participaram na nossa investigação posterior, encontrando-se 19 a 

realizar ESD em humanos. Verificámos que se encontravam adequadamente qualificados 

antes da prática clínica da ESD, com 7,7 anos (SD 4,1) de experiência endoscópica e 

todos realizavam EMR e endoscopia terapêutica de urgência. Cumpriam igualmente as 

recomendações para o treino e, em particular, 100% obteve treino com modelos animais 

vivos. A ESD foi devidamente implementada na prática clínica, com a grande maioria a 

iniciar os procedimentos clínicos no terço inferior do estômago ou reto (90%) em lesões 

com ≤30mm (89%). Globalmente, a taxa total de resseção em bloco foi de 92%, a taxa de 

resseção R0 de 88%, a taxa de resseção curativa de 86% e a taxa de eventos adversos 

<10%. Apenas os endoscopistas que realizaram >10 ESDs em humanos ultrapassaram 

os limiares de competência clínica predefinidos. 

Em conclusão, atendendo à semelhança próxima do modelo animal relativamente 

ao contexto humano, ao seu papel fundamental como ferramenta de aprendizagem, 

assim como à sua validação para treino em EMR e ESD, reuniu-se evidência adequada 

para a recomendação da sua integração em programas formais de ensino. A suportar 

esta suposição, ficou igualmente demonstrada a melhoria nas medidas de desempenho 

da ESD através do treino com estes modelos, que foram considerados muito úteis e um 

pré-requisito antes da prática clínica. Paralelamente, os endoscopistas que executam 

ESD clínica encontram-se adequadamente qualificados antes do início da ESD em 

humanos, cumprindo a maioria das recomendações para o treino e implementando 
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convenientemente a técnica na prática clínica. De salientar a constatação de que os 

programas estruturados de treino se traduziram em resultados clínicos que ultrapassaram 

os padrões estabelecidos, nomeadamente na fase clínica inicial. 
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INTRODUCTION 

A) RATIONALE 

Gastrointestinal (GI) cancers represent a clinical heavy burden worldwide. 

Esophageal, gastric and colorectal cancers combined represent 19% of total cancers 

incidence and 23% of cancer related mortality.1 The 5-year survival for esophageal, 

gastric and colorectal approaches 11%, 22% and 49%, respectively. For the next 

decades, a 61% overall increase in incidence and 70% in mortality is estimated, for those 

malignancies combined. 

The majority of GI cancers progress gradually from precancerous neoplastic 

conditions or lesions to early invasive stages before assuming a disseminated behavior. 

Within this period, endoscopy allows early detection of cancer or neoplastic precursors, as 

well as therapeutic interventions. The most common endoscopic resection techniques in 

this setting are Endoscopic Submucosal Dissection (ESD) and Endoscopic Mucosal 

Resection (EMR) which have the potential to offer a definite treatment in cases with 

favorable histological characteristics. In selected patients, when compared to surgery, 

ESD is associated with a lower rate of adverse events, shorter operative and 

hospitalization time, lower costs and increase quality of life, with similar oncological 

outcomes.2, 3 

ESD was developed in Japan in the mid-1990s and has expanded gradually to other 

countries, although worldwide implementation has been slow. ESD advantages over 

conventional EMR are the ability of en bloc, radical (R0) resections of lesions >20mm, 

lowering the risk of local recurrence and allowing reliable histologic evaluation.4, 5 

However, ESD is a complex, more expensive, time-consuming procedure, requiring high 

level of expertise and carrying considerable risk of adverse events, such as bleeding and 

perforation. Accordingly, proficiency can only be reached after extensive training and 

through a long learning curve. 

Common to all complex endoscopic procedures is the fact that excellence in 

practice should be assured by adequate training. There has been a growing tendence in 

decreasing the importance of number of procedures in detriment of achieving competence 

for independent performance.6 Consequently, efforts have been made to improve the 

quality of endoscopy training. Nevertheless, the master-apprentice model is still the 

traditional endoscopic learning method, where teaching is accomplished through human 

procedures under the supervision of experts. In the particular case of ESD, this is the 

route generally followed in the East.7, 8 

However, multiple differences have been recognized as contributors to a different 

approach to ESD training in the West. The most relevant factors identified are the 
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decreased availability of qualified ESD experts and the lower prevalence of gastric 

superficial neoplasms. Therefore, direct expert supervision learning and initiation of the 

technique in the easiest and safest locations, namely in the gastric antrum, is not 

crosswise feasible, in Western countries.7, 9-11 Additionally, distinct clinical background and 

technical experience, as well as a nearly exclusive dedication to ESD has been described 

for Eastern endoscopists. 

As a consequence, structured ESD training programs are recommended.5, 12-14 

These typically include background endoscopic experience, theoretical knowledge, 

observing/assisting ESD procedures, hands-on training in animal models and starting 

clinical practice, under the supervision of an expert. 

To improve the learning process and achieve initial competence in a safe learning 

environment, procedure simulation may play an essential role, particularly in the West.15-17 

Animal models, especially live ones, gather more human similarity and are considered the 

most suited endoscopic simulators for training advanced resection techniques. They offer 

a realistic tissue sensation, elasticity and haptic feedback, providing breathing 

movements, heart beats, peristalsis, intraluminal secretions and adequate tissue reaction 

to injection and electrocautery. It is also possible to deal with bleedings and perforations, 

although pathological scenarios are usually not able to be reproduced.12 Costs, availability 

of dedicated facilities and staff, combined with restricted access to animals and the need 

to sacrifice them represent the disadvantages of the model.12, 16, 18-20 

Meanwhile ESD had a widespread dissemination in numerous institutions of Eastern 

countries but a relatively slow diffusion in the West.21 Therefore several issues still need to 

be addressed. 

It seems logical to practice advanced endoscopic resections in a live animal model, 

due to its resemblance with human anatomy and thus hands-on courses with these 

models are being organized throughout the world. 

However, for every technology, method or teaching tool, a scientific basis in the form 

of a formal validation should first be established before its wide practice application. In 

particular, ethical justification for animal sacrifice for medical training purposes and 

justification for financial resources employment are concerns that should have scientific 

support. 

Studies on computer and animal model simulators have demonstrated improvement 

in endoscopic skills and have proven their validity as educational instruments.22-28 It was 

however essential to understand the value of endoscopy simulation training in advanced 

resection techniques. Formal validation of the live porcine model for performing ESD, 

EMR and complication management was lacking. Similarly, data on the learning curve for 

performing ESD on such models were necessary.22-26 
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Recommendations regarding ESD training have been issued, but different 

institutions have resorted to distinct training strategies. Additionally, it has been suggested 

that the endoscopic background of Western and Eastern endoscopists might be different 

but there was no evidence to confirm this. So, it was crucial to gain insight in the real 

world background and training experience of Western endoscopists already performing 

the technique. 

Despite these training proposals, the widespread implementation of training 

programs has been heterogenous and direct clinical benefits have not been 

demonstrated.29, 30 So, translation into clinical practice of structured training programs, 

including dedicated workshops and hands-on animal models was needed. Endoscopic 

simulation appears to be important for some endoscopic procedures, particularly in the 

early learning curve, avoiding patient involvement in this phase.22-28 Accordingly, it was 

necessary to know the role of animal model for ESD training and its adequate position in 

the training programs. Equally, there were scarce data on how endoscopists implementing 

ESD were adhering to recommendations for training and how was the technique being 

introduced in clinical practice. 

This research was designed to address the questions previously raised. The aims 

are presented in the following section. 
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B) AIMS 

The aims of this thesis were the following. 

 

1. To explore the role of simulation in gastrointestinal endoscopy training, 

incorporating essential techniques and complex procedures. 

 

2. To establish face, content and expert validity of the live porcine model in 

performing EMR, ESD and subsequent complication management in order to assess its 

value as a training tool. 

 

3. To evaluate the early learning curve for performing ESD on live porcine models 

by endoscopists without or with limited previous ESD experience. 

 

4. To determine how Western endoscopists from referral centers for advanced 

endoscopic resection techniques, performing ESD, have acquired their training, with 

particular regard to animal models. 

 

5. To assess ESD training pathways of endoscopists participating in dedicated 

workshops and its clinical impact on ESD outcomes. 
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C) BACKGROUND 

1. GASTROINTESTINAL NEOPLASMS AMENABLE TO ENDOSCOPIC TREATMENT 

EPIDEMIOLOGY AND RISK FACTORS 

Gastrointestinal (GI) cancers impose a clinical heavy burden worldwide. 

Esophageal, gastric and colorectal cancers (CRC) combined represent 18,7% of total 

cancers incidence and 22,6% of cancer related mortality.1 

Regarding incidence, CRC ranks 3rd, gastric cancer 5th and esophageal cancer 8th, 

which represent a crude incidence rate of 24,5/100.000, 14,0/100.000 and 7,8/100.000, 

respectively (figure 1).31 

 

 

Figure 1. Number of new cancer cases in 2020, worldwide, for both sexes and all ages. 
Data from Global Cancer Observatory 2020, International Agency for Research on Cancer, World Health 
Organization.31 
 

Concerning cancer related mortality, CRC ranks 2nd, gastric cancer 4th and 

esophageal cancer 6th which represent a crude mortality rate of 12,0/100.000, 9,9/100.000 

and 6,0/100.000, respectively (figure 2).31 



INTRODUCTION 

36 

 

Figure 2. Number of cancer deaths in 2020, worldwide for both sexes and all ages. 
Data from Global Cancer Observatory 2020, International Agency for Research on Cancer, World Health 
Organization.31 

 

Usually, GI cancers diagnosed at symptomatic stages involve limited prognosis. The 

5-year survival for esophageal, gastric and colorectal cancers approaches 11%, 22% and 

49% respectively.32 

For the next decades, a 60,6% overall increase in incidence and 69,5% in mortality 

is estimated, for those malignancies combined (figures 3 and 4).31 
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Figure 3. Estimated number of new cases of esophageal, gastric and colorectal cancers, from 2020 to 
2040, worldwide, for both sexes and all ages. 
Data from Global Cancer Observatory 2020, International Agency for Research on Cancer, World Health 
Organization.31 

 

 

Figure 4. Estimated number of deaths for esophageal, gastric and colorectal cancers, from 2020 to 
2040, worldwide, for both sexes and all ages. 
Data from Global Cancer Observatory 2020, International Agency for Research on Cancer, World Health 
Organization.31 
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ESOPHAGUS 

The incidence of esophageal cancer has risen in recent decades. The two most 

common histologic types of esophageal neoplasms are the squamous cell carcinoma 

(SCC) and the adenocarcinoma. Adenocarcinomas are typically located in the distal 

esophagus, whereas SCC can develop throughout the whole organ. SCC remain, 

worldwide, the most prevalent cancer type, particularly in the high-incidence areas of 

Eastern Asia and in Eastern and Southern Africa.1, 31, 33, 34 Nonetheless, a marked 

increase in the incidence of esophageal adenocarcinoma has been observed in Western 

Europe and North America, matching or exceeding that of esophageal SCC.35-38 

Esophageal SCC is usually diagnosed at advanced stages when the prognosis is 

poor.1, 31, 32 Even in developed countries, the overall 5-year survival rate of patients with 

esophageal SCC approximates 10%-25%.32, 38, 39 Smoking and alcohol intake are for the 

main risk factors.38, 40 Male gender, black race, previous head and neck cancer and 

previous esophageal SCC also substantially increase the risk. Achalasia, tylosis, history of 

caustic ingestion or hot beverages, malnutrition and possibly human papillomavirus 

infection account for the remaining risk factors.41-62 

Risk factors associated with the development of esophageal adenocarcinoma are 

chronic gastroesophageal reflux disease (particularly if increased frequency, severity and 

duration of symptoms), the presence of Barrett´s esophagus (BE), longer BE extension, 

increasing age (>60 years), male gender, smoking, obesity, Caucasian race and a family 

history of BE adenocarcinoma.35, 63-66 BE is a premalignant condition with an estimated 

prevalence in the general population of 1% to 2%.67-73 

 

STOMACH 

Epidemiologic patterns in Western countries are changing, regarding the anatomic 

location of gastric cancers, with a trend towards decreasing the occurrence of distal or 

non-cardia gastric cancers.74-77 

Most gastric cancers in the Western countries are advanced at diagnosis, which is 

reflected by an overall 5-year survival rate ranging from 20% to 40%. Incidence rates are 

markedly elevated in Eastern Asia, whereas in Western countries the overall incidence is 

expected to decrease, although a rise in the total number of cases is estimated, owing to 

ageing population.1, 31, 33, 34, 78-81 

Adenocarcinoma accounts for 90% to 95% of all gastric malignancies, comprising 

intestinal and diffuse types. Acknowledged risk factors for intestinal adenocarcinoma, 

which is the most common subtype, include Helicobacter pylori infection (responsible for 

up to 75%-89% of all non-cardia gastric adenocarcinomas), conditions such as chronic 

atrophic gastritis and intestinal metaplasia, smoking, low socioeconomic status, high 



INTRODUCTION 

39 

intake of salty, smoked and preserved foods and low intake of fruits and vegetables. Non-

modifiable risk factors comprise advancing age, male gender, family history of gastric 

cancer, Asian, Hispanic and Blacks races, auto-immune gastritis, gastric adenomatous 

polyps and Ménétrier disease.79, 82-85 

 

SMALL BOWEL 

An estimation of 11.390 new cases and 2.100 deaths from small bowel cancer is 

expected in the United States in 2021.1, 31, 33, 34 Adenocarcinomas represent the most 

common type and predominate in the duodenum, followed by lymphomas, sarcomas and 

neuroendocrine tumors. As a whole, small bowel cancers account for only 4% of all GI 

malignancies.86-88 

 

COLON AND RECTUM 

Colorectal cancer is a major cause of morbidity and mortality worldwide. It accounts 

for approximately 10% of all annually diagnosed cancers worldwide. The pooled 5-year 

survival in Europe ranges from 46.8% to 49.4%.1, 31, 33, 34 

Incidence rates are higher in economically developed countries and are either 

decreasing following a peak, relatively stable or slightly increasing.89 The decline in CRC 

incidence and mortality observed in some regions, is presumably related to changing 

distributions of key risk factors, early detection of cancer and removal of precancerous 

polyps through screening, in addition to advances in surgical and other treatment 

modalities.90-93 

Approximately 70–90% of CRCs develop from the traditional adenoma–carcinoma 

pathway (chromosomal instability sequence), 10–20% from the serrated pathway, 2%-7% 

from the microsatellite instability pathway and <2% from the inflammatory pathway.94, 95 

The most common histologic type of CRC is the adenocarcinoma.94, 95 

Male sex, increasing age (70% of patients are diagnosed after the age of 65 years 

old) and race/ethnicity (African Americans) are associated with increased disease 

incidence.96-99 Of note, an increase in incidence rate has been recorded in the 20 to 49 

years-old age group.100-102 

A positive family history is present in approximately 10 to 25% of cases.103-107 A 

subgroup, accounting for <7% of CRCs, is affected by a well-defined hereditary CRC 

syndrome, such as Lynch syndrome or Familial Adenomatous Polyposis.108-111 

Patients with long-standing inflammatory bowel disease (especially after 8 years) 

and those with a previous personal history of CRC or adenomas are at an increased risk 

for CRC and require adequate surveillance.112-119 
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Smoking, increased bodyweight, excessive alcohol, red and processed meat intake 

represent the modifiable risk factors.89, 90, 120-123 Imbalance in gut microbiota might also 

increase the risk for CRC.124-126 

 

EARLY DIAGNOSIS 

It has been recognized that the majority of GI cancers gradually develop from 

precancerous neoplastic conditions or lesions to early neoplastic stages, before assuming 

an invasive behavior. Endoscopy allows early detection of cancer or neoplastic precursors 

and potential therapeutic interventions, within this period.127 

Screening describes the process of early detection or prevention of cancer in 

average-risk, asymptomatic populations. Surveillance involves the regular follow-up and 

testing of individuals with a presumed increased risk of cancer following a diagnosis or 

resection. 

The benefit of cancer screening is related to the ability to detect malignancies at pre 

symptomatic stages, allowing early treatment, thereby, reducing cancer mortality. When 

treatment for earlier-stage cancers is associated with fewer side effects than the treatment 

for advanced ones, cancer morbidity may also be reduced. In addition, for some cancer 

types and screening modalities, prevention of the occurrence of cancer by identifying and 

removing its precursor is possible, consequently diminishing cancer incidence.127-129 

On the other hand, potential harms of screening include the possibility of serious 

test-related complications, such as colonoscopy related perforations, false-positive tests 

(inducing anxiety and leading to additional invasive diagnostic procedures), overdiagnosis 

(when cancer detection would not become clinically apparent in the absence of screening) 

and also overtreatments.128-131 Similarly, regarding surveillance, inappropriate over and 

under use has been reported.132-136 

The “ideal” screening test should be non-invasive, inexpensive, readily available, 

convenient, safe and ought to possess a high sensitivity and specificity.128-131, 137 

There are several non-invasive methods for GI cancers, including cytology based 

(swallowed brush, deflated balloon, sponge), blood markers, breath markers, fecal 

markers, imaging tests, etc.138-150 

Endoscopic modalities involve conventional endoscopy (white light and 

chromoendoscopy), ultrathin transnasal endoscopy, endocytoscopy, microendoscopy and 

video capsule endoscopy.151-160 

Endoscopy has been considered the procedure of choice for the diagnosis and 

when appropriate, treatment of GI neoplastic lesions. It is relatively available, accurate 

and minor invasive. Therefore, the existence of endoscopically detectable and treatable 
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GI cancer precursors/early cancers, as well as recurrent lesions, endows endoscopy a 

critical role. 

 

ESOPHAGUS 

Worldwide unselective screening for esophageal cancer would result in a minimal 

decrease in mortality and in potential serious adverse events, if an endoscopy based 

strategy would be employed.128, 129, 161, 162 Since the majority of esophageal cancers are 

detected at advanced stages, screening high-risk individuals might be beneficial, by 

allowing cancer detection at earlier stages, which will probably translate into better 

outcomes. 

In the particular case of BE, the risk of cancer progression for patients with a non-

dysplastic epithelium is approximately 0.12–0.5% per year.163, 164 Esophageal cancer in 

BE evolves from chronic esophagitis, non-dysplastic metaplasia, low-grade dysplasia 

(LGD), high-grade dysplasia (HGD) and ultimately leading to adenocarcinoma. For 

patients with LGD or HGD, the annual risk of progression to cancer is approximately 0.7% 

and 7% per year, respectively.68, 165, 166 

Screening for BE can potentially prevent esophageal adenocarcinoma and should 

be considered in high risk populations, such as patients with long standing 

gastroesophageal reflux disease symptoms (>5 years) and various risk factors, namely 

age ≥ 50 years, male sex, white race, obesity and a first-degree relative with BE or 

adenocarcinoma.64, 68, 165 

Surveillance guidelines for patients with the diagnosis of BE recommend endoscopy 

from 2/3 to 5 years interval, stratifying patients according to the length of the Barrett’s 

segment, until the age of 75 years-old (extension up to 80 years-old can be considered on 

an individual base).165, 166 

It is however important to notice that most cancers are diagnosed at the time or 

within a year of the index endoscopy and not during latter surveillance.64, 163 

Despite this agreement on screening and surveillance, the majority of patients 

diagnosed with BE will die of causes unrelated to esophageal adenocarcinoma.64 

Regarding SCC, its development occurs through a dysplasia pathway, in which 

premalignant lesions progress from low-grade intraepithelial neoplasia to high-grade 

intraepithelial neoplasia, culminating in invasive cancer.38, 167 

Early detection of SCC, whether cytologic or endoscopy based, has been attempted. 

In countries with a high incidence of such malignancy, reductions in the incidence and 

cumulative mortality associated with screening have been demonstrated and may be cost-

efective.168-170 
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In moderate and low risk Western countries, the incidence of SCC is relatively low 

and screening may be considered for individuals perceived to be at higher risk. These 

high-risk groups include patients submitted to curative treatments for head and neck 

cancer, with previous caustic injury, tylosis or achalasia. Surveillance should be offered to 

patients with previous endoscopic resection of SCC.156, 171, 172 

 

STOMACH 

Screening enables detection of gastric cancer precursors and early gastric cancers, 

amenable to curative endoscopic treatment modalities. Screening programs have been 

established in high incidence regions, namely in Japan, South Korea and China, where a 

40% reduction in cancer related mortality has been reported.173-176 Interestingly, in some 

European countries, early gastric cancer diagnosis has also recently been increasing and 

survival rates improving.80 

Intestinal type adenocarcinoma represents more than 95% of gastric 

adenocarcinomas and is the predominant form in areas of high incidence of gastric 

cancer. It is accepted as the last step of a lengthy process in which the gastric mucosa 

evolves to chronic gastritis, then to preneoplastic conditions, such as multifocal atrophy 

and intestinal metaplasia, subsequently to dysplasia and finally into invasive carcinoma. 

The process is influenced by host factors, Helicobacter pylori infection and particular 

genotype, as well as environmental exposures, such as dietary salt intake, nitrates and 

tobacco.177-179 

In high-risk areas (with an age-standardized incidence rate ≥ 20 per 100 000), 

endoscopy has a clear role for primary screening and should be considered for individuals 

aged more than 40 years.127, 176 

In the general Western population, with an age-standardized incidence rate of <10 

per 100 000, screening is not cost-effective and not recommended.127, 175, 180 However it 

may be advised for specific subgroups in Western countries, particularly for individuals of 

Asian origin.181 

For intermediate-risk regions, with an age-standardized incidence rate between 10 

and 20 per 100 000, endoscopy may have a role as a primary screening tool, based on 

local settings, availability of endoscopic resources and assurance of cost–

effectiveness.127, 182 This strategy may be cost effective, even in Western countries.181, 182 

Screening for the diffuse type of gastric cancer is not indicated.127 

The usually slow progression of the intestinal type adenocarcinoma carcinogenesis 

pathway allows surveillance of patients with premalignant conditions, in selected settings 

and endoscopic treatment of premalignant or early neoplastic lesions. 
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Atrophy and particularly intestinal metaplasia may significantly increase the risk of 

gastric cancer. In patients with chronic atrophic gastritis, the annual incidence of gastric 

cancer approaches 0.1% to 0.25%, whereas the cumulative incidence ranges between 

1.9% and 10% at 5 years to 2% at 20 years.183 In patients with intestinal metaplasia, the 

annual incidence of gastric cancer approaches 0.25% whereas cumulative incidences 

range between 5.3% to 9.8% at 5 years, to 2.4% at 10 years and 2.5% at 20 years.184-190 

Endoscopic surveillance proposals take into consideration the presence and 

extension of atrophic changes or intestinal metaplasia, completeness of intestinal 

metaplasia, existence of family history of gastric cancer, autoimmune gastritis and 

persistence of Helicobacter pylori gastritis. Scheduled intervals vary between 1 to 5 

years.186, 191 Surveillance is recommended for patients with previously resected 

preneoplastic or early neoplastic lesions. It should also be considered in patients with 

previous partial gastrectomy and hereditary gastric cancer syndromes, namely Hereditary 

diffuse gastric cancer, Peutz-Jeghers syndrome, Lynch syndrome, Hereditary breast and 

ovarian cancer syndrome, Li-Fraumeni syndrome and Juvenile polyposis.5, 127, 191 

 

COLON AND RECTUM 

Taking into consideration the prevalence of CRC, the general slow growth of primary 

lesions, the ability to identify higher risk groups, the increased survival of patients with 

early-stage lesions, the relative access and accuracy of screening tests, CCR screening is 

essential. 

A feature of the majority of CRC carcinogenesis is the presence of a premalignant 

precursor lesion, that gradually progresses through the acquisition of genetic and 

epigenetic abnormalities. Identifying and resecting such lesions interruptus this 

sequence.192-197 

Screening reduces CRC incidence and/or related mortality by preventing the 

development of CRC through removal of these precancerous lesions and by early 

diagnosis.192-197 

Colonoscopy represents the gold standard for diagnosis of colorectal cancerous and 

precancerous lesions, with a high sensitivity and specificity. It is also ideal for the 

detection of sessile serrated lesions.148, 194, 196 However, it requires bowel preparation, 

implies considerable costs and is associated with potential adverse events, such as 

bleeding or perforation in approximately 0.1% to 0.2% of patients.198, 199 Screening has 

been demonstrated to be cost-saving or cost-neutral.200, 201 

For the average-risk Individuals, most countries recommend screening between 

ages 50 and 75 years-old. American recommendations suggest starting at the age of 45, 

due to a trend for increasing risk of CRC in adults younger than 50 years and also 
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consider extending it to 85 years taking into account the overall patient’s health status (life 

expectancy, comorbid conditions), prior screening history, as well as individual 

preferences. In individuals with family history of CRC or advanced polyps, initiation of 

screening at the age of 40 year-old or 10 years before the youngest affected relative has 

also been suggested.127, 137, 197, 199, 202-206 

Surveillance is manly recommended for patients after polypectomy/endoscopic 

mucosal resection, according to family history, number, size and histology of polyps, as 

well as completeness and polypectomy technique (en bloc vs piecemeal).207, 208 Patients 

after CRC resection or with hereditary GI syndromes (such as Lynch syndrome, Familial 

Adenomatous Polyposis, MUTYH-associated polyposis, Peutz-Jeghers syndrome, 

Serrated polyposis syndrome) must also be under surveillance.108, 209 The same is true for 

patients with inflammatory bowel disease colitis, in which surveillance intervals varies 

according to the extent, severity and duration of inflammation, previous history of 

dysplasia, strictures, inflammatory polyps, primary sclerosing cholangitis and family 

history of CRC.210, 211 

 

FINAL REMARKS 

The number of diagnosis of esophageal, gastric and colorectal malignancies is 

expected to increase in the upcoming years. For these cancers, considering their 

particular differences, there is a time gap between the premalignant lesion and the 

invasive cancer. The precursor or early invasive lesion might be identified on an 

occasional context, as well as in screening or surveillance programs. Endoscopy is 

fundamental for this early diagnosis and opens a wide field of opportunities for therapeutic 

interventions. 
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2. STRATEGIES FOR TRAINING IN ADVANCED ENDOSCOPIC RESECTION TECHNIQUES 

INTRODUCTION 

High quality training is essential to assure that endoscopy is performed according to 

the best standards, in order to provide optimal patient care. Medical Societies have 

produced recommendations for minimum quality performance requirements. 

Progressively, there has been a tendence in decreasing the importance of number of 

procedures in favor of the ability to achieve competent and autonomous performance. 6 

Training programs aim to develop knowledge, skills and behaviors in a safe learning 

environment and enable their transfer into the clinical setting. However, continuous 

adjustments are required as a response to the fast development of complex endoscopic 

interventions. Adequate methods, duration and endpoints of training vary greatly and are 

topics of discussion. Implementation and adherence to these programs is also quite 

variable.212 

Despite the increasing efforts to improve training and growing availably of training 

resources, most endoscopic skills are still learned in real patients, under supervision by a 

senior endoscopist. 

 

TRAINING PROGRAMS FOR ENDOSCOPIC RESECTION TECHNIQUES 

Endoscopic resection techniques, such as ESD and EMR are employed in pre 

malignant, early neoplastic and subepithelial lesions. In EMR, after submucosal injection, 

a snare is used to resect the lesion, whereas in ESD after submucosal injection, a 

mucosal incision around the lesion´s perimeter and gradual submucosal dissection 

beneath it are performed with an endoscopic knife.5, 213-215 Modified EMR techniques, such 

as cap-assisted (a snare is positioned in a specialized transparent cap fitted to the tip of 

the endoscope) or ligation-assisted (a modified variceal banding kit is used to deploy an 

elastic band across the lesion of interest), were designed to increase EMR success in 

specific clinical settings, particularly Barrett’s early cancer/high grade dysplasia and 

subepithelial lesions.216, 217 

Other techniques such endoscopic full thickness resection are usually reserved for 

residual, fibrotic lesions, subepithelial lesions and selected early cancers.218 

When compared to the more invasive surgical approach, these endoscopic 

treatments allow preservation of the native organ, maintenance of the quality of life and in 

selected settings, comparable oncologic outcomes, survival and recurrence rates. In 

addition, costs, duration of the procedure, adverse event rates and hospitalization time are 

usually lower.2, 3, 219-221 

https://www.sciencedirect.com/topics/medicine-and-dentistry/endoscope
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The ability to accomplish en bloc resection with EMR is limited to a lesion size up to 

20-25mm. Larger lesions removed by this technique imply piecemeal resection and 

increase the risk of local recurrence.213, 215 

ESD was conceived in Japan in the mid-1990s, enabling en bloc, R0 resections 

without size limitation decreasing the recurrence rate and providing detailed 

histopathologic assessment including lesion´s margins. Comparing to EMR, the risk of 

adverse events such as bleeding or perforation, procedure time and costs are higher.4, 9, 10, 

21, 222-230 

A learning curve has been observed for clinical successful ESD, reflected by a 

higher en bloc resection rate, lower procedure duration and fewer adverse events for 

more experienced endoscopists.7, 231 

ESD teaching in the East typically occurs under the traditional master-apprentice 

model, in which procedures are performed on real patients under the supervision of an 

expert endoscopist.7, 8 

Although ESD has been extensively implemented throughout Eastern institutions, its 

adoption by Western countries has been slow. Several considerations have tried to 

explain it. Some are related to the procedure, like its complexity and requirement for high 

level of expertise, leading to a steep learning curve; the need for advanced skills in lesion 

evaluation and selection; the procedure duration; and the adverse event rates. Others 

pertain to training, such as the lack of qualified ESD experts and training centers (making 

the learning process under direct supervision not widely achievable) and the lower 

prevalence of antral gastric neoplasms (decreasing the opportunity to start performing 

ESD in the easiest and safest location). Finally, general factors, namely the limited access 

to endoscopic devices, the lack of proper reimbursement and the underestimation of the 

need and benefit of ESD may also play an important role. Furthermore, Eastern 

endoscopists, unlike Western ones, have different clinical background, as well as 

technical experience and typically dedicate themselves almost exclusively to ESD.4, 5, 12, 13 

Bearing in mind the complexity of ESD, the steep learning curve, the differences 

between East and West along with the identified barriers for its implementation, a specific, 

rigorous training program is recommended before ESD is employed in the clinical setting. 

Training programs for endoscopic resection techniques and particularly for ESD 

have focused on (i) baseline endoscopic experience, (ii) acquiring theoretical knowledge, 

(iii) visiting centers with high ESD volume (observing and assisting procedures), (iv) 

training with animal models and subsequently (v) starting clinical practice in selected 

lesions, ideally under supervision of experts.5, 12, 13, 232 Figure 5 presents a proposal of an 

algorithm. 
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Figure 5. Training algorithm for endoscopic submucosal dissection. 
Adapted from 12, 13 232 

 

BACKGROUND ENDOSCOPIC EXPERIENCE 

Regarding previous endoscopic experience, it is recommended that in the West, a 

ESD learner should be a senior, fully trained endoscopist with solid endoscopic 

background in diagnostic and therapeutic endoscopy, proficient in EMR and adverse 

event management.5, 12, 13, 232 

Advanced endoscopic diagnostic skills are required and should be mastered before 

initiating ESD training. A high quality endoscopy is recommended, ideally with contrast or 

digital chromoendoscopy, by an experienced endoscopist, to establish the feasibility of 

endoscopic resection, to predict invasion depth and to correctly recognize and define the 

lesion´s borders.5, 12, 13, 232, 233 It is essential to assess lesion´s surface morphology, using 

the Paris classification and for colorectal lesions the laterally spreading tumor 

classification. Signs of deep invasion such as non-lifting sign, ulceration, 
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friability/spontaneous bleeding, chicken skin sign, folds fusion/convergence, induration, 

markedly elevated margins and non-extension sign should also be noticed. Surface 

pattern evaluation, applying optical diagnosis through image-enhanced endoscopy 

classification systems scales, must be employed. Examples include the Barrett’s 

International NBI Group (BING), BLI New Classification (BLINC) and the Portsmouth 

acetic acid classification (PREDICT) for BE. The Japan Esophageal Society (JES) 

classification, the intrapapillary capillary loop (IPCL) classification such as the Inoue and 

the Arima classifications are used in squamous cell carcinoma. The “vessel plus surface” 

(VS) classification and the simplified Narrow band imaging (NBI) classification are useful 

for early gastric cancers. The Narrow Band Imaging International Colorectal Endoscopic 

Classification (NICE), the Japanese Narrow Band Imaging Expert Team (JNET) 

Classification, the Kudo Pit Pattern Classification, the Hiroshima Classification and the 

Sano Classification are utilized in early colorectal cancers.233-236 

Therefore, determining the appropriate lesions for which ESD is indicated is crucial. 

In fact, ESD with curative intent is only achievable for unequivocal neoplastic lesions that 

lack characteristics of deep invasion. 

ESD trainees must have excellent handling and precise control of the endoscope. 

To assure more accurate movements, it is advisable to master right/left angulation 

controls of the endoscope with the left hand, to rotate the shaft using the left wrist/arm and 

to use right hand to insert/retract the scope while supporting rotation of the shaft.237, 238 

Proficiency in EMR and adverse events management is strongly recommended. 

Experience in hemostatic techniques for active bleeding is important due to the fact that 

most of the difficulties during ESD practice and training are related to hemorrhage. A 

trainee must be also prepared to address potential perforations and must be familiar with 

different closure techniques.5, 12, 13, 232, 239 

 

PREPARATION FOR ENDOSCOPIC SUBMUCOSAL DISSECTION 

Trainees must acquire theoretical knowledge on indications, contraindications and 

differences in the available endoscopic resection techniques. Understanding the 

benefit/risk relationship of ESD when compared to other alternatives, including 

conventional EMR, precut EMR, hybrid ESD and surgery is also essential.240 The 

available resources include books, articles, DVDs, online videos, live demonstrations, 

meetings, and attendance of ESD procedures performed by experts.241 

An ESD learner should be familiar with common equipment such as distal 

attachments, injection agents, knives (needle-type, insulated-type), water jet functions, 

hemostatic, traction and closure devices along with the characteristics of electrosurgical 

units and its settings.232, 240 
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All the procedural steps should be understood, namely marking lesion´s border, 

performing dynamic and sequential submucosal injections to elevate the target area, 

cutting the mucosa peripherally, performing submucosal dissection, coagulating vessels, 

retrieving the specimen, exploring the resection bed, performing prophylactic vessel 

coagulation in the ulcer bed, closing the defect when necessary, pinning adequately the 

specimen and submerging it in a container with a fixation solution. Awareness of possible 

adverse events and knowledge on how to deal with bleedings and perforations is 

essential.5, 12, 13, 232 It is also important to learn different ESD strategies, like the 

conventional, pocket and tunnelling methods, along with proper use of gravity, traction or 

underwater techniques.237, 238 

The endoscopist should be able to correctly estimate the probability of performing a 

curative resection based on the endoscopic assessment of the lesion. He must 

adequately interpret pathologic findings and understand resection outcomes classified in 

low risk (“curative”), local risk or high risk (“non-curative”) resections.5, 214 

Before implementing ESD, it is crucial to assure the existence of proper endoscopic 

facilities, as well as access to hospitalization, emergency surgery and expert 

gastrointestinal pathology. 

Registry of ESD procedures in prospective database centers has been suggested.13, 

232, 240 

 

INDICATIONS FOR ENDOSCOPIC SUBMUCOSAL DISSECTION FOR GASTROINTESTINAL 

NEOPLASMS 

GENERAL CONSIDERATIONS 

Multidisciplinary teams, incorporating knowledge in radiology, endoscopy, medical 

oncology, surgery, radiotherapy, pathology, nursing and other relevant fields, as required, 

should determine the adequate treatment proposal for each patient. The role of 

endoscopic resection is dependent on clinical stage and on the integration of patient-

related factors (such as personal preferences, performance status, comorbidities), 

endoscopy-related factors (such as endoscopic facilities and expertise) and lesion-related 

factors.242-250 

ESD provides accurate histologic evaluation, allowing assessment of submucosal 

invasion, lymphovascular involvement, margins status, degree of differentiation and tumor 

budding. Importantly, it is considered an adequate treatment option for patients with early 

GI cancers with no or limited submucosal invasion, no additional risk factors and thus a 

very low likelihood of lymph node metastasis. In these circumstances, a low risk/curative 

resection is assumed, precluding the need for surgical intervention and lymph node 
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dissection.5, 214 Even in cases presenting high risk histopathologic features, ESD may be 

regarded as a precise staging procedure. 

The difficulty of performing ESD is different according to the location of the lesion in 

the GI tract. The least demanding is the distal stomach, followed, in order of increasing 

complexity and risk, by the proximal stomach, rectum, esophagus, right colon, transverse, 

left colon, and duodenum.13 

The role of ESD is dependent on the lesion´s organ, histological type (SCC vs 

adenocarcinoma), location within organ (colon vs rectum), size, access and relevance of 

precise histopathologic assessment. 

Guidelines from Japan, Europe, United States of America and from other origins 

have been issued and updated.5, 165, 166, 214, 251-257 Indications for ESD in esophageal SCC 

and gastric adenocarcinomas usually reflect curability/risk resection criteria. Alternatively, 

in BE and colorectal cases, the process is typically based on lesion detailed assessment 

to select those for which accurate histopathologic evaluation is clinically relevant 

(suspicion of limited submucosal invasion) or those for which fibrosis implies an 

inadequate resection by EMR (table 1). 

Endoscopic ultrasonography (EUS), computed tomography (CT), magnetic 

resonance imaging (MRI) or positron emission tomography-CT (PET-CT) have limited 

value in the routine assessment prior to endoscopic resection. However, they may be 

considered in selected cases of esophageal (EUS) and rectal (EUS and/or MRI) 

carcinomas when submucosal invasion or lymph node metastasis is suspected.258-262 

 

ESOPHAGUS 

BARRETT’S ESOPHAGUS 

EMR and ESD can be used for endoscopic resection of neoplastic lesions within BE 

complemented by ablation of the remnant non-dysplastic metaplastic Barrett´s epithelium. 

In mucosal carcinoma EMR achieves complete local remission and long term 

complete remission of 96,3% and 93,8%, respectively with a very low complication rate of 

1.5%. Recurrence occurs in 14.5% but in the majority of cases, early diagnosis and 

endoscopic retreatment is feasible during follow up.166, 263-265 

EMR is therefore, the preferred endoscopic resection method for small flat 

HGD/mucosal cancers due to the low risk of lymph node metastases (LNM) and its long 

term effectiveness. 

ESD is reserved for lesions with high suspicion of superficial submucosal invasion or 

with increased probability of unrecognized invasive component, such as lesion´s size 

>20mm, bulky/nodular (Paris 0-Is or 0-Ip), depressed (Paris 0-IIc) or poorly lifting. When 

the index histopathology, on preprocedural biopsy, reveals intramucosal carcinoma 
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(particularly multifocal) or equivocal histologic findings, ESD can be considered. ESD has 

also been suggested for patients whose previous EMR specimen revealed invasive 

neoplasia with positive margins or in patients with recurrent/residual lesions (table 1).5, 165, 

166, 214, 251, 252 

En bloc excision allows accurate histologic assessment and reduces local 

recurrence. 

Nevertheless, a meta-analyses of ESD in BE related adenocarcinoma showed an en 

bloc resection rate of 92,9%, an R0 resection rate of 74,5% and a curative resection rate 

of 64,9%. The suboptimal R0 and curative resection rates may be related to incorrect 

endoscopic selection and inaccurate lesion´s delimitation.266 

When EMR and ESD were compared, ESD achieved earlier and higher proportion 

of complete remission of dysplasia, lower recurrence/residual disease rates, lower need 

for repeat endoscopic treatments, although similar complete remission of intestinal 

metaplasia.267-269 

A low-risk/curative resection is assumed when a superficial lesion in BE is removed 

en bloc, displaying a histological R0 resection, up to well-moderately differentiated 

adenocarcinoma, limited to muscularis mucosae (m3) layer and no lymphovascular 

involvement. When submucosal (sm) invasion is limited to sm1 (≤500mm in BE 

adenocarcinoma) layer, additional therapy can be considered.5, 214, 251 

 

SQUAMOUS CELL CARCINOMA 

Esophageal SCC carries an increased probability of LNM at similar stages, 

compared to BE related neoplasia. For m3 and sm1 (up to 0,200mm in SCC and to 

0,500mm for BE adenocarcinoma) invasive lesions, the risk of lymph node involvement is 

0 to <2% in BE related adenocarcinoma and 10%-20% in SCC.167, 270-274 Therefore, one of 

the main goals of SCC endoscopic resection is en bloc removal to allow accurate 

histopathologic evaluation. 

In lesions <10mm, en bloc EMR may be an acceptable option. Generally, ESD is 

considered the first line therapy due to the higher en bloc, R0, curative resection and 

lower recurrence rates. Besides relying on pre procedure diagnosis to exclude major 

submucosal involvement , the Japanese guidelines introduce the limit of 50mm of major 

axis length, in lesions with circumferential involvement (table 1).5, 214, 251, 252 

For SCC, en bloc resection rates of 83%-100%, complete resection rates of 78%-

100% and local recurrence rates of 0%-2.6% have been reported.273-280 

A low-risk/curative resection is assumed when a superficial SCC is removed en 

bloc, displaying a histological R0 resection, up to well-moderately differentiated 

carcinoma, limited to lamina propria (m2) layer and no lymphovascular involvement. When 
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invasion extends to m3 layer and particularly to sm1 (≤200μm in SCC) layer, the risk of 

LNM increases and additional therapy is advised.5, 214, 251 

 

STOMACH 

Classic absolute indications for gastric endoscopic resection include lesions with 

LGD/HGD, of any size and differentiated mucosal adenocarcinoma, ≤20mm in size and 

without ulceration. EMR is an acceptable option for lesions smaller than 10mm-15mm. 

Differentiated mucosal adenocarcinomas, >20mm in size, without ulceration or ≤30mm in 

size with ulceration and undifferentiated mucosal adenocarcinoma, ≤20mm in size, 

without ulceration compose the expanded indications. Recently, the Japanese guidelines 

also included these lesions in the absolute indication criteria. Differentiated 

adenocarcinoma, ≤30mm in size, invading sm1 (<0,500mm in gastric adenocarcinoma) 

layer, complete the expanded indications (table 1).5, 214, 253, 254 

The histologic nomenclature is not uniform in different guidelines regarding 

undifferentiated, poorly differentiated, diffuse type, poorly cohesive and signet ring cell 

carcinomas, which relate to distinct categorizations reported in the Lauren, Nakamura, 

Japanese Gastric Cancer Association (JGCA) or World Health Organization (WHO) 

classifications.5, 214, 253, 254, 281 

In the Japan Gastroenterological Endoscopy Society (JGES) guidelines, papillary 

adenocarcinomas and predominantly well to moderately differentiated tubular 

adenocarcinomas are classified as differentiated type cancers, whereas gastric cancers 

that predominantly include poorly-differentiated adenocarcinomas, signet ring cell 

carcinomas or mucinous adenocarcinomas are classified as undifferentiated type 

cancers.253, 254 

The incidence of LNM for patients fulfilling the absolute indication criteria varies from 

0.2% to 0,3%, whereas for patients who meet the expanded indication criteria varies from 

0.4% to 0.7%. Whitin this group, undifferentiated, mucosal lesions ≤20mm and 

differentiated, sm1 invasive lesions, <30mm pose the higher risk, achieving a LNM 

between 2,5% and 3.0%.282-284 

ESD compared to EMR achieves en bloc resection rate of 94.5% to 92% vs 66.8% 

to 52%, R0 resection rate of 92% to 82% vs 48.2% to 52% and recurrence a rate of 0.2% 

vs 6%.285-288 

A very low-risk or low-risk/curative procedure is assumed when a superficial gastric 

lesion is removed en bloc, displaying a histological R0 resection, fulfilling the 

characteristics for absolute or expanded indications, respectively. Consideration for 

additional surgery is advised for patients presenting diffuse-type carcinomas, even if 

satisfying the corresponding expanded indication.5, 214, 253, 254 
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DUODENUM 

EMR is the preferred technique for non-malignant duodenal lesions. Large lesion 

can be effectively removed by piecemeal EMR with a complete resection rate of 96% to 

91% and adverse events reaching 24% to 2%.289-295 

Duodenal location is considered the most challenging for ESD in the GI tract and is 

associated with a high rate of adverse events, even in experienced centers. Bleeding and 

perforations, whether immediate or delayed, occur in 13% up to 50% of cases.296-299 

Duodenal ESD should be limited to highly selected lesions and performed by 

endoscopists with great expertise.300 

 

COLON AND RECTUM 

The majority of colorectal lesions, irrespective of size, can be effectively removed by 

polypectomy/EMR/piecemeal EMR with curative intent. 

Colonic lesions >20mm require piecemeal EMR, increasing local recurrence risk up 

to 15%-30%, which can be reduced to 5% by thermal ablation of the post-EMR mucosal 

defect margin. Long term success can reach approximately 95% provided adequate 

surveillance to address potential recurrence/residual tissue.230, 301-307 

Identification of patients that most likely benefit from ESD should be accomplished 

through lesion assessment and risk stratification.302, 308 These lesions contain high 

suspicion of superficial submucosal invasion or present increased probability of 

unrecognized invasive component, such as laterally spreading tumors (LST) non-granular 

(particularly pseudo depressed) >20mm, LST granular nodular-mixed >30mm, lesions 

with a depressed (Paris 0-IIc) or complex morphology (Paris 0-Is or 0-IIa+0-Is), with type 

Vi Kudo pit pattern, Japanese Narrow Band Imaging Expert Team (JNET) 2B 

classification and 3a Sano vascular pattern. Patients with certain lesions that otherwise 

cannot be optimally and radically removed by snare-based techniques, such as those with 

submucosal fibrosis, may also benefit from ESD. Examples include lesion with previous 

biopsy related or peristalsis related fibrosis, lesions in a chronic inflammatory background 

(such as in inflammatory bowel disease) and local residual/recurrent lesions after previous 

endoscopic resection (table 1).5, 214, 252, 255-257 

Such selected lesions, located in the colon, should be highly considered for ESD. 

Nevertheless, its benefits have to be balanced against the increased procedure risk, the 

endoscopist experience, as well as lesion´s location and access. Patient age, co-

morbidities and preferences must also be taken into account. When lesions with similar 

characteristics are located in the rectum, the threshold for performing ESD should be 

lower and it should be considered the first line treatment. This is due to the fact that rectal 
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lesions present a higher risk of submucosal invasion, are easier to access and rectal ESD 

is associated with a lower adverse event rate. In addition, surgery as a therapeutic 

alternative or as a rescue therapy (after eventually non-curative piecemeal EMR), carries 

greater morbidity and stoma risk. 

A low-risk/curative procedure is assumed when a superficial colorectal lesion is 

removed en bloc, displaying a histological R0 resection, up to well-moderately 

differentiated adenocarcinoma, limited to sm1 (≤1000mm in colorectal adenocarcinoma) 

layer and no lymphovascular involvement.5, 214, 255-257 
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Table 1. A proposal of indications to perform endoscopic submucosal dissection.* 

ORGAN/ 
CONDITION 

CHARACTERISTICS OF LESIONS 
FOR WHICH ENDOSCOPIC SUBMUCOSAL DISSECTION IS INDICATED 

ESOPHAGUS   

BARRETT’S 

ESOPHAGUS 

Particularly if size >20mm 

Suspicion of superficial sm 
invasion 

or 
Increased probability of 
unrecognized sm invasive 
component 

- Size 
- >20mm 

- Surface morphology 

- Bulky / nodular (Paris 0-Is or 0-Ip) 

- Depressed morphology (Paris 0-IIc) 

- Poorly lifting 

- Index histopathology (on preprocedural biopsy) 

- Mucosal carcinoma (particularly multifocal) 

- Equivocal 

- EMR specimen displaying invasive neoplasia with 
positive margins 

Inadequate for snare-based 
resection (submucosal fibrosis) 

- Recurrence/residual 

SQUAMOUS 

CELL 

CARCINOMA 

Particularly if size >10mm† 

Absolute indications 
- m1-m2; non-circumferential; without size limitation 
- m1-m2; circumferential; ≤50mm 

Expanded indications - m3 or sm <0,200mm; (non-circumferential) 

STOMACH   

 

Particularly if size >10 - 15mm‡ 

Absolute indications 
- LGD/HGD, without size limitation 
- ADC, m, differentiated§, ≤20mm, without U 

Expanded indications 

- ADC, m, differentiated§, >20mm, without U# 
- ADC, m, differentiated§, ≤30mm, with U# 
- ADC, m, undifferentiated¶, ≤20mm, without U# 
- ADC, sm invasive <500mm, differentiated§, ≤30mm 

COLON AND 

RECTUM 
Colon - selected cases** 
Rectum - general rule 

 

 Particularly if size >20mm 

Suspicion of superficial sm 
invasion 

or 
Increased probability of 
unrecognized sm invasive 
component 

- Surface morphology 
- LST-NG (particularly pseudodepressed), >20mm 
- LST-G, nodular-mixed, >30mm 
- Depressed morphology (Paris 0-IIc) 
- Complex morphology (Paris 0-Is or 0-IIa+0-Is) 

- Surface pattern 
- Type Vi Kudo pit pattern 
- JNET 2B classification 
- 3a Sano vascular pattern 

Inadequate for snare-based 
resection (submucosal fibrosis) 

- Previous biopsies related fibrosis 
- Peristalsis related fibrosis 
- Chronic inflammation (Inflammatory bowel disease) 
- Recurrence/residual 

*Adapted from 5, 165, 166, 213-215, 251-253, 257 
ADC, adenocarcinoma; EMR, endoscopic mucosal resection; G, granular; HGD, high-grade dysplasia; JNET, Japanese 
Narrow Band Imaging Expert Team; LGD, low-grade dysplasia; LST, laterally spreading tumor; m, mucosal layer; NG, non-
granular; sm, submucosal layer; U, ulceration. 
 
† EMR is an acceptable option for lesions smaller than 10mm, if en bloc resection assured. 
‡ EMR is an acceptable option for lesions smaller than 10mm. 
§ Differentiated: papillary adenocarcinomas and well to moderately differentiated tubular adenocarcinomas. 
¶ Undifferentiated: poorly differentiated adenocarcinomas, poorly cohesive carcinomas (including signet ring cell 
carcinomas) and mucinous adenocarcinomas. 
# Considered absolute indications for the Japan Gastroenterological Endoscopy Society. 
** According to patient (age, co-morbidities, preference) and procedure risk (endoscopist expertise; lesion location and 
access). 
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SIMULATION 

Initial ESDs should not be performed in humans. The complexity and potential 

serious adverse events of the procedure were demonstrated in a study where beginning 

of ESD was carried out in human rectal lesions. The initial perforation rate was 34% and 

the initial en bloc resection rate 52%.309 Therefore, simulation, as an alternative option for 

initial training, should be sought. 

In medical simulation, a situation or environment is created, allowing standardizing 

of patients, technical procedures execution and clinical scenarios reproduction, in order to 

represent the real event.310-312 Learning, practicing, evaluation, testing or gaining 

understanding of systems and human actions is possible.313 Cognitive, psychomotor or 

behavioral skills can be taught to improve the performance of healthcare providers, 

healthcare processes and eventually patient outcomes.314-321 Applications for simulation in 

Medicine are related to (i) improving patient safety and quality programs (instead of 

practicing on real patients, such as training in crisis events or novel/infrequent 

interventions), (ii) skills training and competency assessment, (iii) improving clinical 

teaching constraints (as an alternative solution to many of the challenges of contemporary 

medical education) and (iv) supporting the development of interprofessional collaborative 

practice.322-324 

Simulations continue to achieve widespread acceptance, but several factors limit or 

challenge its use. Operationalization and participant engagement factors are the most 

common. Operational issues include the cost of simulation, the need for skilled trainers, 

along with the time and complexity related to its design, preparation, implementation and 

evaluation.325 Participant engagement barriers are consequences of finding the 

simulations stressful and intimidating or are related to failure of the simulators or trainers 

to accomplish the intended goals. This has unfavorable implications for learning and 

influences the experiences of other trainees.326, 327 

The mentor-apprenticeship model has been the traditional route of endoscopy skills 

teaching, in which trainees learn under direct supervision of trained endoscopists, in the 

clinical setting.25 This clinical training is associated with specific disadvantages, such as 

the necessity of the preceptor to completely resign control of the endoscope (to allow the 

trainee to learn), the time increase in each procedure (with capacity and economic 

implications), the limitation by clinical demands and time restrictions, the determination of 

exposure by patient encounter (limiting contact to pathology prevalence), the challenges 

in patient comfort and safety, as well as the increased difficulty to process feedback in a 

new, potential stressful situation.25, 328, 329 

Endoscopic simulators, on the other hand, provide the option of teaching diverse 

competencies in a low-risk, stress-free, controlled environment. The remaining 
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advantages are the opportunity for a sustained, repetitive practice until mastery, the 

possibility of errors performance without adverse consequences, the individualized 

learning process (with simulation tasks adaption), the fact that trainers may focus 

exclusively on learners (instead of struggling between teaching and clinical demands), the 

option of exposure to potential infrequent, specific clinical conditions or techniques and 

the possibility of skills maintenance in case of interrupted clinical practice.25, 330-332 

Some studies have demonstrated that simulation-based education improves 

endoscopic process skills in test setting and in clinical practice, as well as in patient 

outcomes, compared with no intervention.22 Evidence on the use of simulators is available 

on the early training phase by shortening the learning curve to competency and mainly for 

validated virtual reality simulators.23-26 However data on the assessment of performance or 

competence levels in patient-based endoscopy are lacking. 

Mechanical simulators are composed of inanimate tissue materials, intended to 

mimic anatomic structures where motor tasks are performed with a real endoscope. They 

are associated with lack of realism with inadequate simulation of tissue properties.26, 333 In 

virtual reality computerized simulators, endoscopes are maneuvered within a virtual 

intraluminal scenario by hardware components and software functionalities. Although able 

to provide real-time feedback, various clinical cases, standardization of training and 

generating metrics for evaluation of users performance, when addressing complex 

therapeutic interventions, such simulators are not ideal. This is due to the inability to 

reproduce the tissue properties, such as elasticity and tactile feedback of human tissue.26, 

334-337 

Ex vivo and live animal models are deemed more suited for this type of training, 

considering its human resemblance. 

Despite different assessment parameters, ESD performance appears to improve 

with animal training and supervision during this period is advised.16, 338-341 

Prior to human ESD start, at least 10 to 30 procedures are recommended in the 

animal model.14, 340, 342 Particularly, the European Society of Gastrointestinal Endoscopy 

(ESGE) suggests a minimum of 20 cases, with 8 en bloc complete resections without 

perforations in the last 10 procedures.232 

 

INITIAL HUMAN INVOLVEMENT 

Observing and assisting ESD procedures performed by experts improves procedural 

skills. It exposes the trainee to different settings, organs and adverse events, increasing 

its involvement and concentration. Japanese and European recommendations suggest 

observation of 20 ESD and assistance of 5.5, 13, 232, 343 
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The gastric antrum is the preferred place to start performing ESD due to the easy 

lifting of the submucosa, straightforward endoscopic access and thick muscularis propria 

layer. It is therefore recommended to initiate clinical ESD on small lesions of the antrum, 

without ulceration or scarring. Resection of lesions in the distal stomach is associated with 

shorter procedure time and perforation, as well as lower procedure difficulty and risk of 

non-curative resection, compared to more proximal locations.241, 344 

Considering the scarcity of antral lesions in some Western countries, the rectum has 

also been considered an alternative location for beginners. The reasons for that relate to 

the higher incidence of rectal lesions, good maneuverability of the scope and low 

morbidity of rectal perforations. It is recommended to avoid lesions with fibrosis/scarring, 

namely in patients who have undergone prior incomplete resections or have ulcerative 

colitis, as there is a greater probability of increased difficulty. Rectal ESD experience may 

allow a progressive stepwise approach to the colon with fewer risks.345-347 

Starting clinical ESD in the colon is not advised, as demonstrated by a R0 resection 

rate of 58,0% and a perforation rate of 15,5%, by endoscopists with previous animal 

training, but without gastric ESD exposure.348 Other reports described perforations rates of 

10,0%-12,5% in this setting.349, 350 

Supervision of an ESD expert endoscopist for the first 10 human procedures is 

recommended as it offers the opportunity to advise, orally instruct and provide hands-on 

assistance, if needed.232, 240, 351 

 

ACHIEVING COMPETENCY 

Case volume as a surrogate for competence is inaccurate, considering the different 

rates at which trainees acquire specifics endoscopic skills.351 Additionally, learning curves 

on ESD are variable, depending on several factors such as the endoscopist experience 

and training, as well as the organ where the procedure is performed.12 

Nevertheless, 30 cases has been regarded as the minimum for a beginner to gain 

early proficiency/competence in gastric ESD.7, 352 

One study demonstrated that trainees require 40 procedures for successful removal 

of lesions within the classical indications and 80 cases for lesions within the expanded 

indications, to achieve outcomes similar to experts.8 A minimal experience of 20-40 distal 

gastric ESDs before attempting more proximal areas or extra gastric locations has been 

recommended,13, 353 but expertise in gastric ESD was suggested to be attained only after 

50-100 procedures in another study.241 

According to the American Society for Gastrointestinal Endoscopy (ASGE) 

Guidelines, 30 gastric ESDs represent the minimum number of procedures that should be 

performed before assessments of competency and/or seeking of credentials/privileges.354 
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Regarding colorectal ESD, for endoscopists with prior gastric ESD practice, 40 

procedures were deemed necessary to successfully perform ESD avoiding perforations 

and 80 to effectively treat large colorectal tumors.355 Others have reported adequate skill 

acquisition after 30-50 procedures.356, 357 In another study, accomplishing >100 

procedures was identified as an independent predictor of success and a plateau of high 

effectiveness and low morbidity was achieved after 120 procedures. 346, 358 In a systematic 

literature review, procedure speed improved after 30 colorectal cases and acceptable en 

bloc/R0 resection rate was achieved after 40 cases, for endoscopists with previous ESD 

experience.359 

 

MAINTAINING COMPETENCY 

Although competence may not be defined only by number of procedures, a 

minimum volume is a prerequisite for skill acquisition and sustaining a number of ESDs 

per year relates with outcome measures and adverse events rate.351, 360 

Clinical outcomes for Eastern series are generally regarded as better than those 

from Western ones. These differences seem to be more dependent on case load and 

endoscopic experience than on endoscopist origin and also more relevant for colorectal 

than for upper GI ESD.361, 362 

Available target metrics suggest an en bloc resection rate ≥90%, an R0 resection 

rate ≥80%-85%, a low risk/curative resection rate ≥75%-80%, an adverse event rate <5% 

(perforation rate <3% and need for surgery due to adverse events <1%) and a resection 

speed ≥9cm2/h.13, 232, 363 

The threshold value for curative resection rate should account for the following. 

Increasing expertise may lead to a greater request for ESD in patients whose lesions may 

be at the borderline for endoscopic treatment, but due to their general health status or 

preference, may not be surgical candidates. Additionally, the accuracy of distinguishing 

tumors confined to the mucosa from tumors with slight submucosal invasion is not ideal, 

even with experts, which may justify performing ESD in such lesions. The result can be a 

low risk/curative resection, but may also display a non-curative/high risk resection, which 

at the most, becomes an accurate T staging resection, that will not disturb further 

additional treatment deemed necessary.232, 251 

Considering the limitation of procedure numbers to assess competency, maintaining 

outcome measures at the proposed thresholds should be the target for continuous 

practice. Nevertheless performing 25 ESDs/year has been suggested, independently of 

the organ. Still it is important to recognize that, although the general procedural method is 

similar for different organs, the technical complexity, adverse events, as well as the 

particular technical details and strategies may be different.232, 251, 360, 364  
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A) THE ROLE OF SIMULATION 

 

 

 

 

 

 

 

 

 

 

SIMULATOR TRAINING IN GASTROINTESTINAL ENDOSCOPY - FROM BASIC TRAINING TO 

ADVANCED ENDOSCOPIC PROCEDURES. 
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A) VALIDATION OF THE MODEL 

 

 

 

 

 

 

 

 

 

 

TRAINING IN ENDOSCOPIC MUCOSAL RESECTION AND ENDOSCOPIC SUBMUCOSAL 

DISSECTION: FACE, CONTENT AND EXPERT VALIDITY OF THE LIVE PORCINE MODEL. 
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Koch AD. 
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DISCUSSION 

 

GENERAL CONSIDERATIONS 

Endoscopic resection techniques, namely EMR and particularly ESD are complex 

procedures, requiring advanced skills and involving substantial risk of adverse events. To 

address these challenges, structured ESD training programs have been proposed. 

Nevertheless, evidence supporting which distinct steps should be included and how they 

would translate into benefits for clinical practice have not been documented. 

In this section, the results of the manuscripts are comprehensively discussed with 

the purpose of answering each aim proposed in the thesis. 

In our studies we explored the simulation stage of training programs and presented 

its role in endoscopic procedures, particularly in the live animal model setting.365 Both the 

validity and an early learning curve were established for EMR and ESD training with these 

models.366, 367 We also determined how expert endoscopists acquired their training in 

these techniques.368 Additionally, we assessed how participants of ESD workshops 

complied with recommendations for training and adequately implemented the technique. 

Finally, we evaluated how skills obtained in these training courses were transferred to 

clinical practice.369 

 

SIMULATION IN GASTROINTESTINAL ENDOSCOPY TRAINING 

THE ROLE OF SIMULATION 

Simulation-based training has gained relevance and acceptance in diverse clinical 

domains, including emergency medicine, anesthesia, obstetrics, neonatal, pediatric and 

adult critical care.370-373 

It is widely accepted that allowing untrained or minimally trained clinicians to 

develop initial practice on patients poses an unacceptable risk, when simulators are 

available.374, 375 Simulation in advanced endoscopic techniques fulfils various prerequisites 

of paramount importance for simulation in medical education.376, 377 The first is patient 

safety. Simulating novel, infrequent, potential harmful interventions or novel equipment, 

instead of practicing on real patients is clearly an example of ESD procedures. Other 

inherent advantages of simulation are the ability for both skills training and competency 

assessment. In fact, routine learning and rehearsal of endoscopic skills, as well as 

practicing management of serious adverse events represent the core of ESD simulation. 

The field of competency assessment is still a matter for future development. Finally, 

improving clinical teaching constraints is a reason to adopt simulation in general, that 

undoubtedly relates to ESD teaching. Increasing or replacing medical rotations when 

clinical sites are limited, while ensuring predictable and reliable clinical experiences 
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justifies resorting to simulation in Medicine overall.321, 322, 325, 378 In this regard, considering 

the particular case of ESD teaching, the scarceness of experts and training centers, as 

well as the paucity of easier and safer located lesions to start performing clinical ESD 

support the crucial role of endoscopic simulation. 

Several disadvantages have been recognized in the traditional mentor-

apprenticeship model of learning endoscopy. Those can relate to the patient, to the tutor, 

to the learner and to the health care structure, as previously discussed.25, 328, 329, 365 

Endoscopic simulators create a low-risk, stress-free, controlled environment, while 

offering the possibility of teaching technical, non-technical, and cognitive skills.25, 330-332 

Novices or experts may initiate a new procedure or practice a specific new skill, avoiding 

human patients involvement in the initial part of the learning curve, where potential risks 

are greater.365 These features are particularly relevant for ESD learning. 

Pure mechanical simulators and virtual reality simulators are inadequate for ESD 

training due to the absence of characteristics needed to mimic human tissue.26, 333-337 

Considering its perceived human resemblance, training with animal models prior to 

human practice has been recommended, although evidence on clinical benefits of such 

exposure have been lacking until now. 

 

ANIMAL MODEL SIMULATION FOR ADVANCED ENDOSCOPIC RESECTION TECHNIQUES 

VALIDATION OF THE MODEL 

Animal model simulation allows the training of team coordination with the assistant, 

understanding devices/electrosurgical units, as well as rehearsing fine movement control 

of the scope.15, 16 

Ex vivo models combine a plastic casing with explanted animal organs. They have 

the advantage of allowing the execution of various therapeutic endoscopic procedures in 

different organs, such as the esophagus, stomach and colon, with real accessories, in a 

more realistic environment and with lower costs. On the other side, there are limitations to 

the number of training procedures per platform, there is a prolonged preparation time and 

a loss of tissue characteristics compared to human ones is recognized.12, 19, 379, 380 

Live animal models, generally anesthetized pigs (although others may be used) are 

considered more realistic, by including real-feel elements, such as breathing movements, 

heart beats, peristalsis, abdominal distension, intraluminal secretions and tissue reaction 

to injection and electrocautery.13, 365, 381 Furthermore these models allow for the possibility 

of dealing with bleedings and perforations.12, 365, 366 On the downside, the availability of 

animals and the need to sacrifice them, the infrastructures and complex equipment 

requirements, the veterinarian support, ethical concerns and costs, together represent the 

disadvantages of these models.12, 16, 18-20 
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Ex vivo models are probably adequate for the initial training period considering 

these constraints.12, 16, 18-20, 365, 366, 379, 380 The increased similarity of live animal models with 

the human scenario renders their use more suitable for the subsequent stage of training. 

Formal validation of the live porcine model regarding face, expert and content 

validity, in training EMR and ESD was achieved in our study, by 91 endoscopists 

participating in 4 workshops.366 

ESD training programs include hands-on practicing in live animal models and 

previous papers have focused on ESD feasibility on such models.5, 12, 13, 27, 28, 365 However, 

their validation have not yet been formally demonstrated. Considering the acknowledged 

similarity with human anatomy, practicing advanced endoscopic resection skills in these 

models seems rational. Nevertheless, for every method, technology or teaching tool, 

validity evidence should be obtained prior to its effectiveness assessment or financial 

justification. In addition, an important consideration when using this particular model is the 

necessity of animal sacrifice. Similarly, demonstration that a simulator is realistic before 

concluding about its usefulness as a training tool or prior to testing its abilities as an 

assessment instrument is required. 

The validation process encompasses several phases. Face validity relates to the 

degree to which the model appears to reflect the intended purpose, while content validity 

refers to the extent to which the relevant, appropriate, comprehensive and consistent 

contents or domains  are incorporated. Expert validity is recognized when the appreciation 

is performed by experts on the field.382-384 

Our data seemed robust, once the validation was performed by trainees with 

previous experience in diagnostic and therapeutic endoscopy and tutors with inherent vast 

expertise. Furthermore, appraisals by both groups were very similar. 

We were able to demonstrate that the model was very realistic with median global 

classifications ranging between 7,0-8,0 (IQR 5,0-9,0).  

When addressing specifically the characteristics of the live porcine model, its major 

advantages over pure mechanical simulators and virtual reality simulators were confirmed 

and reflected by the high rates on the ability to reproduce human elasticity, tissue 

properties and tactile feedback.334 On the other hand, orientation of organs, thickness and 

stiffness of the mucosal layer have not been considered so similar.20, 385 Accordingly, in 

our study, wall structure of the organ, mucosal thickness and tissue pliability scored the 

lowest mean values (although medians were comparable). Another study suggested that 

the porcine mucosal layer was thinner in the proximal stomach and that the thicker distal 

greater curvature was less adequate for ESD training.386 

Besides the high scores for realism, the performance of the procedures itself was 

considered very similar to the human practice. Procedures were seen as accurately 
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resembling human cases, with median scores of 9,0 (IQR 8,0-9,0) for esophageal 

multiband EMR, 8,5 (IQR 8,0-9,0) for esophageal ESD and 9,0 (IQR 8,0-10,0) for gastric 

ESD.  

We feel that there are some differences between the porcine and the human 

esophagus wall structure. In workshops, when performing esophageal multiband EMR, 

contrasting to human practice, it is easier to create a full thickness pseudopolyp resulting 

in perforation. Accordingly, in our study, the ability to apply the band ligation and to cut the 

pseudopolyp, was slightly lower rated compared to the other steps in this technique. 

Similarly, esophageal ESD had lower overall scores concerning how procedures were 

performed and regarding the coordination of tasks. 

Controlling hemorrhage during submucosal dissection has been regarded as one of 

the most decisive steps in the ESD teaching process.387 Importantly, the ratings on 

complication detection and management, namely dealing with hemorrhages, in our study, 

were very high, with a score of 9,0 (IQR 8,5-9,8 and 8,0-9,7). As a result, we 

demonstrated that the live porcine model is useful for training all the steps involved in 

EMR/ESD and equally for intraprocedural complication management. The difficulty of the 

procedures and the usefulness of live animal simulated procedures also attained high 

ratings. 

Thus, the animal model was highly appreciated as a learning tool reaching median 

scores of 9,0 (IQR 7,0-10,0) considering how procedures were performed and 9,0-9,5 

(IQR 8,0-10,0) for usefulness to beginners. 

In line with international recommendations on training, participants considered that 

live animal courses should be a prerequisite before clinical practice.5, 214, 233, 240 

It is important to notice that this work did not address the effects of training in the 

animal model regarding the outcomes in clinical practice. 

 

LEARNING CURVE FOR ENDOSCOPIC SUBMUCOSAL DISSECTION 

The validation of the live animal model for EMR and ESD training by itself, does not 

translate into a potential benefit of its use. Taking this concern into account, in a 

subsequent study, we assessed ESD performance parameters in 70 procedures carried 

out by 17 trainees, in the live porcine model. The percentage of complete resections 

increased from 88,2% to 100%, en bloc resections from 76,5% to 100% and ESD speed 

from 8,6 to 31,4mm2/min, from the first to the final procedures. 

We were able to demonstrate that through successive ESD procedures in a porcine 

model, within a hands-on training program, en bloc resection rates and ESD speed 

increased whereas adverse events decreased. 
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Improvement in ESD performance on ex vivo animal models has been 

demonstrated.16, 338, 339 Variations in ESD progress were noted between studies, animals 

(porcine or bovine) and organs (esophagus, stomach or colon). On ex vivo colonic 

models, an inflexion of the learning curve was observed at the 9th ESD procedure, while 

an ESD goal was only achieved at the 30th procedure by 84% to 50% of trainees, in 

another study.339, 341 Others have shown that to achieve a predefined level of competence, 

23-25 ex vivo gastric procedures were needed and 30 gastric ESDs led to decreased 

procedure times, a lower perforation rate and improvement in en bloc resection rate.338, 340 

In contrast to other studies, as a more reliable parameter, we chose to use ESD 

speed instead of surface area or time alone. We realize that an increase in speed 

(measured in mm2/min) more accurately reflects ESD performance and the learning curve 

of the trainee. The isolated use of procedure time or surface area is a weak measure of 

performance because these parameters are closely related to each other. Hence, at the 

same speed, more time is necessary to resect a larger lesion and vice versa. 

We observed an increase in ESD speed throughout the procedures and importantly, 

the rate of adverse events did not increase when trainees started performing faster ESDs. 

On the contrary, the number of procedures in which a trainee needed tutor intervention 

and the number of adverse events decreased throughout the procedures (4 to 0 and 6 to 

0, respectively), as performance and speed improved, reflecting adequate acquisition of 

skills. 

In live models studies, with en bloc resection rates ranging from 94,7 to100%, mean 

ESD speed varied from 5,0-10,0mm2/min in the first procedures to 22,0-30,0mm2/min in 

the later ones.388-390 This is in line with our results, in which speed ranged from a median 

of 8,6mm2/min in the first procedures to 24,7mm2/min and 31,4mm2/min in the final ones. 

A temporary decrease in ESD speed (18,5mm2/min to 17,0mm2/min) and a slight 

increase in perforation rate (0 to 2) occurred when trainees switched to a different type of 

knife. At this point, complete and en bloc resection rates were not affected. ESD 

performance was gradually improving and had a momentary negative impact by the 

introduction of a new type of knife. So, we concluded that each endoscopist needs to get 

used to a certain type of knife and changing it leads to an adaptive phase. Interestingly, 

this phenomenon happened despite the introduction of a theoretically “safer” knife due to 

its partial insulated tip. This evidence supports one informal advice, usually provided by 

ESD experts, which is not to switch repeatedly the type of knife used in clinical practice 

and to maintain experience with the same one. 

Concerning adverse events, the perforation rate was 10,0%, reflecting ESD 

difficulty, but still in accordance with other studies, with rates of 5,2 to 62,5%for live animal 

models and 4,6 to 14,5% for ex vivo models.338-341, 389-392 
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In our study we did not observe a plateau phase, which is probably explained by the 

limited number of ESD procedures performed by each endoscopist with a median of 4,0 

(IQR, 3,5-5,0). This confirms the need and rationale for continuous training, even though, 

as seen in previous studies, assessing ESD learning curves on animal models depends 

on the type of animal, ex or in vivo nature, definitions of success and competency 

thresholds assumed. Nevertheless, a minimum of 10 to 30 ESD procedures in the animal 

model are recommended before moving to human cases.5, 14, 340, 342 

 

STRENGTHS AND LIMITATIONS 

Concerning the strengths of these studies, we emphasize that the first was a 

pioneer research and the second had a prospective design, in which the measured 

parameters were clearly objective and were assessed by an independent observer. In 

both, endoscopists had diverse origins and backgrounds, which supports the 

generalization of our findings. 

Regarding limitations, it is important to mention that only esophageal and gastric 

procedures were performed and the porcine colon was not evaluated. We recognize that, 

in clinical practice, target lesions for ESD may contain fibrosis or involve the submucosal 

layer which may interfere with endoscopic dissection. In our studies, procedures were 

performed on healthy porcine tissue with no pathological findings. Nonetheless, the basic 

steps and strategies will be unaffected in a significant number of such lesions. This known 

limitation of this model should not be particularly relevant for the beginners in ESD (for 

whom this training is best suited), because they should not start clinical practice with 

lesions with such demanding characteristics. 

 

ENDOSCOPIC SUBMUCOSAL DISSECTION TRAINING PATHWAYS AND CLINICAL OUTCOMES 

TRAINING IN REFERRAL CENTERS 

In a forward stage of the training pathway, we assessed the exposure to training 

with animal models and the clinical endoscopic background of Western endoscopists 

performing clinical ESD. From a total of 279 invited expert endoscopists performing 

advanced resection techniques, 58 (21%) participated and 50 were conducting clinical 

ESD. They had extensive endoscopic experience before starting human ESD. The 

majority had pre-clinical training with ex vivo and live animal models and were currently 

training other endoscopists with these models. 

ESGE recommendations on training suggest that endoscopists considering ESD 

should be fully trained and proficient in EMR and adverse event management.232 In this 

study we demonstrated that Western endoscopists were very experienced, with a median 

of 15 years (IQR 9,8-20,3) of endoscopic exposure and all of them were regularly 
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performing conventional EMR, before starting ESD. Approximately half of them practiced 

modified EMR techniques (cap- and ligation-assisted EMR), which even though are not 

deemed absolutely necessary, provide further experience and knowledge about 

alternative resection methods.232 

ESD has gained widespread acceptance in the East, where the technique is 

typically introduced in earlier stages of endoscopic practice. We realized that our typical 

Western ESD apprentice is fairly more endoscopically experienced than the average 

Eastern counterpart. Before ESD training in Japan, a trainee is required to have 4 to 5 

years of endoscopic experience, 1000 upper endoscopies, 100 colonoscopies, 20 

therapeutic endoscopies and reliable techniques of hemostasis, polypectomy and 

endoscopic mucosal resection.7, 241, 393 So, for instance, a Japanese study revealed that 

endoscopists learning ESD had a mean of 5 years of post-graduation and had performed 

a modest number of colonoscopies (150-250).239 Similarly, in another survey, 100% of 

endoscopists starting ESD in Korea, had finished the fellowship <10 years and 66% were 

second year fellows or have finished the fellowship <5 years.394 

Concerning the learning process, still in Korea, the three most valued methods were 

ESD under supervision (91%), ESD observation (81%) and hands-on animal courses 

(35%).394 Importantly, the two most significant ones are the most challenging to achieve in 

the West, due to the lack of endoscopists available to perform and supervise ESD and 

also due to the low prevalence of antral gastric lesions adequate to initiate human ESD. 

Local guidance from Japanese endoscopists in Western countries have been reported in 

an effort to overcome the lack of expert supervision.395 

The classic Eastern ESD learning pathway is not, currently, entirely reproducible in 

the West, if we consider the previous mentioned differences between regions. So, a pre-

clinical training program incorporating animal model training plays a crucial, irreplaceable 

role.5, 12, 232, 364, 396 Even in Asian countries it is not considered appropriate to start ESD in 

humans and training with animal models is recommended by experts.241, 393 

As a result, and in compliance with the ESGE recommendations and Eastern 

perspectives on training, in our survey 84% of the endoscopists underwent training with 

live animal models, 74% with ex vivo models, and 92% with at least, one of the two 

models.5, 232, 241, 393 Similarly, in an Italian study, 93% of learning endoscopists performed 

ex vivo and 76% in vivo ESD training.29 On the other hand, in Japan, it is required to 

attend five or less animal training courses before starting human ESD.239 Whereas in 

Korea, despite considered valuable at improving beginners skills at the early phase, only 

33,8% of the endoscopists underwent hands-on courses, in one survey.394 These findings 

represent a much lower percentage of animal training, when compared to the 92% of 

Western endoscopists. 
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Interestingly, in our study, prior to clinical practice, more endoscopists used live 

animal models than ex vivo models (84% vs 74%), which may be explained by the closer 

similarity of this model to the human setting.366 

We realized that, after starting clinical ESD, 60% of the endoscopists became tutors 

with live animal models and 52% with ex vivo models. In fact, they have attended more 

courses as trainers (median of 5 courses with ex vivo and 3 courses with live animal 

models) that they experienced as trainees (median of 2 courses each, with ex vivo and 

live animal models). We can assume that this teaching method is highly valued, since so 

many endoscopists that underwent such training later engaged in teaching with the same 

model. 

Accordingly, these endoscopists rated the personal usefulness, before starting 

clinical ESD, of ex vivo models with a median of 9,0 (IQR 8,0-10,0) and of live animal 

models with a median of 10,0 (IQR 8,0-10,0), out of 10. They also considered that courses 

with ex vivo (by 84%) and live animal models (by 78%) should be a prerequisite before 

clinical practice. 

Major clinical ESD outcomes were similar between endoscopists with or without 

previous animal model training. However, these later endoscopists had greater ESD 

experience with a mean of 11,5 years (vs 6,8 years) and had performed more ESD cases 

with a mean of 393 cases (vs 230 cases). The fact is that we would expect that 

differences in clinical results would manifest in the initial human practice, if we made an 

analogy with flexible endoscopy simulation-based training.26 Although the design of this 

study was not intended for this purpose and taking into account some interpretation 

caution, we can assume that to achieve similar clinical outcomes, endoscopists with 

previous animal training have less ESD clinical experience in years and in volume of 

cases per endoscopist. 

 

TRAINING PATHWAYS AND DEDICATED WORKSHOPS 

We conducted a subsequent research, in which we described the transfer of prior 

ESD skills obtained in hands-on training courses to clinical practice. From the 118 invited 

endoscopists attending ESD workshops with live porcine models, 40 (34%) participated in 

our survey and 19 (47%) were performing human ESD thereafter. 

The ones that did not start human ESD stated, mostly, local potential addressable 

justifications such as insufficient detection/referral of patients with lesions suitable for ESD 

and inadequate endoscopic unit resources. 

Endoscopists performing human ESD were predominantly male (89%), as observed 

in other reports.29 In accordance with international recommendations, at the beginning of 

human ESD practice, they had access to literature/meetings resources, were familiar with 
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endoscopic classifications and had acquired adequate endoscopic skills (they were all 

performing EMR and emergency therapeutic endoscopy).5, 232, 241, 393 

Interestingly, the mean years of endoscopic practice was 7,7 (SD 4,1) compared to 

a median of 15 years in our previous Western research, denoting a tendency to a 

decrease in the endoscopic experience, when starting ESD.368 Nevertheless, not as low 

as the experience reported in Asian countries.7, 239, 241, 393, 394 This means that ESD is 

gradually disseminating and being implemented in Western countries by younger 

endoscopists. 

In 2019, ESGE released recommendations for ESD training, although many 

endoscopists in our study had already started clinical ESD by that time.232 ESGE 

suggested training with animal models and recommended at least 20 procedures before 

human practice.232 In our survey, before human ESD, 100% of the endoscopists used live 

animal models and 68% ex vivo models, attending a median of 5 courses and performing 

a median of 20 procedures. As recommended, these courses were always supervised.232 

Animal models are a commonly used training method in the West and less frequent in the 

East, as previously mentioned.29, 394 

Endoscopists with few initial human cases, should maintain uninterrupted practice of 

ESD with animal models.232, 397 Accordingly, we realized that even after starting clinical 

ESD, 60% continued using live animal model training. So, efforts should be made to 

assure continuous availability of additional ESD hands-on workshops. 

The scarcity of expert endoscopists to allow observation, assistance and ESD 

performance under guidance represent one of the challenges, when implementing the 

technique in the West. Regarded as important training stages, in our study, observation of 

experts was possible in 95%, assistance in almost 50% and initiating ESD under 

supervision in 53%.5, 13, 232, 343 This last step, although not as widespread as in Asian 

countries, was higher than the 35,5% of an Italian study.7, 29, 239, 241, 393, 394 

The first clinical procedures were conducted in the lower third of the stomach or 

rectum (none in the colon), with lesions with ≤30mm, in approximately 90% of the cases, 

as generally recommended.5, 232, 241, 393 The stomach and rectum were the locations where 

the majority of the procedures were performed, where more than 80% of participants had 

experience and represented the primary organs for ESD in approximately 90% of the 

cases. We believe that this predominance reflects the prevalence, identification and 

referral of such lesions in each endoscopist country, as well as the conscious will to work 

in the easiest and safest locations, in the beginning of human practice. 

ESGE recommends a minimum case load of 25 ESDs per year.232 In our study, we 

realize that each endoscopist performed a median of 19 (IQR 8-32) cumulative ESDs in 

total and a median of 10 (IQR 4-24) in the previous year. These numbers are below the 
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suggested threshold, although we should take into account that the implementation of the 

technique is gradually progressive and that the follow up time for some participants was 

less than 1 year. Thus, in the previous year, the median procedures increased to 15 (10-

27) and 24 (IQR 22-35), if only endoscopists performing more than 10 and 30 procedures 

were considered, respectively. 

Clinical outcomes regarding en bloc, radical (R0) and curative resection rates were, 

respectively, 92%, 88% and 86%, which exceed the ESGE requirements of >90%, >80%-

85% and >75%.5, 232 These rates were better for esophageal and gastric ESD, 

intermediate for rectal ESD and lower for isolated colonic ESD. 

The adverse event rate was <10%, which has been deemed as the threshold for 

early competence and inferior to 14% to 29% reported in national series.13, 30 Particularly 

concerning the perforation rate, ESGE suggests a limit of 3%.232 Our global rate reached 

5% and was mainly related to colonic perforation, but was still inferior to the 18% to 8%-

6% of other studies.29, 30 Altogether these results are analogous or slightly superior to 

other Western reports and substantially better than the en bloc resection rate of 52% and 

the perforation rate of 34% described in the first ESD cases performed by endoscopists 

without prior experience or supervision in another study.29, 30, 309, 361 

Specific outcomes for endoscopists performing ≤10 ESDs exceeded the en bloc 

resection rate of >80%, defined for the early competency, but were below or at the ESGE 

defined competency thresholds, with global en bloc resection, R0 resection and curative 

resection rates of 84%, 81% and 75%, respectively.13, 232 Conversely, endoscopists with 

>10 procedures surpassed the previous mentioned clinical standards and the outcomes of 

other Western series.29, 30, 232, 361 In fact, a trainee is not allowed to practice colonoscopy 

independently before reaching 200-300 colonoscopies, which is the average number to 

achieve a 90% cecal intubation rate.354, 398, 399 Accordingly and taking our results in 

consideration, ESD expert supervision should be assured, at least in the first 10 human 

procedures. These findings strongly support the ESGE recommendation in this regard.232 

We could, hence, assume that a structured training program incorporating 

simulation on animal models, translates into an effective and safe initial clinical practice. 

Similar to the benefits of virtual reality simulators for flexible endoscopy, these seem to 

particularly impact the early learning curve.26, 337 

Satisfaction with each training program attained a median of 7 (IQR 7-9) out 10 in 

our study and reached 43% in an Asian survey.394 In both studies the most valued 

learning methods were identical, although a greater emphasis was reported on ESD under 

supervision/ESD observation in the Asian study and on training with animal models in 

ours.394 These endoscopists also mentioned that one of the methods needed for better 

ESD training was to provide Centers for observing/assisting human ESDs performed by 
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experts. Therefore, this goal of observing/assisting and starting ESD under supervision 

represents the Asian endoscopists preferences and the Western endoscopists´ request. 

Nevertheless, currently there is a gap between this need and the Western possibility to 

offer such training, as previously mentioned. 

 

STRENGTHS AND LIMITATIONS 

Regarding the strengths of these studies, a wide range of participants from different 

origins in the world was included, allowing broader perspectives on this topic. It is worth 

mentioning that in the former study we were able to reach many experts it this field and 

provide their ESD training, which is frequently overlooked. We would also like to stress 

that in the later one, besides its innovative concept, data collection was very 

comprehensive, ranging from the pre training period, containing several steps during 

training and including ESD clinical implementation with outcomes. 

Concerning limitations, we acknowledge the limited number of participants, however 

fairly acceptable for this type of research, the reliance on self-reported data and the 

relative modest number of procedures performed. We understand that we reported 

individual behaviors, which do not inevitably reflect the policy on training of each 

endoscopic center. 

 

IMPROVING ENDOSCOPIC SUBMUCOSAL DISSECTION TRAINING 

GENERAL PRINCIPLES 

The growing diversity and complexity of emerging endoscopic techniques poses 

several challenges to the design and ability to provide specific proper training. 351 

Standardizing principles, goals, contents and teaching approaches ensures 

uniformization of training. Promoting adequate training of endoscopy trainers is crucial. 

Particularly, improvement of the ability to consciously deconstruct complex procedures 

into basic component steps provides an organizational framework for teaching and 

analyzing trainee performance. Communication and especially the principles of 

constructive feedback are also essential. 

ESD, similarly to other complex endoscopic interventions, is classified as a major 

skill, in which a new technique or procedure that involves a high level of complexity, 

interpretative ability, and/or new type of technology is employed. Formal training is 

strongly advised for the development of such skills.354 

Criticisms have been made regarding robustness of data substantiating ESD 

training recommendations previously issued.351 With this project, a contribution to such an 

important stage was made. Additionally, the achievements of this thesis can be translated 
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to other techniques, since general principles of proper endoscopy teaching can apply to 

different endoscopic interventions. 

 

SIMULATION DESIGN 

Based on current evidence, endoscopy simulation-based training has been shown to 

be useful in the early training phase in helping speed up the initial phase of the endoscopy 

learning curve and reduce patient burden.22, 23, 26 

Generally, when designing an instructional simulation-based learning, important 

steps should be followed, such as: (i) determining and establishing the learning goals and 

objectives, (ii) selecting a simulation modality that best supports the goals and objectives 

of the simulation (part‐task trainers, computer‐based, manikin-based, animal-based, 

simulated/standardized participants, etc.), (iii) choosing a simulation method (skills‐ or 

scenario-based), (iv) deciding how and when learners will receive feedback and guidance 

and (v) considering how learners may be assessed. 

The learning goals/objectives of advanced endoscopic resection techniques have 

been previously issued and clarified.232, 240 Regarding simulation modality, animal models, 

particularly live ones present several advantages and are best suited for that purpose, as 

formerly discussed. They also satisfy the two most common simulation methods, which 

are skills‐based/procedurally focused simulations and scenario-based simulations. In the 

former, emphasis is set on a specific procedural skill and the objective is skill 

improvement and mastery.372, 400 The latter highlights clinical complexity incorporating 

clinical reasoning, patient management, communication and teamwork. The objective is to 

work in a ”scenario” as it would occur in clinical practice.401, 402 Consequently, performing 

the distinct steps of ESD in a live animal model, which realistically reproduces human 

procedures, in a setting where both the model and environment resemble the real 

endoscopy room, fulfills all these requirements. 

Therefore, from a global training perspective, it seems the right choice to use 

simulation with animal models to train ESD. 

From the standpoint of its practical implementation, major stages, recognized as 

fundamental to effective simulation, include preparation, briefing, the simulation activity, 

debriefing/feedback/reflecting and evaluation. Various animal models workshops have 

been organized worldwide and should rigorously consider these steps. Preparation 

concerns identifying learners’ needs and objectives, as well as designing and assembling 

all the steps involved in the simulation activity. The briefing stage includes faculty and 

learners. The learning goals are reminded, the logistics, all the simulation phases and 

respective responsibilities are explained.403 404 In the simulation activity, faculty members 

should observe, offer specific feedback, assist when necessary, provide time for 
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reflection, ensure equity for all trainees, while assuring that planned goals are 

accomplished in a safe healthy environment.405 The debriefing/feedback/reflecting phase 

is fundamental.406 Feedback may be provided from multiple sources (facilitators, faculty or 

other experts, peers or simulators themselves) during training or in a post‐simulation 

reflection activity, designated the debriefing. This refers to a guided discussion with the 

purpose of reflecting and analyzing emotional states, thoughts and actions, providing 

insight from the experience. The goal is to promote reflective learning to improve clinical 

performance.407, 408,409,410, 411 In the evaluating section, assessment of efficacy, successes, 

strengths and limitations of the simulation event may be performed, from the providers 

and learners´ point of view. Adherence to these principles was ensured in the simulation 

trainings on animal models that allowed the accomplishment of our studies. 

Thus, health care societies could support measures to increase the standards of 

simulation, investing in development of quality instructional designs to meet all the 

aforementioned requirements, in order to ensure effective, reliable and reproducible 

training opportunities. 

Integrating simulation in endoscopy training programs should account for the 

teaching needs, the associated costs and the extent of benefits for patients, trainees, 

trainers and health care providers. Generally, simulators ought to be validated, easily 

accessible and affordable for wider implementation.412 With live animal models many 

characteristics are met, but price and accessibility will still present a problem in the future. 

The proposed 25% or greater reduction in the median number of clinical cases 

required to achieve the minimal competence, set as a threshold by the American Society 

for Gastrointestinal Endoscopy (ASGE) Preservation and Incorporation of Valuable 

endoscopic Innovations (PIVI) initiative, to incorporate a simulator into training, has not 

been demonstrated, particularly in ESD/EMR animal models.23, 26, 412 

 

IN TRAINING ASSESSMENT 

Competency assessment of gastrointestinal (GI) endoscopic procedures in training 

include: procedural volumes, simulation-based assessment, direct observational 

assessment tools and quality metrics. 

Competence thresholds represent minimum numbers of supervised procedures, 

before competency assessment. We found that endoscopists with >10 human ESDs 

exceed the ESGE defined competency metrics, supporting the recommendation for expert 

supervision at least in the first 10 procedures.232 It is important to acknowledge that the 

volume of procedures alone does not ensure competence, due to the wide variation in 

skills acquisition rate between trainees. Therefore, endoscopists with similar experience 

may present very different levels of proficiency.351, 413, 414 Furthermore, a learning curve on 
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ESD is difficult to define due to the different study settings regarding characteristics of 

lesions included; ESD devices used; presence and degree of supervision; training system 

followed; trainee experience with animal models; the outcome measured and prior 

experience with gastric ESD, for non-gastric ESD.12 

Simulation-based assessment of GI endoscopic skills can be accomplished through 

motion analysis, performance metrics or direct observational assessment tools, although 

limited validity evidence is available in this regard.415-419 Such assessment is surely an 

attractive tool as it may serve as a proxy for clinical practice, enables reproducible and 

standardized assessments and allows addressing integrative competencies. However, 

before its implementation, evidence is required to assure that assessments can reliably 

distinguish endoscopists with different levels of expertise and that they are predictive of 

real clinical performance.420, 421 Trials concerning the assessment of deconstructed tasks 

in simple simulation boxes appear to correlate with basic and advanced endoscopic 

procedures, as demonstrated in the Thompson Endoscopic Skills Trainer (TEST; Endo-

Sim, LLC) and need further evaluation.412, 422-424 At the moment, regarding ESD, ESGE 

proposes quality metrics, such a complete resection rate of at least 80% without 

perforations during 10 consecutive procedures in animal models before human practice.232 

The ASGE PIVI initiative proposed that a simulator assessment tool should correlate 

with minimal competence parameters from real procedures with a kappa value of 0.70 or 

greater. 

Direct observational assessment tools involve external observation and assessment 

of learners using pre-defined criteria assembled in a framework. These tools represent the 

best method to identify learning needs, recognize particular deficiencies and enhance 

useful feedback to trainees. They can have formative or summative purposes and require 

application over multiple endoscopic procedures to provide reliable information.425 Taking 

these assumptions into consideration, these tools are the preferred assessment 

instruments in training. In order to assure their implementation in ESD training, the items 

chosen to be assessed should be based on clinically meaningful outcomes. Importantly, 

reliability and validity evidence of such assessment tools for simulated endoscopy must be 

a field for future research.419, 426, 427  

Currently, competence assessment is based on quality metrics, such as en bloc 

resection rate, R0 resection rate, low risk/curative resection rate and adverse events rate. 

A minimum number of procedures per/year is also suggested.13, 232, 251, 360, 363, 364 This 

approach presents several limitations when applied to training. Performance measures 

reflect high quality and safe endoscopic care practice, but do not provide continuous 

evaluation, identification of deficiencies and feedback during the learning process. 
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Similarly, there is no evidence of their use as surrogate measures of endoscopic skills 

acquisition during training.428 

 

NON-TECHNICAL SKILLS 

ESD training programs have emphasized aspects related to cognitive and technical 

skills. The described non-technical skills focus on communication and teamwork, situation 

awareness, leadership along with judgement and decision making.240 These 

competencies are sometimes undervalued, although they are vital to successful clinical 

practice, represent recognized core skills related to ESD and are taught and assessed in 

other endoscopic procedures, such as polypectomies. Efforts should be made to mature 

skills concerning cooperation in a multidisciplinary team, where knowledge and 

information are clearly shared for effective patient-centered care; continuous assessment 

of the situation and problem recognition; support for team members; maintenance of 

clinical standards; adequate behavior to problem management and options, as well as 

consideration of possible courses of action.240, 399 Importantly, these skills should be a 

target of in training assessments. In this regard, simulators have an untapped potential to 

improve non-technical aspects of endoscopic performance. Further studies are needed, in 

particular to evaluate simulation as a mean to train and assess these broader integrative 

competencies.330, 428 

 

PERFORMANCE MEASURES 

After adequate training it is fundamental that ESD is undertaken with the highest 

quality, through compliance with performance measures. Defining such measures should 

follow a Delphi process and aim at assuring high quality care to patients and protecting 

society for substandard care. 

Its quality measures implementation provides continuous guidance to improvement 

in performance, allowing adequate educational interventions.  

One concern that should be taken into consideration before setting quality indicators 

is the probability of its real dissemination and implementation. Some already verified 

barriers preventing the adoption of performance measures for many procedures in routine 

practice, including lack of motivation, resources, and/or leadership, should be a matter of 

reflection. 429-435 

These indicators ought to be susceptible for improvement, have proven impact on 

significant clinical outcomes or quality of life and must be well-defined, reliable and simple 

to assess. They should not increase the administrative load or be time consuming. 

Indicators shall be prioritized according to each country, applicable to all levels of 

endoscopic services, implemented or endorsed by endoscopic societies and aided by 
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information technology systems, ideally using full electronic reporting with standardized 

protocols with integrated automated capture and feedback of performance measures.429-

433, 435 

 

CONCLUSION 

A structured curriculum for ESD, should be based on competencies that a trainee 

should present at the end of the program. These must be adequately defined, specific, 

measurable entities, such as units of knowledge, skill, behavior, expertise, that translate 

into clinical competence. Care must be taken to ensure adequacy to a challenging 

professional practice in order to enable collecting and processing of information, 

producing accurate assessments and decisions, solving problems, making interventions, 

as well as interacting with peers, colleagues and patients. The ultimate goal is to provide 

the best possible health care. To achieve this, it is essential to integrate personal, 

interpersonal, ethical, financial, managerial, multiprofessional and evidence‐based 

dimensions of Medicine.436, 437 
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CONCLUSIONS 

 

The role and dissemination of advanced endoscopic resection techniques are 

expected to grow in the upcoming years. Considering its complexity, training programs 

have been suggested to provide its effective and safe clinical implementation. 

The training principles explored in this thesis can be applied in several other 

challenging techniques, through particular adjustments. 

Using ESD as an example, we investigated the complete training trajectory on a 

complex and demanding procedure. It was possible to start from the choice of the 

adequate simulator, its basic validation and to go through the evaluation of the learning 

curve for that technique, on that specific model. The existing training methods used in 

referral centers were assessed and ultimately, translation to clinical practice of structured 

teaching programs was evaluated. 

Practicing EMR and ESD on live animal models was considered very realistic 

compared to the human setting and highly appreciated as a learning tool. Validation of the 

model for such training was established and an improvement in ESD performance 

measures was documented, reflected by an increase in complete resection rate, en bloc 

resection rate, ESD speed and a decrease in the adverse event rate. It was considered 

very useful and a prerequisite before clinical practice. 

Therefore, adequate evidence is available substantiating the role of this model in the 

pre-clinical learning phase and regarding the relevance of its incorporation into formal 

training programs. 

Western endoscopists had extensive endoscopic experience before starting ESD 

and the majority had pre-clinical training with animal models. Similarly, participants of ESD 

workshops were adequately skilled prior to clinical ESD, complying with most of 

recommendations for training and appropriately implementing the technique in clinical 

practice. Transfer to human practice of prior ESD skills obtained in these hands-on 

training courses was recognized. Finally, we concluded that structured training programs 

were able to provide achievement of clinical outcomes exceeding established standards, 

namely in the early clinical phase. 

Our findings support the implementation of structured training programs for complex 

endoscopic procedures, which will provide guidance for health care societies, offer the 

proper resources for endoscopists and impact patients, through effectiveness and safety 

in clinical practice. 
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FUTURE PERSPECTIVES 

 

The field of gastrointestinal therapeutic endoscopy is progressing at high pace. 

Complexity grading scales based on the difficulty of the procedure could be 

explored, with the goal of its incorporation in ESD curricula, similarly to what has occurred 

in Endoscopic Retrograde Cholangiopancreatography (ERCP).438-441 These might predict 

success and adverse event rate in clinical practice.442 Lesion´s location, access, size and 

other characteristics could be taken into consideration. 

Since training programs have focused mainly on ESD cognitive and technical skills, 

studies should address the best approach to the integration of non-technical skills, as well 

as its assessment. 

Standardization of the design of simulation-based learning in such techniques and 

formal education of tutors in its different stages should be accomplished. A larger body of 

evidence on direct clinical benefits of prior animal training, namely regarding transfer of 

skills to patient-based procedures, should be pursued. Given the demonstrated benefits of 

such training, prospective comparative studies on ESD practice, with and without prior 

animal model exposure, seem inappropriate by the absence of common sense and ethical 

responsibility, exposing patients to potential preventable risks. Nevertheless, data on the 

training capacity between different live animal models and on the potential different role of 

ex vivo and live animal models should be pursued. Additionally, defining success and 

competency thresholds for ESD simulation with animal models should be sought and 

should take into account the type of animal and its ex or in vivo nature. 

Fields like feedback and assessment integration into training require further 

research. Debriefing facilitator rating tools could be developed, specifically for ESD. 

Similarly, the role of assessment of performance or competence during training, through 

simulation or patient-based endoscopy should be evaluated. Deconstructed tasks to 

perform ESD might be explored and direct observation assessment tools, as described for 

upper endoscopy, lower endoscopy, polypectomy, ERCP and EUS could be investigated. 

Formative assessments that address the process and summative assessments that would 

lead to certification, establishing competence for autonomous practice, focusing on the 

result, should be developed. Such assessments should follow a thorough validation 

process. 

Minimal clinical thresholds procedures before assessment of competency could be 

defined more rigorously, despite its inherent limitations and ideally considering each organ 

individually. For this purpose, constraints regarding distinct previous endoscopic 

experience, training pathways, namely simulation exposure and types of lesions, must be 

considered to allow uniformization. 
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