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Abstract
Endoscopic submucosal dissection (ESD) has been 
invented in Japan to provide resection for cure of early 
cancer in the gastrointestinal tract. Professional level 
of ESD requires excellent staging of early neoplasias 
with image enhanced endoscopy (IEE) to make correct 
indications for ESD, and high skills in endoscopic 
electrosurgical dissection. In Japan, endodiagnostic 
and endosurgical excellence spread through personal 
tutoring of skilled endoscopists by the inventors and 
experts in IEE and ESD. To translocate this expertise 
to other continents must overcome two fundamental 
obstacles: (1) inadequate expectations as to the 
complexity of IEE and ESD; and (2) lack of suitable 
lesions and master-mentors for ESD trainees. Leading 
endoscopic mucosal resection-proficient endoscopists 
must pioneer themselves through the long learning 
curve to proficient ESD experts. Major referral centers 
for ESD must arise in Western countries on comparable 
professional level as in Japan. In the second stage, the 
upcoming Western experts must commit themselves to 
teach skilled endoscopists from other referral centers, 
in order to spread ESD in Western countries. Respect 
for patients with early gastrointestinal cancer asks 
for best efforts to learn endoscopic categorization of 
early neoplasias and skills for ESD based on sustained 
cooperation with the masters in Japan. The strategy is 
discussed here.
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Core tip: Endoscopic submucosal dissection (ESD) 
was developed in Japan for curative resection of early 
cancer. But Western countries take very long without 
tutoring to establish ESD on a professional level. A 
two-fold, sequential learning curve is necessary for 
endoscopic staging, and for endoluminal surgery of 
early neoplasias. This will need a sequential strategy: 
(1) education for diagnostic skills in routine endoscopy 
and in educational programs; and (2) endoscopists 
proficient in endoscopic snaring techniques must 
train for ESD and pass an untutored learning curve to 
become proficient. Then, Western ESD experts must 
instruct endoscopists from referral centers in their 
country.
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INTRODUCTION
Endoscopic submucosal dissection (ESD) using 
electroknives was developed in Japan for curative 
en-bloc resection of early gastric cancer without risk 
of lymph node metastasis (LNM)[1,2]. Cancer of the 
gastrointestinal (GI) tract only is curable by resection. 
The obvious advantage of ESD over endoscopic 
mucosal resection (EMR) by electrosnaring is the ability 
to achieve en-bloc resection of even extended early 
neoplasias yielding accurate histological diagnosis and 
minimal recurrence rate[3]. EMR of larger lesions (> 2 
cm) results in few or multiple pieces (piecemeal, PM), 
indeterminate histological resection status and high 
recurrence rate[3]. In contrast to surgery, ESD leaves 
the GI tract intact preserving the patient´s quality of 
life[4-6]. 

The decision for ESD or surgical full-wall resection 
with lymphadenectomy - is made by endoscopic 
staging of superficial gastrointestinal neoplasias 
using image-enhanced endoscopy (IEE, magnifying 
chromo- or NBI-endoscopy)[6,7]. Therefore, endoscopic 
findings describe the classical and expanded indication 
criteria for curative ESD (intention-to-treat)[4,8-16] 
(Table 1) that aim for curative resection by histologic 
outcome[17] (Table 2). Before resection, the neoplasia 

is usually confirmed by just a single targeted biopsy. 
Classical and Expanded Indications in Stomach and 
Esophagus, and Indications in Colorectum have been 
defined[1,8,10-14,16], evaluated by curative resection rates 
> 80%[18-23], and confirmed by excellent recurrence-
free 3- to 5-years survival rates (> 96%) in large 
ESD studies performed by proficient operators in 
Japan18,23-30]. ESD has replaced EMR throughout Japan 
as state-of-the-art therapy for a wide spectrum of 
pre-/malignant early neoplasias in stomach, esophagus 
and colorectum[3].

ESD technique has rapidly spread throughout 
Japan, because EMR-experienced endoscopists 
acquired the skills in clinical procedures under 
supervision by ESD experts and had a high case load 
of gastric neoplasias most suitable for learners[31]. 
The goal of the early learning curve is to achieve 
competence level, as defined by en-bloc resections 
in > 80% and complications in less than 10% of ESD 
procedures[31], qualifying to perform untutored ESD 
procedures. A skilled and well prepared endoscopist 
usually attains competence for gastric ESD after 
approximately 30 tutored procedures[31-34], and 
then proceeds with 30 to 40 tutored procedures for 
competence in colorectal ESD[35-38]. Even without 
experience in gastric ESD, about 40 tutored colorectal 
procedures are sufficient to attain competence level for 
colorectal ESD[35-37]. 

The ESD technique is quite slowly transferred to 
Western countries, because they must acquire double 
expertise - diagnostic and electrosurgical - and early 
gastric neoplasias most suitable for learning ESD 
are too rare[31,39]. A systematic strategy (Figure 1) to 
establish proficient ESD in Western countries needs 
to build on Western experience the main topics - 
Preparations for and Training in ESD, Clinical Learning 
Curve in ESD, and Continued Medical Education in IEE 
and ESD.

WesTeRN expeRIeNCe IN esD
Over the past six years smaller prospective series 
were published from pioneering centers in Western 
countries. There were few preliminary reports without 
long-term outcome on heterogenous initial series from 
single centers[40-43] or cumulative multiinstitutional 
registries[44,45]. The prospective series with follow-
up on gastric[46-51], esophageal[52-57], and colorectal 
ESD[38,58-61] all focussed on rate of en-bloc resection 
[median 92% (range 68%-100%)], complications 
[median 13% (7%-27%)] and speed of dissection. 
These series reported only moderately lower rates of 
en-bloc resection [median 92% (68%-100%)] and 
recurrence-free survival [median 96.7% (91%-100%)] 
at 1-2 years than in Japan. However, rates of curative 
resection were inferior, median 72%-75% per organ, 
but lowest rates per study were 64% for gastric 
cancer, 46% for esophageal squamous cell cancer, 
39% for early Barrett adenocarcinoma, and 7% 
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for rectosigmoidal cancer (Table 3). During tumor 
staging with IEE, lateral extension of early Barrett´s  
adenocarcinoma and invasiveness of esophageal 
squamous cell cancer and rectosigmoidal cancer had 
obviously been underdiagnosed. Accordingly, the 
rate of surgical resection for noncurative ESD was 
too high, median 8% and up to 28%. In general, 

the learning curve for ESD still is flat even in the 
pioneering Western centers and performance not yet 
on the professional level of leading centers in Japan. 
The strategy must be to establish Western reference 
centers on comparable professional level as in Japan 
(Figure 1).

BaCkgROUND aND pRepaRaTIONs 
fOR LeaRNINg esD
Indications for ESD are pre/malignant superficial 
neoplasias without LNM. The risk of regional LNM 
rises from less than 5% to about 20% with increasing 
depth of vertical invasion into the submucosa (sm) 
layer, because lymphovascular supply increases 
deeper in the sm layer (sm2, sm3)[1,62,63]. Usual plane 
of dissection for ESD is the deeper third of the sm 
layer (sm3)[17]. Therefore, the probability of LNM has 
been determined in relation to the precise depth of sm 
invasion below the muscularis mucosae in very large 
series of differentiated early cancer (G1, G2) treated 
by surgical resection and lymphadenectomy. The 
maximum depth of superficial sm invasion consistent 
with minimum risk (< 4%) of lymph node metastasis 
is 500 µm in stomach, 1000 µm in colorectum, and 
200 µm for esophageal squamous cell cancer with 
favourable prognostic indicators[1,8,13,64]. Evidence 
for massive sm invasion - deeper than this - is strict 
contraindication to endoscopic resection. Curative 
resection is reported when early cancer resected en- 
bloc reveals on serial sections differentiated carcinoma 
(G1/G2) without or with such extent of superficial sm 
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Table 1  Indications for endoscopic en-bloc  resection of gastrointestinal neoplasias (modified from[6])

Organ Indications for … Ref.

Stomach ESD - classical indications1 [1,4,5,13]
mucosal adenocarcinoma; intestinal type G1 or G2, size d ≤ 2 cm, no ulcer
ESD - expanded indications2

adenocarcinoma, intestinal type, G1 or G2, any size without ulcer/adenocarcinoma, intestinal type, G1 or 
G2, sm-invasive < 500 µm/adenocarcinoma, intestinal type, G1 or G2, d ≤ 3 cm, with ulcer/adenocarcinoma 
diffuse type, G3 or G4, size d ≤ 2 cm, no ulcer

Esophagus ESD - classical indications1 [5,8,9,12,14,15]
SCC type 0-Ⅱb (HGIN or G1, G2), intramucosal (m1, m2), any size
Barrett adenoca. type 0-Ⅱ (G1, G2), intramucosal (m1, LPM), no ulcer
ESD - expanded indications2

SCC type 0-Ⅱ (HGIN, G1, G2) slightly invasive (m3, sm < 200 µm), any size3, clinical N 0
Barrett adenocarcinoma type 0-Ⅱ (HGIN or G1, G2), mucosal (≤ MM), clinical N 0

Colorectum ESD Indications [5,10,11,16,64] 
Any neoplasias > 20 mm in diameter without signs of deep submucosal invasion, indicative for en-bloc 
resection and unsuitable for EMR en-bloc:
LST-granular type d ≥ 4 cm (villous adenoma +/- HGIN)4

LST-nongranular type d ≥ 2 cm
Mucosal carcinoma (HGIN, G1 or G2), or superficially sm-invasive5

Depressed-type neoplasias (0-Ⅱc)
Neoplasias type 0-Ⅰ or 0-Ⅱ with pit pattern type VI (irregular)
Sporadic localized neoplasias in chronic ulcerative colitis
Colorectal carcinoids of diameter < 20 mm (EMR, when diameter < 10 mm)

1Indications with risk of LNM < 1%; 2Indications with risk of LNM or systemic M < 4%; 3Increased risk for stricture formation, when ESD extends for ≥ 
70% of circumference; 4LST-granular type may also be resected in piecemeal fashion, the larger nodule resected first[10]; 5SM1 invasion of ≤ 1000 µm. LNM: 
Lymph node metastasis; ESD: Endoscopic submucosal dissection.

Table 2  Criteria of curative endoscopic resection en-bloc  in 
esophagus, stomach, and colorectum (modified from[17])

Stomach
   Guideline criteria1

      m-ca, diff. type, ly (-), v (-), and Ul (-) and ≤ 2 cm in size
   Expanded criteria2

      m-ca, diff. type, ly (-), v (-), Ul (-) and any size > 2 cm
      m-ca, diff. type, ly (-), v (-), Ul (+) and ≤ 3 cm in size
      sm 1-ca (invasion depth < 500 µm3), diff. type, ly (-), v (-)
      m-ca, undifferentiated type (G3), ly (-), v (-), Ul (-) and size < 2 cm
Esophagus (squamous lesions only)
   Guideline criteria1

      pT1a-EP-ca/pT1a-LPM-ca
   Expanded criteria2

      pT1a-MM-ca, ly (-), v (-), diff. type, expansive growth, ly (-), v (-)
      cT1b-sm-ca (invasion < 200 µm3), ly (-), v (-), infiltrative growth 
      pattern, expansive, diff. type, ly (-), v (-)
Colorectum
   Guideline criteria1

      m-ca, diff. type, ly (-), v (-)
      sm-ca (< 1000 µm3), diff. type, ly (-), v (-)

1Indications with risk of LNM < 1%; 2Indications with risk of LNM or 
systemic M < 4%; 3Measured as distance of maximum vertical invasion 
below MM. m: Mucosal; ca: Cancer; diff: Differentiated; ly: Lymphatic 
invasion; v: Vascular invasion; Ul: Ulceration; sm: Submucosal; EP: 
Epithelium; LPM: Lamina propria mucosae; MM: Muscularis mucosae.
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of this knowledge has been contributed over the 
past 15 years by endoscopic researchers from East 
Asia, but not widely introcuced to Western countries 
because comparable routine scopes for magnifying IEE 
were not marketed in the West until 2013. However, 
diagnostic proficiency to categorize early GI neoplasias 
with IEE at > 90% accuracy is fundamental to make 
correct indications for ESD vs surgery and achieve 
curative ESD. This skill must be well trained during 
routine endoscopy and at national continued medical 
education (CME) programs in the West.

Knowledge on ESD performed by experts and structural 
decisions
ESD is the new discipline of Endoluminal Surgery. 
N. Yahagi called ESD a “low tech, but highly skilled 
procedure” for the following reasons: (1) single 
handed resection procedure by endoscope movement 
(lack of countertraction); (2) complex high-frequency 
electrosurgery; (3) tissue recognition and diagnosis 
in intramural layers; and (4) skilled team approach 
required (operator and assistant).

At this stage of Western experience, EMR-experienced 
senior endoscopists in endoscopic and oncologic centers 
should approach to establish ESD up to professional 
level. The procedure should be learned from Japanese 
experts. The first step on the individual electrosurgical 
learning curve is to acquire background knowledge 
on ESD procedures and carefully observe at least 15 
procedures performed in different locations of the GI 
tract by professional experts in Japan (Figure 1). The 
following decisions must be based on this practical 
experience and theoretical background highlighted 

invasion without discontinuous cancer cell nests at the 
invasion front, without lymphovascular invasion (L0, 
V0) and resected R0 with tumor-free margins[65] (Table 
2). Therefore, curative ESD depends on accurate 
endoscopic categorization of early neoplasias (i.e., 
indication) as well as on dissection technique (i.e., 
operation).

Endoscopic categorization of of early neoplasias with 
IEE
Analysis with IEE can estimate the tumor category of 
superficial neoplasias. Optimized conditions require 
adequate preparation of the patient including sedation, 
cleaning of the mucosa from adherent mucus, use of 
a 60- to 100-fold magnifying endoscope with distal 
attachment to keep optimum distance for focussing 
on the microsurface (depth of field 3 mm) and mode 
for virtual chromoendoscopy (NBI, FICE, i-scan) with 
optimized processor settings[7]. Endoscopic analysis 
of the microsurface and capillary pattern of mucosal 
neoplasias in the GI tract is complex and requires 
special knowledge recently collected in an endoscopy 
atlas[66]. The staging diagnosis is substantiated by the 
type of atypias of the surface pattern on magnifying 
white light chromoendoscopy, and the type of 
alterations of sub-/mucosal capillary pattern using 
spectral light of 415 and 540 nm wavelength (virtual 
chromoendoscopy)[7]. IEE competence is indispensible 
to accurately analyze early carcinomas for grading 
(differentiated vs undifferentiated), lateral extension 
(margins) and extent of invasion (mucosal or slightly 
vs massively sm-invasive). The details are beyond 
the scope of this minireview (compare[67-73]). Most 
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Curative
resect. > 80%

Reference
center

Phase Ⅳ: 
Skilled ESD

> 80
cases

Phase Ⅲ: 
Clinical ESD

40-50
cases

Phase Ⅱ: 

Phase Ⅰ: 
Planning

Basic preconditions

 Clinical teaching of ESD for EMR endoscopists (without in-vivo  experiments)
 Teaching IEE diagnosis of early neoplasias

 CME on ESD Clinical Tutoring or ESD Observation in Expert Center
 Self-training → ESD proficiency (en-bloc  ≥ 90%, complicat. ≤ 5%, speed ≥ 9 cm²/h)

 ESD competence (resection en-bloc  > 80%, complications < 10%)

 Continuous recording of all ESD (on DVD, error analysis) and ESD outcome

 Untutored Learning Curve, mainly prevalence-based (Table 4)

 Observation of LIVE ESD by experts (gastric/colorectal/esophageal)

 Experimental in-vivo  training course under expert teaching

 Ex-vivo  porcine stomach/bovine colon ESD training

 Structural decisions (to establish IEE and ESD, Team, Instruments, etc .)

 Observation of experts during indications and performance of ESD

 Theory on IEE skills, ESD methods/equipment, patient management

 Endoscopic and oncologic center, EMR-experienced (senior) endoscopist

Figure 1  Strategy how to learn and establish endoscopic submucosal dissection in the west. ESD: Endoscopic submucosal dissection.
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in a recent textbook[74]: (a) The principal decision, 
whether to establish IEE and ESD competence in this 
hospital depending on existing experience with EMR and 
complication management, and on predicted case load 
(> 2 per month); (b) The subsequent decisions, how 
to assemble a team (operator, assistants, pathologist), 
select and provide best suitable equipment (special 
endoscopes with CO2-insufflation and electrosurgical 
unit), instruments and devices, organize top main
tenance of endoscopes, and finally which type(s) of 
electroknife to use for start-up[75]. Beginners most easily 
control tip knives with flexible shaft (dual knife, hook 
knife) that use for lifting of the submucosa (sm) layer 
separate sminjection of suitable solutions with a 25 
gauge needle[74]. In the beginning this is less challenging 
than knives with integrated injection system (flush 
knife or hybrid knife), for the simple reason to control 
only three pedals for water jet, cutting and coagulation 
modes, but not an additional pedal for sminjection 
via knife. On the other hand, knives with integrated 
injection system allow to maintain a safer, permament 
submucosal liquid cushion by frequent reinjection. At 
this point, accurate staging of neoplasias with IEE and 
thorough theoretical knowledge of ESD technique, 
equipment, complications and their management must 
be attained.

WesTeRN DemaND fOR TRaININg IN 
esD
Ex-vivo training systems should first be used to 
acquire team coordination (operator and assistant) 
and basic dexterity for proper positioning of the scope 
in relation to the lesion, correct maneuvres of sm-
injection, marginal incisions, submucosal access with 
the transparent distal attachment of the scope for 
sm-dissection, and electrothermal knife techniques - 
adequate current modes (“cut, coagulation, blended”), 
impulse duration, voltage and Watt settings, correct 
short duration of application by pedal tap[76-79]. 
Approach to the lifted lesion is preferably in knife 
position tangential to the proper muscle layer. Avoid 
to cut in perpendicular position to proper muscle 
layer or haustral folds, in order to prevent inadvertent 
muscle layer perforation. Train how to use the effect 
of gravity to keep the vision field clear and facilitate 
access to the submucosal space for further dissection. 
Basic dissection strategies such as initial complete 
circumferential incision (icci), partial circumferential 
incision method (pci, to longer maintain sm-lifting)[6,74], 
and hybrid-ESD-snaring[80] should be practiced, as 
well as clip closure techniques of the resection bed for 
complication management[81]. Thorough preparation 
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Table 3  Organ-specific outcome of endoscopic submucosal dissection (curative intention) for Western prospective studies

Ref. malignant neo-
plasia type6, n

ESD, 
n

Resection 
en-bloc , %

Resection 
curative6, %

Complications, 
%

Surgery, 
%

mortal., 
%

Recurrence, 
%

Follow-up 
(med.) yr

DFS, 
%/yr

Gastric ESD
   Cardoso et al[46], 2008 GC  15   15 80 74 20   8 0   8 1 91/1
   Catalano et al[47], 2009 GC  12   12 92 92 16   8 0   8 2.5 92/2
   Probst et al[49], 2010 GC  66   91 87 72    10.6 11 0      5.6 2.3 96.7/2
   Schumacher et al[50], 2012 GC  21   28 90 64 20   7    3.4 11 2 100/2
   Pimentel-Nunes et al[51], 2014 GC 128 136 94 82 13   7 0   7 3.2 100/3
   median [range] 90 [80-94] 73 [64-92] 15 [11-20] 8 [7-11] 0 [3.4] 8 [5-11] 2.3 [1-3] 97 [91-100]/2
Esophageal ESD
   Repici et al[52], 2010 SCC  20   20 100 90 15 10 0   0 1.5 100/1.5
   Neuhaus et al[53], 2012 AC  26   29 90 39 17   0 0   4 1.5  96/1.5
   Arantes et al[54], 2012 AC  25   25 92 80 12   4 0   8 1.5  96/1.5
   Höbel et al[56], 2014 AC  22   22 96 77 27 23 0   6 1.6  94/1.6
   Chevaux et al[55], 2015 AC and HG  66   73 90  64 7 (+603) 10 0 (31) (105) 1.8  92/2
   Probst et al[57], 2015 AC  87   87 95 72 (844) 12.6   6 0 (21)   5 2.0  98/2
   Probst et al[57], 2015 SCC  24   24 100 46 (724) 12.6   0 0 (41)   4 3.2  96/3
   median [range] 95 [90-100] 72 [39-90] 16 [12-66] 6 [0-23] 0 [0-4] 4 [0-8] 1.6 [1.5-3.2] 96 [94-100]/2
Colorectal ESD
   Probst et al[59], 2012 Rectosigm. LST   76 82 - 9.2 15 0 n.g. 2.0 100/2

14 CRC 86   7 (792)   0
   Iacopini et al[58], 2012 Colorectal LST   60 68 - 10 20 0 n.g. n.g. n.g.

29 CRC 72 n.g. (282)
   Repici et al[60], 2013 Rectal LST   40 90 - 7.5 5 0      2.5 0.5 100/0.5

 8 RC 75 n.g. (252)
   Thorlacius et al[61], 2013 Colorectal LST   29 72 76 10 10 0 n.g. < 0.5 n.g.

10 HG and 
CRC

80 (202)

   Berr et al[38], 2014 Colorectal LST   39 76 - 17 3 0 LG  9 1.5 100/1.5
12 HG 83 83 (02) HG  0 100/1.5

   median [range] 83 [72-90] 75 [7-83] 10 [7.5-17] 10 [3-20] 0  8 [2.5-9] 1.5 [0.5-2] 100/1.5

1Rate (%) due to cancer progression; 2Surgery (%) for malignant lesion after ESD; 3Plus stenoses (%); 4Rate (%) of R0 resection; 5Metachronous HGIN or 
cancer; 6Curative resection does only apply for malignant neoplasias (cancer -/+ HGIN). AC: Adenocarcinoma; CRC: Colorectal carcinoma; GC: Gastric 
cancer; HG/LG: High/low-grade intraepithelial neoplasia; RC: Rectal carcinoma; SCC: Squamous cell cancer; DFS: Disease-free survival rate; n.g.: Not 
given; pmEMR: Piecemeal EMR.
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of basic ESD techniques in ex-vivo systems - porcine 
stomach and esophagus and bovine colon[82-84] - 
contributes significantly to coordinated team work and 
training in individual ESD performance, and 20 to 30 
procedures under preceptorship are sufficient to gain 
expertise[31,83,85,86].

Videotraining demonstrating typical high-risk 
maneuvers that have led to perforation or bleeding 
- compared to the correct strategy in that situation - 
could decrease complications during the early learning 
curve for untutored performance of clinical ESD, 
however is not yet available.

Experimental training in-vivo under expert supervision
In Western countries, training courses on in-vivo 
animal models generate additional progress after ex-
vivo training[83,87-89]. Essential for optimal educational 
value is the expertise and teaching of the preceptors. 
For transition from ex-vivo training to clinical ESD, we 
recommend experimental training in-vivo - at least 
five gastric ESDs - under preceptorship of Japanese 
experts. This had been proposed in 2008 by T. OYAMA, 
because Japanese experts were not authorized to 
tutor trainees during ESD on patients in Western 
countries. After the first such expert training course in 
2009, about two thirds of the participants increased 
their case load in gastric ESD (2.5-fold), colorectal 

ESD (3-fold), and esophageal ESD (8-fold) during the 
subsequent year at an acceptable rate of complications 
(9.7% perforations, 4.2% bleedings) without longterm 
morbidity[88]. Aims were propagation of technical 
skills, dissection maneuvers, specific electrocautery 
applications, strategy to keep a clear field of vision, and 
management of intentional complications (bleeding, 
perforation) in theory and practice. The experimental 
program and the personal tutoring by leading experts 
from Japan was ranked excellent by participating 
highly experienced endoscopists in their early learning 
curve, and therefore the course was repeated annually 
(Figure 2). Such a course is probably improving the 
outcome in the early untutored learning curve for ESD.

LeaRNINg CURve IN esD IN WesTeRN 
COUNTRIes
Lesions suitable for initial learning of ESD must 
be strictly intramucosal, of moderate size (< 5 
cm diameter) and in locations technically not very 
challenging[31,90]. Exclude any cancer with evidence 
for sm-invasive parts on IEE during the early learning 
curve, and avoid duodenal as well as very large 
(diameter > 6 cm) or very fibrotic lesions (e.g., 
recurrent neoplasias). However, the risk of inadequate 
oncological treatment due to an artefactual incomplete 
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Figure 2  Distribution of reference centers with interventional endoscopists participating in the seven experimental endoscopic submucosal dissection 
workshops [red flags, n = 110, (30 two times)] and in the Clinical endoscopic submucosal dissection-Tutorings (blue flags, n = 51, repeatedly). Additional 
participants in workshops and clinical tutoring from Jerusalem, Amman and Cairo, respectively. Created with www.google.com/maps.
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resection R1 is high during the initial learning curve[31], 
and may be more dangerous than minor perforation 
managed well by proficient clipping. Undertreatment 
(R1 resection) results in major resective surgery or 
high risk of recurrence and incurable disease[31,90]. 
Therefore, early cancer lesions in esophagus and 
upper half of stomach should be reserved for proficient 
endosurgeons, and not treated before the competence 
level for that organ has been accomplished[31,39]. This 
suggests that large part of untutored initial learning 
for ESD may better be passed on rather challenging 
adenomatous/dysplastic LST´s in the colorectum than 
on early cancer in stomach or esophagus[38]. 

Strategy for untutored learning of ESD
In 2008, a panel of experts had recommended a “step-
up approach” in technical challenge for untutored 
learning of clinical ESD[90]. The first 20 ESD should 
be performed on neoplasias in the antrum and distal 
corpus of stomach, and in rectum, before more 
challenging locations are approached. This strategy 
has been very successful for tutored training in ESD 
in Japan, where however gastric cancer has 10 fold 
higher incidence and is more often detected as early 
cancer (in 70% vs 20%-30%) than in most Western 
countries[31,39,91]. Therefore, early gastric cancer is 
too rare in the West to achieve a useful case load 
of at least two ESD procedures per month. This 
recommendation would impede to establish ESD for 
decades - to the disadvantage of GI cancer patients. 
Alternatively, a “prevalence-based approach” allows 
for a reasonable case load, but requires learning 
ESD mainly in the colorectum and early on in difficult 

locations[38,91]. Such an approach has successfully 
been taken after the described basic preparations and 
experimental in-vivo training in gastric ESD supervised 
by Japanese experts[38,88]. 

Untutored learning of ESD
The risk of complications is highest during the 
early untutored learning curve[44]. We recommend 
that only the most skilled and EMR experienced 
endoscopist of the unit undertakes to establish ESD 
in the early untutored learning curve[31,38,39]. After 
rigorous theoretical and experimental preparation, 
a skilled interventional endoscopist can achieve 
competence level after 20 to 30 untutored ESD 
procedures, and needs twice that case load (e.g., 2 x 
25 ESD) to prove outcome for competence level[38,59]. 
The outcome for untutored colorectal ESD without 
significant experience in gastric ESD[38] was quite 
similar as reported with the step-up approach by 
others[35,59,92]. However, this should not be endeavoured 
with little interventional expertise and low theoretical 
background. Meticulous preparation is important for 
any of those untutored ESD procedures (Table 4). In 
addition, close personal contact with the patient is 
essential before ESD for fully informed consent and 
after ESD to monitor/treat complications and in the 
long-term to detect and handle any local recurrence 
or delayed complication such as stenosis. The coo-
perating pathologist must receive IEE information 
about suspicious areas in the oriented specimens, and 
provide precise histologic work-up for tumor grading, 
sm invasiveness, lymphovascular infiltration and 
resection status - curative resection is critical for the 
patient[65]. Continuously register outcome quality to 
evaluate the level of performance and spur to improve 
ESD technique[38]. ESD on beginning proficiency level 
(en-bloc 90%, complications < 5%, curative resection 
> 80%, speed about 9 cm2/h) requires more than 
100 self-completed procedures[31,35,85,93] and continued 
education by and feed-back with top experts.

CONTINUeD meDICaL eDUCaTION IN 
Iee aND esD
Continued expert instruction for ESD
Nevertheless, immediate preceptorship of trainees 
by proficient ESD experts best guides through the 
early learning curve for ESD. This was the key for 
enormously rapid spreading of ESD throughout Japan. 
Intense observation of experts performing ESD (about 
40 cases) can enhance performance of ESD during 
the clinical learning curve. At present this requires a 
sabbatical of four weeks in Japan. When combined 
with some ex-vivo technical training, performance and 
skills markedly increase during subsequent untutored 
ESD, as shown by doubling of dissection speed[39]. ESD 
clincal tutoring program was introduced by four top 
experts from Japan together with eight endoscopists 
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Table 4  Principles for establishing endoscopic submucosal 
dissection by an untutored learning curve (modified from[38])

Evaluate the lesion during prior endoscopy for ESD indication and 
resection strategy
Avoid risk of any R2 resection of cancer (no signs for deep submucosal 
invasion!)
Avoid high risk lesions (> 5 cm diameter, or in fornix and cardia, 
duodenum, colonic flexures) 
Safety comes first, procedure time of ESD is of minor importance in the 
beginning
Only cut tissue or fibers in submucosa that you clearly see and have 
identified
Keep the vision field clear, prevent and immediately stop bleeding
Close any perforation immediately by endoscopic clipping on expert 
level
Complete any started ESD procedure with intention for safe, curative 
resection
Guide personally the patient pre-ESD (informed consent) and post-ESD 
(for any complication)
Only a single endoscopist per unit should do untutored ESD until he is 
on competence level1 
Document all entire ESD procedures on DVD recordings (for evidence 
and error analysis)
Follow-up short-term and long-term (center Registry), trend in dozens

1Performance of 20 consecutive ESD procedures with < 10% complications. 
ESD: Endoscopic submucosal dissection.
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in the ESD learning curve, former participants of the 
Experimental ESD Training Workshop[88], in order to 
enhance progression to professional level both in 
IEE categorization of mucosal neoplasias and ESD 
performance (Figure 2). The educational benefit is 
immediate preceptorship during the diagnostic and 
endosurgical procedures, assessment of differential 
indication and risk for ESD, tipps and tricks for 
strategy and technique of dissection for different 
lesions, preventive hemostasis and/or clipping of the 
resection bed, and documentation of the specimen for 
histopathology. The enrolled patients received excellent 
treatment, as shown by the outcome of a series of 116 
ESD performed intention-to-treat in cooperation with 
expert tutors from Japan. The curative resection rate 
of all 49 malignant neoplasias and five symptomatic 
semimalignant submucosal tumors was an astonishing 
100% at an acceptable rate of complications (14%) 
managed without surgery or long-term morbidity in 
these elderly, often comorbid patients[94]. We highly 
recommend such CME with Japanese experts for 
establishing ESD in Western countries.

ESD reference centers where ESD is performed on 
a professional level as high as in Japan must arise in 
Western countries to spread ESD to all referral centers 
(Figure 1). Expert instructors in ESD reference centers 
can better guide advanced trainees for ESD how to 
increase safety, dexterity (en-bloc resection, speed), 
specimen quality, and outcome (curative resection, low 
complication rate). These centers must take a leading 
role in national CME programs for IEE and ESD of early 
neoplasias.

Medical progress and patients rights
Diagnosis with IEE and performance of EMR/ESD/
surgical resection with lymphadenectomy according 
to the criteria established in Japan is state-of-the-
art for early neoplasias in the gastrointestinal tract 
(Table 1)[4,5,18], but requires proficient performance of 
diagnostic IEE and electrosurgical ESD with curative 
outcome. The benefit for patients with such early 
neoplasias is so enormous that major endoscopic 
referral hospitals have the duty to establish ESD. 
Typically, this should be a third level endoscopic 
referral center that manages a high volume of 
neoplastic lesions allowing a suitable case load of more 
than two ESD indications per month. Establishing 
ESD in such centers should be restricted to the 
endoscopist most experienced with EMR, emergency 
endoscopy and IEE staging of early neoplasias[39]. 
In many Western countries, performance of ESD by 
such a leading endoscopist under tutoring and, if 
necessary or better for the patient, with direct help by 
the Japanese expert, is permissible and compatible 
with legal and insurance rules. For untutored ESD in 
the learning phase, the indication must conform to 
criteria established in Japan and national guidelines, 
and in any doubt expert advice should be obtained 

via web-based image and video analysis. All lesions 
comprising early cancer must be presented to an 
interdisciplinary cancer board prior to ESD and again 
with the histopathological results. For advanced 
adenoma (e.g., in colorectum) the decision can be 
made by patient and treating physician after informed 
consent on ESD and alternative resection techniques, 
including the lower level of technical performance 
of ESD as compared with data from Japan. Since 
individual learning curves are involved, we recommend 
detailed documentation of all entire procedures with 
DVD recordings (for evidence and error analysis) and 
a continuously updated registry of the outcome data 
(procedure, complications, histopathology, follow-up) 
that also enhances the learning process.

CONCLUsION
To establish accurate endoscopic diagnosis and 
endosurgical treatment of early cancer in Western 
countries lasts longer than anticipated five years ago, 
but the strategy to achieve it is quite clear (Figure 1). 
IEE of early GI neoplasias must become daily practice 
and part of national CME programs. EMR-experienced 
senior endoscopists from major endoscopic referral 
centers ought to establish ESD on competence 
and subsequently proficiency level. They need to 
understand the present lack of competence and the 
long-lasting learning curve. When knowledgeable 
about IEE and ESD, they have to negotiate with the 
hospital for sustained funding of team and optimal 
equipment for IEE and ESD. Dedicated ex-vivo 
training must be combined with experimental ESD 
training in vivo supervised by experts from Japan 
before untutored performance of first clinical ESDs. 
Continued instruction by experts from Japan is highly 
recommended until proficiency in ESD of early GI 
cancer is confirmed by outcome data. Western experts 
in new reference centers must commit themselves 
to teach EMR-experienced senior endoscopists from 
other referral centers in order to spread ESD. ESD is 
high-end endoscopic patient care that will be largely 
confined to referral centers.
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