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Chapter 1

ABSTRACT

Background and aims: Endoscopic resection (ER) is the cornerstone of endoscopic 
treatment of esophageal high-grade dysplasia or early cancer. ER is however a technically 
demanding procedure which requires training and expertise. Aim: to prospectively 
evaluate efficacy and safety of the first 120 ERs of early esophageal neoplasia performed 
by 6 endoscopists (20 ERs each) participating in an ER training program.

Patients and methods: The program consisted of 4 tri-monthly one-day courses with 
lectures, live-demonstrations, hands-on training on anaesthetized pigs, and one-on-one 
hands-on training days. Gastroenterologists from centers with multidisciplinary expertise 
in upper GI oncology participated with an endoscopy nurse and a pathologist. Outcome 
measures: 1) complete endoscopic removal of the target area; 2) acute complications.

Results: 120 consecutive esophageal ER procedures (85 ER-cap, 35 multiband 
mucosectomy (MBM)) were performed by 6 endoscopists: 109 in Barrett’s esophagus, 
11 for squamous neoplasia; 85 piecemeal ERs (3(IQR2-4) specimens). Complete 
endoscopic removal was achieved in 111/120 (92.5%) cases. Six perforations occurred 
(5.0%): 5 were effectively treated endoscopically (clips, covered stent); 1 underwent 
esophagectomy. Eleven acute mild bleedings (9.2%) were managed endoscopically. 
Perforations occurred in ER-cap-procedures of 4 participants (7.1%ER-cap vs 0%MBM, 
p=0.18), and in the first 10 ERs and second 10 ERs per endoscopist (1.7% vs 8.3%, 
p=0.26).

Conclusions: In this intense, structured training program, the first 120 esophageal ERs 
of 6 participants were associated with a 5.0% perforation rate. Although perforations 
were adequately managed, performing 20 ERs may not be sufficient to reach the peak 
of the learning curve in ER.
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Complications in endoscopic resection during training 1
INTRODUCTION

Endoscopic resection (ER) is a technique that allows for safe and effective endoscopic 
removal of focal lesions containing high-grade dysplasia or early cancer in the esophagus.1-4 
ER is considered the cornerstone of endoscopic treatment, since it not only removes the 
lesion, but also results in a specimen for histopathological assessment, which determines 
subsequent patient management. 

In de western world significant progress has been made in the endoscopic treatment of 
early Barrett’s neoplasia with ER often in conjunction with radiofrequency ablation (RFA).2-

8 In addition, ER is increasingly used in the squamous esophagus, stomach, duodenum 
and rectum.9-11 ER is however a technically demanding procedure, that requires specific 
endoscopic expertise, not only to resect lesions in a safe and effective manner, but also to 
manage complications such as bleeding and perforation.3,4,12 

Currently, endoscopic treatment of early neoplasia in the upper GI-tract is not widely 
available outside expert centers, but this may change in the near future for several 
reasons. An increasing number of studies from expert centers show that endoscopic 
treatment of early neoplasia is safe and effective, making endoscopic treatment more 
and more accepted in the GI-community. Further, an increase in the detection of early 
lesions in the GI-tract is expected, due to improved endoscopic imaging techniques and 
the implementation of endoscopic screening and surveillance programs for patients with 
Barrett’s esophagus. Finally, the development of new endoscopic tools (e.g. multiband 
mucosectomy (MBM) and RFA) makes endoscopic treatment look easier and more feasible 
to less experienced endoscopists. 

In our opinion, endoscopic diagnosis and treatment of early neoplasia in the upper 
GI-tract should be centralized in well-trained centers because: 1) endoscopic expertise 
is required to recognize the subtle signs of early neoplasia and to use advanced imaging 
techniques; effective endoscopic treatment requires an adequate endoscopic work-up 
prior to treatment and dedicated endoscopic follow-up thereafter; 2) endoscopic expertise 
is required to enable the (combined) use of several ER techniques and endoscopic ablation 
modalities; 3) histopathological expertise is required for adequate histological evaluation 
of ER-specimens and biopsies; and 4) endoscopic expertise as well as surgical expertise is 
required to adequately treat potentially severe complications such as perforation, bleeding 
and stenosis; 5) centralization enables prospective registration of the procedures and 
results, which is desirable for this relatively new treatment strategy.

We therefore hypothesized that implementation of ER for early neoplasia in the upper 
GI-tract in the Netherlands would benefit from a structured ER training program in a 
selected number of centers with an optimal geographical distribution. 

The primary aim of this study was to evaluate the safety and efficacy of the first 20 ER 
procedures for early neoplasia in the esophagus in a training setting, performed by each 
of the 6 participating endoscopists in this training program. The secondary aim of the 
study was to assess the learning curve of ER. 
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Chapter 1

METHODS

The Dutch ER training program 

The Dutch ER training program was initiated to implement endoscopic treatment of 
early esophageal neoplasia, comprising the appropriate endoscopic work-up, safe and 
effective endoscopic resection, and adequate histological assessment of ER specimens as 
recommended in the Dutch guidelines for the endoscopic treatment of early neoplasia in 
the upper gastrointestinal tract.13 Objectives of the training program were: 1) to improve 
the quality of endoscopic detection and treatment of early neoplastic lesions and the 
quality of histological assessment of ER specimens; 2) to implement mutual treatment 
protocols and prospective registration of procedures and complications; 3) to create a 
platform for scientific research and guideline development. The training program was 
initiated and organized by the Academic Medical Center, Amsterdam. The organizing 
committee consisted of two endoscopists, two pathologists, two endoscopy nurses, 
two research fellows, and one research nurse, all with extensive experience with the 
endoscopic management of early esophageal neoplasia.4,8,14-19 The ER training program 
was funded by the organizing center (1/3), participating centers (1/3), and sponsors (1/3). 

Participants: Endoscopists who were selected for the program had to fit the following 
profile: the ambition to develop a tertiary referral function for ER; appointed as a fulltime 
gastroenterologist in a large regional or academic center with established multidisciplinary 
expertise in oncology of the upper GI tract; including a high volume center for upper 
GI-surgery, availability of EUS, histopathological expertise, and facilities for radiotherapy 
and oncological care. Furthermore, the organizing committee aimed at selecting a 
limited number of 6 to 8 centers that were evenly geographically distributed across the 
Netherlands, for an optimal relationship between regional availability of ER treatment and 
a sufficient caseload to ensure continuous exposure of ER procedures to the endoscopist. 
Endoscopists could only enter the ER training program with a team comprising one to two 
endoscopy nurses and a pathologist. At each of these centers, the selected endoscopist 
screened and treated all (referred) patients with early neoplasia in the upper-GI-tract, and 
the pathologist evaluated all ER specimens and pre-treatment biopsies, to optimize the 
teams’ exposure to cases with early neoplasia in the upper-GI-tract.

Training program contents: The training program consisted of four tri-monthly training 
days with theoretical lectures, live demonstrations, and hands-on training on anaesthetized 
pigs. Training days consisted of plenary sessions and parallel sessions for endoscopists, 
endoscopy nurses and pathologists alone (Table 1). The experienced endoscopists, 
pathologists and endoscopy nurses of the organizing committee and invited international 
experts (endoscopists and pathologists) acted as trainers (Table 1). In between the 
training days, individual one-on-one hands-on training days were scheduled at the 
training site or at the participant’s center. Registration forms for the imaging endoscopy, 
the ER procedure and the histological assessment of ER specimens were available online 
(www.endosurgery.nl). Participating endoscopists were encouraged to make digital video 
recordings of the first 10-20 ER procedures performed at their own center, under normal 
conditions. Videos were reviewed by the trainers, and endoscopists received written 

18



Complications in endoscopic resection during training 1
Table 1: Overview of the contents of the Dutch Endoscopic Resection (ER) Training Program, for ER of 
early neoplastic lesions in the esophagus.

Lectures Trainers Live-
demonstrations

Work-shops Hands-on training 

Day 
1 

-Endoscopic work-up 
and staging
-Information and 
preparation of the 
patient
-ER-cap technique 
(en bloc)
-Histological 
assessment of ER 
specimens 
-Registration 
forms: Imaging; 
ER procedure; 
Histology. 

Endoscopists: 
J.J Bergman; 
P. Fockens;
G. Tytgat. 
Pathologists: 
F.J.W. ten Kate

2 en bloc ER-
cap procedures 
performed by 
the 2 teaching 
endoscopists.

Histological 
assessment of 
ER specimens 
(pathologists);
Electrocoagulation 
and APC 
(endoscopists) 

En bloc ER-cap 
technique in the 
porcine (EASIE) 
model;
ER-cap technique in 
living pigs
(both 1 hour per 
team)

Day 
2 

-Piecemeal resection 
with ER-cap 
-Management of  
complications of ER
-Handling of the ER 
specimens

Endoscopists: 
J.J Bergman; 
P. Fockens;
G. Tytgat; 
H. Inoue
Pathologists: 
F.J.W. ten Kate

2 piecemeal ER-
cap procedure 
performed by 
the 2 teaching 
endoscopists.

Electrocoagulation 
and APC 
(endoscopy 
nurses);
Video case 
discussions of 
ER procedures 
performed by the 
participants.

Management of 
perforation and 
bleeding in the 
porcine (EASIE) 
model;
Piecemeal ER-cap 
technique in the 
porcine (EASIE) 
model; 
(1 hour per team)
Piecemeal resection 
with ER-cap in living 
pigs (1 hour per 
team)

Day 
3 

-Multiband 
mucosectomy 
(MBM)  
-Histological factors 
predicting adverse 
outcome 

Endoscopists: 
J.J Bergman; 
P. Fockens;
G. Tytgat; 
S. Seewald
Pathologists: 
F.J.W. ten Kate; 
M. Vieth 

2 MBM 
procedures 
(1 piecemeal) 
performed by 
the 2 teaching 
endoscopists.

Microscopy: 
individual 
(pathologists) and 
mutual assessment 
of ER specimens; 
Video case 
discussions of 
ER procedures 
performed by the 
participants;
Discussion of 
relevant literature.

MBM technique in 
the porcine (EASIE) 
model; 
MBM technique in 
living pigs 
(both 1 hour per 
team)

Day 
4 

-Mutual endoscopic 
treatment protocol
-Prospective 
registration

Endoscopists: 
J.J Bergman; 
P. Fockens;
G. Tytgat; 
Pathologists: 
F.J.W. ten Kate

2 ER-cap 
procedures 
and 1 
radiofrequency 
ablation (RFA)-
procedure 
performed by 
participants

Microscopy: 
individual 
(pathologists) and 
mutual assessment 
of ER specimens 
(all participants);
Video case 
discussions of 
ER procedures 
performed by the 
endoscopists

Management of 
perforation and 
bleeding in the 
porcine (EASIE) 
model;
ER in the porcine 
(EASIE) model
(both 1.5 hour per 
team)

ER= endoscopic resection, APC=argon plasma coagulation, MBM= multiband mucosectomy, RFA= 
radiofrequency ablation
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Chapter 1

feedback. Furthermore, ER specimens of the first 10-20 ER procedures performed at 
the participants’ own center were evaluated by the pathologists participating in the ER 
training program, and reviewed by an experienced pathologist (FtK or MV) at the training 
site who provided a review report and contacted the pathologist in training in case of 
discrepancies of clinical relevance. Video recordings and digital images of the ER slides 
served as teaching material at subsequent training days. 

Patient selection

For the purpose of this report, we evaluated consecutive patients who underwent an 
ER procedure for early esophageal neoplasia, or for complete removal of all remaining 
Barrett’s epithelium by one of the participating endoscopists in the Dutch ER training 
program, at the training site or at the endoscopists’ own center. All patients consented 
to endoscopic treatment after being informed about treatment risks and alternative 
treatment. ER procedures were registered from the first training day. Given the relative 
low number of esophageal ER cases in our country, we anticipated that a time period of 1 
to 1.5 years would be required to collect a minimum of 20 ER procedures per endoscopist.

Work-up and staging 

Endoscopic work-up and staging was performed by the participating endoscopists 
at their own center or by expert endoscopists at the training site according to the 
Dutch esophageal cancer guidelines of 2005.3,4,8,13 Work-up consisted of at least 
one high-resolution endoscopy (Olympus GIF-Q160, GIF-Q260FZ, GIF-H180, Olympus, 
Germany; Fujinon EG-590WR, EG-530CT, Fujinon, Willich, Germany) with targeted 
biopsies of visible lesions and four-quadrant biopsies from every 1-2cm of the BE segment 
or biopsies per 1-2cm of the unstained lesion upon Lugol’s chromoendoscopy in case of 
squamous lesions. Visible lesions were classified according to the Paris classification, and 
only type 0-I or 0-IIa/b/c lesions were eligible for endoscopic treatment.20 Endoscopic 
ultrasonography (EUS) was performed to exclude regional lymph node involvement and 
deep submucosal tumor infiltration in selected cases.21 EUS-guided fine needle aspiration 
was performed of suspicious lymph nodes. 

Endoscopic resection techniques

Prior to endoscopic resection, after detailed inspection of the esophagus, the target 
area for resection was delineated using coagulation markers that were placed 2-5mm 
away from the lesion by using argon plasma coagulation (APC) or the tip of the ER-snare. 
Both the ER-cap technique and the MBM-technique were used, as described elsewhere 
in detail, including the pre- and post-procedural care.3,4,9 Additional APC was used to 
ablate small areas of BE mucosa that could not be resected due to fibrosis, stenosis, or 
for tissue bridges between ER wounds (Erbe ICC200 (60-80W); Erbe Vio (30-40W), Erbe 
Elektromedizin GmbH, Tübingen, Germany).
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Complications in endoscopic resection during training 1
Histology

ER specimens were inked at the vertical resection margin and cut into 2-mm slices. Slices 
were routinely cut in 4µm sections and stained with haematoxylin and eosin. Specimens 
were classified according to the revised Vienna classification as: intestinal metaplasia 
(IM) without dysplasia, indefinite for dysplasia (ID), low-grade dysplasia (LGD), HGD or 
cancer.22 ER specimens were assessed for tumor infiltration depth, radical resection at 
the vertical margin (and lateral margins for en-bloc ER), tumor differentiation or grade of 
dysplasia, and lymphatic/vascular invasion as previously described.23,24

Follow-up

Patients were contacted by telephone after two days and again two weeks after ER to 
check for complications. The first follow-up endoscopy was scheduled 6-8 weeks after 
ER. Patients were eligible for attempted curative endoscopic treatment, if the histological 
assessment of the ER specimens met de following criteria: negative deep resection 
margins, no deep submucosal invasion (>T1sm1), no lymphatic/vascular invasive growth, 
no poorly or undifferentiated cancer (G3-G4).6,8,25,26 Patients who did not meet the 
criteria above underwent surgical esophagectomy, or, when surgery was contraindicated, 
(chemo)-radiation therapy or conservative management. 

Primary Outcome parameters: safety and efficacy

We quantified the safety and efficacy of the ER procedures using the following outcome 
parameters:
1. Rate of complete endoscopic removal of the target area, defined as the complete 

removal of the delineated area inclusive of all coagulation markings as judged by the 
endoscopist during the procedure, and documented on still images at the end of the 
procedure. Additional argon plasma coagulation (APC) (<5% of the target area) for 
remaining bridges or small BE areas that could not be resected was permitted to 
achieve complete endoscopic removal.

2. Complications, defined as ‘acute’ when occurring during the ER procedure; ‘early’ 
when occurring ≤48 hours after the procedure; and ‘late’ when occurring >48 hours 
but within 3 months after ER. Severity was graded as: ‘mild’ for bleeding requiring 
treatment with clips, injection therapy, APC, or electrosurgical biopsy forceps, 
unscheduled hospital admission for observation, hospitalization <3 days, hemoglobin 
drop <3g without need for transfusion; ‘moderate’ for hospitalization 4-10 days, 
<4 units blood transfusion, need for repeat endoscopic intervention; ‘severe’ for 
hospitalization >10 days, ICU admission, need for surgery, ≥4 units blood transfusion, 
and in the case of stenosis: >5 dilatations, stent placement or incisional therapy; 
‘fatal’: death attributable to procedure <30 days or longer in case of continuous 
hospitalization.8,19 
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Secondary outcome parameters: measures for assessment of the learning curve 
effect

To assess the learning curve, we compared the first 10 ER procedures per endoscopist 
versus the second 10 ER procedures using the following measures: 
1.  Rate of complete endoscopic removal (as defined above);
2.  Perforation rate;
3. Procedure time per resected specimen.

Data collection and statistical analysis

All ER procedures performed during the ER training program were prospectively 
registered. Standardized case registration forms were used for procedure characteristics 
and complications. To obtain data on subsequent treatment clinical charts were reviewed. 

The SPSS statistical software package (SPSS Inc.16.0.2, Chicago, IL, USA) was used 
for data analysis. For descriptive statistics, mean (±SD) was used for normal distribution 
and median (IQR or range) was used in case of skewed distribution. To compare groups, 
Wilcoxon signed rank test, Chi-square test and Mann-Whitney test were used when 
appropriate. Differences were considered significant if p≤0.05 (two-sided testing). 

RESULTS

Participants and ER training program

Six centers participated in the Dutch ER Training Program: St Antonius Hospital Nieuwegein, 
Catharina Hospital Eindhoven, Haga Teaching Hospital Den Haag, Isala Clinics Zwolle, 
University Medical Center Groningen, and University Medical Center Leuven, which resulted 
in an optimal geographical spread (1 in the central area, 1 in the west, 1 in the east, 1 
in the north, and 2 in the south). All endoscopists were experienced in interventional 
endoscopy including endoscopic retrograde cholangiopancreatography (ERCP). The 
baseline experience in esophageal ER of the endoscopists varied from 0-26. None of the 
endoscopists had participated in any ER training course. Endoscopists had a median of 5 
(IQR 2-7) individual hands-on trainings with participating endoscopy nurse. At individual 
training days, a median number of 2 (R 1-4) ER procedures was performed. As a result, 52 
of 120 ER procedures (43.3%) were supervised by an expert endoscopist. ER procedures 
were performed without supervision if the participating endoscopist and the training 
committee both agreed that the specific case was suitable given the complexity of the 
case and the level of training and experience of the participating endoscopist. A median 
of 4 (IQR 2-6) video recordings of non-supervised ER procedures per endoscopist were 
reviewed and commented by a single expert endoscopist of the training committee (JB). 
ER specimens of 49 of 79 ER procedures (62.0%) that were performed at another center 
than the training site were reviewed by an expert pathologist of the training committee 
(FtK or MV), corresponding to a median of 11 (IQR3-11) ER cases per participating center 
that were reviewed. The median time period that was required for each endoscopist 
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Complications in endoscopic resection during training 1
to perform 20 ER procedures was 18 months (R 8-21, IQR 10-21). Sixty-nine of 120 ER 
procedures (58%, median 14 (IQR10-17)) were performed after the fourth training day.

Patients and ER procedures 

A total of 120 ER procedures was performed in 104 patients (92 male, mean age 67±10 
years) by the 6 participating endoscopists (Table 2, Appendix Table A). The majority of 
patients (94/104, 90.4%) had early neoplasia in Barrett’s esophagus (median length 
C2M4 (IQR C0-4; M1-6), whereas 10 other patients (9.6%) had early squamous neoplasia. 
Indications for ER were: presence of a focal lesion (n=100), or, as part of stepwise radical 
endoscopic resection to remove residual BE (n=20). Of the 120 ER procedures, 12 were 
performed with the large flexible ER-cap, 73 with the standard ER-cap, and 35 with MBM. 
There were 35 en-bloc and 85 piecemeal ERs (median 3 (IQR2-4) specimens). Median 
procedure time was 46 min (IQR 35-62) when measured from the introduction of the 
endoscope, and 35 min (IQR 25-50) when measured from assembly of the ER-cap on the 

Table 2: Patient and procedure characteristics of patients who underwent endoscopic resection (ER) 
performed by one of 6 endoscopists who participated in the ER training program. 

Patient characteristics

Number of patients 104

Mean age 67 (± 10) years

Sex 92 male

Number of ER procedures 120 

Squamous lesion / Barrett’s esophagus 11 ERs (10 patients) 
109 ERs (94 patients) 

Indication 100 focal lesion
20 SRER/re-ER

Previous endoscopic treatment 29/120 (24.2%) 
28 prior ER (inc. 1 prior ER/APC/PDT); 
1 prior RFA   

Procedure characteristics

ER technique 35 MBM
73 ER-cap
12 Large caliber ER-cap

Piecemeal / en bloc 85 / 35 

Procedure time 46 (IQR 35-62) minutes 

Most advanced histology ER specimens 74 EC, 23 HGD, 15 LGD, 8 no dysplasia 

Complete endoscopic removal* 111/120 (92.5%)

Additional APC (<5%) during ER* 10/120 (8.3%)

Acute complications 6 perforations (5.0%)
11 mild bleedings (9.2%)

Early and late complications 7 stenoses (5.8%) 
2 moderate bleedings (1.7%)
1 admission and re-endoscopy (0.8%)

ER= endoscopic resection, SRER= stepwise radical endoscopic resection, APC= argon plasma coagulation, 
PDT= photodynamic therapy, RFA= radiofrequency ablation, MBM= multiband mucosectomy, ER-cap= 
endoscopic resection cap technique, EC= early cancer, HGD= high-grade dysplasia, LGD= low-grade 
dysplasia. *APC was only allowed to achieve complete endoscopic resection for <5% of the target area in 
case of remaining tissue bridges between ER wounds or remaining edges of BE.

23



Chapter 1

tip of the endoscope until removal of the endoscope after treatment of complications 
and retrieval of ER specimens. The most advanced histology of the ER specimens was 
carcinoma in 74, HGD in 23, LGD in 15 and no dysplasia in 8 patients.

Efficacy of the endoscopic resection

Complete endoscopic removal of the target area was achieved in 111 of 120 ER 
procedures (92.5% [95%CI 86.2-96.5%]), including 10 procedures in which additional 
APC was used to treat small tissue bridges or remaining margins to achieve complete 
endoscopic resection (all <5% of the ER-area) (Table 2, Appendix Table A). Reasons for 
incomplete endoscopic removal were: perforation (n=3), non-lifting during submucosal 
injection (n=4), clipping of an acute bleeding preventing subsequent ER of this area (n=1), 
and failed suction-and-band with the MBM-technique due to esophageal scarring (n=1). 

Table A: Outcome parameters and characteristics of the endoscopic resection procedures per endoscopist 
and in total. 

Endoscopist 1 Endoscopist 2 Endoscopist 3 Endoscopist 4 Endoscopist 5 Endoscopist 6 Total

ER performed 20 20 20 20 20 20 120 ERs

Number of patients 14 18 15 20 18 19 104 patients

Previous endoscopic treatment 
of patients

Prior ER in 6 Prior ER in 4 Prior ER in 11;
ER/APC/PDT in 1

Prior ER in 1; prior RFA 
in 1

Prior ER in 3 Prior ER in 2 29/120 (24.2%)  

Type ER 2 MBM
12 ER-cap
6 Large ER-cap

1 MBM
19 ER-cap

5 MBM
15 ER-cap

8 MBM
11 ER-cap
1 Large ER-cap

10 MBM
9 ER-cap
1 Large ER-cap

9 MBM
7 ER-cap
4 Large ER-cap

35 MBM
73 ER-cap
12 Large ER-cap

Indication 15 focal lesion
5 SRER

16 focal lesion
4 SRER/re-ER

10 focal lesion
10 SRER/re-ER

20 focal lesion 19 focal lesion
1 SRER 

20 focal lesion 100 focal lesion
20 SRER/re-ER

ER for squamous lesion 2 ERs in 1 patient 1 ER 3 ER in 3 patients 1 ER 2 ER in 2 patients 2 ERs in 2 patients 11 ERs in 10 patients

Most advanced histology ER 
specimens

15 EC, 1 HGD, 3 LGD, 
1 no dysplasia

11 EC, 6 HGD, 3 LGD, 7 EC, 5 HGD, 5 LGD, 3 
no dysplasia

14 EC, 4 HGD, 2 no 
dysplasia

15 EC, 2 HGD, 2 LGD, 1 
no dysplasia

12 EC, 4 HGD, 1 LGD, 
3 no dysplasia

74 EC, 23 HGD, 15 LGD, 8 no 
dysplasia 

Complete endoscopic resection 20 of 20 18 of 20 
- 2 non-lifting area 
after prior ER

16 of 20
- 2 perforations
- 1 bleeding preventing 
further resection

- 1 MBMband slipped off

20 of 20 19 of 20
- 1 non-lifting area after 
prior ER

18 of 20
- 1 non-lifting
- 1 perforation

111/120 (92.5%)

Additional APC (<5%)* 2 5 0 1 2 0 10/120 (8.3%)

Acute complications 1 perforation 
3 mild bleedings

1 perforation
4 mild bleedings    

3 perforations
2 mild bleedings

0 1 mild bleeding 1 perforation
1mild bleeding 

6 perforations (5.0%)
11 mild bleedings (9.2%)

Early and late complications 1 admission and re-
endoscopy 
- for dysphagia and 
abdominal pain

4 stenoses 

0 1 moderate bleeding 
3 stenoses 

1 moderate bleeding 0 0 7 stenoses (5.8%) 
2 moderate bleedings (1.7%)
1 admission and 
re-endoscopy (0.8%)

SRER= stepwise radical endoscopic resection; CR-IM: complete remission for intestinal metaplasia; CR-N: 
complete remission for dysplasia and neoplasia. * APC was only allowed to achieve complete endoscopic 
resection for <5% of the target area in case of remaining tissue bridges between ER wounds or remaining 
edges of BE.
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Complications

Acute complications: 6 perforations (5.0% [95%CI 1.4-9.5%]) occurred, all during ER-cap 
resections (Table 2, Figure 1, Appendix Table B). Five perforations were treated endoscopically 
using clips or a covered stent, whereas one patient underwent esophagectomy on 
the same day, for incomplete removal of a squamous cell carcinoma. All patients with 
a perforation were instantly treated with antibiotics, and after endoscopic treatment, a 
nasogastric suction tube and a duodenal feeding tube or central venous line were placed 
for nutrition. In all patients an esophagography with a water-soluble contrast medium and/
or CT of thorax and abdomen was performed to assess the presence of free air or leakage 
of contrast medium into the mediastinum. Patients were hospitalized for a median of 7 
days. One patient was admitted on the ICU for 5 days for a pneumomediastinum and 
bilateral pleural infusion. All patients with a perforation fully recovered. 

There were 11 mild acute bleedings (9.2% [95%CI 4.7-15.8%]), that all were managed 
endoscopically with APC, electrosurgical biopsy forceps, injection therapy, clips or a 
combination. Minor acute bleedings that could be managed using the tip of the ER snare 
were considered inherent to the ER procedure and were not registered as a complication. 

One early moderate bleeding (0.8% [95%CI 0.0-4.6%]) occurred in a patient that 
developed hematemesis on the day of the ER. During re-endoscopy, a bleeding focus at 

Table A: Outcome parameters and characteristics of the endoscopic resection procedures per endoscopist 
and in total. 

Endoscopist 1 Endoscopist 2 Endoscopist 3 Endoscopist 4 Endoscopist 5 Endoscopist 6 Total

ER performed 20 20 20 20 20 20 120 ERs

Number of patients 14 18 15 20 18 19 104 patients

Previous endoscopic treatment 
of patients

Prior ER in 6 Prior ER in 4 Prior ER in 11;
ER/APC/PDT in 1

Prior ER in 1; prior RFA 
in 1

Prior ER in 3 Prior ER in 2 29/120 (24.2%)  

Type ER 2 MBM
12 ER-cap
6 Large ER-cap

1 MBM
19 ER-cap

5 MBM
15 ER-cap

8 MBM
11 ER-cap
1 Large ER-cap

10 MBM
9 ER-cap
1 Large ER-cap

9 MBM
7 ER-cap
4 Large ER-cap

35 MBM
73 ER-cap
12 Large ER-cap

Indication 15 focal lesion
5 SRER

16 focal lesion
4 SRER/re-ER

10 focal lesion
10 SRER/re-ER

20 focal lesion 19 focal lesion
1 SRER 

20 focal lesion 100 focal lesion
20 SRER/re-ER

ER for squamous lesion 2 ERs in 1 patient 1 ER 3 ER in 3 patients 1 ER 2 ER in 2 patients 2 ERs in 2 patients 11 ERs in 10 patients

Most advanced histology ER 
specimens

15 EC, 1 HGD, 3 LGD, 
1 no dysplasia

11 EC, 6 HGD, 3 LGD, 7 EC, 5 HGD, 5 LGD, 3 
no dysplasia

14 EC, 4 HGD, 2 no 
dysplasia

15 EC, 2 HGD, 2 LGD, 1 
no dysplasia

12 EC, 4 HGD, 1 LGD, 
3 no dysplasia

74 EC, 23 HGD, 15 LGD, 8 no 
dysplasia 

Complete endoscopic resection 20 of 20 18 of 20 
- 2 non-lifting area 
after prior ER

16 of 20
- 2 perforations
- 1 bleeding preventing 
further resection

- 1 MBMband slipped off

20 of 20 19 of 20
- 1 non-lifting area after 
prior ER

18 of 20
- 1 non-lifting
- 1 perforation

111/120 (92.5%)

Additional APC (<5%)* 2 5 0 1 2 0 10/120 (8.3%)

Acute complications 1 perforation 
3 mild bleedings

1 perforation
4 mild bleedings    

3 perforations
2 mild bleedings

0 1 mild bleeding 1 perforation
1mild bleeding 

6 perforations (5.0%)
11 mild bleedings (9.2%)

Early and late complications 1 admission and re-
endoscopy 
- for dysphagia and 
abdominal pain

4 stenoses 

0 1 moderate bleeding 
3 stenoses 

1 moderate bleeding 0 0 7 stenoses (5.8%) 
2 moderate bleedings (1.7%)
1 admission and 
re-endoscopy (0.8%)

SRER= stepwise radical endoscopic resection; CR-IM: complete remission for intestinal metaplasia; CR-N: 
complete remission for dysplasia and neoplasia. * APC was only allowed to achieve complete endoscopic 
resection for <5% of the target area in case of remaining tissue bridges between ER wounds or remaining 
edges of BE.
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Table B: Perforations during endoscopic resection: procedure characteristics.

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

Severity Moderate Severe Moderate Severe Moderate Moderate

Supervision Not supervised Not supervised Supervised Not supervised Supervised Not supervised

Indication ER Focal lesion in BE 
containing HGD

Focal lesion containing 
SSCA

Focal lesion in BE 
containing HGD 

Focal lesion containing 
SSCA 

Removal of residual  BE 
containing EC

Focal lesion in BE 
containing EC

Macroscopic type and size Type 0-IIa+IIc, 
2 cm in length

Type 0-IIa, 
1.5 cm in length

Type 0-IIa+IIc, 
3 cm in length

Type 0-IIa+IIb, 
2.5 +1 cm in length

Type 0-IIa; 
3 cm in length

Type 0-IIa 
3 cm in length

Location of perforation Distal esophagus, 2 cm 
proximal to the gastric 
folds (HH 2cm)

Distal esophagus, 29 
cm from the incisors 
(no HH) 

Distal esophagus, 30 cm 
from the incisors (gastric 
folds at 40 cm, HH 6cm)

Distal esophagus, 2 cm 
from the gastric folds 
(no HH).

Distal esophagus, 1 cm 
proximal to the gastric 
folds (HH 3cm).

Gastroesophageal 
junction (no HH)

ER type (#specimens) Large caliber flexible 
ER-cap (1)

ER-cap (1) ER-cap (3) ER-cap (3) ER-cap (2) ER-cap (2)

Conditions that may 
have contributed to the 
occurrence of perforation

ER of an area adjacent 
to the target area, that 
was not  lifted with 
submucosal injection* 

Perforation during 
ER of a poorly lifting 
lesion, and/or due to 
blind passage of the 
endoscope into the ER 
wound*

- Perforation after ER 
of a remaining tissue 
bridge between two ER 
wounds that may not 
have been sufficiently 
lifted* 

Second ER procedure 
(SRER approach) after 
an initial en bloc  ER of 
a polypoid lesion (Type 
0-Is) 

ER in the esophageal-
gastric junction of a 
large lesion of 3 cm in 
length.

Endoscopic complete ER Yes Yes Yes No No No

Histology ER specimens LGD, R0 (BE)
M. propria present.

T1sm1, R1 (lateral) 
(SSCA).  No m. propria 
present 

HGD, R0 (BE)
M. propria present.

T1m3, R0 (SSCA) 
M. propria present.

HGD, R0 (BE)
M. propria present.

T1sm1, R0 (BE)
No m. propria present.

Chest X-ray / CT-scan Pneumomediastinum Pneumomediastinum No pneumomediastinum - Pneumomediastinum Pneumomediastinum 

Management Endoscopic treatment 
with a covered stent 
fixed with 6 clips

Endoscopic closure with 
clips

Endoscopic closure with 
clips approximated by 
endoloop (by trainer)

Esophagectomy on the 
same day for incomplete 
ER

Endoscopic closure with 
clips approximated by 
endoloop (by trainer)

Endoscopic closure with 
clips

Clinical course Hospitalization for 11 
days. Stent dislocated 
and was removed after 
2 days.

Hospitalization for 7 
days, including
5 days ICU for 
pneumomediastinum 
and bilateral pleural 
infusion 

Hospitalization for 6 days. Hospitalization for post-
operative recovery. 
Surgical specimen: 
T1m3, 16 lymph nodes 
negative 

Hospitalization for 6 
days. 

Hospitalization
for 8 days.

Follow-up CR-IM/N achieved by 
endoscopic treatment 
with ER and RFA.

Endoscopic remission: 
no visible lesions 8 
months after ER.

No CR-IM/N achieved: 
conservative approach 
because of comorbidity. 

CR-N achieved by 
surgery.

CR-IM/N achieved by 
endoscopic treatment 
with stepwise ER. 

CR-IM/N achieved: 
biopsies after ER showed 
no residual carcinoma or 
dysplasia or IM.

Outcome Alive Alive Alive Alive Alive Alive

ER=endoscopic resection, BE=Barrett’s esophagus, HGD=high-grade dysplasia, SSCA=squamous cell 
carcinoma, EC=early carcinoma, HH=hiatal hernia, CR-IM=complete response for intestinal metaplasia, 
CR-N=complete response for early neoplasia, RFA=radiofrequency ablation, ICU=intensive care unit, 
R0=histological radical resection, R1=histological non-radical resection, m.=muscularis. * Based on review 
of ER video recordings by the expert-endoscopists of the ER Training Program. 

the ER wound was injected with adrenalin and clipped. Two units of red blood cells were 
administered (no hemoglobin drop established) and the patient was hospitalized for 3 days.

Late complications included one delayed moderate bleeding (0.8% [95%CI 0.0-4.6%]) 
in a patient that presented with melena at day 11 after ER (stable hemoglobin level). At 
endoscopy a clot and bleeding focus were observed at the ER wound, which was treated 
with APC. 
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Table B: Perforations during endoscopic resection: procedure characteristics.

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

Severity Moderate Severe Moderate Severe Moderate Moderate

Supervision Not supervised Not supervised Supervised Not supervised Supervised Not supervised

Indication ER Focal lesion in BE 
containing HGD

Focal lesion containing 
SSCA

Focal lesion in BE 
containing HGD 

Focal lesion containing 
SSCA 

Removal of residual  BE 
containing EC

Focal lesion in BE 
containing EC

Macroscopic type and size Type 0-IIa+IIc, 
2 cm in length

Type 0-IIa, 
1.5 cm in length

Type 0-IIa+IIc, 
3 cm in length

Type 0-IIa+IIb, 
2.5 +1 cm in length

Type 0-IIa; 
3 cm in length

Type 0-IIa 
3 cm in length

Location of perforation Distal esophagus, 2 cm 
proximal to the gastric 
folds (HH 2cm)

Distal esophagus, 29 
cm from the incisors 
(no HH) 

Distal esophagus, 30 cm 
from the incisors (gastric 
folds at 40 cm, HH 6cm)

Distal esophagus, 2 cm 
from the gastric folds 
(no HH).

Distal esophagus, 1 cm 
proximal to the gastric 
folds (HH 3cm).

Gastroesophageal 
junction (no HH)

ER type (#specimens) Large caliber flexible 
ER-cap (1)

ER-cap (1) ER-cap (3) ER-cap (3) ER-cap (2) ER-cap (2)

Conditions that may 
have contributed to the 
occurrence of perforation

ER of an area adjacent 
to the target area, that 
was not  lifted with 
submucosal injection* 

Perforation during 
ER of a poorly lifting 
lesion, and/or due to 
blind passage of the 
endoscope into the ER 
wound*

- Perforation after ER 
of a remaining tissue 
bridge between two ER 
wounds that may not 
have been sufficiently 
lifted* 

Second ER procedure 
(SRER approach) after 
an initial en bloc  ER of 
a polypoid lesion (Type 
0-Is) 

ER in the esophageal-
gastric junction of a 
large lesion of 3 cm in 
length.

Endoscopic complete ER Yes Yes Yes No No No

Histology ER specimens LGD, R0 (BE)
M. propria present.

T1sm1, R1 (lateral) 
(SSCA).  No m. propria 
present 

HGD, R0 (BE)
M. propria present.

T1m3, R0 (SSCA) 
M. propria present.

HGD, R0 (BE)
M. propria present.

T1sm1, R0 (BE)
No m. propria present.

Chest X-ray / CT-scan Pneumomediastinum Pneumomediastinum No pneumomediastinum - Pneumomediastinum Pneumomediastinum 

Management Endoscopic treatment 
with a covered stent 
fixed with 6 clips

Endoscopic closure with 
clips

Endoscopic closure with 
clips approximated by 
endoloop (by trainer)

Esophagectomy on the 
same day for incomplete 
ER

Endoscopic closure with 
clips approximated by 
endoloop (by trainer)

Endoscopic closure with 
clips

Clinical course Hospitalization for 11 
days. Stent dislocated 
and was removed after 
2 days.

Hospitalization for 7 
days, including
5 days ICU for 
pneumomediastinum 
and bilateral pleural 
infusion 

Hospitalization for 6 days. Hospitalization for post-
operative recovery. 
Surgical specimen: 
T1m3, 16 lymph nodes 
negative 

Hospitalization for 6 
days. 

Hospitalization
for 8 days.

Follow-up CR-IM/N achieved by 
endoscopic treatment 
with ER and RFA.

Endoscopic remission: 
no visible lesions 8 
months after ER.

No CR-IM/N achieved: 
conservative approach 
because of comorbidity. 

CR-N achieved by 
surgery.

CR-IM/N achieved by 
endoscopic treatment 
with stepwise ER. 

CR-IM/N achieved: 
biopsies after ER showed 
no residual carcinoma or 
dysplasia or IM.

Outcome Alive Alive Alive Alive Alive Alive

ER=endoscopic resection, BE=Barrett’s esophagus, HGD=high-grade dysplasia, SSCA=squamous cell 
carcinoma, EC=early carcinoma, HH=hiatal hernia, CR-IM=complete response for intestinal metaplasia, 
CR-N=complete response for early neoplasia, RFA=radiofrequency ablation, ICU=intensive care unit, 
R0=histological radical resection, R1=histological non-radical resection, m.=muscularis. * Based on review 
of ER video recordings by the expert-endoscopists of the ER Training Program. 

Other late complications were 7 moderate stenoses (5.8% of ER procedures [95%CI 
2.4-11.7%]) in 7 patients (6.7% of patients [95%CI 2.8-13.4%]) that all resolved upon 
dilation (median 1 (IQR 1-3) dilations), including 4 patients who underwent subsequent 
ER procedures as a part of stepwise radical ER, 2 patients who underwent extended ER 
(2/3 and 3/4 of the circumference) for a large lesion, and one patient who underwent 
a second ER of a squamous lesion containing HGD. No procedure-related mortality was 
encountered.
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Factors related to complication and perforation risk

All 6 perforations occurred in ER-cap procedures (7.1% ER-cap vs 0% MBM, p=0.18), 
including 4 piecemeal ERs (4.7% piecemeal vs 5.7% en bloc ER, p=1.00). One endoscopist 
encountered 3 perforations whereas other endoscopists had 1 or 0 perforations (p=0.23 
and p=0.61, respectively). Four of 6 perforations occurred during a non-supervised 
ER procedure (3.9% supervised vs 5.9% non-supervised, p=0.70). Three of these 4 
non-supervised ER procedures were recorded on video. 

Assessment of learning curve

The first 10 ERs per endoscopist vs the second 10 ERs per endoscopist were compared 
(Table 3). There were no significant differences in the rate of perforations, rate of 
incomplete endoscopic resection, or time per resected specimen. The median number 
of resected ER specimens was higher in the second 10 ERs (2 vs 3, p=0.04). The rate of 

Figure 1: Endoscopic resection (ER) for lesion in Barrett’s esophagus (T1m3 carcinoma) complicated 
by a perforation. A: delineation of the lesion by coagulation markers; B: resection complicated by a 
perforation; C: closure of the defect with clips; D: residual dysplastic Barrett’s epithelium after healing of 
the perforation; E,F: successful subsequent ER session; G: complete endoscopic eradication of all Barrett’s 
epithelium during inspection with narrow band imaging; H,I: normal appearance of the squamocolumnar 
junction: biopsies of the original Barrett’s segment and just below the squamocolumnar junction confirmed 
endoscopic and histological remission for IM and neoplasia.
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incomplete endoscopic resection was similar in patients that underwent an initial ER vs a 
subsequent ER procedure (5.4% vs 14.3%, p=0.21). 

Subsequent treatment after ER and follow-up

After ER, patients (n=104) either underwent subsequent endoscopic treatment (n=71), 
endoscopic follow-up (n=18), surgical esophagectomy (n=12) or palliative chemo/
radiotherapy (n=3) (Figure 2). Of the nine patients with incomplete endoscopic removal 
of the delineated area at ER, one patient (poor candidate for surgery) was treated with 
palliative radiotherapy. All other 8 achieved complete histological remission of early 
neoplasia by esophagectomy (n=3, described above); subsequent curative endoscopic 
treatment with ER and/or RFA (n=3); or had no remaining dysplasia or neoplasia in 
biopsies after ER (n=2). 

DISCUSSION

In this study we evaluated the results of the first 120 esophageal ER procedures performed 
by 6 endoscopists who participated in an intense, structured ER training program. 
Although the rate of complete endoscopic resection was as high as 93%, the first 20 
esophageal ERs were associated with a 5% perforation rate. 

The 5% perforation rate in our study is significantly higher than the 0.9% (2/216) 
reported in a prospective series from the leading center of this training program. Other 
retrospective series on ER have reported perforation rates between 0-3%.1-4,8,15,27-30 
There are three possible explanations for the high perforation rate. First, the training 
program may have been of insufficient quality. Secondly, the level of expertise of the 
participating endoscopists may have been inadequate. Thirdly, ER is a complex procedure 
and consequently may have a long learning curve. Given the structure of this training 
program, with the involvement of multiple experts, the detailed presentations on ER 
technique and the intensity of hands-on training sessions under direct supervision, this 
training program is by far the most intense and structured post-graduate training in this 
field. It is therefore unlikely that the quality of this training program is responsible for the 

Figure 2: Flowchart of subsequent treatment of 104 patients that were treated with ER. 
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(1 perforation, 2 non - lifting)

-7 histological irradical ER
-2 Tsm1/G3

120 endoscopic resection procedures 
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Subsequent endoscopic 
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-27 stepwise radical ER
-4 scheduled for ER or RFA
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n=12
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n=3 

-1 endoscopic incomplete ER
-2 histological non - radical ER
(All 3 non -surgical candidates )

No subsequent treatment 
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-18 absence of dysplasia in 
biopsies after ER.

-3 endoscopic incomplete ER
(1 perforation, 2 non - lifting)

-7 histological non - radical ER
-2 poor tumor characteristics
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120 endoscopic resection procedures 
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Endoscopic resection

-3 endoscopic incomplete ER
(1 perforation, 2 non - lifting)

-7 histological non - radical ER
-2 poor tumor characteristics
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high perforation rate. All endoscopists that were selected to participate in the ER training 
program are leading interventional endoscopists in large regional teaching centers or 
university hospitals, which should imply that they are highly experienced and skilled. In 
our opinion, the high perforation rate merely reflects the complexity of ER procedures 
in the upper GI tract, and may indicate that the peak of the learning curve of the 6 
endoscopists that participated in the ER training program had not been reached yet. 

Although there are no studies on the learning curve of ER, some, in majority Asian, 
studies have assessed the learning curve in endoscopic submucosal dissection (ESD). 
These studies showed that the experience and level of training in ESD of the endoscopist 
are indeed associated with an increase in complete endoscopic resection rate, and a 
decrease in perforation rate and procedure time.31-33 We did not observe a learning 
curve effect during our ER training program. We did observe a higher number of ER 
specimens per procedure in the second 10 ERs versus the first 10 ERs, which may reflect 
selection of more difficult cases in the second 10 ERs. Due to the heterogeneity of the 
two groups, our analysis of the learning curve was non-conclusive for relevant parameters 
such as the rate of complete endoscopic removal, perforations and procedure time per 
specimen. Nevertheless, we assume that our overall study population represents the 
general population of ER candidates, and therefore gives a good representation of the 
overall complication rate in a training setting. Another limitation of the assessment of the 
learning curve is that we have evaluated ER procedures performed within the setting of a 
training program. Ideally, the safety and efficacy of ER should have been evaluated before 
any theoretical or practical training and after completion of the training program, but 
this was considered highly impractical and unethical. Finally, we do not know how much 
ER training is required before the learning curve becomes horizontal. A larger number 
of ER cases per endoscopist may be required to further assess the length of the learning 
curve of ER. In our study, the participating endoscopists performed a maximum of 10 
ERs in live pigs, next to several ERs in a porcine stomach model, prior to starting ER in 
human patients. Therefore, based on our results, and analogous to ESD training, it may be 
advisable to perform more than 10 ER procedures in the animal model in future training 

Table 3: Comparison of the first 10 and the second 10 ERs per endoscopist of a total of 120 ER procedures, 
to assess the presence of learning effects.

Outcomes measures First 10 ERs per 
endoscopist (n=60)

Second 10 ERs per 
endoscopist (n=60)

p-value

Incomplete endoscopic removal 1.7% (n=1) 13.3% (n=8) p=0.11

Perforations 1.7% (n=1) 8.3% (n=5) p=0.26

Median minutes per resected specimen 13 (IQR 10-18) 16 (IQR 10-25) p=0.75

Potential confounders

Piecemeal ERs 66.7% (n=40) 75.0% (n=45) p=0.10

Number of ER specimens 2 (IQR 1-3) 3 (IQR 1-3) p=0.04

ER-cap procedures 76.7% (n=46) 66.0% (n=39) p=0.22

Subsequent ER procedures 26.7% (n=16) 20.0% (n=12) p=0.10

Non-supervised ERs 48.5% (n=29) 65.0% (n=39) p=0.26

ER= endoscopic resection
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programs. Future studies should focus on the number of ER procedures that need to be 
performed before the learning effect becomes visible.

In our series the rate of complete endoscopic resection was 93%, including 10 patients 
in whom additional APC was allowed for very small areas of residual BE epithelium. The 
rate of complete endoscopic removal was comparably high to another recent study on 
ER.18 The additional use of APC of <5% of the target area was permitted to achieve 
complete endoscopic removal, if this avoided the need for an additional ER in rare cases 
of bridges after ER, or in case of remaining margins due to fibrosis preventing adequately 
lifting or suctioning of the tissue into the cap.8,15,18 At the start of this training program, 
stepwise radical ER was frequently used, in which in subsequent ER sessions the complete 
BE segment is removed.8,15,29,34 Currently, the combined approach of ER followed by 
RFA is the preferred endoscopic approach.6,19

For treatment modalities with a low case load such as ER, it is more difficult to evaluate 
the quality of the training, as compared to other complex endoscopic techniques with 
a higher case load such as EUS-guided FNA or ERCP, for which guidelines are available 
that demand a minimal number of performed procedures as a quality measure.32,35,36 
Therefore, the aim of the Dutch ER training program was to combine training and 
implementation of ER for early esophageal neoplasia in the Netherlands, in a safe and 
controlled manner, using high quality standards according to national guidelines, with 
prospective registration of ER cases to enable evaluation of the safety and efficacy of this 
treatment modality. 

To increase the case load for continuous exposure and training, participants were 
encouraged to give lectures in their region, to build a referral function, by making other 
clinicians aware of the option of ER and the need for centralization of ER. As a result, 
the number of referred patients increased in all 6 participating centers. Currently, all 6 
centers of the ER training program are trained in performing RFA. The most experienced 
participating endoscopists (RB & BW) acted as trainers in two subsequent ER and RFA 
training programs for endoscopists throughout Europe (www.endosurgery.eu). These 
6 centers and the training site have initiated an ongoing collaboration in the field of 
endoscopic detection and treatment of early neoplasia in the upper GI tract (www.barrett.
nl), aiming at high quality care, scientific research, spread of knowledge, and to guarantee 
a continuum of well-trained endoscopists, nurses and pathologists in ER. In conclusion, 
the aim of the ER training program was partly achieved. The ER training program resulted 
in successful centralization of ER in the Netherlands in a selected number of centers. The 
structure of the training program with supervision by experts and video review resulted 
in controlled implementation of ER with a high success rate of complete endoscopic 
resection of lesions. Regarding the safety during the implementation of ER, we consider 
a 5% perforation rate acceptable, taking in account that all perforations were successfully 
managed. A decrease in perforation rate is required but may occur spontaneously, since 
ongoing training is guaranteed by the increased case load at the participating centers, 
which are currently tertiary referral centers. 

In summary, ER of esophageal neoplasia is associated with potentially dangerous 
complications even in the setting of an intense, structured training program, which reflects 
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the complexity of the ER procedure. To ensure adequate treatment of complications, ER 
should be performed by trained endoscopists in centers with multidisciplinary experience 
with ER. 
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