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Introduction and outline

INTRODUCTION

Barrett’s esophagus is the most important known risk factor for esophageal 
adenocarcinoma. Esophageal adenocarcinoma is the dominant type of esophageal cancer 
in the western world, whereas in Azia squamous cell carcinoma is the most frequent 
esophageal cancer. In Barrett’s esophagus, the normal whitish colored squamous 
epithelium of the esophagus has been replaced by salmon-colored columnar epithelium, 
which is characterized histologically by the presence of goblet cells. Barrett’s esophagus 
(BE) was named after the surgeon Norman Barrett, who described this condition in 1950. 
Later, it was discovered that BE was an acquired premalignant condition resulting from 
long-standing gastro-esophageal reflux. To detect high-grade dysplasia or carcinoma at 
an early stage, Barrett’s patients are entered into surveillance programs, with endoscopic 
inspection and biopsies of the Barrett’s segment every 1-3 years. Until recently, patients 
with high-grade dysplasia or early carcinoma (early neoplasia) of their BE underwent 
surgical esophagectomy. Today, endoscopic treatment is the first choice treatment for 
these patients, which is a safe and effective, less invasive alternative to surgery. The 
technique of endoscopic resection (ER) was developed by the Japanese endoscopist H. 
Inoue in 1989. He was the first to endoscopically remove early neoplastic gastric and 
squamous esophageal lesions using a transparent cap and a coagulation snare. Since then, 
the technique of ER in the esophagus has been adopted by endoscopists in Europe, mostly 
for the treatment of early neoplasia in Barrett’s esophagus. However, after focal ER as a 
monotherapy, the remaining Barrett’s epithelium is still at risk for malignant progression. 
In the past decade therefore the paradigm shifted from focal ER of lesions to complete 
removal of the Barrett’s epithelium using ablation and endoscopic resection techniques.

In the past ten years, our research group has studied the safety and efficacy of several 
endoscopic treatment techniques for early neoplasia in the upper gastrointestinal tract. In 
2000, endoscopic resection was used in Barrett’s esophagus patients as a mono-therapy 
to remove visible lesions containing early neoplasia. Although endoscopic resection was 
found to be safe and effective, the risk for metachronous lesions after focal ER was 
approximately 30%. Therefore, in subsequent treatment protocols we shifted from focal 
treatment of the visible lesion to endoscopic removal of the complete Barrett’s segment. 

For the removal of the residual Barrett’s epithelium after ER, we initially used ablation 
with photodynamic therapy using 5-aminovulninic acid as photosensitizer. The results of 
this combined approach were however disappointing: the majority of patients had residual 
BE after treatment and only a minority of patients (27%) showed sustained remission of 
early neoplasia. Therefore, in 2003, we moved to stepwise radical endoscopic resection 
(SRER). Our studies showed that SRER is a safe and effective treatment modality for the 
removal of the complete BE segment in several ER sessions. However, the SRER technique 
proved to be technically demanding and stenosis occurred frequently. In this period, we 
developed a training program in ER for endoscopists to implement endoscopic resection 
in a number of selected centers in the Netherlands. Anticipating that a growing number 
of patients with early Barrett’s neoplasia would require treatment, we aimed at increasing 
the capacity and quality of ER treatment in our country.
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Introduction and outline

In 2005, a new promising treatment modality became available: radiofrequency ablation 
(RFA) using the HALO system. We were the first center worldwide to study the safety and 
efficacy of RFA in BE patients with high-grade dysplasia and to combine ER and RFA for 
lesions containing high-grade dysplasia or early cancer. The results of the first 23 patients 
were excellent with 100% eradication of early neoplasia and Barrett’s epithelium, and 
complications were rare and mild. We subsequently studied the combined approach of 
ER for focal lesions followed by RFA for the remaining Barrett’s epithelium in a European 
multicenter setting. Because of the favorable initial results of RFA treatment and our good 
experiences with SRER, we conducted a randomized trial to compare SRER with combined 
ER followed by RFA. In the meantime, large prospective trials in the USA confirmed the 
excellent safety and efficacy of RFA for non-dysplastic and dysplastic Barrett’s esophagus. 
To improve the practicality of the RFA treatment procedure, we designed studies aiming 
at easier and faster focal and circumferential RFA. Also, we studied the feasibility of newer 
indications for the combined used of ER and RFA such as early squamous neoplasia of the 
esophagus, and patients with Barrett’s neoplasia with widespread non-flat lesions, that 
were treated with RFA and ER in a the same endoscopic treatment session. 
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Introduction and outline

OUTLINE OF THE THESIS

Part One: Endoscopic Resection

In the first part the focus is on endoscopic resection of early esophageal neoplasia. In 
Chapter 1 we assessed the outcomes of the first 120 patients treated with ER within the 
setting of the ER training program in the Netherlands, to gain insight into the learning 
curve of the ER procedure. In Chapter 2 we studied the most frequently encountered 
technical difficulties during the ER procedure experienced by the endoscopists and the 
teachers of this training program. In Chapter 3 we compared the safety and efficacy 
of two different ER techniques, the ER-cap technique and the multiband mucosectomy 
technique, in a randomized trial. 

Part Two: Radiofrequency ablation

This part of the thesis contains several studies on radiofrequency ablation of early 
esophageal neoplasia, starting with a technical review of the RFA technique in Chapter 
4. In Chapter 5 we report on a randomized trial that compared the safety and efficacy of 
SRER versus the combined approach of ER followed by RFA. This study was performed in 
a European multicenter setting for patients with early neoplasia in their Barrett’s segment 
with a maximal length of 5 cm. In Chapter 6 we studied the safety and efficacy of RFA 
for patients with longer Barrett’s segments in a series of patients with early neoplasia in 
their Barrett’s esophagus with a minimal length of 10cm. In Chapter 7 we evaluated the 
feasibility of RFA for early neoplasia of the squamous esophagus with or without prior 
ER in 13 patients. Chapter 8 and 9 contain two multicenter randomized trials in which 
we aimed to simplify the RFA procedures for circumferential and focal RFA respectively, 
by making the regimen easier and faster, while maintaining safety and efficacy. In 
Chapter 8 we compared three different ablation regimes for circumferential RFA using the 
HALO360-electrode. In Chapter 9 two different focal ablation regimes using the HALO90-
electrode were compared. To gain insight into which patients have a poor response to 
RFA treatment, we assessed the characteristics of 278 patients treated with RFA in a 
European multicenter setting, and related potential predictive markers to the response at 
three months after circumferential balloon-based RFA, as described in Chapter 10.

Part Three: Single Session RFA and ER  

Whereas in current treatment protocols ER is followed by RFA treatment after 6-8 weeks 
allowing for healing of the ER wound, in the ‘single session’ approach of combined 
RFA and ER, we performed RFA directly followed by ER of the visible lesion in the same 
treatment session. Chapter 11 contains an animal study to assess the feasibility of ER 
immediately followed by RFA and RFA immediately followed by ER. In Chapter 12 we 
describe the results of a series of 24 consecutive patients who were treated with single 
session ER and RFA for lesions in Barrett’s esophagus containing early neoplasia. 

11
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Learning endoscopic resection of esophageal 
neoplasia is associated with significant complications 
even in a structured training program

F.G.I. van Vilsteren, R.E. Pouw, L.A. Herrero, F.P. Peters, R. Bisschops, 
M. Houben, F.T.M. Peters, B.E. Schenk, B.L.A.M. Weusten, M. Visser, 
F.J.W. ten Kate, P. Fockens, E.J. Schoon, J.J.G.H.M. Bergman.

Endoscopy. 2012 Jan;44(1):4-12
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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

19



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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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.
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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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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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ABSTRACT

Background: Endoscopic resection (ER) is the cornerstone of endoscopic management 
of esophageal high-grade dysplasia or early cancer. However, ER is a complex technique 
requiring knowledge and expertise. Aims: To identify the most important learning 
points in performing ER in a training setting and to provide information on how to 
improve ER technique.

Methods: Six gastroenterologists at centers with multidisciplinary expertise in upper 
GI oncology participated in a structured ER training program, consisting of 4 mutual 
training days with lectures and hands-on training on live pigs, at least 4 one-on-one 
hands-on training days, and written feedback on video recordings of ER procedures by 
an highly experienced endoscopist in ER. The first 20 ERs of each participant (total 120 
ERs) were prospectively registered. Learning points as experienced by the participating 
endoscopists were assessed using a questionnaire, and by review of written feedback 
reports of 33 video recordings of unsupervised ERs. Three endoscopists with experience 
in ER selected the most important learning points.

Results: The most important learning points were: to ensure and optimize the 
endoscopic view by choosing the best available endoscope and cleaning of the area of 
interest; rotate the endoscope to position the lesion at 6 o’clock; delineate the lesion 
by placing electrocoagulation markers thus creating a ‘preprocedural plan’; perform a 
test-suction prior to every resection to avoid too much overlap or residual tissue bridges.

Conclusions: This study assessed and summarized the most important learning points 
in performing ER that were encountered during a structured ER training program.
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2INTRODUCTION

Endoscopic resection (ER) is considered the cornerstone of endoscopic management of 
high-grade dysplasia (HGD) and early cancer (EC) in the esophagus. Endoscopic resection 
(ER) not only removes the visible lesion, but also provides a specimen for histological 
assessment and staging. This allows for selection of suitable candidates for subsequent 
endoscopic treatment, and defines which patients should be referred for surgery because 
of an increased risk for lymph node involvement. Several studies have shown that ER is 
safe and effective for the removal of focal early neoplastic lesions in Barrett’s esophagus 
as well as for early esophageal squamous neoplasia.1,2 3-7

Endoscopic treatment of early neoplasia in the upper GI-tract is becoming more 
accepted in the GI-community, because an increasing number of studies have shown 
that endoscopic treatment of early neoplastic lesions is safe and effective.1,2 3-10 In 
addition, we expect an increase in the number of detected early neoplastic lesions due to 
ongoing developments in endoscopic imaging techniques, and screening and surveillance 
programs. Furthermore, the newest generation of endoscopic treatment modalities, such 
as ER with multiband mucosectomy (MBM), is easy-in-use, making endoscopic treatment 
more attractive to a wider range of endoscopists. Therefore, we anticipate that endoscopic 
treatment may become more widely available in expert centers and non-expert centers.

ER, however, is a technically demanding procedure that requires knowledge and 
expertise to ensure complete removal of the lesion, to avoid complications such as 
perforation, and to manage intra-procedural bleedings that occur in 20-25% of cases. 
Endoscopists who perform ER should therefore be trained in the technicalities of the 
procedure and the prevention and management of complications.5,6,11 We therefore 
developed a structured ER training program to implement ER in a safe and controlled 
manner in the Netherlands. In this training program, six endoscopists from selected centers 
were trained in ER, and all procedures and complications were registered prospectively to 
assess the safety and efficacy of ER in a training setting and to identify potential learning 
curve effects. The clinical results of this study have been published elsewhere.12 During 
the ER training program, numerous learning points, mistakes and difficulties of ER were 
identified, that may be highly informative for endoscopists who perform ER or are training 
in ER. The aim of the current study was to identify important learning points in ER as 
assessed by expert endoscopists, and pointed out by the participating endoscopists in 
the ER training program, using a questionnaire. Based on the learning points that were 
identified, we aimed to provide practical recommendations for improvements in ER skills. 

METHODS

The ER training program 

The organizational background of this study was the Dutch ER training program. The aim 
of the ER training program was to implement ER in the Netherlands, including the proper 
endoscopic work-up and the histological assessment of ER specimens in accordance with 
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national guidelines.13 Other objectives of the ER training program were: 1) to improve 
the quality of endoscopic detection and treatment of early neoplastic lesions and the 
histological assessment of ER specimens; 2) to implement prospective registration of 
procedures and complications and mutual treatment protocols; 3) to build a platform 
for scientific research and guideline development. The training program was organized 
by the Academic Medical Center, Amsterdam, by a committee of two endoscopists, two 
pathologists, two endoscopy nurses, two research fellows, and a research nurse, all with 
extensive experience in the field of endoscopic treatment of early esophageal neoplasia. 
The ER training program was funded by the organizing center (33%), participating centers 
(33%), and sponsors (33%). 

Participants of the training program were selected to fit the following profile: they all 
were fulltime gastroenterologists in a large regional or academic center with established 
multidisciplinary expertise in oncology of the upper GI tract (high volume center for upper 
GI-surgery, availability of EUS, histopathological expertise, and facilities for radiotherapy 
and oncology care). Endoscopists participated in the training program together with an 
endoscopy nurse and a pathologist of their own center. 

The training program consisted of four one-day training days with three-months-
interval comprising theoretical lectures, live demonstrations, and hands-on training on 
anaesthetized pigs under guidance of international expert endoscopists and pathologists. 
Additionally, individual hands-on training days were scheduled at the participant’s center 
and at the training site on which 6-8 ER cases were scheduled for one-on-one training of 
the endoscopist and endoscopy nurse by the trainers. During the training program, ER was 
performed with the ER-cap technique or the MBM-technique as previously described in 
detail.5,6,14 Participating endoscopists were encouraged to make digital video recordings 
of the first (non-supervised) 10-20 ER procedures performed at their own center. Video 
recordings were reviewed by an expert endoscopist (JB) of the organizing committee, 
resulting in a written feedback report. In addition, ER specimens of the first 10-20 ER 
procedures performed at the participants’ own center were reviewed by a pathologist 
with extensive experience in ER (FtK or MV) at the training site.12 

Data collection 

All ER procedures performed during the ER training program were prospectively 
registered, using standardized case registration forms for procedure characteristics and 
complications (www.endosurgery.eu). Learning points in performing ER were collected 
from two different sources: 1) written feedback reports of video recordings from the 
first non-supervised 10-20 ER procedures per endoscopist that were reviewed by an 
expert endoscopist (JB) of the organizing committee, 2) a questionnaire, sent to the six 
participating endoscopists, after all had performed at least 20 ER procedures. Endoscopists 
were asked to describe a maximum of three learning points for the following items: 
work-up en imaging; marking of the lesion; submucosal fluid injection and suctioning 
of the lesion in the cap; resection; MBM technique; ER-cap technique; retrieval of the 
specimens; complications; and, miscellaneous. 

38



Do’s and don’ts of endoscopic resection

2
Outcome measures

The most important learning points in performing ER were selected from these two sources 
in a consensus meeting of three experienced endoscopists in ER (qualitative evaluation). 
‘Important’ was defined as having influence on the efficacy, safety, or practicality of ER. 

Data collection and statistics 

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. 

RESULTS

ER training program and participants

Six teams consisting of an endoscopist, endoscopy nurse and pathologist attended all four 
training days. In addition, participating endoscopists had a median of 5 (IQR 2-7) one-on-
one hands-on training days, supervised by an expert endoscopist. Fifty-five of 120 ER 
procedures (43.3%) were supervised by an expert 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 program committee, resulting 
in a total of 33 written feedback reports. All six endoscopists completed the questionnaire 
on learning points in performing ER.12 

ER procedures

Of 120 consecutive esophageal ER procedures, 109 were performed in Barrett’s esophagus 
and 11 for squamous neoplasia, including 85 piecemeal ERs (median of 3 (IQR2-4) 
specimens). Details on the ER procedures have been described elsewhere in detail.12 
In summary, the ER-cap technique was used in 85 procedures and the MBM technique 
in 35 procedures (Figure 1; Figure 2). Complete endoscopic removal was achieved in 
111/120 (91.6%) cases (Figure 3). Acute complications were 6 perforations (5.0%): 
5 were effectively treated endoscopically (clips, covered stent); 1 patient underwent 
esophagectomy the same day. Four perforations occurred during a non-supervised 

Figure 1: Endoscopic resection (ER) using the ER-cap technique. A: submucosal lifting; B: suctioning of 
the lesion in the cap, with the resection snare placed in the rim of the cap; C: closure of the snare during 
suctioning; D: resection wound after using coagulation to cut of the pseudopolyp, resulting in removal of 
the lesion. 
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procedure of which three perforations were recorded on video. Eleven intraprocedural 
bleedings (9.2%) were managed endoscopically.12 

Outcome measures: learning points in endoscopic resection

Learning points derived from the questionnaire completed by the six participating 
endoscopists, and from the written feedback reports of ER video recordings were assessed. 
The most important learning points as judged by the three experienced endoscopists are 
described in detail below together with corresponding technical recommendations.

Work-up and imaging 

l	 Optimize the endoscopic view: at the start of the ER procedure the endoscopist 
should empty the stomach and clean the target area in the esophagus by flushing 
with water to remove mucus and gastric contents. During the procedure, systematic 
emptying of the stomach and esophagus should be repeated frequently. This 
ensures an optimal overview of the working area and prevents aspiration during the 
endoscopy. It is advisable to use antifoam either orally administered to the patient 
prior to the endoscopy or in the water used for flushing.

l	 Use an endoscope with a separate water jet channel: to enable simultaneous flushing 
of water and interventions through the working channel of the endoscope for optimal 
overview when bleeding occurs. 

Figure 2: Endoscopic resection using the multiband mucosectomy (MBM) technique. A: suctioning of the 
lesion in the cap; B: release of a rubber band during suctioning to create a pseudopolyp containing the 
lesion; C: resection of the pseudopolyp with the hexagonal MBM-snare; D: resection wound after using 
coagulation to cut of the pseudopolyp, resulting in removal of the lesion. 

Figure 3: Example of endoscopic resection of early neoplasia in a Barrett’s esophagus. A: Macroscopic type 
II-a-IIc lesion of 15 mm in size in a C0M2 Barrett’s esophagus; B: resection wound after the endoscopic 
resection procedure showing complete endoscopic removal of the lesion; C: endoscopic resection scar 
after 6 weeks. 
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l	 Do not compromise detection and delineation: most therapeutic gastroscopes have 

an inferior image quality compared to their diagnostic counterparts. In case it is 
difficult to detect and delineate the lesion prior to ER, optimize inspection by using a 
high-resolution endoscope supplemented with (virtual) chromoendoscopy techniques. 

l	 Retroflex for lesions located at the cardia (Figure 4): perform inspection with the 
endoscope in the retroflexed position with adequate inflation of air. This orientation 
significantly improves the visualization of the distal margin of lesions and improves the 
practicality of delineation and submucosal lifting (see below). Use a flexible endoscope 
that can easily make the U-turn into the retroflexed position. 

l	 Insufflate sufficient air: insufflate air until there is a good overview in the esophagus. In 
case it is difficult to insufflate the esophagus, the patient may be sedated too deeply. 

l	 Use the Paris classification: description of the macroscopic type of the lesion may 
contribute to more thorough inspection of the lesion and helps the endoscopist in 
recognition of early neoplastic lesions.15

Figure 4: Retroflex for lesions 
located at the gastric cardia, 
to improve the visualization 
of the distal margin of lesion 
and improve the practicality of 
delineation and submucosal 
lifting prior to ER. A/B: patient 1: 
early neoplastic lesion in Barrett’s 
esophagus at 10 o’clock at the 
cardia, antegrade view (A) en 
retrograde view (B); C/D: patient 
2: early neoplastic lesion in 
Barrett’s esophagus at 11 o’clock 
at the cardia, antegrade view (C) 
and retrograde view (D). 

Delineation and marking of the lesion 

l	 Place electrocoagulation markings to delineate the area to be resected (Figure 5). This 
’pre-procedural plan’ should be adhered to during the remainder of the procedure. 
During the procedure the overview on the working area will diminish due to visualization 
through the ER-cap, the use of submucosal lifting, bleeding or electrocoagulation 
effects. The endoscopist may then loose the orientation and perspective on the 
lesion causing incomplete or unnecessarily large resections. A ’pre-procedural’ plan 
created under optimal imaging circumstances prior to the resection is a roadmap for 
an effective and safe ER.
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l	 Place the electrocoagulation markings (tip of the snare of argon plasma coagulation 
(APC)) with a 2-5 mm distance from the lesion. For lesions in the distal esophagus or 
cardia, markers can best be placed with the endoscope in the retroflexed position.  

l	 Obtain a still image of the marked lesion to assess if delineation and markings are 
adequate. Some of the markings may be more important than others; e.g. since they 
are close to the edge of the lesion.

In case of doubt if all markings and the complete lesion are removed perform an additional 
ER of that site. Subsequent ER at a later stage will be significantly more difficult due 
to scarring.  

Submucosal fluid injection in ER-cap and suctioning of the lesion in the cap

l	 Start to inject fluid through the injection needle just before the needle traverses the 
mucosa. Perform the fluid injection in a stepwise manner to be able to assess the 
effect of the lifting and avoid too much lifting of the mucosa outside the delineated 
area since this only obscures the view of the working area. 

l	 In case of piecemeal ER, lift the edges of the previous ER prior to subsequent 
resections to avoid perforation. In case of residual bridges, lift the tissue bridge and 
the ER wound before resection.

l	 Lift an area with fibrosis or scarring first; otherwise only surrounding tissue will lift 
which will obscure the view of the area of interest. In case of a poor lifting: do not 
perform ER of these areas (Kato lifting classification).16

l	 Perform a ’test suction‘ prior to the endoscopic resection to evaluate how much and 
which part of the lesion enters the cap. The test suction is performed before placement 
of the ER-snare in the ridge of the cap (for ER-cap procedures) or before releasing a 
rubber band (for MBM procedures). The endoscopist may adjust the position of the 
cap, the pressure of the cap onto the tissue, the amount of suction, and the way the 
cap is maneuvered during suctioning of the tissue. A test suction is also important to 
judge if the amount of overlap between two ERs is not too large (increases perforation 
risk) or too small (results in remaining tissue bridges between adjacent resections). 

Figure 5: Place electrocoagulation markings to delineate the area to be resected under optimal imaging 
circumstances prior to the resection. This ’pre-procedural plan’ serves as a roadmap for an effective and 
safe ER, and should be adhered to during the ER procedure; during the ER procedure the overview on the 
working area will diminish due to visualization through the ER-cap, the use of submucosal lifting, bleeding 
or electrocoagulation effects.  
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l	 Apply controlled suctioning: evaluate the suction force during the test suction and 

prior to resection. Control the suctioning force with the suction button or by creating 
an air leak between the cap and the esophageal wall during suctioning (reduces 
the suction force). Having control over the suction force is especially helpful when a 
smaller sized resection is intended.

Resection

l	 Keep the vacuum on the resection cap until the snare is completely closed (for ER-cap 
procedures) or the rubber band is released (for MBM procedures): in case the vacuum 
is released too fast, only a superficial resection of a small specimen achieved is 
performed, with a higher risk for non-radical resection at the vertical margin.

l	 In case the tissue lacerates while entering the cap during suctioning: continue the 
suction and resect the lesion. There is no increased perforation risk since the laceration 
occurs at the level of the mucosal layer. Do not stop to reinspect: bleeding will impair 
visualization. Provided that the lesion has been adequately lifted: continue suctioning 
and perform resection according to your pre-procedural plan and prior test suction.

l	 After resection, immediately inspect the ER wound to exclude perforation and 
bleeding, and to assess the completeness of the resection. Store the ER specimen in 
the stomach: separate removal of each specimen after resection is time consuming, 
introduces a delay in case of bleeding, and generally does not contribute to clinical 
management since piecemeal resections do not allow reliable reconstruction of the 
resected lesion (at least not in Barrett’s lesions). 

l	 For lesions in the cardia or distal esophagus: inspect, delineate and inject the distal 
margin in the retroflexed position. Suctioning the lesion in the cap and the actual 
resection, however, should be performed in the antegrade position. 

Multiband mucosectomy technique

l	 Optimize the endoscopic view (Figure 6): 1) align the pulling strings of the MBM-barrel 
with the working channel to keep them out of the endoscopic view (prior insertion 
of the endoscope), 2) in case only 1-3 resections are required (the majority of cases): 
release 2-3 rubber bands prior to introducing the endoscope since this greatly improves 
visualization.

l	 During the endoscopic resection with the MBM technique close the snare quicker 
and more forcefully while cutting through the specimen. Compared to the ER-cap 
technique the MBM technique may be more prone to coagulation trauma because the 
snare is thicker and no submucosal lifting is performed. 

ER-cap technique

l	 Position the lesion at the 6 o’clock position in the endoscopic view (Figure 7). Most 
ER-cap procedures are performed with an oblique cap with the shorter part of the 
cap orientated at the 6 o’clock position and the longer part at 12 o’clock. With this 
orientation it is imperative that the endoscope is rotated in such a way that the lesion 
is positioned at the 6 o’clock position. This holds especially during the suctioning of the 
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lesion in the cap and the closure of the snare. If the lesion is located at the 12 o’clock 
position closure of the snare will result in dislocation of the snare from the ridge of the 
cap and tangential cutting through the specimen. In addition, the 12 o’clock position 
will result in a higher pressure on the esophageal wall with less effective suctioning. 
Both effects may result in a small sized specimen with a higher chance of non-radical 
vertical resection margin. 

l	 Position the snare in the rim of the cap in such a way that the two wires are located 
at the lower half of the endoscopic view at the location of the working channel of the 
endoscope. This ensures that during closure of the snare the base is captured of the 
tissue that is suctioned in to the cap. If the wires are located at the 12 o’clock position 
closure of the snare will result in dislocation of the snare from the rim of the cap. The 
snare will then not capture the base of the pseudopolyp but close halfway through. 

Figure 6: Optimize the 
endoscopic view using the 
multiband mucosectomy (MBM) 
technique. A/B: by aligning the 
pulling strings of the MBM-barrel 
with the working channel to 
keep them out of the endoscopic 
view prior insertion of the 
endoscope; C/D: by release 2-3 
rubber bands prior to introducing 
the endoscope (in case only 1-3 
resections are required).  

Figure 7: Positioning of the lesion during endoscopic resection using the oblique cap. A: lesion in the 
esophagus; B: Incorrect: a 12 o’clock position requires an angulated position of the endoscope to suction 
the lesion in the cap. In such a position suctioning may be less effective due to the higher tension on the 
esophageal wall and the snare will not close at the base of the lesion. This may result in a more partial/
superficial resection of the lesion; C: Correct: rotate the endoscope to place the lesion at the 6 o’clock 
position in the endoscopic view for injection, suctioning and resection.
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l	 Prevent dislocation of the snare from the rim of the ER-cap. Placement of the snare 

in the rim of the cap is not easy. Subsequent approach of the target area, correct 
positioning of the cap onto the lesion, suctioning of the tissue, closure of the snare, 
and resection have to be well coordinated between endoscopist and endoscopy nurse. 
This is a delicate process and manipulations of the cap onto the lesion or changes of 
scope position may result in dislocation of the snare from the rim of the cap. Therefore 
a prior test suction enables the endoscopist to target the resection area in a more 
straightforward manner.

l	 A new snare should be used for every ER-cap resection. The crescent shaped ER-snares 
are very thin and generally lose their shape during the forceful closure of the resection 
process. Opening and repositioning of the snare in the rim of the cap for an additional 
resection is generally not possible. This in contrast to the MBM technique where the 
hexagonal snare of the MBM kit can be used for multiple resections.  

l	 Do not use the large flexible ER-cap for piecemeal ER, because this may carry a higher 
perforation risk.

Retrieval and handling of specimens

l	 Store the ER specimens in the stomach and use a retrieval net at the end of the 
procedure. Never remove two specimens in the cap, because the most distal ER 
specimen may not be suctioned vacuum in the cap, and may fall in the trachea. Use a 
filter in the suctioning system, for the case that a minute specimen is suctioned away 
through the suction channel of the endoscope.

l	 Pin down the specimens on cork or paraffin to optimize orientation and cutting in 
the pathology lab. Avoid inwards curling of the lateral edges since positive lateral 
margins (not uncommon in piecemeal resections) may then give the false impression 
of a non-radical deep resection margin.

Complications

l	 Management of bleedings: slowly move the edge of the transparent cap over the 
esophageal wall to localize the bleeding focus and to gently compress the bleeding 
site to achieve hemostasis. Wait to see if the bleeding is stops spontaneously, while 
keeping the bleeding in the endoscopic view. Flush with little boosts of water using a 
water jet system but avoid prolonged flushing. If the bleeding is not self-limiting, apply 
coagulation with the tip of the snare. This should be done with minimal pressure on 
to bleeding site to avoid deep damage. In case this does not result in hemostasis, use 
a hot biopsy forceps. Placing clips is not preferred as an initial measure since the clip 
generally complicates further piecemeal resections.

l	 Management of perforations: in case perforation occurs during ER do not insufflate 
air, but switch to CO2-insufflation, place a sump tube at the perforation site, and 
start antibiotics. There are two key questions that guide further management. First, 
can the neoplasia still be effectively treated endoscopically? It makes little sense to 
manage a perforation conservatively and/or endoscopically if final management of 
neoplasia (e.g. because of a submucosal invading cancer) will require esophagectomy 
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anyway. Second, is effective closure of the perforation feasible without compromising 
the success of treating the neoplasia? New clipping devices may effectively close large 
perforations but may also burry residual neoplasia at the perforation site. Covered 
stents may effectively seal the perforation site and are especially effective is there is 
local narrowing of the esophagus preventing dislocation. 

Miscellaneous

l	 Fix the resection cap to the tip of the endoscope with a strap of tape. This prevents 
the cap slipping off when there is a resistance e.g. at the upper esophageal sphincter 
or at the level of an esophageal stenosis. Check if the cap-size is suitable for the 
diameter of the endoscope.

l	 Instrumentation: keep the instruments (e.g. snare, APC-probe, injection needle) close 
to the tip of the endoscope for better control. 

DISCUSSION

In this study, the lessons in ER technique learned from a training program in ER were 
assessed. Learning points as experienced by the participating endoscopists or observed 
by the training program committee during the evaluation of video recordings were listed. 
Subsequently, the most important items, with an impact on the safety and efficacy of 
ER, were selected by three expert endoscopists and discussed in detail. This resulted in a 
useful summary of ’Do’s and Don’ts in ER’, which may be valuable for endoscopists with 
an interest in learning or improving ER technique.

A limitation of this study is that participating endoscopists in the ER training program 
were strongly influenced by the expert opinion of the endoscopists of the ER training 
committee who acted as trainers. This is illustrated by an overlap of learning points derived 
from the questionnaire and the feedback reports. Therefore, we have not performed a 
quantitative analysis of the learning points. We believe that a qualitative analysis of the 
learning points by three expert endoscopists would be a more accurate way to select the 
most important items. We realize that this study is partly based on expert opinion yet we 
feel that it provides practical tips on ER technique. 

The results of the ER training program suggest that structured ER training is of great 
value: numerous learning points were identified, and all complications were adequately 
managed. Details on the clinical outcome have recently been published elsewhere. The 
most important finding was that the ER training program resulted in a relatively high 
perforation rate of 5%. Review of video fragments revealed circumstances that may have 
contributed to the occurrence of perforation, such as poor visibility, suboptimal lifting 
of the target area and uncontrolled suctioning of small residual tissue bridges.12 This 
suggests that some factors related to perforation may be operator-dependent, which is 
an argument to continue ER training for endoscopists and their team. In addition, the 
extended list of learning points derived from the questionnaire that was sent to the 
participating endoscopists reflects their expanded knowledge on ER. Finally, the ER 
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training program committee observed that the teams of endoscopist, endoscopy nurse 
and pathologist greatly improved their skills, understanding, and confidence in the 
detection and delineation of lesions, selection of patients, ER technique, and management 
of complications. We therefore argue that ER training is effective and advocate that, to 
optimize ER treatment and to ensure adequate management of complications of ER, ER 
should be performed by trained endoscopists in centers with multidisciplinary experience 
with ER.  
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ABSTRACT

Background: Endoscopic resection (ER) is an important treatment for high-grade 
intraepithelial neoplasia and early cancer in Barrett’s esophagus. ER-cap requires 
submucosal lifting and positioning of a snare in the cap, making it technically demanding 
and laborious. Multiband mucosectomy (MBM) uses a modified variceal band ligator 
and requires no submucosal lifting or positioning of a snare. Objective: To compare 
ER-cap and MBM for piecemeal ER of early Barrett’s neoplasia.

Design: Randomized, controlled trial. Setting: Tertiary-care and community-care 
centers. Patients: This study involved 84 patients (64 men; median age 70 years) 
undergoing piecemeal ER of Barrett’s neoplasia. Intervention: Piecemeal ER was 
performed by using ER-cap (n = 42) or MBM (n = 42). Main Outcome Measurements: 
Safety, efficacy, procedure time, costs.

Results: Procedure time (34 vs 50 minutes; P = .02) and costs (€240 vs €322; P < 
.01) were significantly less with MBM compared with ER-cap. MBM resulted in smaller 
resection specimens than ER-cap (18 ×13 mm vs 20 × 15 mm; P < .01). Maximum 
thicknesses of specimens and resected submucosa were not significantly different. There 
were no clinically relevant bleeding episodes. Four perforations occurred, 3 with ER-cap, 
1 with MBM (P = not significant). Limitations: Potential bias because of different levels 
of experience among participating endoscopists.

Conclusion: Piecemeal ER with MBM is faster and cheaper than with ER-cap. Despite the 
lack of submucosal lifting, MBM appears not to be associated with more perforations. 
Although MBM results in slightly smaller specimens, the clinical relevance of this may 
be limited because depth of resections does not differ between both techniques. MBM 
may thus be preferred for piecemeal ER of early Barrett’s neoplasia.
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INTRODUCTION

Endoscopic resection (ER) is an important treatment modality for patients with Barrett’s 
esophagus (BE) containing early neoplasia (i.e., high-grade intraepithelial neoplasia 
[HGIN] or early cancer). Recent publications have demonstrated that ER is effective and 
safe in selected patients with early Barrett’s neoplasia, with 5-year survival rates up to 
95%.1-3 Compared with surgical esophageal resection, ER of early neoplastic lesions is less 
invasive.4,5

Different ER techniques have been developed, of which the ER-cap technique, first 
described by Inoue et al,6 is the most widely used in the esophagus. This technique involves 
the use of a specially designed transparent cap with a distal ridge, allowing placement of 
an electrosurgical snare. After submucosal fluid injection to lift the lesion from the deeper 
wall layers, a snare is positioned in the ridge of the cap. Subsequently, the lesion is sucked 
into the cap, and the snare is tightened, creating a pseudopolyp that can be resected by 
using electrocautery. However, submucosal lifting and snare placement make the ER-cap 
technique technically demanding and laborious, especially when used for piecemeal ER 
that requires multiple subsequent resections.7 For less-experienced endoscopists, the 
ER-cap technique might therefore be less attractive to apply. Recently, the multiband 
mucosectomy (MBM) device, a modification of the variceal band ligator, has been 
introduced for ER.7,8 For MBM, the mucosa is sucked into a cap, and by the release of a 
rubber band, a pseudopolyp is created that can then be resected with a hexagonal snare. 
It is hypothesized that the contraction force of the rubber band is not strong enough 
to hold in the muscularis propria and that submucosal lifting is therefore not necessary 
during use of MBM. Because the MBM cap holds 6 rubber bands, 6 subsequent resections 
can be performed without removing the endoscope and while using the same snare.

A previous study by our group, evaluating the feasibility of MBM for ER of early Barrett’s 
neoplasia and comparing results to matched historical ER-cap procedures, suggested that 
MBM allows safe and easy piecemeal resections, saves time and money, and appears 
to cause less bleeding.7 MBM, however, resulted in smaller resection specimens and 
therefore required more resections per procedure. The aim of this randomized study was 
to prospectively compare the ER-cap technique and the MBM technique for piecemeal 
resections in BE with early neoplasia.

PATIENTS AND METHODS

Patient selection

From January 2005 until June 2010, patients scheduled for piecemeal ER were included if 
they met all following criteria:
l	 BE with biopsy-proven HGIN and/or early cancer;
l	 No suspicion of submucosal invasion, based on the macroscopic appearance and/or 

endosonography;
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l	 No signs of lymph node and/or distant metastases on endosonography and 
CT-scanning of the thorax and abdomen;

l	 Written informed consent.

Indications for piecemeal ER were: (1) monotherapy for removal of early neoplastic 
lesions (generally for patients with BE >5 cm),1 (2) as part of a stepwise radical endoscopic 
resection protocol of the whole BE in multiple sessions,9-11 or (3) removal of visible 
abnormalities before additional ablation therapy.11-13

Endoscopic procedures

All ER procedures were performed at the Academic Medical Center Amsterdam, St. 
Antonius Hospital Nieuwegein, Catharina Hospital Eindhoven, or the University Hospitals 
Leuven. The first 34 patients were consecutively included and randomized at the Academic 
Medical Center and treated by an endoscopist with extensive experience in ER with the use 
of both techniques (J.B.).7 Fifty patients were included at the University Hospital Leuven, 
St. Antonius Hospital, or Academic Medical Center during hands-on training sessions for 
endoscopists training in ER. These patients were treated by endoscopists with limited 
experience in performing ER, who participated in a training program for endoscopic 
detection and treatment of early neoplasia in the upper GI tract (www.endosurgery.eu). 
Training consisted of a number of 2-day workshops with lectures, live demonstrations, 
and training on live pig models, followed by hands-on training in patients supervised by 
one of the trainers of the training program.

Endoscopic procedures were performed with patients under conscious sedation 
including midazolam with fentanyl or pethidine. During endoscopy, visible lesions were 
classified according to the Japanese classification for early gastric cancer: type 0-I 
being protruding, type 0-IIa elevated, type 0-IIb flat, type 0-IIc depressed, type 0-III 
excavated.14 In addition, the distance from the incisors, location, and estimated diameter 
were recorded for each lesion.

The area that needed to be resected was delineated by markings made with argon 
plasma coagulation (APC) (forced coagulation 20 W, gas flow 1.6 L/minute; ERBE Vio 
System; Erbe Elektromedizin GmbH, Tübingen, Germany). After the delineation, patients 
were randomized to the ER-cap or MBM technique, and timing of the procedure was 
started.

Multiband mucosectomy

MBM was performed by using the Duette MBM system (Cook Endoscopy, Limerick, 
Ireland), which consists of a transparent cap with 6 rubber bands (inner Ø 9 mm), releasing 
wires, a cranking device, and a 7 F hexagonal braided polypectomy snare that can be 
reused for multiple resections because of its shape stability. For MBM, the cranking device 
and transparent cap were assembled onto the endoscope before the endoscope was 
reintroduced. The target mucosa was sucked into the cap, and with the release of a 
rubber band, a pseudopolyp was created. The hexagonal snare was introduced, closed 
beneath the rubber band, and, by using pure coagulation current (ERBE Vio 40 W), the 
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pseudopolyp was resected. Immediately after the resection, the snare was retracted, the 
resected specimen was pushed into the stomach, and the resection wound was inspected. 
Subsequent resections were performed in the same way, allowing a small overlap (10% - 
25%) between adjacent resections to prevent residual tissue bridges (Fig. 1). In the case 
of a residual tissue bridge, the bridge was lifted and removed by simple snare resection. 
If a bridge could not be captured in the snare, additional APC could be used to ablate the 
residual tissue.

Figure 1. Piecemeal resection of early Barrett’s neoplasia by using multiband mucosectomy (MBM). A: 
A 3-cm long, irregular tongue of Barrett’s mucosa at the 7 o’clock position. B: The tongue is delineated 
with argon plasma coagulation markings. C: View through the transparent MBM cap with the rubber 
bands. D: View of the pseudopolyp that is created by suctioning the mucosa into the cap and releasing a 
rubber band. E: A hexagonal snare is placed beneath the rubber band to resect the pseudo-polyp using 
electrocautery. F: After 2 MBM resections, the delineated area is completely removed.

Endoscopic resection-cap technique

For the ER-cap technique, an ER kit (Olympus GmbH; Hamburg, Germany) was used, 
which contains a spraying catheter, an injection needle, a hard, oblique cap (inner Ø 12 
mm), and a crescent-shaped snare. The cap was attached to the tip of the endoscope, 
and the endoscope was reintroduced. First, the lesion was lifted by submucosal injection 
of diluted adrenaline (1:100.000 NaCl 0.9%). Then a snare was prelooped in the distal 
rim of the cap, the mucosa was sucked into the cap, and, by tightening of the snare, 
a pseudopolyp was created that was resected by using pure coagulation current (ERBE 
Vio 40 W). After the resection, the snare was disposed of, the specimen was pushed 
into the stomach, and the resection wound was inspected. For all subsequent resections, 
submucosal lifting was repeated, and a new snare was used (Fig. 2).

After the last resection, the wound edges were inspected to assess whether all 
markings used to delineate the target area had been removed. The resection specimens 
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were retrieved from the stomach by using a foreign-body retrieval basket (disposable 2.5 
mm foreign body Roth net; US endoscopy, Mentor, Ohio). Specimens were pinned down 
on paraffin (mucosal side up) and preserved in formalin for histological evaluation. Timing 
of the procedure was stopped when the endoscope was removed, after retrieval of all 
resection specimens and treatment of any complications.

Histological evaluation

All specimens were dehydrated in a series of alcohol solutions, sectioned in 2-mm slices, 
and embedded in paraffin. At a minimum of 4 levels, 200-µm thick slices were cut, 
mounted on glass slides, and routinely stained with hematoxylin and eosin. All slides were 
evaluated by a senior pathologist and subsequently independently reviewed by an expert 
GI pathologist (F.t.K., M.V.) solely for the purpose of the study; both were blinded for the 
allocated ER technique. Grading of intraepithelial neoplasia was in concordance with the 
World Health Organization classification.15 In addition, the maximum diameter of resected 
specimens was measured macroscopically, and the thickness of the specimens and the 
thickness of the submucosal stroma in the specimens were measured microscopically by 
the same pathologist.

Figure 2. Piecemeal ER of early Barrett’s neoplasia by using the endoscopic resection-cap technique. 
A: Endoscopic view of a BE with a type 0-IIa-IIc lesion14 at the 1 to 4 o’clock position. B: View in the 
retroflexed position, after delineation of the lesion with argon plasma coagulation markings. C: The lesion 
is lifted by submucosal injection of diluted adrenaline. D: A snare is prelooped in a distal rim in the cap. 
E, The mucosa is captured in the snare by suctioning the mucosa into the cap and closing the snare, and 
it can then be resected by using electrocautery. F: After two resections, the delineated area is completely 
removed, without signs of bleeding or perforation in the resection wound.
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Outcome parameters

The following parameters were assessed and compared between both techniques:
l	 Number of resections per procedure;
l	 Procedure time (from randomization until the end of the procedure, including 

treatment of any complications);
l	 Number and severity of acute (during procedure) and early (0-48 hours) complications. 

Complications were recorded only if they were clinically significant and graded as 
“mild” (unplanned hospital admission, hospitalization <3 days, hemoglobin drop <3 
g, no transfusion), “moderate” (4-10 days hospitalization, <4 units blood transfusion, 
need for repeat endoscopic intervention), “severe” (hospitalization >10 days, intensive 
care unit admission, need for surgery, ≥4 units blood transfusion), or “fatal” (death 
attributable to procedure <30 days or longer with continuous hospitalization);10

l	 Maximum and minimum diameter of resection specimens (mm);
l	 Maximum thickness of resected specimens and resected submucosal stroma (mm);
l	 Radicality of the resections at the deep resection margins;
l	 Costs of disposables.

Sample size calculation and randomization

It was anticipated, based on a prior study by the Amsterdam group, that ER-cap and MBM 
would be equally effective and safe for piecemeal ER in BE.7 However, piecemeal ER by 
using the ER-cap technique is technically more difficult and requires a greater number of 
disposables. It was therefore hypothesized that MBM for piecemeal ER might significantly 
reduce procedure time and costs compared with ER-cap. From a clinical perspective, MBM 
would be a valid alternative to ER-cap if such a significant reduction of procedure time 
and costs for piecemeal ER were found, while maintaining a success rate comparable 
to that of ER-cap. A total number of 84 patients would be required for this study when 
using a significance level of 0.05 and a power of 80%. This patient number would allow 
the detection of any significant reduction in costs (>20%) and duration (>30%) of the 
procedure.

Patients were randomly assigned following a simple randomization procedure to one 
of the two ER techniques. For the randomization procedure, a set of serially numbered, 
opaque, sealed envelops containing an even amount of ER-cap and MBM lots was 
distributed over the participating centers. Envelopes were opened after patients were 
considered eligible for inclusion and when the target area was delineated with APC 
markings.

Statistical and ethical issues

The ethics committees at the Academic Medical Center Amsterdam, St. Antonius Hospital 
Nieuwegein, Catharina Hospital Eindhoven, and the University Hospitals Leuven reviewed 
and approved the study protocol and the patient informed consent form. The trial was 
registered at www.trialregister.nl (NTR1435).
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Statistical analysis was performed with SPSS 16.0.2 Software for Windows. For 
descriptive statistics, mean (± standard deviation) was used in case of a normal distribution 
of variables, and median (interquartile range [IQR]) was used for variables with a skewed 
distribution. Where appropriate, the t test and the Mann-Whitney test were used. Median 
difference between groups and confidence intervals for median differences between 
groups were calculated with the Confidence Interval Analysis package.16

RESULTS

Patients

During 365 ER procedures for HGIN/early cancer in BE, patients were screened for 
inclusion (Fig. 3). Eighty-four patients were included: 64 men, 20 women, median age 
70 years (IQR 63.3-76.0). Patients were randomized to ER-cap (n = 42) or MBM (n = 42). 
Baseline characteristics did not differ significantly between groups (Fig. 2).

Endoscopic procedures

Number of resections and procedure time

A total of 84 ER procedures were performed (MBM, n = 42; ER-cap, n = 42). Results are 
shown in Table 1. In the MBM group, a median number of 5 resections (IQR 3-7) were 
required to remove the delineated area; in the ER-cap group, a median number of 3 
pieces (IQR 2-7) were resected (P = not significant [ns]). Time per resected specimen was 
significantly shorter with MBM compared with ER-cap, with a median of 7 minutes (IQR 
5-10) per piece for MBM and a median of 11 minutes (IQR 8-15) per piece for ER-cap (P 
< .01). The median difference between groups was 4 minutes (95% confidence interval 

Figure 3. Flow chart illustrating patient screening, reasons for exclusion, and baseline characteristics for 
included patients. 
ER= endoscopic resection, HGIN/ER= high-grade intraepithelial neoplasia/early cancer, MBM= multiband 
mucosectomy, IQR= interquartile range, BE= Barrett’s esophagus.

- Male - female 33:9
- Median age (IQR), 67 years (63 -75) 
- Median BE length (IQR), C4 (0 -6), M6 (3-7) cm 

Excluded (n=281)
- Suspicion on submucosal invasion (n=98) 
- En -bloc ER (n=60)
- ER of residual Barrett’s mucosa without   
HGIN/EC in a radical ER protocol (n=89)
- Other reasons (n=34)

Assessed for eligibility
(n=365) 

Allocated to ER -cap (n=42)

- Male - female 31:11
- Median age (IQR), 72 years (66 -77) 
- Median BE length (IQR), C3 (1-7), M5 (3-9) cm 

Allocated to MBM (n=42)

Randomized (n=84)
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[CI], 2.3-6.0 minutes). Time per procedure also differed significantly between groups, 
with a median of 34 minutes (IQR 20-52) for MBM procedures versus a median of 50 
minutes (IQR 30-70) for ER-cap procedures (P = .02; median difference between groups 
13 minutes; 95% CI, 3.0-23.0), thus, a 32% reduction of procedure duration.

Complications

Minor bleeding during the ER procedure occurred in 22 patients (52%) treated with the 
ER-cap technique and in 17 patients (40%) treated with MBM (P = ns). None of these 
bleeding episodes were considered clinically relevant because all could be treated 
endoscopically during the same procedure by using conventional haemostatic techniques 
such as adrenalin injection, hemoclips, coagulation with the tip of a snare, APC, hot biopsy 
forceps, or a combination thereof. No delayed bleeding was reported.

In 4 patients, an acute perforation occurred: 3 (7%) in the ER-cap group and 1 (2%) 
in the MBM group (P = ns). The 3 complications occurring during ER-cap resection were 
graded as moderate, according to the aforementioned definitions. In 1 of 3 patients, 
the defect was treated by placement of a covered esophageal stent (Esophageal Choo 
Stent; Fujinon Medical Holland B.V., Veenendaal, The Netherlands) (Fig. 4). In 2 of 3 
patients, the luminal defect was closed by placing clips (Resolution clips; Boston Scientific, 
Limerick, Ireland, UK) on the edges of the perforation and subsequently capturing the 
clips in an endoloop (Polyloop 30 mm; Olympus, Tokyo, Japan). The wound edges were 

Table 1. Results of piecemeal endoscopic resection for early Barrett neoplasia after randomization to 
either the ER-cap or MBM technique.

ER-cap technique 
(n=42)

MBM technique 
(n=42)

p-value

Number of resections/procedure* 3 (2-7) 5 (3-7) ns

Procedure time, min.* 50 (30-70) 34 (20-52) 0.02

Time/resected piece, min.* 11 (8-15) 7 (5-10) <0.01

Number of complications:

clinically not relevant bleeding during ER    22 17 ns

mild 0 0 ns

moderate (all perforations) 3 0 ns

severe (perforation) 0 1 ns

fatal 0 0 ns

Worst pathology in ER-specimens: 

ND-IM/LGIN† 8 5 ns

HGIN 13 6 ns

EC 21 31 0.03

Max. diameter of specimens, mm* 20 (16-24) 18 (15-20) <0.01

Min. diameter of specimens, mm* 15 (12-19) 13 (10-15) <0.01

Max. thickness of ER specimen, µm * 2000 (1800-2300) 2000 (1800-2800) ns

Max. thickness of submucosa, µm * 1000 (600-1200) 800 (500-1200) ns

Costs disposables/procedure, euro’s* 322 (246-436) 240 (240-480) <0.01

* Presented as: median (IQR)
† As part of a stepwise radical endoscopic resection protocol to remove the whole BE with HGIN/EC.
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approximated, and the defect was closed by tightening the endoloop. The approximation 
of the clips was optimized by placing a second endoloop underneath the first one (Fig. 
4).17 All 3 patients received immediate intravenous administration of antibiotics and 
acid suppressant therapy, an esophageal tube for suction, and were given nothing by 
mouth. All remained asymptomatic, did not show signs of leakage on contrast swallowing 
examination, and were discharged from the hospital after 9, 6, and 6 days, respectively.

The perforation in the patient undergoing MBM was graded as a severe complication. 
Because of peri-esophageal scarring after prior vagotomy surgery and later surgery for 
placement of an Angelchik antireflux prosthesis, endoscopic closure of the defect was not 
considered feasible, and the patient was referred for surgery.

One perforation occurred in the group treated by the endoscopist with extensive 
experience in ER (1/34, 3%) with the use of the ER-cap technique. Three perforations 
occurred during ER by an endoscopist training in ER (3/50, 6%) with the use of the ER-cap 
technique (n = 2) or MBM (n = 1) (P = ns).

Resection specimens

The histopathological findings are summarized in Table 1. In the ER-cap group, there were 
two cases with deep resection margins positive for cancer: in one patient the positive 
deeper resection margin involved the muscularis mucosae, and subsequent surgery 

Figure 4. Two cases of endoscopic treatment of a perforation caused by endoscopic resection (ER). Case 
1, A: Esophageal perforation seen through an ER cap. B: The perforation was treated by placement of a 
covered esophageal stent. To be able to follow-up the location of the stent on radiography, we placed 
clips on the proximal end of the stent and on the mucosa at the level of the proximal end of the stent. C: 
After 2 months, the defect had completely healed. Case 2, D: Esophageal perforation seen through an 
ER cap. E: Clips were placed on the edges of the luminal defect and captured in an endoloop. The wound 
edges were approximated by closure of the endoloop. A second endoloop was placed underneath the first 
endoloop to optimize approximation of the wound edges. F: After 3 months, the defect had completely 
healed.
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showed residual mucosal cancer (T1, N0, M2); in the second patient, the positive deeper 
resection margin involved the superficial submucosa, and the patient was subsequently 
treated with chemoradiotherapy because he was a poor candidate for surgery. In the 
MBM group, all resections were radical at the deep margins (P = ns).

Resection specimens obtained with the ER-cap technique had a larger diameter than 
MBM specimens (median 20 mm [IQR 16-24] × 15 mm [IQR 12-19] vs. 18 mm [IQR 15-20] 
× 13 mm [IQR 10-15]) (P < .01). ER-cap specimens were not significantly thicker than MBM 
specimens (median 2.0 mm [IQR 1.8-2.3] vs. 2.0 mm [IQR 1.8-2.8]) (P = ns) and did not 
contain a thicker layer of submucosal stroma (median 1000 µm [IQR 600-1200] vs. 800 
µm [IQR 500-1200]) (P = ns).

Costs of disposables

Piecemeal ER with the MBM technique was significantly cheaper than with the ER-cap 
technique (€240 [IQR 240-480] vs. €322 [IQR 246-436], respectively) (P < .01). The 
median difference between groups was €44 (95% CI, €6.0-€82.0), thus, a 25% reduction 
of procedure costs.

DISCUSSION

This is the first randomized study comparing the ER-cap and MBM techniques for 
piecemeal ER of early neoplastic lesions in BE. Prior studies by May et al.18 and Peters et 
al.7 have demonstrated that the lift-suck-cut technique (ER-cap) and the ligate-and-cut 
technique (MBM) are highly effective, with low rates of severe complications for ER in 
BE. The sample-size calculation for this study was therefore based on the hypothesis that 
MBM for piecemeal ER might significantly reduce procedure time and costs, compared 
with those for ER-cap. Indeed, MBM proved to be significantly faster than ER-cap. Also, 
costs for disposables were significantly lower for MBM procedures. Besides the reduced 
costs for disposables, one may expect that the shorter procedure times with MBM would 
contribute to a reduction of total procedure costs for piecemeal ER compared with ER-cap 
procedures.

Besides procedure time and costs, an important outcome parameter was the rate of 
radical resection of HGIN and/or early cancer. Complete endoscopic removal of neoplasia 
was reached in all 42 patients treated with MBM and in 40 patients treated with ER-cap 
(P = ns), which illustrates that both techniques are very effective in this respect. ER-cap 
resulted in resection specimens with a significantly larger median diameter than those 
of MBM. A prior study by Matsuzaki et al.19 demonstrated that larger ER specimens also 
result in deeper resections. In this study, however, the maximum median thickness of 
the resected specimens and the median amount of resected submucosal stroma did 
not differ significantly between ER-cap and MBM techniques. One may conclude, based 
on the comparable specimen thickness and the fact that two resections in the ER-cap 
group were not radical at the deep resection margin, that the larger resection specimens 
obtained with ER-cap may not have much clinical relevance in the comparison with MBM.
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However, it should be stressed that in this study, we used ER-cap and MBM only in 
patients who were selected to have lesions that were not suspicious for submucosal 
invasion, based on endoscopic appearance and endosonography. Furthermore, a 
standard, hard, oblique cap (inner Ø 12 mm) was used for ER-cap resections in this 
study. We did not study the use of the larger, soft, oblique cap (inner Ø 16 mm) that 
is available for ER-cap resections. Matsuzaki et al.19 have previously demonstrated that 
this large-caliber cap results in deeper resections compared with the standard cap used 
in this study (mean 1.54 mm vs. 1.08 mm; P < .01). This may be important to consider in 
patients who have contraindications for surgery and have lesions that are suspicious for 
submucosal invasion. In these patients, the initial ER may be the best chance for curative 
removal of the neoplasia. To increase the chances of completely removing the neoplasia, it 
may therefore be preferable to use the large, flexible cap in these cases.

In addition to our hypothesis that ER-cap and MBM would be equally effective, as 
discussed previously, we anticipated that both techniques would be equally safe. Although 
no significant differences were observed in the rate and severity of complications, there 
were 3 perforations in the ER-cap group and 1 in the MBM group. Although this difference 
was not statistically significant, it makes it unlikely that the lack of submucosal lifting 
with MBM increases the risk of perforation compared with that of the ER-cap technique. 
The safety of MBM was in concordance with results of a prospective series published by 
Herrero et al.,20 which showed no perforations in 243 consecutive MBM procedures. 
However, because the sample size was not calculated to find a significant difference in 
complications, the numbers in both treatment groups may have been inadequate to detect 
statistically significant differences in complications between MBM and ER-cap techniques.

Compared with the ER-cap technique, the MBM technique was significantly faster, 
because it did not require repeated submucosal lifting for each resection or positioning of 
the snare in the rim of the cap and keeping it in place. However, despite its relatively easy 
application, a drawback while using MBM may be the decreased visibility through the distal 
attachment cap holding the rubber bands. Not only do the bands narrow the endoscopic 
view, but the black rubber also absorbs the light that is emitted by the endoscope. A good 
pre-procedural plan with delineation of the target area by placement of markers before 
placing the MBM cap is therefore necessary to achieve complete endoscopic removal of 
a lesion.

For this study, the first patients were treated by an endoscopist with extensive 
experience with the use of the ER-cap and MBM techniques. However, to be able to 
extrapolate the results of this study to centers with less experience in ER, we extended 
the study to a multicenter setting, and the last 50 ER procedures were performed by 
endoscopists with little experience in ER. These endoscopists participated in a training 
program on endoscopic detection and treatment of early upper GI neoplasia. In patients 
treated by the experienced endoscopist and patients treated by endoscopists in training, 
MBM proved equally safe and effective as ER-cap, but it was faster and cheaper. The 
learning curve for MBM also may be shorter compared with that of ER-cap, because it 
combines the commonly known techniques of variceal band ligation and polypectomy. 
Our data did not allow us to ascertain whether the advantages of MBM were more 
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pronounced for the expert cases than for the cases treated by endoscopists in training. 
Conceptually, however, the benefits of MBM should have a greater impact for the latter 
group, given that MBM is easier to learn.

In conclusion, the data of this randomized study suggest that MBM and ER-cap have 
a comparable success rate for radical resection of early Barrett’s neoplasia in selected 
patients. Despite the lack of submucosal lifting, MBM was not associated with more 
perforations or bleeding. In addition, MBM was significantly faster and cheaper compared 
with ER-cap. MBM may therefore be preferred for piecemeal ER of Barrett’s mucosa 
containing early neoplasia.
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ABSTRACT

Radiofrequency ablation (RFA) is a novel and promising treatment modality in the 
treatment of Barrett’s esophagus (BE) with high grade dysplasia or early carcinoma. RFA 
can be used as a single-modality therapy for flat type mucosa or as a supplementary 
therapy after endoscopic resection of visible abnormalities. The treatment protocol 
consists of initial circumferential ablation using a balloon-based electrode, followed by 
focal ablation of residual Barrett’s epithelium using a focal ablation device mounted 
on the tip of the endoscope. RFA is not associated with stenosis and buried glandular 
mucosa as are other ablation techniques such as photodynamic therapy and argon 
plasma coagulation, and has shown to be safe and effective in the treatment of 
patients with BE and early neoplasia in recent clinical trials. In this review, the technical 
background, current clinical experience, and future prospects of RFA are evaluated.
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INTRODUCTION

Barrett’s esophagus (BE) is a premalignant condition in which the normal squamous cell 
lining of the esophagus is replaced by columnar epithelium containing specialized intestinal 
metaplasia (IM), defined by the presence of goblet cells.1 The most important risk factor 
for BE is chronic gastro-esophageal reflux disease (GERD) and BE is found in approximately 
10% of patients undergoing endoscopy for chronic GERD symptoms2 and therefore is 
hypothesized that the transition from squamous mucosa into mucus-secreting columnar 
epithelium is an adaptation of esophageal mucosa caused by the erosive effect of the 
refluxate. Via a gradual process from no dysplasia to low-grade (LGD) and high-grade 
dysplasia (HGD), BE can develop into adenocarcinoma.3-5 The estimated annual incidence 
of adenocarcinoma in BE is 0.5%.6-8 When esophageal cancer enters a symptomatic 
stage, disease is usually locally advanced and has a poor prognosis with a 5-year survival 
of approximately 20%.9-11 For patients with HGD or early cancer, previously, surgical 
resection was the gold standard. Surgical esophagectomy is, however, associated with a 
mortality rate of 3-5% and serious complications occur in 40-50% of patients.12-14 In the 
subset of patients with ‘early neoplasia’, defined as HGD or intramucosal cancer, lymph 
node involvement is rare: 0% for HGD and 2-3% for intramucosal cancer.15,16 As a result 
endoscopic treatment of early neoplastic lesion is a viable alternative to surgery for these 
patients. 

Endoscopic treatment modalities

Endoscopic treatment comprises endoscopic resection (ER) and endoscopic ablation 
techniques. The most important advantage of ER above ablation therapy is that ER results 
in a resection specimen for histopathological assessment, contributing to optimal staging 
and patient selection. Although ER is a safe and effective treatment modality, with 5-year 
disease-specific survival of 95%,17 metachronous lesions arising in the residual BE segment 
can be found after ER in 30% of patients.18 

To eliminate the malignant potential after ER, eradication of the residual BE epithelium 
is advocated. To accomplish this, treatment protocols combining ER and ablation therapy 
have been developed. Photodynamic therapy (PDT) using amino levulinic acid (ALA) or 
porfimer sodium (Ps) and Argon Plasma Coagulation (APC) are ablation techniques that 
have been administered for this purpose, but in both techniques have disappointingly 
high rates of recurrent early neoplasia and residual IM.19,20 In both PDT and APC, 
ablation depth is not controlled and may vary, resulting in residual BE that still carries 
preexistent oncogenetic abnormalities.21,22 Sometimes residual BE glands become hidden 
underneath neosquamous epithelium (i.e. ‘buried Barrett’s glands’), and some fear that 
these may progress to dysplasia or cancer without being detected endoscopically.23,24 
Another complication from porfimer sodium (Ps-PDT) and APC is a high stenosis rate, 
which may be a result of submucosal scarring owing to uncontrolled ablation depth.19,20 
Finally, Ps-PDT is associated with significant photosensitivity for a period of up to 6 weeks 
after treatment.25
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An alternative to ablation therapy is the complete removal of the BE by radical endoscopic 
resection (RER), generally performed in multiple treatment sessions. Small-sized single 
center studies have reported low recurrence rates of early neoplasia after RER varying 
from 0% to 9% after up to 28 months follow-up, and newly formed squamous epithelium 
after RER has been shown free of oncogenetic abnormalities. However, symptomatic 
stenosis develops in up to 56% of patients, requiring multiple dilations sessions.26-29

The latest treatment modality for complete removal of BE is radiofrequency ablation 
(RFA). This novel ablation technique has shown excellent results for selected patients with 
non-dysplastic BE, LGD and HGD with or without prior ER with a follow-up of almost two 
years. Regarding the safety and efficacy profile RFA compares favorably to other ablation 
techniques such as PDT and APC.30,31

RADIOFREQUENCY ABLATION: THE HALO SYSTEM

The HALO system (BÂRRX Medical, Sunnyvale, CA, USA) (Figure 1) for RFA is designed to 
control tissue penetration depth of the RF energy of 0.5 mm, thereby realizing a uniform 
ablation depth that is operator independent, owing to the use of bipolar electrodes and 
the automated delivery of a preset amount of RF energy. The HALO system consists of 
a circumferential and a focal ablation device for stepwise ablation of the BE epithelium. 
For larger areas of BE, circumferential ablation is performed using the HALO360-device, 
a balloon-based catheter with spindle shaped electrode covering a length of 3 cm. The 
HALO360-balloon is available in several diameters: 18, 22, 25, 28, 31, and 34 cm. Ablation 
using the HALO360-balloon is performed with an energy density of 12J/cm2 and 300Watt/

Figure 1. The HALO system for stepwise circumferential and focal radiofrequency ablation (RFA). Upper 
left: The HALO360 generator with integrated pressure:volume system, used to inflate the sizing and ablation 
catheters, to calculate esophageal inner diameter, and to deliver radiofrequency energy to the ablation 
catheter. Upper right: The HALO360+ ablation catheter. Lower left: The HALO90 energy generator for 
delivery of radiofrequency energy. Lower right: The HALO90 catheter fitted on the tip of an endoscope.
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cm2. For focal ablation for residual BE epithelium the endoscope-mounted HALO90-device 
is developed. The HALO90-device is equipped with an articulating surface containing an 
electrode array (13mm wide x 20mm long)  to target small areas of BE with an energy 
density of 15J/cm2 and a power of 40 Watt/cm2. 

Patient selection for endoscopic management of early neoplasia

To correctly select the subgroup of patients suitable for RFA treatment, a thorough 
work-up and staging protocol is mandatory. In general, patients with early neoplasia 
in BE are considered potential candidates for endoscopic treatment, when the lesion is 
limited in size (< 2 cm), there are no signs of deep submucosal invasion, and no suspicious 
lymph nodes are found on endoscopic ultrasound (EUS). The tumor characteristics are of 
importance in staging, as the risk for lymph node involvement increases with increasing 
infiltration depth, poor differentiation grade and lymphatic/vascular-invasive tumor 
growth.11,16,32,33 

Imaging endoscopy

Optimal endoscopic treatment of patients with early BE neoplasia starts with at least 
one high-resolution endoscopy by an experienced endoscopist. During inspection, visible 
abnormalities are classified according to the Paris classification.34,35 The Prague-CM-
classification is used to describe the BE segment, including the length of the circumferential 
segment (C), and the maximal extent of the BE segment (M).36 Subsequently, targeted 
biopsies are obtained from visible abnormalities, followed by four-quadrant biopsies of 
every 1-2 cm of the BE segment (Seattle protocol).37 

Staging procedures: endoscopic ultrasound and Computer-Tomography 

Patients with early neoplasia in BE generally undergo endoscopic ultrasound (EUS) for 
T and N staging, which is superior to computer tomography (CT) scanning. EUS has a 
high negative predictive value (>95%) for local lymph node involvement and for tumor 
infiltration in the deeper layers of the esophageal wall (≥T2).38-40 In case of suspicious 
lymph nodes, fine needle aspiration (FNA) may be performed to exclude malignant disease. 
The accuracy of EUS in differentiating mucosal from submucosal invasion is, however, 
relatively poor and EUS does not perform better than simple endoscopic inspection of the 
lesion by an experienced endoscopist.41 In addition, the high negative predictive value 
for local lymph node involvement may simply reflect the low prevalence of positive lymph 
nodes in these lesions. Recent studies have therefore questioned the value of EUS in the 
work-up of early BE neoplasia.40,42 Many centers still perform a thoracic and abdominal 
CT scan for patients with early BE cancer to exclude distant metastases. This is however 
controversial, since the distant metastasis are virtually absent T1 lesions and thus rarely 
changes the TNM stage.40 
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Endoscopic resection

ER is the most important tool for accurate assessment of invasion depth and other 
histological tumor characteristics (differentiation grade, lymphatic invasion). ER therefore 
serves both a diagnostic as well as therapeutic purpose. Diagnostic in the sense that it 
correctly identifies patients with submucosal invasion, poor differentiation grade, and/or 
lymphatic invasion, therapeutic in the sense that it allows removal of all visible (i.e. non-flat 
mucosa) lesions thus rendering the remaining BE segment flat and thereby suitable for 
RFA. The two most widely used techniques are the ER-cap technique and the Multi Band 
Mucosectomy (MBM) technique, and both are safe and effective for ‘en bloc’ as well as 
‘piece meal’ resections.43,44 

Histopathological assessment 

For the histopathological evaluation of biopsies or resection specimens, the revised Vienna 
classification is used.45,46 After ER, patients are suitable candidates for further endoscopic 
management, if the resection specimen shows: negative vertical resection margins; no 
submucosal tumor infiltration; well- or moderately tumor differentiation (G1-G2); and no 
lymphatic/vascular invasion. Since early BE neoplasia is not frequently encountered by 
community pathologists it is imperative that the histopathological evaluation is performed 
by a pathologist with experience in this field. 

Work-up for Radiofrequency ablation 

Prior to RFA, all carcinoma has to be completely removed and the epithelium should be 
endoscopically flat. This is required because the HALO electrodes for RFA are designed 
to perform controlled superficial ablation of 0.5 mm and is unlikely to be effective for 
neoplasia in thickened mucosa. Most RFA studies have excluded patients with invasive 
cancer at baseline and biopsies should therefore be taken from the residual BE segment 
after ER. Also, in most studies an additional endoscopy was performed 4-6 weeks after 
the ER session to exclude visible abnormalities and to obtain 4 quadrant biopsies the 
BE segment to rule out invasive cancer. At that time, however, the edges of the ER 
scar may be slightly elevated due to reactive changes which may be misinterpreted as 
visible abnormalities. The most optimal time to exclude the presence of residual visible 
abnormalities and to obtain biopsies from the residual BE is thus immediately after the ER 
in the same session. 

When the mucosa is flat and biopsies contain no invasive cancer, the patient is 
scheduled for a RFA session 6 to 8 weeks after ER. 

Performing circumferential ablation: use of the HALO360-device

RFA procedures can be performed on an outpatient basis using conscious sedation. 
At the initial ablation session, the extent of the BE segment determines if the patient 
will be treated with the HALO360-balloon or with the focal HALO90-device. When the 
circumferential BE segment is smaller than 2 cm in length, or only consists of tongues 
and/or islands smaller than 2 cm in size, the patient can be primarily treated with focal 
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ablation.47,48  Most frequently, patients initially require circumferential ablation, which 
involves the following steps:
1.  Inspection and recording of esophageal landmarks: 
 Prior to ablation, the esophagus is inspected to confirm the flat aspect of the mucosa, 

to exclude the presence of esophagitis and to record the esophageal landmarks 
according to the Prague CM-classification.34 After inspection the esophagus wall 
is sprayed with 20 mL of acetylcysteine (1%, watery solution) to remove excessive 
mucus, followed by flushing with plain water.

2.  Sizing procedure (Figure 2): 
 Subsequently, the esophageal inner diameter (EID) is measured, in order to select 

an appropriate ablation balloon, allowing for optimal contact between electrode 
and esophageal without applying too much pressure. A 4-cm long non-compliant 
sizing balloon-catheter is connected to the generator with an interposed air filter. 
After calibration, the sizing balloon is inserted over a 0.035-inch guide-wire (Amplatz 
extra stiff, Cook Endoscopy, Limerick, Ireland), omitting lubricant jelly for introduction, 
exclusively using water. Sizing is performed for every cm of the BE segment, starting 
5 cm above the most proximal extent of the BE, using the centimeter scale on the 
catheter shaft for reference (discordant to the centimeter scale of the endoscope). For 
sizing, the balloon is automatically inflated to 4 psi (0.28 atm) after pressing a foot 
switch, and automatically deflated after measurement. The mean EID over 4 cm is then 
calculated with a pressure-volume algorithm and displayed on the generator. When 
a strong increase in the measured EID indicates that the sizing balloon has reached 
the hiatal hernia or stomach, the sizing balloon is removed, leaving the guide-wire in 
place.

Figure 2. The sizing procedure 
using the HALO system. The 
HALO360 generator with 
integrated pressure:volume 
system automatically inflates 
and deflates the sizing balloon, 
to calculate esophageal inner 
diameter. The esophageal inner 
diameter is measured for each 
centimeter of the Barrett’s 
segment from proximal to distal, 
to adequately select the size of 
the ablation balloon. 

3.  Selection of the appropriate ablation balloon:
 The smallest measured EID defines the appropriate balloon-diameter. For patients 

without prior ER, the recommended balloon-diameter is the one closest to the smallest 
measurement (e.g. if the smallest EID is 24-mm, a 25-mm ablation balloon is chosen; 
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if the EID is 23-mm, the 22-mm ablation balloon is appropriate). For patients with a 
prior ER or stenosis, a balloon that is two sizes smaller than the smallest measurement 
has to be selected, to reduce the risk for laceration. (e.g. if the smallest EID is 26-mm, 
a 22-mm ablation balloon should be used).

 When a suitable ablation balloon-size has been selected, the ablation balloon is inserted 
over the guide-wire followed by introduction of the endoscope for visualization of the 
ablation procedure. 

4. First ablation pass (Figure 3):
 For ablation with the HAL0360-device, the surface is treated with two energy deliveries 

of 12 J/cm2 with cleaning of the ablation zone in between ablation passes, referred to 
as the ‘double’ regimen. Ablation is performed from proximal to distal starting 1 cm 
above the most proximal extent of the BE segment, allowing for a maximal overlap of 
0.5 to 1 cm. Prior to ablation, the endoscope and ablation catheter are fixated to the 
bite block to avoid dislocation of the balloon by inflation. After inflation of the ablation 
balloon, as initiated by the endoscopist using the foot switch, suctioning is applied 
for optimal contact between electrode and epithelium. Next, the endoscopist starts 
the ablation, resulting in RF energy delivery and automatic deflation of the balloon. 
Ablation renders the BE epithelium white, which helps identifying the subsequent 
BE zone when advancing the deflated ablation balloon distally. After ablation of the 
complete BE segment, ablation balloon, guide wire and endoscope are removed 
simultaneously. 

Figure 3. The ablation procedure 
using the HALO system. Ablation 
is performed from proximal 
to distal starting 1 cm above 
the most proximal extent of 
the Barrett’s segment. Upper: 
The ablation balloon is inflated 
and ablation is performed 
upon activation using the foot 
switch. Middle: After ablation, 
the Barrett’s epithelium shows 
a white debris, which helps 
identifying the subsequent 
BE zone when advancing the 
deflated ablation balloon distally. 
Lower: Subsequent ablations 
are performed allowing for a 
maximal overlap of 0.5 to 1 
cm, until the complete Barrett’s 
segment has been ablated. 
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5.  Cleaning procedure: 
 After the first ablation pass, the coagulum is cleaned off the ablation surface and the 

balloon electrode prior to the second ablation pass. Cleaning in between the ablation 
passes has been shown to increase the efficacy of the initial ablation session from 
90% to 95%.49-51 Debris is gently pushed off the ablated area using the rim of the 
small flexible cap (e.g., HALO cap; BÂRRX Medical, Sunnyvale, CA, USA or Olympus 
zoom cap, MB0-046; Olympus, Tokyo, Japan), mounted on the tip of the endoscope, 
followed by forcefully spraying with plain water using a spraying catheter (e.g., 
Olympus PV-5-1; Olympus, Tokyo, Japan) and a high-pressure pistol (e.g., Alliance; 
Boston Scientific, Limerick, Ireland). Cleaning of the balloon electrode is performed 
outside the patient using plain water and a gauze. 

6.  Second ablation pass:
 After the cleaning procedure, guide-wire and ablation balloon are re-inserted followed 

by the endoscope and a second ablation pass is performed from proximal to distal, 
resulting in a brownish discoloration of the previously ablated BE epithelium. 

Performing focal ablation: use of the HALO90-device

Two to three months after initial ablation, upper endoscopy with NBI is performed to 
assess BE regression. Patients with a residual circumferential BE segment with a length of 
more than 2 cm and/or multiple isles or tongues are subjected to a second circumferential 
ablation session. In case the circumferential extent of residual BE is less than 2 cm in 
length, and/or an irregular gastro-esophageal junction, and/or tongues and islands 
smaller than 2 cm in size, this can be treated with the HAL090-device for focal ablation. 
The focal ablation procedure is carried out as follows:
1. Inspection and recording of esophageal landmarks: 
 Again the esophagus is inspected to confirm the flat aspect of the mucosa and 

to exclude the presence of esophagitis.  Additionally, the presence of a Zenker’s 
diverticulum has to be excluded because this may complicate the introduction of the 
HAL090-device. After recording of the esophageal landmarks, the esophagus wall is 
sprayed with acetylcysteine (1%) and flushed with plain water. 

2. Introduction of the HALO90-catheter (Figure 4):
 The HALO90-catheter is attached to the distal end of the endoscope, and the 

electrode-cap placed at the 12 o’clock position in the endoscopic field of view. The 
HALO90-device is inserted without using lubricant jelly but only water to facilitate 
introduction. After advancing the HAL090-electrode surface over the tongue, the top 
of the electrode is deflected downwards when the laryngeal cavity is visualized, to 
allow the electrode to pass behind the arytenoids. Subsequently, the patient is asked 
to swallow and the catheter is gently advanced. 

 When introduction of the HALO90-device is difficult a biopsy forceps or the spraying 
catheter can be used to guide the instrument into the esophagus. With the endoscope 
in the hypopharynx, the forceps is advanced under direct view dorsal to the arytenoids 
deep into the esophagus. The endoscope is angled down so that the leading edge of 
the HALO90-device can slide over the forceps while the endoscope is gently advanced. 
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3. First ablation pass (Figure 5):
 In the esophagus, the HAL090-electrode surface is positioned against the wall at the 

target area. Optimal contact between electrode and esophageal wall is obtained by 
upward deflection of the tip of the endoscope. For ablation with the HAL090-device, 
the ‘double-double’ regimen is administered. Ablation is initiated by the endoscopist 
using the foot switch, and after an area has been treated with an energy delivery 
of 15 J/cm2, a second energy delivery of 15 J/cm2 is realized immediately after the 
first, while keeping the electrode in place. After treatment of the residual BE areas, 
the Z-line is ablated by circumferentially applying the HALO90-device, to eliminate the 
potential of a small rim of residual BE epithelium at the Z-line, which is endoscopically 
indistinguishable from gastric epithelium. 

Figure 4. A: The leading edge of the HALO cap is visible proximal to the arytenoids; B: A biopsy forceps 
is blindly advanced behind the arytenoids into the proximal esophagus; C: The endoscope is angulated 
downward, causing the leading edge of the HALO cap to touch the shaft of the biopsy forceps; D: After 
gently advancing the endoscope, using the biopsy forceps for guidance, the proximal esophagus is entered.

Figure 5. Endoscopic appearance of a focal ablation procedure using the HALO90 system. A: Antegrade 
view of an initial C6M7 Barrett esophagus 6 weeks after primary circumferential ablation; B: Residual isles 
of Barrett mucosa; C: Corresponding image with NBI; D: Ablation effect immediately after ablation with 
the HALO90 system; the distal end of the catheter is visible at the 12 o’clock position in the endoscopic 
field; E: Endoscopic appearance after the first ablation pass (2x 15 J/cm2) and cleaning of the ablation 
zones; F: After the second ablation pass (2x2 15 J/cm2) the ablation zones have a tan-colored appearance. 
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4. Cleaning procedure: 
 After the first ablation pass, debris is cleaned off the ablated area by carefully 

pushing with the HALO90-electrode in the proximal-to-distal direction, combined with 
suctioning away the debris through the working channel of the endoscope. This is 
followed by spraying off debris using the high-pressure pistol with plain water. Next, 
the endoscope with the HALO90-device is removed and coagulum is cleaned from the 
electrode using a wet gauze. 

5. Second ablation pass: 
 After cleaning, endoscope and HALO90-device are re-introduced and two more 

energy deliveries of 15 J/cm2 are performed. 

Post –procedural care

Adequate acid-suppressant medication is key in the post-RFA treatment period to promote 
healing and re-epithelialization with normal squamous epithelium.52-54 It is recommended 
to keep patients on a maintainage dosage of esomeprazole 40 mg BID during the entire 
treatment period. In our institution, patients are additionally prescribed ranitidine 300 mg 
at bedtime and sucralfate 1gram QID for a period of 14 days after each RFA treatment. 
Patients are advised to use a liquid diet during 24 hours after RFA, and to slowly return to 
normal diet normal thereafter. After RFA treatment, patients may experience chest pain 
and difficulty swallowing for 3 to 4 days. For pain management viscous lidocaine, liquid 
acetaminophen, or acetaminophen suppositories and anti-emetics are used.

Treatment protocol and follow up 

RFA treatment is repeated every two to three months until all visible BE has been 
eradicated. Most studies have limited the number of RFA sessions to two HALO360- and 
three HALO90-procedures. Generally, patients will require one HALO360- and one or two 
HALO90-procedures. To assess whether all visible BE epithelium is removed, the use of 
high resolution endoscopy with NBI (or comparable techniques such as iScan or FICE) is 
important since this facilitates detection of small islands of residual BE epithelium that are 
easily overlooked with standard white light endoscopy.  

Two months after the final treatment session, four quadrant biopsies are taken every 1 
to 2 cm of the original BE segment to exclude the presence of buried Barrett’s. Complete 
removal of BE can be difficult to assess endoscopically and when in doubt biopsies should 
be taken immediately distal to the neosquamocolumnar junction to rule out residual 
intestinal metaplasia and/or dysplasia. After histology has confirmed the complete 
eradication of IM and dysplasia, patients are scheduled for follow-up endoscopy at 6 
months, at 12 months and annually thereafter. 

In case of residual Barrett’s islands after the maximum number of RFA sessions, further 
management can be subsequent HALO ablation, APC or escape ER, left to the discretion 
of the endoscopist. When lesions suspicious for dysplasia or cancer are encountered during 
the RFA treatment period or at control endoscopy after RFA, directed biopsies should be 
obtained of the lesion with a low threshold to remove visible abnormalities by ER. 
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CHALLENGES IN RFA

Although RFA with the HALO System is a simple and fast technique in majority of 
patients, occasionally more challenging RFA cases are encountered, e.g. patients with a 
severely stenosed esophagus, a very long BE segment, or patients that show poor healing 
or poor regression of the BE epithelium. In patients with an esophageal stenosis (e.g. 
a reflux stenosis at the upper end of the BE, or narrowing after widespread ER or prior 
ulceration in the BE) dilations should be performed to render patients eligible for RFA 
treatment. In case the EID varies over the length of the BE segment, treatment with two 
different HALO360-balloon sizes is an option. For a focally narrowed esophagus, use of 
the HALO360-balloon can be combined with the HALO90-device in a single session in 
selected patients. Secondly, in patients with a very long BE segment it may be beneficial 
to treat the BE in two sessions to reduce patient discomfort and complication risk. A 
small subgroup of patients (<10% in our hands) may show delayed healing of the ablated 
area, requiring postponing the RFA session. Generally, these patients will also show 
a high rate of regeneration of BE instead of squamous mucosa. In these patients we 
confirm adherence to the prescribed medication, again exclude the use of any caustic 
co-medication, and increase the dosage of anti-acid medication (e.g., esomeprazole 80mg 
BID). Finally, there is a very small subset of patients in which RFA treatment fails because 
of poor regression of BE for unknown reasons.

RESULTS OF RFA

Since the HALO system was introduced in 2003, several groups have evaluated the safety 
and efficacy of RFA for BE patients with and without dysplasia. The most important results 
will be discussed below.

Dose-escalation of RF energy

After dose-escalation studies in the porcine model and in patients prior esophagectomy,55,56 
the first large study to report the results of RFA for Barrett’s esophagus was performed 
from 2003-2005 in patients with non-dysplastic BE (AIM-study). In this study, dose 
response and safety of the HALO360-device was further tested. Because there were 
no dose-related adverse events, the dose-escalation phase (n=32) was followed by an 
effectiveness phase (n=70) using two applications of radiofrequency energy with an 
energy level of 10 J/cm2. After 12 months of follow up, complete eradication of  IM was 
reached in 70% of 70 patients.57 

Focal ablation comes into play

Once the HALO90-device for focal ablation became available, much higher eradication 
rates for IM were reached. The HALO90-device not only enables the precise targeting of 
small residual BE areas but also allows for effective treatment at the level of the gastro-
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esophageal junction where the HALO360-device may not always come in optimal contact 
with the epithelium.

The aforementioned AIM-study incorporated HALO90 for focal ablation of residual BE 
in the study protocol and entered 62 patients in a study extension phase. Thirty months 
after the initial focal ablation, complete remission of IM was achieved in 98% of 61 
available patients with a mean of 2 focal ablation procedures without serious adverse 
events or strictures. No buried Barrett’s glands were detected in 4,306 biopsies during the 
first 12 months and 923 biopsies collected at 30 months after primary circumferentially 
ablation.47

Introduction in Europe

After initial trials in the US using a bottom-up approach, the promising RFA technique 
was also introduced in Europe. Our group was the first to use a combined treatment 
approach of ER followed by RFA for BE with early neoplasia (Figure 6). In the first series of 
11 patients that underwent RFA for a median BE length of 5 cm, a prior ‘en bloc’ ER was 
performed for visible lesions in 6 of 11 patients. The HALO90-device was implemented in 
the second half of the study period and used at 12 and 15 J/cm2. After a median follow-up 
of 14 months after initial ablation, 100% of the patients had been histologically cleared of 
all IM and dysplasia.50 The second series of 12 patients also enrolled patients after a prior 
piecemeal resection of visible lesions. In this study the ablation area and the electrode 
were cleaned between ablation passes.49,51 Again, in 100% of patients eradication of IM 
and dysplasia was reached, and despite the fact that patients with a significantly longer 
BE were enrolled, fewer treatment sessions were required. 

Figure 6. A: Antegrade view on a C6M10 Barrett esophagus; B: A lesion suspicious for early cancer at 
the 2-4 o’clock position; C: View on the resection wound after endoscopic resection of the lesion in two 
pieces; D: Histopathological evaluation of the specimens showed a radically resected adenocarcinoma 
infiltrating in the muscularis mucosae (T1m3); E: Same area 6 weeks after the endoscopic resection. 
The wound has healed completely with scarring; F: Ablation effect after primary circumferential ablation 
using the HALO360 system (2x 12 J/cm2); G: Residual isle of Barrett mucosa remaining 6 weeks after 
prior circumferential ablation; H: After additional focal ablation of residual isles of Barrett mucosa, 
complete removal of the whole Barrett segment was reached. 
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To study the functional characteristics of the normal appearing esophagus after RFA, 
esophageal manometry and a functional lumen imaging probe (FLIP) were used, showing 
unchanged esophageal motility and compliance after RFA.58

Results of RFA after two- year follow up

Recently, our group reported the combined results of the first 44 patients with BE 
containing early neoplasia, treated with RFA with or without prior ER after a median 
follow up of 21 months. In addition to the abovementioned studies, patients from two 
other study protocols were included in this combined group; a series of 9 patients who 
participated in an ongoing European multicenter trial studying RFA for patients with BE 
<12 cm, and a series of 12 patients that were randomized to RFA in a study comparing 
stepwise radical endoscopic resection (SRER) and RFA in patients with BE < 5 cm. In these 
44 patients of whom 31 underwent ER prior or RFA, the clearance rate of IM and dysplasia 
was 98% after a median follow up of 21 month. No strictures were found.30,50,51

Sharma et al. reported the single center results of RFA for LGD (n=39) and HGD (n=24) 
with a median follow up of 24 months.31 An overall clearance rate for dysplasia of 89%, 
and clearance rate for IM of 79% was achieved. In the HGD group, the clearance rate of 
HGD was 100%, while the clearance rate of all dysplasia was 79%, and the clearance rate 
for IM was 67%. In the LGD group the clearance rate of all dysplasia was 95% and the 
clearance rate for IM was 87%. In this cohort only 2 HGD patients underwent ER prior to 
RFA. There were no buried glands in 2,500 biopsies.

Multicenter registration

After the promising first results of treating HGD, a prospective multicenter registry was 
initiated in which 16 US centers participated. After 12 months of follow up complete 
eradication of HGD was achieved in 90% of 92 patients. The eradication rate of IM was 
only 54%, possibly because the HALO90 was not yet used in this cohort. In this large 
series only 8 patients previously underwent ER. There were no serious adverse events, but 
there was one asymptomatic stenosis. Buried glands were not reported. The large number 
of patients and the multicenter set-up of this study show that RFA using the HALO360-
device can be safely implemented in clinical practice.59   

A randomized clinical trial

Essential evidence that RFA is highly effective in the treatment of dysplastic Barrett’s 
esophagus, comes from the multicenter AIM-Dysplasia trial.60 In this trial 127 patients 
with BE containing either LGD (n=64) or HGD (n=63) were randomized 2:1 to RFA or a 
sham-procedure. Eleven patients underwent ER prior to RFA. Twelve months after the 
initial RFA treatment, patients underwent a biopsy session to assess if dysplasia and 
intestinal metaplasia were completely eradicated.  In an intention to treat (ITT) analysis, 
86% (92% per protocol (PP)) of RFA-patients was cleared of dysplasia versus 21% (23% 
PP) of sham-patients (p<0.001). In the RFA-arm, 77% (83% PP) of patients was completely 
cleared of IM versus 2% (3% PP) of sham-patients (p<0.001). In the HGD cohort separately, 

78



Technical background of RFA

4

RFA patients showed a clearance rate of dysplasia of 81% (90% PP) versus 19% (20% 
PP) of sham patients (p<0.001). The clearance rate of dysplasia in LGD-patients was 
comparably high, with 90% (95% PP) of patients in the RFA-arm cleared from dysplasia 
versus 23% (26% PP) in the sham-arm (p<0.001). For the HGD cohort, the progression 
rate was lower in the RFA-arm, as in the RFA-arm 1 of 42 patients developed carcinoma 
versus 4 of 21 patients in the sham-arm (p=0.03). This suggests that RFA changes the 
natural course of the disease.

The results of this important study confirm that RFA treatment of patients with HGD 
is safe and highly effective. Due to the randomized design, the study demonstrates that 
treatment with RFA for patients with HGD is more effective than 3-monthly surveillance 
endoscopies, making surveillance for patients with HGD no longer acceptable. The results 
also show that the use of other ablation techniques or surgery for patients with HGD 
in BE is questionable, since RFA is an excellent minimal-invasive alternative with a low 
complication rate.

Adverse events

RFA using the HALO system is associated with a low complication rate. After RFA 
treatment, patients have reported chest pain and difficulty swallowing for 3 to 4 days, 
that resolves spontaneously and can be adequately managed by pain medication. 
However, sporadically, patients with severe chest pain are admitted for observation and 
conservatively managed by optimizing pain medication and acid-suppressants. Small 
non-transmural lacerations are sometimes observed during RFA procedures. We have 
recently analyzed all patients treated with RFA in our center, including patients that were 
treated with RFA out of study protocols. A non-transmural laceration was reported in 6% 
of the patients, and exclusively in patients with a prior ER and/or a balloon of a too large 
diameter according to the rule of thumb ‘two sizes smaller than the smallest diameter in 
case of a prior ER’. Also, some patients (8%) developed dysphagia resolving upon dilation, 
and this was only encountered in patients with an extended ER of more than 2 cm in size 
or comprising more than 50% of the circumference of the esophagus.61 These findings 
underline the importance of limiting the extent of the ER, and it is likely that ongoing trials 
will provide more information on how to optimize the combination of ER and RFA. No 
perforations and no RFA associated deaths were reported.30,31,47,50,51,57,61  In summary, 
the complication profile of RFA compares favorably to that of other ablation techniques 
such as PDT and APC. 19,20,22

Characteristics of the neosquamous epithelium after RFA

One of the striking findings in al these clinical studies, was the virtual absence of buried 
Barrett’s glands (BBG) after RFA, while these are typically reported after all previously 
used ablation techniques in BE. Only in one RFA trial the presence of BBG after RFA 
was reported.60 In the AIM-Dysplasia trial, comparing RFA versus a sham-procedure in 
patients with dysplastic BE, 25.2% of patients had BBG at baseline, which was reduced 
to 5.1% at 12 months after RFA, while in the sham-arm there was an increase of BBG in 
40.0% of patients. The use of an aggressive biopsy protocol only during follow up (four 
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quadrant jumbo biopsies each 1 cm) could address this rise in BBG in patients in the 
sham-arm. It has been suggested that in other studies BBG were not detected, because 
of less deep biopsy sampling in the theoretically altered mucosa after RFA. Our group 
conducted a study to assess biopsy depth and presence of BBG after RFA. Biopsies and ER 
specimens were obtained from neosquamous and untreated squamous epithelium from 
patients treated with RFA for BE containing early neoplasia.62 Blind assessment by three 
expert pathologists showed no difference in biopsy depth between the neosquamous 
and untreated squamous epithelium and in none of biopsies or ER specimens BBG 
were found. This study also evaluated the presence of oncogenetic abnormalities in 
the BE epithelium before and after RFA. Fluorescent in situ hybridization (FISH) of brush 
cytology specimens and immunohistological evaluation of biopsies obtained from the BE 
epithelium at baseline and from the neosquamous epithelium after RFA showed, absence 
of pre-existing oncogenetic alternations, which was confirmed by others.63 The absence 
of BBG and oncogenetic alternations in the newly formed squamous epithelial lining 
suggest that the risk for malignant progression in these patients is reduced to the normal 
level of individuals without BE.

SUMMARY

RFA is a novel and promising treatment modality in the treatment of BE with HGD or 
mucosal cancer, and is not associated with stenosis or buried glandular mucosa, which are 
known side-effects from other ablation techniques as PDT and APC. The combination of 
ER followed by RFA for removal of the residual flat BE is a power management strategy. 
Several clinical trials have shown that RFA is safe and highly effective for the removal of 
dysplasia and complete conversion of the BE into normal appearing squamous esophagus. 
Although no long-term results are available yet, RFA should be regarded the treatment of 
choice in patients with early neoplasia in BE with or without a prior ER. Future research 
will focus on the natural course of dysplastic and non-dysplastic BE, biomarkers predicting 
disease progression, and cost-effectiveness plus quality of life to assess if RFA treatment is 
justified for patients with non-dysplastic BE. 
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Chapter 5

ABSTRACT

Objective: After focal endoscopic resection (ER) of high-grade dysplasia (HGD) or early 
cancer (EC) in Barrett’s esophagus (BE), eradication of all remaining BE reduces the 
recurrence risk. The aim of this study was to compare safety of stepwise radical ER (SRER) 
versus focal ER followed by radiofrequency ablation (RFA) for complete eradication of 
BE containing HGD/EC. 

Design: Multicenter randomized clinical trial.  Setting: Tertiary centers. Patients: 
Patients with BE ≤5cm containing HGD/EC were randomized to SRER or ER/RFA. 

Interventions: SRER patients underwent piecemeal ER of 50% of BE followed by serial 
ER. ER/RFA patients underwent focal ER for visible lesions followed by serial RFA. Follow-
up endoscopy with biopsies (4-quadrant/2cmBE) was performed at 6 and 12 months 
and then annually. 

Main outcome measures: Stenosis rate; Complications; Complete histological response 
for neoplasia (CR-neoplasia); Complete histological response for intestinal metaplasia 
(CR-IM).

Results: CR-neoplasia was achieved in 25/25 (100%) SRER and 21/22 (96%) ER/RFA 
patients. CR-IM was achieved in 23 (92%) SRER and 21 (96%) ER/RFA patients. The 
stenosis rate was significantly higher in SRER (88%) versus ER/RFA (14%; p<0.001), 
resulting in more therapeutic sessions in SRER (6 versus 3; p<0.001) due to dilations. 
After median 24 months follow-up, 1 SRER patient had recurrence of EC, requiring ER.

Conclusions: In patients with BE ≤5cm containing HGD/EC, SRER and ER/RFA achieved 
comparably high rates of CR-IM and CR-neoplasia. However, SRER was associated with a 
higher number of complications and therapeutic sessions. For these patients a combined 
endoscopic approach of focal ER followed by RFA may thus be preferred over SRER.
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INTRODUCTION

In Barrett’s esophagus (BE), the normal squamous esophageal epithelium has been 
replaced by a columnar epithelium containing specialized intestinal metaplasia (IM), 
as a result of chronic gastroesophageal reflux.1 BE is an important risk factor for the 
development of esophageal adenocarcinoma, a cancer with a rapidly rising incidence 
in the western world.2 High-grade dysplasia (HGD) and early cancer (EC) limited to 
the mucosa in BE can be effectively treated by endoscopic means, without the need 
for surgery. Endoscopic resection (ER) is the basis of endoscopic treatment. ER allows 
for removal of focal lesions within the BE and provides a specimen for histological 
evaluation which is imperative for optimal patient management: patients with HGD/EC 
can be managed endoscopically given their low risk of local lymph node involvement, 
whereas patients with lesions invading deep into the submucosa should be considered for 
esophagectomy and lymph node dissection.3 However, after focal ER alone, up to 30% 
of patients will develop metachronous lesions in the residual BE segment during follow-
up.4-6 Therefore, complete eradication of the residual BE is recommended.7-9 Currently, 
the two most promising strategies for complete BE eradication are stepwise radical 
endoscopic resection (SRER) and radiofrequency ablation (RFA). 

SRER is a technique in which the complete BE segment is removed in consecutive 
ER sessions. Retrieval of the entire BE segment for histological assessment is ideal, as it 
may permit referral to surgery for advanced lesions. Single center studies have shown 
excellent results of SRER for HGD/EC with eradication of all neoplasia (CR-neoplasia) in 
76-100% and complete eradication of all intestinal metaplasia (CR-IM) in 68-100%.10-15 
An important limitation of SRER is the rate of complications, such as esophageal stenosis 
requiring dilation which occurs in up to 56% of cases.10-15  

RFA is a new technique for endoscopic eradication of BE that is characterized by 
controlled and uniform thermal ablation. Several studies have shown that RFA, with and 
without prior ER, is an effective treatment for HGD/EC with eradication of all neoplasia 
in 81-100% and complete removal of IM in 74-100%.16-20 RFA has demonstrated a 
favorable safety profile with esophageal stenosis occurring in only 0-6% of cases.16-20 
RFA, however, does not yield a histological specimen, therefore it is imperative that all 
visible abnormalities are removed by focal ER prior to RFA to guarantee optimal staging 
and to ensure that RFA is applied to flat mucosa only.9

The aim of this prospective randomized clinical trial was to compare the safety and 
efficacy of endoscopic treatment of BE (≤5cm) containing HGD/EC using either SRER or 
RFA after focal ER of visible abnormalities. 

PATIENTS AND METHODS

Selection criteria

Patients were eligible if they met the following criteria: 1) age between 18 and 85 
years; 2) BE length ≤5cm; 3) HGD and/or EC in BE in specimens obtained at 2 separate 
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endoscopies; 4) no signs of deep submucosal invasion, regional lymph node involvement, 
or distant metastases on endoscopic ultrasonography (EUS) and computed tomography 
(CT) of thorax and abdomen (in case of EC); 5) no prior endoscopic treatment of BE other 
than a single prior ER for staging; 6) in case of a prior diagnostic ER, specimens with a 
negative deep resection margin, no deep submucosal invasion (³T1sm2), no lymphatic/
vascular invasive growth and no poorly or undifferentiated cancer (G3-G4);  7) written 
informed consent. 

Endoscopic work-up and staging

Pre-assessment consisted of two high-resolution endoscopies (GIF-Q160/GIF-Q260FZ/
GIF-H180, Olympus, Hamburg, Germany) with targeted biopsies of visible lesions and 
four-quadrant biopsies from every 1-2cm of the Barrett’s segment.21 Esophageal 
landmarks were recorded according to the Prague C&M-classification.22 Visible lesions 
were classified using the Paris Classification.23 EUS was performed for T- and N-staging, 
and suspicious lymph nodes were sampled by fine needle aspiration (FNA). In case of 
carcinoma, a CT-scan of thorax and abdomen was made for M-staging. Only patients with 
lesions that were deemed ‘suspicious for submucosal invasion’ by the endoscopist based 
on the macroscopic appearance, underwent a focal staging ER prior to randomization. In 
all other patients with visible lesions, ER was performed after randomization: in the SRER 
arm the lesion was removed together with the first 50% of the BE segment in the same 
session (to minimize the number of ER sessions and to avoid a more difficult ER at a later 
stage due to scarring at the site of the lesion), whereas in the RFA arm only a focal ER of 
the lesion was performed for staging and to render the mucosa flat prior to RFA.

Endoscopic resection

In both study groups, the ER-cap technique and the multiband mucosectomy technique 
(MBM) were used as described previously.24,25 Additionally, the use of the ‘simple snare’ 
technique was allowed.11 

Stepwise radical endoscopic resection (SRER)

In SRER, the Barrett’s segment was removed in consecutive sessions at 6-8 week intervals, 
with a maximum of 4 sessions, inclusive of the baseline ER (where applicable). In the initial 
SRER session, piecemeal ER of 50% of the circumference of the entire Barrett’s segment 
was performed, inclusive of the visible abnormality if not yet removed in a diagnostic 
ER session.26 For short segment BE (C≤1,M≤3), SRER in a single session was allowed. 
In case small bridges of residual BE were left in situ between ER wounds, these were 
preferably removed with additional ER, but argon plasma coagulation (APC) of tissue 
bridges during SRER was allowed as well (60-80 Watt for Erbe ICC200; 30-40 Watt for 
Erbe Vio; APC-probe 2200A, Erbe Elektromedizin GmbH, Tübingen, Germany). 

If visible Barrett’s mucosa was present after the maximum allowable SRER sessions, 
patients underwent escape treatment with RFA. Escape treatment with APC or hot biopsy 
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forceps for areas of residual BE (<5 mm) was allowed to avoid an additional ER or RFA, or 
when ER was not possible.

Radiofrequency ablation (RFA)

Patients randomized to RFA underwent focal ER of visible abnormalities followed by RFA 
after 6-8 weeks, when the residual BE contained utmost HGD upon biopsy. RFA was 
performed using the HALO system (BÂRRX Medical, Sunnyvale, CA, USA) as previously 
described.9,19 Primary circumferential ablation was performed using the HALO360-
balloon-catheter, with a double RFA delivery (12J/cm2, 40Watt/cm2) and a cleaning 
step in between two ablation passes to remove coagulum from the ablation zone and 
electrode surface. At subsequent RFA sessions, the HALO90-device was used for focal 
ablation of residual Barrett’s tongues and islands <2cm in length, and to circumferentially 
ablate the squamocolumnar junction (‘Z-line’) at the gastric folds. The HALO90-catheter 
consists of a small electrode that is fixed to the tip of the endoscope. Focal RFA was 
delivered twice to each area (15J/cm2, 40Watt/cm2), followed by a cleaning step and a 
second ablation pass, again delivering RFA twice.17 

RFA was repeated every 2-3 months until complete endoscopic eradication of BE.In case 
BE persisted after 4 RFA sessions (≤2 HALO360 procedures), escape ER was performed 
using the MBM technique. For minute islands of unsuspicious BE (<5 mm) hot biopsy 
forceps treatment was allowed when this avoided an additional RFA session or escape ER.

Pre- and post-procedural care

All endoscopic procedures were performed on an outpatient basis using conscious sedation 
with midazolam and fentanyl, or pethidine, or monitored anesthesia with propofol.27 
After endoscopic treatment, patients were observed in the endoscopy unit for 4 hours 
before being discharged to home with detailed instructions. During the study period, 
patients were administered esomeprazole 40 mg po BID, with addition of ranitidine 300 
mg at bedtime and sucralfate suspension 5 mL (200mg/mL) QID for 14 days after every 
treatment session. Patients were allowed to take acetaminophen 500 mg (max. 3g per 
day) for post-procedural pain, or diclofenac suppositories 100 mg (max. 200mg per day) if 
not responding to acetaminophen. 

Follow-up

After visible eradication of all BE was achieved, biopsies were taken from every 4-quadrant 
/2cm of the neosquamous epithelium throughout the original BE segment and immediately 
distal (<5mm) to the neo-Z-line. When histological assessment of the biopsies showed 
complete eradication of IM (CR-IM), patients were scheduled for follow-up high resolution 
endoscopy with NBI and 4-quadrant/2cm biopsies at 6 months, 12 months and annually 
thereafter. Standard EUS was performed at 12 months of follow-up to exclude local lymph 
node metastasis. The duration of follow-up was defined as the time between the first 
treatment session and the most recent follow-up endoscopy.

89



Chapter 5

Histological evaluation

All biopsies and ER-specimens were routinely processed and were evaluated by a 
gastrointestinal pathologist. For the purpose of this study, all pre-treatment biopsies, 
ER-specimens, and biopsies obtained at the first follow-up endoscopy were reviewed by 
a local expert pathologist at each center with extensive experience in Barrett’s neoplasia. 
The study pathologists were blinded to study group assignment. Biopsies were assessed 
for presence of IM and grade of dysplasia using the revised Vienna classification (IM 
without dysplasia, indefinite for dysplasia (ID), LGD, HGD or cancer).28,29 ER specimens 
were evaluated for infiltration depth, vertical resection margins, tumor differentiation or 
grade of dysplasia, and lymphatic/vascular invasive growth. During follow-up, biopsies of 
neosquamous epithelium were assessed for the presence of IM at or below the surface 
(subsquamous intestinal metaplasia or buried Barrett’s).

Outcome parameters

Based on previous studies we expected that SRER and ER/RFA would be equally effective 
in the removal of neoplasia and IM, yet that SRER would result in a higher rate of 
esophageal stenosis as compared to RFA.16,17,30

Primary outcome parameter was the rate of symptomatic esophageal stenosis.
Secondary outcome parameters were: 
1. Complete response for neoplasia (CR-neoplasia),  defined as absence of any neoplasia, 

including LGD and ID in all biopsies obtained at the first  follow-up endoscopy; 
2. Complete response for IM (CR-IM), defined as absence of IM in all biopsies, including 

biopsies obtained immediately distal to the neo-Z-line obtained at the first follow-up 
endoscopy;

3. Rate of complications other than stenosis;
4. Number of treatment sessions required to achieve CR-neoplasia and CR-IM inclusive of 

escape treatment and treatment for complications;
5. Proportion of patients with CR-neoplasia at the last follow-up endoscopy; 
6. Proportion of patients with CR-IM at the last follow-up endoscopy; 
7. Need for additional treatment for recurrent neoplasia during follow-up.

To classify stenosis and other complications, the following definitions were used: ‘acute’; 
during the procedure; ‘early’: <48 hours; ‘late’: >48 hours, graded as ‘mild’: unscheduled 
hospital admission, hospitalization <3 days, hemoglobin drop <3g/dL, no need for 
transfusion; ‘moderate’: hospitalization 4-10 days, <4 units blood transfusion, need for 
repeat endoscopic treatment including dilation; ‘severe’:  hospitalization  >10 days, ICU 
admission, need for surgery, ≥4 units blood transfusion, or in case of stenosis: >5 dilations, 
stent placement or incision therapy; ‘fatal’: death attributable to procedure <30 days or 
longer with continuous hospitalization. Only events requiring any intervention were scored.

Ethical considerations, sample size and statistics

The study protocol was approved by the local medical ethics committee of each study 
center (NTR1337, www.trialregister.nl). Written informed consent was obtained from all 
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participants. Patients were randomized in each center according to a computer-generated 
randomization sequence per center, which was concealed from the researchers who 
screened and enrolled patients by the use of sequentially numbered, sealed opaque 
envelopes. All procedures were attended by a study monitor (C.S.) who prospectively 
collected all relevant data on standardized case record forms, and data was entered into 
a dedicated database. 

Sample size calculations were based on the assumption that SRER would result in a 
higher esophageal stenosis rate compared to RFA. No differences in CR-neoplasia, CR-IM, 
or severe complications were expected based on previous studies.16,17,30 To confirm the 
hypothesis that SRER results in a significantly higher stenosis rate, with estimated stenosis 
rates of 52% for SRER30 and 4% for RFA,16,17,31 22 patients were needed in each arm, 
accounting for a dropout rate of 10%, resulting in a total study population of 44 patients 
(alpha= 0.05, beta= 0.10, two-sided testing). 

Data analysis was performed using SPSS statistical software package (SPSS Inc.16.0.2, 
Chicago, IL, USA). Mean (±SD) was used for normal distribution and median (inter-quartile 
range, IQR) was used for skewed distribution. Fisher exact test and Mann-Whitney U test 
were used to compare groups when appropriate. Differences were considered statistically 
significant if p≤0.05. To calculate confidence intervals the Confidence Interval Analysis 
(CIA) package was used (CIA Version 2.2.0, London, UK). For sample size calculation and 
random sequence generation nQuery Adviser (Version 7, Cork, Ireland) was used.

RESULTS

Patients

Between April 2006 and April 2008, 55 patients with HGD/EC in a BE segment ≤5cm 
underwent endoscopic work-up and staging for eligibility in the Academic Medical 
Center (Amsterdam, Netherlands), Sint Antonius Hospital (Nieuwegein, Netherlands) and 
University Medical Center Hamburg-Eppendorf (Hamburg, Germany) (Figure 1).

Staging ER was performed prior to randomization in 30 of 55 patients. Eight patients 
were not eligible for study for the following reasons: non-lifting of the lesion (n=2), no 
residual IM after ER (n=2), lymphatic tumor invasion in the ER specimen (n=1), residual 
carcinoma after two ERs (n=1), tumor at the deep margin (n=1) and acute ER-related 
esophageal perforation (n=1). In two patients EUS-guided FNA of local lymph nodes was 
performed, and malignancy was excluded. Therefore, 47 of 55 screened patients fulfilled 
all study criteria after work-up and staging and were randomized to SRER (n=25) or RFA 
(n=22) (Figure 1). Baseline characteristics of patients in both groups were similar (Table 1). 
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Complete remission of neoplasia and IM 

CR-neoplasia was reached in all 25 patients (100%) after SRER and in 21 of 22 patients 
(96%) after ER/RFA (Figure 1, Table 2). CR-IM was achieved in 23 of 25 patients (92%) 
after SRER and 21 of 22 patients (96%) after ER/RFA (Figure 2-3).  

The single ER/RFA patient who failed to achieve CR-neoplasia and CR-IM underwent 
esophagectomy to treat persistent HGD. The choice for surgery over escape ER was due to 
the fact that previous ER made it impossible to perform additional ER. The surgical resection 
specimen showed residual HGD, while 20 lymph nodes were negative for malignancy. Two 
SRER patients failed to achieve CR-IM: one patient had a small rim of visible BE without 

Figure 1: Patient enrolment and outcomes of patients treated with stepwise radical endoscopic resection 
(SRER) or endoscopic resection (ER) followed by radiofrequency ablation (RFA). HGD=high-grade dysplasia, 
EC= early cancer, BE= Barrett’s esophagus, ER= endoscopic resection, SRER= stepwise radical endoscopic 
resection, ER= endoscopic resection, RFA= radiofrequency ablation, CR-N= complete response for 
neoplasia, CR-IM= complete response for intestinal metaplasia.
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successfully treated with ER
- 3 IM in the cardia during follow-up
- 2 did not reach CR - IM

SRER n=25

Screening phase

Treatment phase

Follow up phase-

HGD/EC in BE ≤5cm  
n=55

Not eligible
n=8  
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Table 1: Baseline patient characteristics.

SRER (n=25) ER+RFA (n=22) p-value

Male: female 21:04 19:03 1.00

Median age  (years) 68 (R 45-88) 69 (R 55-73) 0.97

Median BE (cm) C2M4  
(IQR C1-3; M2-5)

C2M4 
(IQR C1-3; M2-5)

C 0.99 M 0.89

Visible lesion prior to treatment 17/25 (68%) 18/22 (82%) 0.33

Lesion type  prior to treatment (Paris 
classification)23

0-IIa: 9  
0-IIa-c: 4 / 0-IIc: 1    
0-IIa+I: 2 / 0-Is: 1

0-IIa: 6
0-IIa-c: 9
0-IIa+I: 3    

-

Staging ER  prior randomization 10 12* 0.39

ER after randomization 15 6* 0.04

Worst diagnosis histology of biopsies or ER 
specimens 

13 EC / 12 HGD 15 EC/ 7 HGD 0.37

SRER= stepwise radical endoscopic resection, ER= endoscopic resection, RFA= radiofrequency ablation, 
R= range, BE= Barrett’s esophagus, C= length of circumferential BE, M= maximal BE length, IQR= 
interquartile range, EC= early cancer, HGD= high-grade dysplasia. *Of the 22 patients in the RFA arm, 
12 underwent a diagnostic ER for staging purposes and were then randomized to the RFA-arm, 6 other 
patients with visible lesions underwent ER after they were randomized to RFA. Four patients in the RFA-
arm did not show visible abnormalities and underwent RFA monotherapy.

Figure 2: Stepwise radical endoscopic resection (SRER) for Barrett’s esophagus (BE) containing early 
neoplasia: A: Lesion in BE (C<1M3); B: Lesion with narrow band imaging (NBI); C: ER in 3 pieces (T1m3 
adenocarcinoma); D: Healed resection wound; E: Remaining BE is removed with ER (4 pieces); F: Resection 
wound extending into the hiatal hernia; G: No visible residual BE and non-symptomatic esophageal 
narrowing due to scarring; H: Corresponding image (NBI); I: Normal gastroesophageal junction (NBI). 

dysplasia after 2 SRER sessions, but because of post-ER stricturing and poor healing after 
previous treatment no further treatment was performed, and one patient had persistent 
IM at the neo-Z-line without visible BE after two SRER sessions and RFA.
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Esophageal stenosis:

Symptomatic esophageal stenosis occurred in 22 of 25 (88%) SRER patients versus 
3 of 21 (14%) RFA patients (RR=6.2 (95%CI 2-18; p<0.001) (Table 2). All RFA patients 
who developed stenosis had undergone ER of relatively large lesions prior to RFA, with 
stenosis developing at the ER sites. In the SRER group, 5 stenoses were graded as severe 
complications; all other stenoses were graded as moderate complications. Most stenoses 
resolved upon balloon or bougie dilation, while 1 patient required incision therapy in 
addition to dilation. The median number of dilations was 4 (range 1-19, IQR 2-5) for 
post-SRER stenoses and 3 (range 1-4) for post-ER/RFA stenoses (p=0.39).

Acute complications (Table 2): There was one severe acute complication in the SRER 
arm: a perforation occurred during ER, which was treated non-surgically with a covered 
stent. After stent removal and healing, SRER treatment was continued. Additionally, in 
the SRER arm, 5 mild acute bleedings occurred and were treated endoscopically by hot 
biopsy forceps, adrenaline injection and/or clip placement. Acute complications in the ER/

Figure 3: Radiofrequency ablation (RFA) preceded by endoscopic resection (ER) for early neoplasia in a 
Barrett’s esophagus (BE) patient: A: Lesion in BE (C3M5); B: Lesion delineated by coagulation markers; C: 
ER in 4 pieces (T1m2 adenocarcinoma); D: Healed resection wound. E: Circumferential balloon-based RFA; 
F: Removal of coagulum between two ablation passes; G: Small remaining BE islands; H: Focal RFA of BE 
islands using the HALO90 catheter; I: Circumferential HALO90 ablation of the gastroesophageal junction; 
J/K: Complete removal of BE (NBI); K: Corresponding image; L: Normal gastroesophageal junction.
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RFA arm were mild and included 2 bleedings immediately after ER treated endoscopically 
with a clip and APC, and 1 superficial mucosal laceration during RFA that required no 
intervention, but prevented a second ablation pass.

Early complications: There was one bleeding in the SRER arm, graded as a ‘moderate’ 
complication, in a patient presenting with hematemesis within 24 hours after ER due to an 
arterial bleeding from the resection wound that was treated by placement of a clip. After 
blood transfusion (Hb level drop from 7 to 5.2mmol/L, 2 units of packed red blood cells 
(RBCs) transfused) the patient was discharged.

Late complications other then stenosis: There was one delayed bleeding after RFA, 
graded as a ‘moderate’ complication. This patient developed melena after re-initiating 
oral anticoagulation therapy (acenocoumarol) for atrial fibrillation two weeks after 
focal RFA. Upper endoscopy showed a visible vessel in the treatment area, which was 
injected with adrenaline (1:10,000) and coagulated using bipolar electrocoagulation. The 
patient underwent blood transfusion (baseline Hb level unknown, Hb level after bleeding 
5.7mmol/L, 2 units of packed RBCs transfused). 

Number of treatment sessions 

SRER-patients: For SRER, the MBM technique (n=12), ER-cap technique (n=8) or MBM and 
ER-cap (n=5) were used. In 7 patients, SRER was performed in a single session. A median 
of 5 (IQR 2-7) resections was performed per session. Per patient, a total median number 
of 10 (IQR 6-13) resection specimens were removed. In 3 SRER patients (3/25, 12%), APC 

Table 2: Outcome parameters and characteristics of endoscopic treatment.

SRER (n=25) ER+RFA (n=22) p-value

CR-neoplasia  25/25 (100%)
(95%CI 86-100%)

 21/22 (96%)
(95%CI 77-100%)

0.47
(95%CI of 4%: -4-13%)

CR-IM  23/25 (92%)
(95%CI 74-99%)

 21/22 (96%)
(95%CI 77-100%)

1.00
(95%CI of 4%: -2-10%)

Severe complications 6 (1 acute perforation, 
5 stenoses)

0 0.02

Moderate complications 18 (1 early bleeding, 
17 stenoses)

4 (1 late bleeding, 
3 stenoses

0.00

Mild complications 5 (5 acute bleedings) 3 (2 acute bleedings, 0.71

1 acute non-transmural 
laceration)

Sessions SRER / ER + RFA 
(median)

2 (IQR 1-3) 3 (IQR 3-4) 0.07

Escape treatment 8/25 (32%) 4/21 (19%) 0.50

Dilation sessions (median) 4 (R 1-19) 3 (R 1-4) 0.39

Total no therapeutic 
sessions (median)

6 (R 1-20, IQR 3-9) 3 (R 1-8, IQR 3-4) 0.00

SRER= stepwise radical endoscopic resection, ER= endoscopic resection, RFA= radiofrequency ablation, 
CR= complete response, CI= confidence interval, IM= intestinal metaplasia, IQR= interquartile range, R= 
range, no= number.
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was used to treat residual BE tissue bridges between resection wounds. Escape treatment 
to reach CR-neoplasia and CR-IM was required in 8 patients (8/25, 32%): RFA for residual 
BE because post-SRER scarring and stenosis impeded further ER (n=5); APC for residual BE 
because stricturing did not allow for passage of an ER-cap or HALO90-catheter (n=1) or 
APC for ablation of tiny islands <5mm (n=2). 

ER/RFA-patients: Prior to RFA 18/22 patients underwent ER of a visible lesion with the 
ER-cap technique (n=11), the MBM-technique (n=6) or the simple snare technique (n=1). 
Escape treatment to reach CR-neoplasia and CR-IM was performed in 4 patients (4/21, 
19%): hot biopsy forceps to remove a BE island (<2mm, n=2); ER for residual visible BE 
(n=1): histology showed no IM or dysplasia; and ER plus APC (n=1) for an elevated island 
of BE: histology showed a radically removed T1sm1 cancer. 

The median number of therapeutic sessions to achieve CR-neoplasia and CR-IM was not 
significantly different in both groups (SRER 2 (IQR 1-3) versus RFA 3 (IQR 3-4); p=0.07). 
However, due to stenosis requiring dilations, the total number of endoscopic interventions 
patient was significantly higher in SRER (6 (IQR 3-9) versus 3 (IQR 3-4); p<0.001). The 
median duration of the treatment period was not significantly different between SRER 
and RFA (5 (IQR 3-13) versus 8 (IQR 5-10) months respectively; p=0.26).

Follow-up: persistence of CR-neoplasia and CR-IM

Median follow-up from initial treatment to March 2010 was 24 months (IQR 18-29) overall, 
and median follow-up from the final treatment session to March 2010 was 18 months 
(IQR 11-23), with a median of 3 (IQR 3-4) follow-up endoscopies for both groups (Table 
3). Forty-five patients (96%) remained under endoscopic follow-up. Two of 47 patients 

Table 3: Follow-up after endoscopic treatment.

SRER (n=25) ER+RFA (n=22) p-value

Lost to FU 0 0

Unrelated death 0 1 0.47

FU (months) 25 (IQR 19-29) 22 (IQR 17-30) 0.52 

FU from final treatment session (months) 20 (IQR 11-24) 15 (IQR 11-22) 0.27

Follow-up endoscopies 3 (IQR 3-4) 3 (IQR 3-4) 0.48

Biopsies from neosquamous (median) 14 (IQR 11-22) 23 (IQR 16-28) 0.03

Biopsies from neo-Z-line (median) 12 (IQR 10-15) 15 (IQR 11-18) 0.06

Recurrent neoplasia 1 (4%) 0 1.00

Visible BE 0 0

Repeated IM including at the last FU 
endoscopy

3 2 1.00

Single finding of focal IM at the neo-Z-
line, not reproduced during FU

2 2 1.00

Single finding of buried Barrett’s glands, 
not reproduced during FU

2 0 0.49

IM at any time point during FU (total) 7 4 0.51

SRER= stepwise radical endoscopic resection, ER= endoscopic resection, RFA= radiofrequency ablation, 
FU= follow-up, IQR= interquartile range, Z-line= squamocolumnar juction, BE= Barrett’s esophagus, IM= 
intestinal metaplasia

96



Stepwise radical endoscopic resection versus RFA

5

were not available for endoscopic follow-up: one ER/RFA patient failed CR-neoplasia and 
underwent surgery; another ER/RFA patient died 4 months after reaching CR-neoplasia 
and CR-IM due to myocardial infarction (unrelated death).

In the SRER group, one patient (4%) was diagnosed with cancer at the neo-Z-line 
16 months after SRER and was treated with ER. The resection specimen showed T1m3 
carcinoma. Follow-up endoscopy after 4 months revealed no dysplasia or cancer. In the 
ER/RFA group, no recurrence of neoplasia was observed during follow-up. 

None of the patients who reached CR-IM during the treatment phase showed 
endoscopic signs of recurrence of BE on any follow-up endoscopy. At the last follow-
up endoscopy, histological signs of IM were found in 3 SRER and 2 RFA patients: all 
had repeated findings of IM at the neo-Z-line and were considered failures for CR-IM 
at the last follow-up endoscopy (p=1.00). Six other patients had a focal IM in a single 
biopsy during a single follow-up endoscopy without being reproduced at subsequent 
endoscopies, including 4 SRER patients (2 focal IM at the neo-Z-line, 2 buried BE glands in 
neosquamous biopsies) and 2 RFA patients (focal IM at the neo-Z-line). These 6 patients 
were not considered as failures for CR-IM at the last follow-up endoscopy.

DISCUSSION

This multicenter randomized trial showed that in patients with BE ≤5cm containing HGD 
or early cancer, both SRER and focal ER-plus-RFA are highly effective with high rates of 
CR-neoplasia and CR-IM. After a median follow-up of 24 months after initial treatment, 
recurrences of neoplasia or BE were rare for both groups. Regarding safety, SRER and RFA 
resulted in comparably low rates of acute complications, but SRER carried a significantly 
higher risk for the late complication of esophageal stenosis, resulting in more procedures 
per patient in the SRER group due to dilation sessions. In addition, significantly more 
complications were graded as ‘severe’ in the SRER-arm (1 perforation and 5 stenoses) with 
no severe complications in the ER/RFA-arm.

The most important finding of the study is a significantly higher stenosis rate of 88% 
in SRER compared to 14% after ER/RFA. Although all SRER stenoses were effectively 
treated with dilation, 5 of 22 SRER-stenoses were quite resistant to therapy (>5 dilatations 
and need for combination therapy). In addition, dilation of these stenoses may cause 
significant complications as illustrated by a recent multicenter SRER study that reported 2 
perforations after dilation for a SRER-induced stenosis.31 More importantly, treatment of 
SRER-induced stenoses doubled the total number of endoscopic procedures in the SRER 
group compared to the ER/RFA group. In the ER/RFA group, the three patients with 
stenosis all had undergone widespread ER prior to RFA to remove all visible lesions. Studies 
of patients treated with RFA, not preceded by ER, have reported stenosis rates ≤6%.18,32 
This suggests that ER, not RFA, was the primary cause of stenosis in these patients. 

Esophageal stenosis is a recognized complication of SRER of BE, varying from 2 to 
56%.10-15,33 Compared to other series, the 88% stenosis rate after SRER in our study is 
quite high. An explanation may be that the three study centers prospectively screened all 
patients with BE ≤5cm with HGD/EC and offered participation to all eligible patients. In 

97



Chapter 5

contrast, other retrospective series may have included less complicated cases, e.g. with 
a shorter BE segment or BE mainly consisting of tongues. It has been shown that the 
stenosis rate after SRER increases with the length of the BE.33,34 We assume that our 
patient population had a relatively long circumferential extent (median C2M4, IQR C1-3, 
M2-5) which may account for the relatively high stenosis rate. Our rigorous follow-up in 
this prospective study may also have contributed to the observed stenosis rate, with all 
stenoses and dilations being fully recognized and transparently reported.

Although no significant differences were found in eradication rates of neoplasia and 
IM, we can not conclude that SRER and ER/RFA are equally effective: the current study 
was powered to evaluate the difference in symptomatic stenosis rate between both 
treatment modalities, based on previous experience of the study centers. Uncontrolled 
studies have reported success rates for CR-neoplasia of SRER and ER/RFA varying between 
88-100%.10-12,14-19,35 If a difference of more than 10% in CR-neoplasia for one of both 
treatment modalities would be clinically relevant and assuming a 90% success rate for 
both treatment modalities, 155 patients would have been necessary in each treatment 
arm to be able to prove equivalence or non-equivalence. Given the relative rareness of 
HGD/EC in BE this is an unrealistic number of patients for a randomized study in this field. 
In addition, it is debatable whether it would be ethical or clinically relevant to perform 
such a study, knowing that combined ER and RFA has an excellent success rate with a low 
risk for symptomatic stenosis.

In our study there was one recurrent carcinoma (4%) in the SRER arm, located at the 
neo-Z-line of a patient that had focal IM detected at this site at a previous follow-up 
endoscopy. This is in agreement with a recent multicenter SRER study of 169 patients in 
which all recurrences of HGD/EC (2%) were located at the neo-Z-line.33 This suggests 
that IM in the Z-line after SRER may be a relevant finding, and may predict recurrence of 
neoplasia. On the other hand, our patients underwent extensive biopsy sampling during 
follow-up (median 12 biopsies obtained from the neo-Z-line per patient). Mostly, focal IM 
was observed in a single biopsy during a single endoscopy and not reproduced during 
subsequent endoscopies. Studies have shown that IM of the cardia can be detected in 
biopsies of 25% of the normal population, and these studies generally obtained less 
biopsies than were obtained during follow-up in our patients.36 More data are therefore 
needed to address the relevance of IM distal to the Z-line.

There are two additional arguments in favor of a strategy of focal ER followed by RFA 
rather than SRER for the complete removal of BE. First, we studied only those patients 
with BE≤5cm. If we had studied longer segments, it is possible that the SRER group would 
have encountered further complications and failures. In contrast, recent data have shown 
that RFA is also effective and safe in longer segment BE, even in patients with BE≥10cm.37 
Secondly, combination treatment of ER and RFA is technically less demanding than SRER. 

Our study protocol allowed for escape treatment to achieve complete BE eradication 
after SRER or ER/RFA. Since RFA does not result in significant scarring of the esophagus 
escape ER after RFA has been incorporated in the treatment algorithm in other 
studies.16,17,19 Accordingly, in other SRER studies, ablation therapy has been used to treat 
small areas of residual BE that can not be resected due to scarring after previous ERs. 
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10,12,14,33 Although it can be argued that escape treatment may influence the results, 
we feel that comparing SRER and ER/RFA inclusive of escape treatment in both treatment 
arms makes our results better translatable to clinical practice.

A limitation of this study concerns its external validity: treatment was carried out 
in centers with a tertiary referral function for endoscopic treatment of early Barrett’s 
neoplasia. Hence, patients were treated by highly experienced endoscopists in SRER 
and RFA treatment. The outcomes of our study may therefore not apply to the general 
practice. However, because of the low incidence of early Barrett’s neoplasia in the general 
population, it is desirable to centralize care for these patients in well-trained expert centers.

In summary, this randomized multicenter trial showed that SRER and focal ER plus 
RFA are highly effective in the treatment of patients with BE≤5cm containing early 
neoplasia. SRER, however, resulted in a significantly higher stenosis rate than ER/RFA, 
and consequently required a higher number of therapeutic sessions due to dilations. 
Therefore, for patients with BE containing early neoplasia, a combined approach of focal 
ER for visible lesions followed by RFA for complete eradication of the remaining BE may 
be preferred.
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ABSTRACT

Background: Radiofrequency ablation (RFA) is safe and effective for eradicating Barrett’s 
esophagus (BE) and BE associated early neoplasia. Most RFA studies have limited the 
baseline length of BE (<10cm) and therefore little is known about RFA for longer BE. 

Objective: To assess safety and efficacy of RFA with or without prior endoscopic resection 
(ER) for BE ≥10cm containing neoplasia. 

Design: Prospective trial. 

Patients: Consecutive patients with BE ≥10cm with early neoplasia. Interventions: Focal 
ER for visible abnormalities, followed by a maximum of 2 circumferential and 3 focal RFA 
procedures every 2-3 months until complete remission. 

Main outcome measurements: Complete remission, defined as endoscopic resolution 
of BE and no intestinal metaplasia (CR-IM) or neoplasia (CR-neoplasia) in biopsies. 

Results: Of the 26 patients included, 18 underwent ER for visible abnormalities prior to 
RFA. The ER specimen showed early cancer in 11, high-grade intraepithelial neoplasia 
(HGIN) in 6 and low-grade intraepithelial neoplasia (LGIN) in 1. The worst residual 
histology, pre-RFA and after any ER, was HGIN in 16 and LGIN in 10 patients. CR-neoplasia 
and CR-IM was achieved in 83% (95%CI 63-95%) and 79% (95%CI 58-93%) respectively. 
None of the patients showed ‘fatal’ or ‘severe’ complications, 15% (95%CI 4-35%) 
showed ‘moderate’ complications. During a mean follow-up of 29 (±9.1) months no 
neoplasia recurred. 

Limitations: Tertiary center, short follow-up. 

Conclusions: ER for visible abnormalities followed by RFA of residual BE is a safe and 
effective treatment for BE ≥10cm containing neoplasia with a low chance of recurrence of 
neoplasia or BE during follow-up.
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INTRODUCTION

Barrett’s esophagus (BE) is a pre-malignant condition characterized by the presence of a 
columnar lined distal esophagus containing intestinal metaplasia (IM) upon biopsy.1 BE 
is caused by chronic gastroesophageal reflux and found in 8% of patients undergoing 
endoscopy for reflux symptoms.2 BE can undergo a multi-step transition from low-grade 
intraepithelial neoplasia (LGIN) to high-grade intraepithelial neoplasia (HGIN) to 
invasive adenocarcinoma.3 HGIN and mucosal cancer in BE have a low risk of lymph 
node metastases and can therefore be treated endoscopically by endoscopic resection 
techniques, endoscopic ablative techniques, or a combination thereof. Endoscopic 
resection techniques allow for histological evaluation of the resected specimen which is 
the only reliable way to exclude patients with submucosal invading cancers from further 
endoscopic treatment.4 After focal removal of endoscopically visible abnormalities, the 
remaining BE generally contains residual HGIN or LGIN and recurrences occur in 19-30% 
of cases.5-7 Therefore, ablation of the remaining BE has been advocated and recent 
studies suggest that this reduces the chances of recurrent neoplasia elsewhere in the BE 
during follow-up.7

Radiofrequency ablation (RFA) is one of the most promising ablative techniques for 
BE. The technique uses a bipolar electrode that is available as a balloon based device for 
primary circumferential ablation or as a cap based device that can be mounted on the tip 
of the endoscope for focal ablation.

RFA has been proven to be safe and effective for the removal of IM and neoplasia 
in BE in a wide range of clinical studies including 2 randomized trials.8-15 In addition, 
studies have shown that the regenerated neosquamous epithelium after RFA is free of 
the oncogenetic abnormalities as present in the BE prior to RFA and that subsquamous 
foci of IM (a.k.a. buried Barrett’s) are rare.16 Furthermore, RFA preserves the diameter, 
compliance and motility of the esophagus and is associated with a low rate of stenosis.17 

From other endoscopic therapies it is known that safety and efficacy may depend 
on the length of the Barrett’s segments treated: after radical mucosectomy and after 
photodynamic therapy (PDT), stenosis rates for example increase with the BE length 
treated.18,19 In addition, also the rate of complete removal of the whole Barrett’s segment 
is found to decrease with the length of the BE.20 For these reasons endoscopic therapy 
is thought to be more difficult in longer Barrett’s segments. Most studies on the use of 
ablation techniques for BE have therefore restricted the baseline BE length to less than 
10cm.

The aim of this study, therefore, was to assess the safety and efficacy of RFA with or 
without prior ER for BE of ≥10cm containing early neoplasia.
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METHODS

Patient selection

Patients were consecutively included from January 2006 till November 2008. They were 
treated at two tertiary referral centers in the Netherlands: the Academic Medical Center in 
Amsterdam and the Sint Antonius hospital in Nieuwegein.

Patients were eligible if they met all the following inclusion criteria: age ≥18 year; 
maximum BE length ≥10cm; presence of LGIN, HGIN or early cancer (EC) (defined as 
≤T1sm1 infiltration with good or moderate differentiation and no lymphatic/vascular 
invasive growth) confirmed by study pathologist (FTK, MV or CS) at two endoscopic 
procedures; no signs of metastasis on endoscopic ultrasound (in case of HGIN and EC) or 
CT-scan (in case of EC). Patients were excluded if they had any of the following exclusion 
criteria: previous treatment with PDT or argon plasma coagulation (APC); prior ER larger 
than 3cm in length or extending over more than 50% of the circumference; ER specimen 
showing cancer at the vertical (deep) resection margin, >T1sm1 invasion, poor tumor 
differentiation, or lymphatic/vascular invasive growth; persistent visible abnormalities 
after ER or invasive cancer in mapping biopsies (post-ER) prior to RFA.

The current study enrolled some patients who were included in other published or 
ongoing trials from our group as well as patients who were treated outside of these 
trials, mainly because of the length of their BE (Table 1). Patients who were not previously 
consented as part of prior IRB-approved trials provided informed consent for participation 
in this study. 

Endoscopic work-up prior to RFA

Patients underwent two high-resolution endoscopies of the BE with biopsies from 
all visible abnormalities (i.e. any nodule, flat lesion or mucosal irregularity, no matter 
how subtle) and random 4 quadrant biopsies every 2cm. All lesions suspicious for EC 
were endoscopically resected, to remove and stage these lesions prior to RFA. ER was 
performed under conscious sedation as an out-patient procedure either with the ER-cap 
technique (after submucosal lifting), or the multi-band mucosectomy (MBM) technique. 
Depending on the size, lesions were resected en-bloc or in multiple pieces (piecemeal 
procedure). All resected specimens were retrieved, pinned down on paraffin with the 

Table 1. Patients of current study participating in other trials

Study Design Baseline 
pathology

BE inclusion 
length

Number of pts BE 
≥10cm included 

in this study

AMC-II9 Single center prospective study HGIN/EC 2-10cm 2

EURO-I12 Multi center prospective study HGIN/EC ≤ 12cm 8

EURO-II* Multi center prospective study HGIN/EC ≤ 12cm 5

SURF* Multi center randomized controlled trial LGIN No restrictions 4

None Prospective registration HGIN/EC No restrictions 7

HGIN  high-grade intraepithelial neoplasia; EC early cancer; LGIN  low-grade intraepithelial neoplasia; BE 
Barrett’s esophagus. * Ongoing trails
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mucosal side up, and fixed in formalin for histological evaluation. No attempts were made 
to reconstruct the piecemeal resections. 

After ER the residual BE was mapped twice to exclude residual lesions and residual 
cancer in the flat mucosa.

RFA system and endoscopic procedure

The RFA system and endoscopic procedure have been described previously.9-12 In short, 
RFA procedures were performed as out-patient procedures under conscious sedation 
with midazolam and fentanyl or pethidine. Patients were discharged after 2-4 hours of 
observation.

Circumferential RFA was performed with the balloon based HALO360 system (BÂRRX 
Medical Inc., Sunnyvale, California, USA). The BE was ablated at 12J/cm2 under endoscopic 
control. Two ablation passes of the BE were performed with cleaning of the ablation after 
the first pass. 

Focal RFA was performed with the cap based HALO90 system (BÂRRX Medical Inc., 
Sunnyvale, California, USA) for treatment of residual BE after circumferential RFA. Areas 
were ablated twice using the “double-double” 15J/cm2 regimen (i.e. two ablation passes 
consisting of two consecutive ablations with 15J/cm2 each, with cleaning of the ablated 
area after the first pass), which is in accordance to our initial experience with the focal 
ablation device and all our published and ongoing studies.9-12 In all focal RFA sessions 
the area of the neosquamocolumnar junction at the upper end of the gastric folds was 
ablated, irrespective of its endoscopic appearance.

After each RFA procedure patients were treated for a period of 2 weeks with ranitidine 
300mg at bedtime and 5 ml sulcralfate suspension (200mg/ml) qid in addition to the 
maintenance medication of esomeprazole 40 mg bid.

Treatment protocol and follow-up  

In case of prior ER, the first circumferential RFA of the whole Barrett’s segment was 
performed at least 6 weeks after ER. Subsequent RFA sessions were scheduled every 
2-3 months until complete eradication of all visible BE was achieved. Patients underwent 
a maximum of 2 circumferential and 3 focal ablations. In case of residual BE after the 
maximum number of RFA sessions an ER was performed as “escape” procedure (Figure 1). 
Once complete remission of all visible BE was achieved and complete histological clearance 
of dysplasia and IM was documented (or 2-3 months after the “escape” procedure), 
patients were followed with high resolution endoscopies with narrow-band imaging at 3, 
6 and 12 months and annually thereafter. At these follow-up endoscopies four quadrant 
biopsies were obtained immediately distal (<5mm) to the neosquamocolumnar junction 
and from the neosquamous epithelium at 2cm intervals.

Histology

All ER specimens and biopsies were routinely processed and stained with hematoxylin 
and eosin and assessed by two study pathologist (FTK, MV or CS).4 The ER specimens 
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and biopsies were evaluated for presence of neoplasia and cancer according to the WHO 
classification.21 In the case of cancer in the ER specimens, tumor infiltration depth, tumor 
differentiation grade, presence of lymphatic/vascular invasive growth and radicality of the 
vertical resection margins were documented. Biopsies of the neosquamous epithelium 
were also evaluated for the presence of subsquamous foci of IM. 

Outcome parameters

Primary endpoints were:
1. Complete removal of neoplasia (CR-neoplasia), defined as absence of LGIN, HGIN and 

EC from all biopsies obtained during the first follow-up endoscopy.
2. Complete removal of intestinal metaplasia (CR-IM), defined as endoscopic resolution 

of all BE and no evidence of IM in any of the biopsies obtained during the first follow-
up endoscopy (including the biopsies from the neosquamocolumnar junction and 
from the neosquamous mucosa).

Secondary endpoints were:
1. Recurrence of neoplasia during follow-up.
2. Recurrence of BE during follow-up (either endoscopic or histological).
3. Complication rate of ER and RFA. 

EC/HGIN/LGIN in BE

ER of any visible lesion

Primary HALO360 ablation

HALO 360/90 ablation 
every 2 -3 months

maximum 2x HALO360
maximum 3x HALO90

Residual BE epithelium?

Endoscopic follow-up 
with NBI and 4Q/2cm biopsies

Escape ER 

Yes

No

TREATMENT PHASE

FOLLOW-UP PHASE

Figure 1: Flow-chart of treatment 
protocol. EC early cancer; HGIN 
high-grade intraepithelial neoplasia; 
LGIN low-grade intraepithelial 
neoplasia; BE Barrett’s esophagus; ER 
endoscopic resection; NBI narrow-band 
imaging; Q quadrant.
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Severity of the complications was graded as follows: ‘mild’ (unplanned hospital admission, 
hospitalization ≤3 days, clinical significant bleeding with haemoglobin drop <3g and no 
need for transfusion), ‘moderate’ (4-10 days hospitalization, ≤4 units blood transfusion, 
need for repeat endoscopic intervention, radiologic intervention), ‘severe’ (hospitalization 
>10 days, ICU admission, need for surgery, >4 units blood transfusion, in the case of 
stenosis: >5 endoscopic dilatations, stent placement or incision therapy) or ‘fatal’ (death 
attributable to procedure <30 days or longer with continuous hospitalization).22

Statistics

Statistical analysis was performed with a statistical software package (Statistical 
Package for the Social Sciences 14.0.2; SPSS Inc, Chicago, IL, USA).  Data with a normal 
distribution were described with the mean and standard deviation whereas data with 
a skewed distribution were described by the median and interquartile ranges (IQR) or 
ranges. Confidence intervals of the proportions were calculated with the Confidence 
Interval Analysis package.23

RESULTS

Patients 

Between January 2006 and October 2008 26 consecutive patients (21 males, mean age 
66±10.6 years) were included in this study. Patient characteristics are described in Table 2. 
Median BE length was C9M11 (IQR C8-10, M10-12). None of the patients showed signs of 
active reflux disease, yet thirteen patients (50%) were found to have a reflux stenosis at 
the proximal end of their Barrett’s segment. These stenoses were generally asymptomatic 
and allowed passage of the therapeutic endoscopes. In 3 patients, however, endoscopic 

Table 2. Patient characteristics.

Patients n= 26

Age 66 years (±10.6)

Gender Male 21

Female 5

Barrett’s length C 9cm (range 6-19)

M 11cm (range 10-20)

Overall worst histology EC 11

HGIN 11

LGIN 4

ER prior to RFA Yes 18

No 8

Histology flat mucosa HGIN 16

prior to RFA LGIN 10

C circumferential extent; M maximum extent; EC early cancer; HGIN high-grade intraepithelial neoplasia; 
LGIN low-grade intraepithelial neoplasia; ER endoscopic resection; RFA radio-frequency ablation.
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bougienage of the reflux stenosis was required prior to treatment to facilitate the 
introduction of an ER cap and RFA catheters.

Eighteen patients underwent an ER of visible abnormalities prior to RFA. The ER cap 
technique was used in 5 and MBM in 13 patients. 

The ER specimens showed early cancer in 11 patients (intramucosal (n=10) sm1 (n=1), 
all with good or moderate differentiation and no lymphatic/vascular invasive growth), 
HGIN in 6 patients, and LGIN in 1. Prior to RFA, and after ER if applicable, all patients had 
flat mucosa without visible abnormalities with random mapping biopsies showing HGIN 
in 16 and LGIN in 10 patients.

Primary outcomes: eradication of early cancer, neoplasia and intestinal 
metaplasia

In 2 patients (8%), the treatment protocol was discontinued due to unrelated 
co-morbidity (psychiatric disorder and lung cancer). In both, at the last endoscopy before 

Figure 2: Enrollment and outcomes. Pts patients; BE Barrett’s esophagus; EC early cancer; HGIN 
high-grade intraepithelial neoplasia; LGIN low-grade intraepithelial neoplasia; ER endoscopic resection; 
RFA radiofrequency ablation; CR-neoplasia complete removal of neoplasia; CR-IM complete removal of 
endoscopically visible BE and histological intestinal metaplasia; IM intestinal metaplasia; FU follow-up.

18 ER prior to RFA:
11 EC
6 HGIN
1 LGIN

Mapping biopsies:
16 HGIN
10 LGIN

Recurrences:
Neoplasia 0/20
Endoscopic BE 2/19

1 island removed with ER 
1 island removed with APC

Histological IM: 3/19
3 focal IM not reproduced during FU

2 discontinued due to unrelated reason
(99% endoscopic BE regression) 

4 failed due to poor healing and no 
surface regeneration
(no CR -neoplasia and no CR

24 pts adhered to 
RFA treatment protocol

20 pts finished
RFA treatment protocol

(intention- to- follow)

20 pts CR -neoplasia
19 pts CR - IM

TREATMENT PHASE

FOLLOW -UP PHASE

26 pts BE ≥ 10cm 
EC/HGIN/LGIN included

29 months ( ± 9.1)

20 pts CR
19 pts CR -

18 ER prior to RFA:
11 EC
6 HGIN
1 LGIN

Mapping biopsies:
16 HGIN
10 LGIN

Recurrences:
Neoplasia 0/20
Endoscopic BE 2/19

1 island removed with ER 
1 island removed with APC

Histological IM: 3/19
3 focal IM not reproduced during FU

2 discontinued due to unrelated reason
(99% endoscopic BE regression) 

4 failed due to poor healing and no 
surface regeneration
(no CR - - IM)

20 pts finished
RFA treatment protocol

(intention-to - follow)

20 pts CR -neoplasia
19 pts CR-IM

TREATMENT PHASE

FOLLOW-UP PHASE
29 months (±9.1)

-
-

26 pts BE ≥10cm 
EC/HGIN/LGIN included

24 pts adhered to 
RFA treatment protocol

20 pts CR-neoplasia (83%)
19 pts CR -IM (79%)
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discontinuation, endoscopic regression of BE was 99% without histological information 
available. These patients were excluded from analysis of the primary endpoints.

Complete histological eradication of neoplasia, CR-neoplasia, was achieved in 20 of the 
24 patients: 83% (95%CI 63-95%). Complete endoscopic and histological eradication of 
IM, CR-IM, was achieved in 19 of the 24 patients, 79% (95%CI 58-93%) (Figure 2 and 3).

In 4 patients (15% [95%CI 4-35 %]), the RFA treatment was discontinued after 1-3 
sessions because of a poor healing and no or almost no regeneration of neosquamous 
mucosa (Figure 4). These patients were therefore considered as failures for the primary 
endpoints of the study (CR-neoplasia and CR-IM). 

Patients achieved CR-neoplasia and CR-IM after a median of 1 (IQR 1-2) circumferential 
and 2 (IQR 1-3) focal ablations. Three patients underwent an escape ER for persisting 
Barrett’s islands after the maximum RFA treatments. Another two patients were treated 
with APC after RFA: in one patient for a small persisting BE island (1x2mm) which in the 
opinion of the endoscopist did not justify ER; in the other patient APC was performed for 
small (<5mm) remaining Barrett’s islands after 2 circumferential RFA sessions, because the 
focal RFA catheter could not pass the reflux stenosis despite dilatation. 

Two patients underwent a diagnostic ER during the treatment protocol of slightly 
elevated Barrett’s islands in order to avoid performing RFA on possibly invading cancers 
(thus not to supplement the efficacy of RFA).  Histology of both ER specimens showed 
only LGIN.

Figure 3: Barrett’s esophagus with C7M10 length treated with endoscopic resection for mucosal cancer 
and radiofrequency ablation for the remaining Barrett’s segment resulting in complete eradication of 
neoplasia and intestinal metaplasia. A, B, C and D: Barrett’s esophagus before any treatment. E, F, G and 
H: complete removal of the whole Barrett’s segment after endoscopic resection and 3 ablation sessions. I, 
J, K and L: corresponding images with narrow-band imaging.
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Secondary outcome: complications after ER and RFA

No ‘fatal’ or ‘severe’ complications occurred. Four patients (15% [95%CI 4-35%]) developed 
complications after ER or RFA, which were graded as ‘moderate’. One patient developed a 
delayed bleeding 6 days after ER. This patient received blood transfusion and was treated 
successfully with endoscopic hemostatic therapy (adrenaline injection, bipolar probe 
coagulation and clip placement). Two patients had an unplanned admission: one patient 
was admitted for observation after a superficial laceration which showed no transmural 
leakage on the swallowing contrast examination, this 80 year old patient, however, became 
deliriant and as a result the admission was prolonged; another patient was admitted 3 
days after the RFA procedure because of pain, nausea and vomiting that resolved with 
conservative treatment. Since both admissions were >4 days these complications were 
graded as ‘moderate’. The fourth patient with a ‘moderate’ complication had a relative 
stenosis after ER and developed symptoms of dysphagia after RFA, which resolved after 2 
dilatations.

Figure 4: Barrett’s esophagus with C10M11 length treated with endoscopic resection for a mucosal 
cancer and radiofrequency ablation for the remaining Barrett’s segment. Radiofrequency ablation failed 
to remove the Barrett’s segment. A, B and C: Barrett’s esophagus after endoscopic resection and before 
ablation. D, E and F: 3 months after the first ablation the esophagus had not completely healed with 
only limited regression into neosquamous mucosa. A second circumferential ablation was performed at 
a later stage G, H and I: again no significant visible response was seen after the second ablation. As a 
consequence ablations were stopped.
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In 7 patients (27% [95%CI 12-48%]) a superficial laceration was observed during 
the circumferential ablation procedure. Six of these superficial lacerations remained 
asymptomatic, did not require intervention, and were therefore not considered to be a 
complication. However, one patient was admitted for observation (see above), since this 
was the first laceration we observed during our RFA experience. This patient, again, did 
not experience symptoms attributable to the laceration. Lacerations were located either 
at the level of the reflux stenosis (n=4) or at the level of the ER scar (n=3). In 4 of the 7 
patients the laceration was noted after the first circumferential ablation pass and the 
second pass was either therefore not performed (n=1), modified by choosing a balloon 
with a smaller diameter (n=1), or by skipping the zone comprising the laceration during 
the second RFA pass (n=2). All patients were able to continue the RFA according to the 
protocol 2-3 months later.

Secondary outcome: follow-up

Patients that achieved CR-neoplasia and CR-IM were followed up for a mean duration of 
29±9.1 months (21±11.7 months since last treatment session). None of the 20 patients 
developed neoplasia during follow-up, thus 100% (95%CI 82-100%) continued to be 
CR-neoplasia.

Two patients showed a small island of BE during follow-up. One patient showed a 
3mm island 6 months after treatment located at the upper part of the initial Barrett’s 
segment immediately distal to a reflux stenosis that was likely to be overlooked initially. 
After removing this island with ER, this patient stayed CR-IM. Another patient showed a 
1mm island 18 months after treatment located near the z-line and the island was treated 
with APC. 

Focal IM below the neosquamocolumnar junction was found in 3 patients in a single 
biopsy obtained during follow-up. This finding was not reproduced in 33 follow-up 
biopsies obtained at the neosquamocolumnar junction in 6 procedures.

Of the 1,272 biopsies taken from neosquamous epithelium only 1 biopsy (2cm proximal 
to the neosquamocolumnar junction) showed focal subsquamous IM without neoplasia.

DISCUSSION

In this study 83% of the patients with a BE≥10cm containing early neoplasia were 
effectively treated by RFA preceded by ER for visible abnormalities when present. The 
treatment not only resulted in complete removal of all neoplasia but also in complete 
endoscopic and histological removal of the whole Barrett’s segments. There were no 
severe complications and remarkably these results were achieved using an apparently 
similar number of treatments as for BE<10cm.8-13,15

 Our data are in accordance with the reported rates of complete remission of neoplasia 
and IM by Shaheen et al., even though longer Barrett’s segments were treated in our 
study.13 However, in contrast to the study of Shaheen et al. our treatment protocol 
permitted 2 instead of 1 circumferential ablations as well as an escape treatment with ER 
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after the maximum number of RFA treatments in the case of residual endoscopic BE. Thus 
our study shows similar complete remission rates of neoplasia and IM but with a more 
extensive treatment protocol. Compared to previous RFA studies from our own group in 
which we used the same protocol, the remission rates for BE ≥10cm were lower and did 
not reach the 95-100% complete remission of neoplasia and IM.9-12,15 This difference in 
remission rate was caused by 4 patients in whom we decided to discontinue treatment 
because of poor healing and no visible regression in the surface area of BE despite of 
medication compliance and increased esomeprazole dosage (80mg BID). We hypothesize 
that this reflects the severity of the underlying reflux disease in this selected group of BE 
patients. Nevertheless in the remaining patients, complete remission of neoplasia and 
IM was achieved with a median of 3 RFA treatments, which is similar to the 3-4 RFA 
treatments that have been reported for shorter Barrett’s segments.9-13,15

During treatment of our patients we encountered several technical challenges that 
have not been reported in patients with shorter BE. First, half of the patients were found 
to have a relative reflux stenosis at the upper end of the BE. In some patients, prior 
dilatation of this stenosis was required to allow introduction of ER-cap and RFA catheters. 
In addition, reflux stenoses may have led to a conservative selection of the ablation 
balloon-catheter diameter. In theory, a conservative balloon choice may result in less 
contact between the electrode and the mucosa in the wider distal part of the esophagus, 
therefore resulting in a suboptimal treatment. A second difficulty encountered during 
RFA treatment of BE ≥10cm were non-transmural lacerations that were seen in 27% of 
the patients after circumferential ablation occurring at the reflux stenosis or previous 
ER site (i.e. the narrowest part of the esophagus). These lacerations were, however, 
asymptomatic and did not require intervention. When a laceration was noticed after the 
first pass, further RFA was modified or stopped during that session to prevent deeper 
laceration and further ablation of the deeper layers. Nevertheless, lacerations did not 
impede subsequent treatment 2-3 months later. 

Only one patient (4%), who underwent previous ER, developed symptoms of dysphagia 
after RFA that resolved after two dilatations. Dysphagia was rare after RFA, unlike after 
other endoscopic treatment modalities, such as radical endoscopic resection and PDT 
which despite the fact that they are generally applied in shorter BE are associated with 
stenosis in more than 25% of the patients.15,18,19

During follow-up, three patients were found to have focal IM below the neosquamo-
columnar junction. IM was, however, only found in a single biopsy during one follow-up 
endoscopy and it was not reproduced during subsequent follow-up endoscopies. It might 
be that IM in this region is a physiological finding as others have reported that approximately 
25% of the normal population shows IM in the biopsies of the cardia.24,25 On the 
other hand we can not completely exclude it to be remnants of persisting IM not found 
previously due to sampling error, or even being the start of more widespread new-onset 
intestinal metaplasia. Further follow-up is needed to elucidate the relevance of IM in the 
neo-z-line.

This study has some limitations that need to be addressed. First, it was performed 
in tertiary referral centers. Endoscopies were performed by experienced endoscopists in 
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the field of BE imaging and therapy and pathology was reviewed in consensus by expert 
gastro-intestinal pathologists. Second, the patients in this study are a highly selected group 
not frequently seen in common practice. The results may therefore not be generalized to 
centers with different set-up. Finally, the follow-up time is relatively short. Longer follow-
up is needed to show if the complete remission will be sustained in this selected group 
of patients with probably more severe reflux disease. Nevertheless, previous studies in 
this field have reported neoplasia recurrence rates of approximately 19-30% during a 
median follow-up of 1.5-5 years with most of the recurrences developing within the first 
15 months after treatment.5-7

In our opinion, the treatment of the patients with BE ≥10cm should be performed in 
centers with experience in imaging and therapy of BE. It is not only essential to recognize 
all subtle abnormalities that may harbor cancer in such a long BE, but the treatment itself is 
also technically more demanding due to the reflux stenoses and the ER scars. In addition, 
the number of patients with no or poor regeneration of neosquamous epithelium after 
RFA is relatively high. Further research is necessary to predict which patients will not 
respond adequately to RFA, as well as which mechanisms underlie this lack of response.

In conclusion, RFA of Barrett’s segments ≥10cm seems to be more challenging: 
ablations were stopped in 15% due to poor healing and no regression which probably 
reflects the severity of the reflux disease in this selected group of patients. Nevertheless, 
the vast majority of this complex group of Barrett’s patients reached complete removal 
of neoplasia and complete reversal of the Barrett’s segment without severe complications 
and with a similar number of treatment sessions as reported for patients with a shorter 
Barrett’s segments.
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Chapter 7

ABSTRACT

Background: Radiofrequency ablation (RFA) with or without prior endoscopic resection 
(ER) safely and effectively removes early neoplasia in Barrett’s esophagus. We speculated 
that this approach might also be suited for early squamous neoplasia of the esophagus 

Objective: to assess our initial experiences with RFA for high-grade intraepithelial 
neoplasia (HGIN) and esophageal squamous cell cancer (ESCC) limited to the mucosa. 

Design: Prospective case series. 

Setting: Tertiary center. Patients: Patients with ≥1 unstained lesion (USL) of the 
esophagus using Lugol’s chromoendoscopy and squamous HGIN/ESCC upon biopsy 
were included. 

Interventions: In case of non-flat USL’s, ER was performed for staging and to render 
the mucosa flat. After ER and subsequent circumferential RFA, chromoendoscopy was 
repeated every 3 months with focal RFA of residual USLs. Follow-up chromoendoscopy 
was repeated at 6 months and annually thereafter. Main 

Outcome measures: Complete histological response for any squamous intraepithelial 
neoplasia or ESCC (CR-neoplasia). 

Results: Thirteen patients (10HGIN/3ESCC) were included. After ER in 9 patients, the 
median extent of USLs was 4cm and 50% of circumference. All 13 patients achieved 
CR-neoplasia after a median of 2 RFA (IQR 1-3) sessions. RFA-related complications 
included 2 mucosal lacerations (at ER-scar) and 1 intramural hematoma, none requiring 
therapy. ER/RFA-related complications were 3 stenoses. Dilation resulted in perforation 
in 1 patient (managed with a covered stent). There were no recurrences (median follow-
up 17 months (IQR 11-22). LIMITATION: small case series. 

Conclusions: This study suggests that RFA with or without prior ER for esophageal 
squamous HGIN and mucosal ESCC is feasible and effective.
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INTRODUCTION

Esophageal squamous cell carcinoma (ESCC) is the sixth most common cancer worldwide, 
with a poor five-year survival rate of only 10-15%. The incidence of ESCC varies, with a 
relatively low incidence in Western Europe and the United States and a high incidence in 
China, Iran, and India.1,2

For squamous high-grade intraepithelial neoplasia (HGIN) and ESCC with a maximum 
infiltration depth of the lamina propria (T1m2), the risk for lymph node metastasis is less 
than 5%.3-6 Therefore, endoscopic eradication is a viable option with lower morbidity 
and mortality as opposed to esophagectomy in these patients.7-10 Lesions infiltrating into 
the muscularis mucosae (T1m3), or the superficial submucosa (T1sm1) are considered 
borderline lesions with a higher risk for lymph node metastasis, and the choice between 
endoscopic and surgical treatment should be considered for each of these patients 
individually. For ESCC infiltrating deep into the submucosa or beyond (≥T1sm2), surgical 
esophagectomy is indicated. Endoscopic resection (ER) is the cornerstone of endoscopic 
treatment since it effectively removes the lesion and provides a specimen for histological 
staging.11-14 

Squamous lesions >2-cm generally require piecemeal ER or endoscopic submucosal 
dissection (ESD) for complete removal.13-17 These procedures require a high level of 
endoscopic expertise, which is not widely available in many countries.18,19 In addition, 
piecemeal ER or ESD are associated with a risk for bleeding and perforation and when 
50-75% of the circumference is resected an esophageal stenosis will occur in the majority 
of patients.14,15,20 

Radiofrequency ablation (RFA) is a novel endoscopic ablation technique, which may 
overcome these disadvantages of widespread ER and ESD. RFA ensures a controlled 
superficial ablation of 0.5-1mm, thereby avoiding stenosis due to deep submucosal 
damage. Prior to RFA, focal non-flat lesions need to be removed to render the mucosa 
flat and suitable for RFA, but also to allow for histological staging of the lesion. Several 
studies have shown that RFA with or without prior ER of focal lesions is safe and highly 
effective in the management of patients with early neoplasia in Barrett’s esophagus (BE). 
Complete eradication of early neoplasia and residual dysplastic BE is achieved in 96-100% 
of patients, with a very low rate of esophageal stenosis (<5%).21-23

Initial dose-escalation studies in patients undergoing esophagectomy showed that 
RFA is feasible in the normal squamous mucosa.24,25 Thus far, clinical evidence on the 
efficacy of RFA for early squamous neoplasia is limited.26 Based on this limited experience 
in squamous disease and the excellent efficacy and safety profile of RFA in BE, and the 
extended experience with RFA for patients with early BE neoplasia of both study centers, 
we hypothesized that RFA might also be effective for early squamous neoplasia of the 
esophagus. The aim of this study was to report our initial experiences with RFA with or 
without prior ER for esophageal squamous HGIN and early mucosal ESCC.
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PATIENTS AND METHODS

Selection criteria 

Patients were included if they underwent RFA for esophageal early squamous neoplasia 
between March 2007 and December 2009 at two collaborating tertiary referral centers. 
All procedures relating to this collaboration were prospectively registered. Selection criteria 
were: 1) ≥1 unstained lesion (USL) in the esophagus upon high resolution endoscopy 
(HRE) with Lugol’s staining; 2) squamous HGIN or mucosal ESCC upon biopsy of ≥1 USLs; 
3) completely flat (type 0-IIb), slightly elevated (less than a single jaw of a biopsy forceps 
(1.2mm); type 0-IIa), or slightly depressed (less than half the height of a single jaw of a 
biopsy forceps; type 0-IIc) USLs, according to the Paris classification of the endoscopic 
appearance of early gastrointestinal neoplasia;27 4) in the case of a type 0-IIa/IIc lesion, ER 
≥8 weeks prior to RFA; 5) ER specimens demonstrating ≤T1m3, negative deep resection 
margins, G1-G2 tumor differentiation, no lymphatic/vascular invasive growth, and 6) 
≤T1m2 immediately prior to RFA 7) no metastasis on endoscopic ultrasonography (EUS) 
and computed tomography (CT) scanning of thorax and abdomen (in case of ESCC); and 
8) informed consent. 

Endoscopic work-up and staging

Patients underwent at least one HRE with Lugol’s staining (1-3%) and narrow band 
imaging (Olympus GIF-Q160, GIF-Q260FZ, GIF-H260Z, Olympus, Hamburg, Germany). 
Targeted biopsies were obtained of all visible abnormalities and USLs. The macroscopic 
type of lesions was classified according to the Paris classification.27 EUS was performed to 
exclude deep tumor infiltration and regional lymph node involvement. Suspicious lymph 
nodes were sampled by fine needle aspiration (FNA). Patients with ESCC also underwent 
a CT scan of thorax and abdomen.

Endoscopic resection

Patients with non-flat components of any USL (type 0-II-a or 0-II-c) underwent ER with 
the ER-cap technique or multiband mucosectomy (MBM) to render the mucosa flat for 
subsequent RFA, and to enable histological evaluation of the most suspicious part of the 
USL.28 For lesions with suspicion of submucosal invasion as deemed by the endoscopist, 
the ER-cap technique with submucosal lifting was preferred.29 Two months after ER, 
patients underwent HRE with Lugol’s staining and biopsies to determine eligibility for 
subsequent RFA.

Radiofrequency ablation

During HRE with Lugol’s staining immediately prior to RFA, the location and size of the USLs 
were registered. The area from 1cm proximal to 1cm distal to the USL-bearing segment 
of the esophagus was defined as the treatment area (TA) and marked with argon plasma 
coagulation or by taking 1-2 biopsies. RFA was performed using the HALO system (BÂRRX 
Medical, Sunnyvale, CA, USA). Primary RFA was performed with circumferential balloon-
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based RFA, however if the inner esophageal diameter was <18mm due to ER-scarring, 
or the USL was <2cm and <50% of the esophageal circumference, primary focal RFA 
was performed.  Circumferential balloon-based RFA was performed using the HALO360-
catheter with a 12J/cm2-clean-12J/cm2 regimen.23,30 For focal ablation of small remaining 
USLs (<2cm) we used the HALO90-catheter, a smaller electrode mounted on the tip of the 
endoscope. Focal ablation was performed using a 2x15J/cm2-clean-2x15J/cm2 regimen.30 
Dosimetry for RFA was modified during the study period (see Results section). 

After the initial RFA session, endoscopy with Lugol’s was repeated at 2-3 months 
intervals to visualize, biopsy and ablate (focal RFA) residual USLs. If no USLs were present, 
the TA was biopsied (≥2 biopsies/2cm of TA). 

Pre- and post-procedural care

Endoscopic procedures were performed on an outpatient basis using sedation with 
midazolam, fentanyl, pethidine, or monitored anesthesia care with propofol.31 After 
endoscopic treatment, patients were observed for 4 hours, and then discharged with 
specific instructions. Patients were provided with esomeprazole 40mg po BID and 
sucralfate suspension 5mL (200mg/mL) QID for 14 days after ER/RFA. Acetaminophen 
500mg (max. 3g/day), diclofenac suppositories 100mg (max. 200mg/day), or liquid 
lidocaine 20mg/mL (5-10mL/4 hours) were advised for post-procedural pain.

Follow up

If HRE with Lugol’s staining yielded no further USLs and biopsies showed absence of 
squamous intraepithelial neoplasia or ESCC, patients underwent follow-up HRE with 
Lugol’s staining, narrow band imaging and biopsies (2 specimens/2cm treatment area) 
at 6 months and annually thereafter. In case of prior ESCC, follow-up endoscopy was 
combined with EUS to exclude lymph node metastasis. 

Histological evaluation

All biopsies and ER-specimens were reviewed by experienced pathologists, using the 
World Health Organization classification, defined as: no intraepithelial neoplasia, indefinite 
for intraepithelial neoplasia, low-grade intraepithelial neoplasia, high-grade intraepithelial 
neoplasia (HGIN; T1m1), carcinoma (ESCC).32 ESCC infiltrating into lamina propria was 
classified as T1m2; ESCC infiltrating into the muscularis mucosae as T1m3; and ESCC 
infiltrating the superficial, middle, and deep thirds of the submucosa was classified as 
T1sm1, T1sm2, and T1sm3, respectively. ER-specimens were assessed for infiltration depth, 
radical resection (vertical resection margin), grade, tumor differentiation, and lymphatic/
vascular invasive tumor growth.  
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Endpoints

Primary outcome parameter:
1. Complete response for neoplasia (CR-neoplasia), defined as absence of low-grade 

intraepithelial neoplasia, HGIN and ESCC in all biopsies from the treatment area at 
two months after the last treatment session. 

Table 1: Patient characteristics and endoscopic treatment of 13 patients with early squamous neoplasia of 
the esophagus that underwent endoscopic treatment with radiofrequency ablation (RFA) with or without 
prior endoscopic resection (ER).

Patient Sex Age (years) Risk factors for ESCCIndication for upper 
endoscopy

Contra-
indications 
for surgery

ER technique 
(no. of ER 
specimens)

Histology 
ER

Most advanced 
histology prior 

to RFA

Circum-ferential 
extent of USLs 

prior to RFA (%)

Length of 
USLs prior to 

RFA (cm)

RFA sessions

1 F 48 Fanconi anemia Screening for liver 
transplantation

Yes ER-cap (1); 
MBM (2)

HGIN HGIN 75 9 2 (2x HALO360)

2 M 58 Smoking;   alcohol 
abuse∞

Loss of appetite, 
heartburn

No - - HGIN 50 2 2 (HALO360, 
HALO90)

3 M 72 Smoking Dysphagia Yes MBM (1) HGIN HGIN 50 3 1 (HALO360)

4 M 56 Swallowing 
caustic agent 
(dichloroethane); 
alcohol abuse;   ex-
smoking

Surveillance 
endoscopy Barrett’s 
esophagus

Yes - - HGIN 50 10 3 (1x HALO360, 
2x HALO90)

5 M 77 - Dyspepsia Yes ER-cap (1) ESCC HGIN 75 10 3 (1x HALO360, 
2x HALO90)

6 M 67 Radiotherapy for 
hypopharyngeal 
carcinoma  

Control 
endoscopy after 
hypopharyngeal 
carcinoma  

No - - HGIN 50 4 1 (HALO360)

7 F 64 - Dyspepsia; 
abdominal pain

No MBM (1) HGIN HGIN 25 5 3 (1x HALO360, 
2x HALO90)

8 M 62 Smoking Dyspepsia No: refused 
surgery

MBM (1) HGIN HGIN 100 7 4 (2x HALO360, 
2x HALO90)

9 F 56 Smoking;          ex-
alcohol abuse

Retrosternal pain 
during eating

Yes ER-cap (1) HGIN ESCC 75 3 1 (HALO90)

10 F 59 - Odynofagie No - - HGIN 25 6 2 (HALO360, 
HALO90)

11 M 74 Ex-smoking Dysphagia Yes ER-cap (1); ER-
cap (2)

ESCC HGIN 10 0.5 1 (HALO90)

12 M 69 - Pyrosis No ER-cap (3) HGIN HGIN 75 4 1 (HALO360)

13 F 73 - Pyrosis No MBM (2) HGIN HGIN 25 1 1 (HALO90)

Total 5F/8M 65 (IQR 58-73) 6/13 contra-
indications 
for surgery

9 ER / 4 no 
ER

7 HGIN/
2 ESCC

12 HGIN/
1 ESCC

Median 50
(IQR 25-75)

Median 4
(IQR 3-8)

Median 2 
(IQR 1-3)

ESCC= esophageal squamous cell cancer, ER=endoscopic resection, no.= number, RFA= radiofrequency 
ablation, USLs= unstained lesions, cm= centimeter, F= female, M= male, IQR= interquartile range, R= 
range, MBM= multiband mucosectomy, HGIN= high grade intraepithelial neoplasia, ∞alcohol abuse: >4 
units/day.
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Secondary outcome parameters: 
1. Complications of RFA, defined as: ‘acute’; during the procedure; ‘early’: ≤48 hours; 

‘late’: >48 hours, graded as ‘mild’: non-transmural laceration >1cm, unscheduled 
hospital admission for observation, hospitalization ≤3 days, hemoglobin drop <3g, no 
need for transfusion; ‘moderate’: hospitalization 4-10 days, <4 units blood transfusion, 
need for repeat endoscopic intervention including dilation; ‘severe’:  hospitalization  
>10 days, ICU admission, need for surgery, ≥4 units blood transfusion, or >5 dilations 
for stenosis, stent placement or incision therapy; ‘fatal’: death attributable to 
procedure <30 days or longer in case of continuous hospitalization;33

2. Number of RFA treatment sessions required to reach CR-neoplasia;
3. Sustained remission for neoplasia during follow-up.Table 1: Patient characteristics and endoscopic treatment of 13 patients with early squamous neoplasia of 

the esophagus that underwent endoscopic treatment with radiofrequency ablation (RFA) with or without 
prior endoscopic resection (ER).

Patient Sex Age (years) Risk factors for ESCCIndication for upper 
endoscopy

Contra-
indications 
for surgery

ER technique 
(no. of ER 
specimens)

Histology 
ER

Most advanced 
histology prior 

to RFA

Circum-ferential 
extent of USLs 

prior to RFA (%)

Length of 
USLs prior to 

RFA (cm)

RFA sessions

1 F 48 Fanconi anemia Screening for liver 
transplantation

Yes ER-cap (1); 
MBM (2)

HGIN HGIN 75 9 2 (2x HALO360)

2 M 58 Smoking;   alcohol 
abuse∞

Loss of appetite, 
heartburn

No - - HGIN 50 2 2 (HALO360, 
HALO90)

3 M 72 Smoking Dysphagia Yes MBM (1) HGIN HGIN 50 3 1 (HALO360)

4 M 56 Swallowing 
caustic agent 
(dichloroethane); 
alcohol abuse;   ex-
smoking

Surveillance 
endoscopy Barrett’s 
esophagus

Yes - - HGIN 50 10 3 (1x HALO360, 
2x HALO90)

5 M 77 - Dyspepsia Yes ER-cap (1) ESCC HGIN 75 10 3 (1x HALO360, 
2x HALO90)

6 M 67 Radiotherapy for 
hypopharyngeal 
carcinoma  

Control 
endoscopy after 
hypopharyngeal 
carcinoma  

No - - HGIN 50 4 1 (HALO360)

7 F 64 - Dyspepsia; 
abdominal pain

No MBM (1) HGIN HGIN 25 5 3 (1x HALO360, 
2x HALO90)

8 M 62 Smoking Dyspepsia No: refused 
surgery

MBM (1) HGIN HGIN 100 7 4 (2x HALO360, 
2x HALO90)

9 F 56 Smoking;          ex-
alcohol abuse

Retrosternal pain 
during eating

Yes ER-cap (1) HGIN ESCC 75 3 1 (HALO90)

10 F 59 - Odynofagie No - - HGIN 25 6 2 (HALO360, 
HALO90)

11 M 74 Ex-smoking Dysphagia Yes ER-cap (1); ER-
cap (2)

ESCC HGIN 10 0.5 1 (HALO90)

12 M 69 - Pyrosis No ER-cap (3) HGIN HGIN 75 4 1 (HALO360)

13 F 73 - Pyrosis No MBM (2) HGIN HGIN 25 1 1 (HALO90)

Total 5F/8M 65 (IQR 58-73) 6/13 contra-
indications 
for surgery

9 ER / 4 no 
ER

7 HGIN/
2 ESCC

12 HGIN/
1 ESCC

Median 50
(IQR 25-75)

Median 4
(IQR 3-8)

Median 2 
(IQR 1-3)

ESCC= esophageal squamous cell cancer, ER=endoscopic resection, no.= number, RFA= radiofrequency 
ablation, USLs= unstained lesions, cm= centimeter, F= female, M= male, IQR= interquartile range, R= 
range, MBM= multiband mucosectomy, HGIN= high grade intraepithelial neoplasia, ∞alcohol abuse: >4 
units/day.
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Ethics and statistical analysis

No IRB approval was requested since treatment was performed on a case by case basis. 
RFA with or without ER was only considered for individual patients with contraindications 
for surgery and in whom other alternative therapies were deemed much less favorable 
by a multidisciplinary oncology team. The HALO systems are FDA and CE cleared and all 
patients gave informed consent after they were thoroughly informed on the use of RFA 
and alternative treatment options. 

For data analysis the SPSS statistical software package (SPSS Inc.16.0.2, Chicago, IL, 
USA) was used. For descriptive statistics, mean (±SD) was used for normal distribution 
and median (IQR or range) was used for skewed distribution. To compare groups Fisher’s 
exact test was used when appropriate. Differences were considered significant if p≤0.05. 

RESULTS

Patients and endoscopic treatment

Thirteen patients (8 males) were included (median age of 65 years (IQR 58-73)). All 
13 patients had a diagnosis that made them eligible for esophagectomy. All elected 
endoscopic therapy, after being informed about all therapeutic options. One patient 
refused surgery and 6 patients had significant contraindications for surgery (Table 1).

Nine patients underwent a total of 11 ER-sessions (ER-cap=6; MBM=5) prior to RFA to 
remove non-flat lesions, resulting in a median number of 1 (range 1-3) ER-specimens per 
patient. The most advanced histological diagnosis at baseline ER or biopsy was HGIN in 10 
patients and mucosal carcinoma in 3 patients. During work-up, 2 of 13 patients underwent 
FNA of suspicious lymph nodes during EUS, and cytology was negative for malignancy in 
both. Immediately prior to RFA, the median length of the USL-bearing segment was 4cm 
(IQR 3-8) extending over a median of 50% (IQR 25-75%) of the inner circumference of the 
esophagus. The most advanced histological diagnosis immediately prior to RFA was HGIN 
in 12 patients and carcinoma (type 0-IIb) in 1 inoperable patient. 

In 10 patients primary ablation was performed with the balloon-based HALO360-
system. In 3 patients primary focal HALO90-ablation was used, because of a post-ER 
stenosis (n=1) or small size (≤1cm) of the USLs (n=2). In two patients, the USL-bearing 
segment was treated in two separate HALO360-sessions: in one patient the procedure 
was discontinued and rescheduled due to patient tolerability and sedation issues; in 
another patient a mucosal laceration precluded a second ablation pass. In a total, 12 
circumferential and 13 focal RFA-sessions were applied using various ablation-regimens 
(Table 2). During the study, several adjustments were made to the treatment protocol 
(Table 3).

Complete remission for squamous neoplasia

CR-neoplasia was achieved in all 13 patients after a median of 2 (IQR 1-3, range 1-4) 
RFA-sessions per patient (Figure 1, Tables 1 and 4). 
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Complications

There was one severe complication in a patient who developed an esophageal perforation 
after dilation of a stenosis (#9, Tables 1 and 4). This patient developed a relative narrowing 
of the esophagus after an en bloc ER. To avoid a possible laceration of the narrowed 
portion of the esophagus during balloon-based ablation, circumferentially HALO90-
treatment at 3 adjacent levels (5-6cm) with the 2x15J/cm2-clean-2x15J/cm2 regimen was 
performed. Twelve days after ablation, the patient developed a symptomatic stenosis and 
was dilated with Savary bougies to 13mm using the ‘rule of three’ according to current 
guidelines.34,35 Esophageal perforation and a mediastinal abscess were noted two days 
later and managed with a covered stent and percutaneous drainage. After removal of 
the stent, a newly formed stenosis was observed at the distal margin of the stented 

Table 2: Outcome parameters and follow-up endoscopic treatment characteristics of 13 patients with 
early squamous neoplasia of the esophagus after endoscopic radiofrequency ablation (RFA) with or 
without prior endoscopic resection (ER). 

Outcome parameters Patients 

CR-neoplasia 13/13 (100%)

Complications 4/13 patients (31%): 6 complications 

     - Severe  1/13 patients (8%): 1 perforation due to dilation for stenosis

     - Moderate 2/13 patients (15%): 2 stenoses 

     - Mild 3/13 patients (23%): 2 lacerations, 1 intramural hematoma

RFA sessions required to reach 
CR-neoplasia (median)

2 (IQR 1-3, R 1-4)

Follow-up (median, months)  17 (IQR 11-22) 

Follow-up endoscopies (median) 3 (IQR 1-4) 

Recurrence of neoplasia 0/13 patients (0%) 

CR= complete response, RFA= radiofrequency ablation, IQR= interquartile range, R=range, 95%CI=95% 
confidence interval. 

Table 3: Various ablation regimens for endoscopic radiofrequency ablation (RFA) using the HALO system, 
which were applied in the study in chronological order.  

RFA procedure Number of procedures RFA regimen

Circumferential HALO360 RFA 12 procedures in 10 patients l 12J/cm2-clean-12J/cm2 regimen 
(n=10) 

l 2x12J/cm2 regimen without a 
cleaning step (n=2)*

Focal HALO90 RFA 13 procedures in 9 patients l 2x15J/cm2-clean-2x15J/cm2 regimen 
(n=7)

l 2x15J/cm2 regimen without a 
cleaning step (n=1)*

l 1x15J/cm2-clean-1x15J/cm2 regimen 
(n=1)

l 3x12J/cm2 regimen without a 
cleaning step (n=4)

RFA= radiofrequency ablation, *no second ablation pass performed due to a superficial laceration (n=2) 
or submucosal hematoma (n=1) respectively. 

127



Chapter 7

area, that resolved after 12 dilation sessions with Savary bougies including intra-lesional 
corticosteroid injection and incisional therapy. 

Two moderate complications, both strictures, occurred in two patients. The first patient 
(#1) underwent 2 ER sessions, resulting in a relative esophageal narrowing (inner diameter 
16mm) prior to RFA. After 2 circumferential RFA-sessions (12J/cm2-clean-12J/cm2) for the 
proximal and distal part of the USL-bearing segment respectively, the patient developed 
dysphagia that resolved after 3 dilations. The second patient (#8) had an en bloc ER 
of a non-flat component in a circumferential USL and developed stenosis after the first 

Figure 1: Endoscopic images of a patient with high-grade intraepithelial neoplasia of the squamous 
esophagus treated with radiofrequency ablation (RFA) preceded by endoscopic resection (ER). A-B: 
Squamous esophageal lesion extending over 7 cm of length after prior en bloc endoscopic resection of 
the most suspicious area; C: Lesion with narrow band imaging; D-E: Unstained lesion upon Lugol’s stain; 
F: Circumferential balloon-based RFA; G: Small remaining squamous lesion after circumferential RFA; H: 
corresponding image with Lugol’s stain; I: Focal RFA of the residual lesion using the HALO90 catheter; J-K: 
Complete resolution of squamous neoplasia (K: distal part of the treatment area upon Lugol’s stain; L: 
proximal part of the treatment area upon Lugol’s stain). 
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circumferential RFA-session (1x12J/cm2 regimen, no second ablation pass because of a 
mucosal laceration), requiring one dilation session to enable subsequent RFA. 

There were three mild complications. During circumferential balloon-based RFA, in 
two patients a mucosal laceration >1cm occurred at the level of the ER-scar. Another 
patient developed a submucosal hematoma during HALO90-treatment, while not using 
anticoagulants or platelet inhibiting medications. These complications were asymptomatic 
and required no intervention, however RFA-treatment was limited to a single ablation pass 
at that session (Table 2).

Sustained remission of squamous neoplasia

All 13 patients remained in CR-neoplasia (100%) during a median follow-up of 17 months 
since the first RFA session (IQR 11-22) and 3 (IQR 1-4) follow-up endoscopies with biopsies. 

Table 4: Protocol adjustments throughout this study of radiofrequency ablation (RFA) with or without 
prior endoscopic resection (ER) for patients with early squamous neoplasia of the esophagus.

Adjustment Rationale

1. Treatment regimen for focal ablation 
was adjusted from 2x15J/cm2-clean-
2x15J/cm2 to 15J/cm2-clean-15J/cm2 
or 3x12J/cm2 without a cleaning step. 
Circumferential use of the HALO90-
device was abandoned.

Development of a severe stenosis after circumferential use 
of the HALO90-device using a 2x15J/cm2-clean-2x15J/
cm2 regimen suggested that this regimen is too aggressive 
for early squamous neoplasia in the esophagus. Further, 
initial RFA dose-escalation studies suggest that using a 
lower energy density with fewer applications carries a 
lower stenosis risk.24,25,39Additionally, the new ablation 
regimens make the HALO90-ablation easier and faster. 

2. Circumferential balloon-based RFA 
was elected as standard primary RFA 
treatment. 

Circumferential balloon-based RFA ensures the complete 
treatment of the mosaic-like USLs together with the 
surrounding epithelium containing oncogenetic changes 
that are not readily visible.  

3. The concentration of Lugol’s stain was 
lowered from 3% to 1.5%. 

Esophageal spasms occurred upon Lugol’s staining (3 
patients) which made RFA treatment more challenging and 
patients less tolerant to RFA. In addition, the caustic effect 
of Lugol’s staining resulted in an easily bleeding epithelium, 
thereby reducing visibility and hindering the application of 
RFA.

4. Endoscopic tattoos were introduced. 
Submucosal injection of 0.25mL of 
ink (Endo Spot, GI Supply, Camp Hill, 
PA, USA) created a clearly visible 
permanent marker (5 patients).

Tattoos enable easy identification of the RFA treatment 
area after healing of the epithelium after the primary RFA 
session.

5. The ER size was limited to <2 cm in 
length and <50% of the circumference 
of the esophagus.

Studies in patients with early BE neoplasia suggest that 
limiting the ER size reduces the negative impact of ER-
scarring and stenosis on the safety and efficacy of RFA 
by increasing the risk for non-transmural laceration and 
diminishing electrode contact with the epithelium.17,40

RFA= radiofrequency ablation, USL= unstained lesion, ER= endoscopic resection, BE= Barrett’s 
esophagus. 
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One patient died from an unrelated cause (hepatocellular carcinoma) 8 months after 
reaching CR-neoplasia with prior follow-up endoscopies showing sustained CR-neoplasia. 

DISCUSSION

In this study of RFA with or without prior ER for esophageal squamous HGIN and mucosal 
ESCC, we achieved complete response of neoplasia in all 13 patients after a median of 2 
ablation sessions and there were no recurrences during a median follow-up of 17 months. 
These results suggest that RFA with or without prior ER is a promising treatment modality 
for early squamous neoplasia of the esophagus (HGIN/mucosal ESCC).

Endoscopic resection (ER) is considered the cornerstone of endoscopic treatment since it 
effectively removes the lesion and provides a specimen for histological staging. Although, 
ER for esophageal early squamous neoplasia is mainly practiced in the East, two European 
studies have shown that focal ER is safe and effective for limited lesions containing 
squamous intraepithelial neoplasia or early ESCC, by achieving CR-neoplasia in >90% of 
patients.11,14 Although local recurrences were reported in 26% of the cases, all were 
managed with repeat ER. For ER of lesions >2cm, however, piecemeal ER or endoscopic 
submucosal dissection (ESD) is required. ESD may be preferred for larger lesions, since it 
enables en bloc resection of large lesions which reduces the recurrence rate as compared 
to piecemeal ER.16 Still, widespread ER and ESD have some disadvantages in common: 
1) they are time consuming procedures that require a high level of endoscopic skills 
and experience; 2) they carry a significant risk for acute complications such as bleeding 
and perforation;17,19 3) they are associated with a esophageal stenosis when >50% of 
the circumference is resected;13,15,17,33,36 4) they only remove the USL and leave the 
surrounding epithelium -which may still harbor oncogenetic alterations- untreated which 
may lead to regional recurrences, as may be reflected by the aforementioned recurrence 
rate of 26% after focal ER of squamous neoplasia.11,14

In contrast, studies in early Barrett’s neoplasia demonstrate that RFA is associated 
with a low rate (<5%) of ablation-induced stenosis.21-23,37,38 Furthermore, the combined 
approach of focal ER and RFA is technically much easier to perform than widespread ER and 
ESD. Additionally, by performing primary balloon-based RFA, the epithelium surrounding 
the USL(s) is also treated, which may prevent the development of metachronous lesions. 
These theoretical advantages and the high success rate of this study suggest that 
the combined approach of focal ER followed by RFA may be a suitable alternative to 
widespread ER and ESD for flat-type early squamous neoplasia, especially in a setting 
where expertise in performing piecemeal ER or ESD is limited.

In our series, we encountered one severe complication. This patient had a stenosis after 
ER that prevented using balloon-based ablation, and was therefore treated with focal 
RFA at 3 adjacent circumferential levels. In retrospect, the 2x15J/cm2-clean-2x15J/cm2 
regimen used in this patient is likely too aggressive, especially when used to treat the entire 
inner circumference of the esophagus at multiple overlapping levels. With our current 
knowledge, this patient should have been treated with careful stepwise dilation to enable 
primary balloon-based circumferential ablation. Furthermore, initial RFA dose-escalation 
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studies in animals and human patients prior to esophagectomy have shown that the RF 
energy density (J/cm2) is linearly related to the depth of ablation, and that deeper ablation 
due to higher RF energy density is related to a higher stenosis rate.24,25,39 In addition, 
one of these studies demonstrated a relation between more frequent RF application and 
ablation depth.39 Based on these dose-escalation studies, and our case described above, 
for subsequent patients that required focal RFA, a 15J/cm2-clean-15J/cm2 regimen or 
3x12J/cm2-no-clean regimen was applied. These adjusted regimens have the additional 
advantage of making focal ablation easier and faster. No stenoses developed after focal 
ablation with these adjusted HALO90-regimens. 

Other complications included two stenoses and two lacerations, all occurring in patients 
who underwent ER prior to RFA during balloon-based circumferential ablation. Studies 
in Barrett’s esophagus have demonstrated that stenosis may be avoided by limiting the 
ER-size prior to RFA, and that conservative selection of the ablation balloon diameter 
size reduces the risk for laceration.23,40 These concepts may be even more important 
for patients with early squamous neoplasia, who often have a narrowed esophagus 
with a reduced compliance. Yet, during ER the squamous mucosa is sucked into the cap 
more easily as compared to BE, resulting in large specimens. This is reflected by two of 
three patients that developed stenosis in our study, who already developed a relative 
esophageal narrowing after an en bloc resection. Therefore, for patients with early 
squamous neoplasia in particular, adherence to the rules of thumb of a limited ER-size and 
conservative catheter selection is advisable. 

This study suggests that fewer ablation sessions and lower energy settings may be 
adequate to achieve CR-neoplasia in HGIN and early ESCC cases, as compared to Barrett’s 
esophagus cases. A median of 2 ablation sessions, and a single ablation session in 6 
patients, were sufficient to achieve CR-neoplasia, versus a median of 3 ablation sessions 
to remove a complete BE containing early neoplasia.21-23 This difference may reflect a 
generally larger treatment surface in BE. In addition, Barrett’s patients may require more 
treatment sessions because the gastroesophageal junction with its folds and curves may 
be more difficult to ablate due to diminished electrode contact. Furthermore, BE contains 
goblet cells containing mucous, glandular structures with crypts, and a mucin layer which 
may absorb the RF energy and attenuate cell injury. By comparison, squamous epithelium 
has none of these features, and may be thinner with a lower density of blood vessels, 
which thus may incur cell injury with RFA at lower doses and/or fewer applications.

Limitations of this study include the small number of patients with limited follow-
up which prohibit drawing firm conclusions on safety and long-term efficacy of this 
management strategy for this patient population. Despite the small sample size of 
selected patients, we argue that this initial experience provides important information 
on the feasibility of RFA as a novel treatment modality for early esophageal squamous 
neoplasia. Prospective multicenter trials are required to assess if our promising feasibility 
results are translatable to a wider and larger patient population. Another limitation was 
the fact that treatment was performed in expert centers by two expert-endoscopists in 
the field of early neoplasia of the upper gastrointestinal tract, making these results less 
translatable to the general gastroenterology practice. We recommend centralization of 
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endoscopic treatment of patients with early neoplasia in the esophagus in well-trained 
tertiary referral centers with well-trained endoscopists. 

In our study we treated a heterogeneous cohort of patients in terms of histology, 
prior ER, varying ER extent, and RFA treatment regimen. Still, we made observations 
that are of significant value for further research on RFA for patients with early squamous 
neoplasia. We have optimized the energy settings, implemented tattoo placement, 
limited the baseline ER size, determined that primary circumferential balloon-based RFA is 
preferred as the first ablation modality, and reduced the concentration of Lugol’s solution 
for chromoendoscopy (Table 3). These findings were considered in the design of an 
ongoing prospective study in China to assess the feasibility of RFA in a much larger group 
of patients with more extensive squamous disease.41,42 In regions were ESCC has a high 
incidence, an easy-in-use technique with high efficacy and acceptable safety such as RFA 
is needed for patients with early flat-type squamous neoplasia. Future research should 
focus on further improvement of the treatment protocol: finding optimal energy settings 
and regimen, optimal use of focal and balloon-based circumferential RFA, and optimize 
the combined treatment of ER and RFA.
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ABSTRACT

Background and aims: The current regimen of circumferential balloon-based 
radiofrequency ablation (c-RFA) for the removal of dysplastic Barrett’s esophagus (BE) 
is labor-intensive, consisting of two ablation passes with a cleaning step to remove 
ablation debris from the ablation zone and electrode. We aimed to compare the safety 
and efficacy of three c-RFA ablation regimens. 

Methods: Consecutive BE patients scheduled for c-RFA for flat-type BE containing 
≤ high-grade dysplasia were enrolled. c-RFA consisted of a double RFA application 
(12 J/cm2) in all regimens: ‘standard’: c-RFA, remove device, clean, c-RFA; ‘simple-
with-cleaning’: c-RFA, clean without removing device, c-RFA; ‘simple-no-cleaning’: 2 
applications of c-RFA, no removal of device, no cleaning. Primary outcome: BE surface 
regression (%) at 3 months, graded by 2 expert endoscopists, blinded to the allocated 
regimen. Sample size: 57 patients, non-inferiority design, with a difference in BE 
regression ≥20% considered as clinically relevant. 

Results: 57 patients (45M, 64±15yrs, BE C3M5) were randomized, 28 had had prior 
endoscopic resection. Median BE surface regression at 3 months was 83% with 
‘standard’; 78% with ‘simple-with-cleaning’; and 88% with ‘simple-no-cleaning’ 
(p=0.14). RF ablation time was 20min (IQR18-25) using ‘standard’ vs. 13min (IQR11-
15) using ‘simple-with-cleaning’ vs 5min (IQR5-9) using ‘simple-no-cleaning’ (p<0.01). 
Median number of introductions (RFA devices/endoscope) using ‘standard’ was 7 vs. 4 
in both simplified regimens (p<0.01). 

Conclusions: This randomized study suggests that c-RFA can be made easier and faster 
without sacrificing safety or efficacy, by omitting or simplifying the cleaning phase in 
between ablations. 
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INTRODUCTION

Radiofrequency ablation (RFA) with or without prior endoscopic resection (ER) is an 
accepted modality for the endoscopic treatment of Barrett’s esophagus (BE) containing 
early neoplasia, resulting in complete histological eradication of early neoplasia and 
intestinal metaplasia in 77 to 100% of patients.1-5 For initial circumferential RFA (c-RFA), 
the HALO360-balloon catheter is available. Subsequent focal RFA of remaining areas 
of BE is performed with the smaller HALO90-electrode. Complete removal of Barrett’s 
epithelium is generally achieved after a median of three RFA sessions. Currently, the advised 
treatment regimen for c-RFA procedures comprises two ablation passes with cleaning of 
both the ablation zone and the ablation balloon after the first ablation pass. This regimen 
therefore requires multiple introductions and removals of the endoscope, sizing catheter, 
and ablation balloons, which is labor-intensive, time consuming and uncomfortable to 
the patient. The procedure might be simplified by omitting acetylcysteine spraying for 
mucolysis, not removing the ablation balloon in between ablation passes, and no cleaning 
of the ablation zone. We hypothesized that a simplified c-RFA procedure would result in an 
easier and faster ablation procedure with fewer introductions, while maintaining efficacy 
and safety. The study aim was to compare the safety and efficacy of the current ‘standard’ 
c-RFA regimen to two ‘simplified’ balloon-based ablation regimens in a randomized trial. 

PATIENTS AND METHODS

Patient selection 

Patients were eligible when they met the following criteria: scheduled for HALO360-
ablation for BE with flat low-grade dysplasia (LGD), high-grade dysplasia (HGD) or for 
remaining BE after prior ER of lesions containing early neoplasia; at least one high 
resolution (HR) imaging endoscopy with biopsies of 4 quadrants of every 2cm BE (4Q/2cm) 
prior to RFA; in case of a prior ER: no tumor positive vertical resection margins, no deep 
submucosal invasion (≥ T1sm2), no G3/G4 cancer, no lymphatic/vascular invasion; review 
of ER specimens and biopsies by a local expert pathologist; written informed consent. 

Radiofrequency ablation

RFA was performed using the HALO system (by BÂRRX Medical Inc, Sunnyvale, CA, USA), 
consisting of the HALO360-balloon-catheter for circumferential ablation and the HALO90-
catheter for focal ablation of BE areas ≤2cm.

HALO360-regimens

Prior to ablation, the esophagus was evaluated using HR white light (WL) endoscopy and 
narrow band imaging (NBI) or Fuji Intelligent Chromo Endoscopy (FICE). The extent of 
columnar lined esophagus was documented according to the C&M classification and the 
number and localization of BE islands were registered.6 Still images (WL+NBI/FICE) were 
made of every 1-2cm of the BE segment while pulling back from the top of the gastric 
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folds. Patients were subsequently randomized to one of three c-RFA ablation regimens 
(Table 1). 

‘Standard’ c-RFA regimen: The BE was flushed with acetylcysteine (1%) for mucolysis 
followed by flushing with tap water. A guide wire was introduced and the endoscope 
was removed, followed by the introduction of a sizing balloon over the guide wire. Sizing 
of the esophageal inner diameter was performed and an appropriately sized ablation 
balloon was selected.1 The BE was ablated from proximal to distal (12 J/cm2), allowing for 
a small overlap of <1cm between ablation zones. After removal of the ablation catheter 
and endoscope, the endoscope was reintroduced with a flexible distal attachment cap 
(MB0-046, Olympus, Tokyo, Japan). The necrotic debris was gently pushed off the 
ablation zone with the rim of the cap and by applying suctioning. Any remaining debris 
was removed by forcefully flushing water using a high-pressure pistol with water through 
a spray catheter. The surface of the ablation balloon was cleaned outside the patient 
using water and a gauze. Subsequently, the guide wire was inserted, the endoscope 
removed, followed by reintroduction of the ablation catheter and endoscope, and a 
second ablation (12 J/cm2). 

‘Simple-with-cleaning’ c-RFA regimen: The BE segment was flushed with tap water 
prior to sizing. The distal cap was placed on the tip of the endoscope prior to ablation. 
After the first ablation (12 J/cm2) the ablation balloon was not removed but advanced 
distally into the stomach. The ablation zone was cleaned using the distal cap (not with 
the high pressure pistol and spray catheter) alongside the shaft of the ablation balloon. 
Subsequently, a second ablation pass (12 J/cm2) was performed. 

‘Simple-no-cleaning’ c-RFA regimen: The BE segment was flushed with tap water prior 
to sizing. After the first ablation of the most proximal zone, immediately a second ablation 
was performed (2x12 J/cm2) of the same zone without a cleaning step. After deflation, 
the balloon was advanced distally, to ablate subsequent zones with a double ablation in 
an identical way. 

Patients completed questionnaires concerning treatment-related symptoms (chest pain, 
difficulty swallowing, pain swallowing, throat pain, abdominal pain using a 10-point scale, 
resulting in a 0-50 points scale for severity) ‘at baseline’ prior to c-RFA; ‘day-0 post c-RFA’ 

Table 1: Three regimens for circumferential balloon-based radiofrequency ablation (12 J/cm2). 

Ablation regimen ‘Standard’ ‘Simple-with-cleaning’ ‘Simple-no-
cleaning’

Spraying with acetylcysteine prior to 
ablation

Yes No No

Cleaning of the debris from the ablation 
balloon outside of the patient after the 
first ablation pass 

Yes No No

Cleaning of the debris from the ablation 
zone after the first ablation pass

Yes  Yes No

(distal attachment 
cap, high pressure 

pistol, spray catheter)

(distal attachment 
cap only) 

Minimum number of introductions of 
endoscope and balloon catheters

7 4 4
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after recovery from sedative medication prior to leaving the hospital; ‘day-1 post c-RFA’; 
and at ‘day-10 post c-RFA’, blinded to the administered regimen.

Subsequent treatment and follow-up 

Follow-up HR-WL endoscopy with NBI/FICE was performed after 3 months, and the 
outcome measures were scored at that time. Still images (WL+NBI/FICE) were made for 
every 1-2cm of the BE segment from distal to proximal. RFA was repeated with 2-3 months 
intervals until complete endoscopic removal of all BE was achieved. In case of remaining 
BE after 5 RFA sessions (≤2 c-RFA) escape ER was performed. After complete endoscopic 
and histological removal of BE, patients were scheduled for follow-up endoscopy with 
NBI/FICE and 4Q/2cm biopsies at 6 months, and annually thereafter. 

Primary outcome after a single HALO360-treatment session 

Percentage of endoscopically visual surface regression of BE epithelium at 3 months.
This composite endpoint was defined by the mean percentage of BE surface regression 

of two endoscopists who independently and in retrospect scored the BE regression 
percentage. Two endoscopists blindly reviewed endoscopic images of every 1-2cm of the 
original BE segment captured immediately prior the initial HALO360-procedure and during 
follow-up endoscopy after 3 months. In case the BE surface regression percentage differed 
≥30% between both endoscopists, a new score was established during a consensus 
meeting. The endoscopists indicated if the endoscopic images were representative with 
regards to the quality and quantity (images per 1-2cm of BE), scored as ‘good’, ‘moderate’ 
or ‘poor’. For cases scored as ‘poor’ by either one of the endoscopists, the surface area 
regression as assessed in real-time during the 3 months follow-up endoscopy was used 
for analysis.

Secondary outcomes after a single HALO360-treatment session
Duration of the HALO360-ablation-procedure;
Number of introductions of the ablation-balloon and endoscope;
Patient discomfort after HALO360-treatment;
Complications of the initial HALO360-procedure.7

Secondary outcomes after completion of the treatment protocol:
Complete response for early neoplasia (CR-neoplasia): absence of early neoplasia 
and dysplasia in biopsies (4Q/2cm) of neosquamous epithelium and just below the 
neosquamocolumnar junction;
CR-IM: absence of IM in biopsies (4Q/2cm) of neosquamous epithelium and just below 
the neosquamocolumnar junction.

Histology

ER specimens and biopsies obtained prior to randomization, during treatment and during 
follow up were assessed by a local expert pathologist at each center.8 ER specimens were 
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assessed for tumor infiltration depth (T1sm2 defined as submucosal tumor infiltration 
≥500 µm), differentiation, vasoinvasive tumor growth, and vertical resection margins 
(and lateral resection margins in case of en bloc resection). Biopsies obtained from 
neosquamous epithelium were additionally assessed for the presence of subsquamous IM 
(buried Barrett’s). 

Ethics and statistics

This study was approved by the medical ethics committees of the three study centers 
(www.trialregister.nl, NTR 2495). All patients signed informed consent. Randomization 
was performed during endoscopy using sealed opaque envelopes, by a study monitor 
who attended the endoscopic procedures. The sample size calculation was based on 
existing data on the Barrett’s surface regression percentage at 3 months after initial 
c-RFA.1,4,5 We assumed that a difference of 20% or more in the BE surface regression 
percentage among treatment arms would be of clinical relevance. To reject the hypothesis 
that the simple regimens are inferior to the standard regimen, a total of 57 patients (19 
per group, 10% drop-out) were required, with non-inferiority defined as <20% difference 
in BE regression percentage after initial c-RFA between the simple regimens versus the 
standard regimen (one-sided, p=0.025, 80% Power). Data analysis was performed using 
SPSS statistical software package (SPSS Inc.16.0.2, Chicago, IL, USA) and the Confidence 
Interval Analysis package (CIA Version 2.2.0, London, UK). nQuery Adviser (Version 7, 
Cork, Ireland) was used for sample size calculation. Fisher exact test, Mann-Whitney U 
test, and Kruskal Wallis test were used when appropriate. Differences were considered 
statistically significant if p≤0.05. 

RESULTS

Patients

This randomized trial was performed in three collaborating tertiary referral centers: 
Academic Medical Center, Amsterdam, St Antonius Hospital Nieuwegein, and Catharina 
Hospital Eindhoven, the Netherlands. Between December 2008 until April 2011, 76 
patients were screened (Figure 1). Nineteen patients were not eligible for study: focal RFA 
was indicated at the initial RFA session (n=9), esophageal stenosis (n=8), or no consent 
obtained (n=2). A total of 57 patients was included, 19 in each randomization arm (Figure 
1). Baseline characteristics were similar among the three groups (Table 2). 

Percentage of BE surface regression after c-RFA

Of the 57 included patients, 56 patients were available for assessment of the primary 
outcome at three months after c-RFA (Figure 2-3, Table 3). One patient died due to 
unrelated disease (myocardial infarction) 8 weeks after c-RFA. 

The median BE surface regression at 3 months was 83% (IQR 70-93) with the standard 
c-RFA regimen; 78% (IQR 55-88) with the simple-with-cleaning c-RFA regimen; and 88% 
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(IQR 79-97) with the simple-no-cleaning c-RFA regimen. The simple-no-cleaning regimen 
was non-inferior to standard c-RFA, with a difference of 4.8% [95%CI -5.0-+15.0]). When 
comparing the simple-with-cleaning regimen to the standard regimen (difference -7.5% 
[95%CI -20.0-+7.0]), non-inferiority could not be concluded. 

A median of 9 (IQR 7-12) endoscopic images was available per pre- and post c-RFA 
endoscopy. The median difference in BE regression percentage between the ‘real time 
score’ and the mean score of the two scoring endoscopists was 2.5% (IQR -5-10%). Of 6 
patients the BE surface regression percentage was established in a consensus meeting. 
Of 1 patient, images scored ‘poor’ for representativeness, therefore the real time score 
was used.

Figure 1: Patient flowchart. RFA= radiofrequency ablation, BE= Barrett’s esophagus, CR-N= complete 
response for neoplasia, IM= intestinal metaplasia, HGD= high-grade dysplasia, Z-line= squamocolumnar 
junction.

Table 2: Baseline characteristics. 

‘Standard’
n=19

‘Simple-with-
cleaning’ n=19

‘Simple-no-cleaning’
n=19

p-value

Male: female 4F/15M 3F/16M 5F/14M 0.73

Mean age  (years) 61±12 59±14 62±18 0.77

Median Barrett’s length 
(cm) 

C3M5 
(IQR C1-8, M4-10)

C2M5
(IQR C0-4, M3-6)

C3M5
(IQR C1-4, M3-7)

C 0.38 
M 0.42 

Most advanced histology 
(biopsies or ER specimens) 

8 EC, 9 HGD, 2 LGD
 

9 EC, 7 HGD, 3 LGD 5 EC, 11 HGD, 3 LGD 0.50

Endoscopic resection prior 
to randomization

9/19 10/19 9/19 0.93

Histology prior to 
radiofrequency ablation 
(biopsies)

9 HGD, 10 LGD/IM  12 HGD, 7 LGD/IM 10 HGD, 9 LGD/IM 0.62

EC= early cancer,HGD= high-grade dysplasia,LGD= low-grade dysplasia,IM= intestinal metaplasia. 

Excluded n=1
-unrelated death

SIMPLE-NO-CLEAN n=18
CR-N:   18/18
CR-IM:  16/18
-2 persistent IM at the Z-line

Subsequent treatment phase

SIMPLE+CLEAN n=19
CR-N:   18/19 
CR-IM:  16/19
-1 persistent HGD: surgery
-1 persistent IM at the Z-line
-1 persistent BE: severe reflux  

STANDARD n=19
CR-N:   19/19 
CR-IM:  17/19
-2 poor healing, persistent 

carcinoma: ER + surveillance

78% BE regression

Not eligible n=19
- 9 HALO90-RFA                              
- 8 stenosis
- 2 no consent

Screening phase

Randomization n=57

Scheduled for initial c-RFA
≤HGD in biopsies n=76

Barrett’s surface regression % at 3 months

SIMPLE+CLEAN n=19
83% BE regression
STANDARD n=19 SIMPLE-NO-CLEAN n=18

88% BE regression
SIMPLE-NO-CLEAN n=18

88% BE regression
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Procedure duration and number of introductions 

The duration of the c-RFA procedure measured from introduction of the HALO360-balloon 
until removal of the endoscope at the end of the procedure was 20 minutes (IQR 18-25) 
using the standard regimen versus 13 minutes (IQR11-15) using the simple-with-cleaning 
regimen versus 5 minutes (IQR 5-9) using the simple-no-cleaning regimen (p<0.01). The 
median number of introductions of the endoscope or ablation balloon-device was 7 using 
the standard regimen versus 4 in both simplified regimens (p<0.01). 

Patient discomfort 

At baseline prior to c-RFA, overall patient discomfort was 0 (IQR 0-2) on a 0-50 points 
scale for the severity of treatment-related symptoms (Supplements, Table S1). At day-0 
after c-RFA, more symptoms were reported with a median severity of 6 (IQR 0-13). At 
day-1 after c-RFA, this increased to a median severity of 9 (IQR 3-15). At day-10, 55% of 
patients were free of symptoms and 73% of patients had resumed normal daily activities. 
No differences were found among the three regimens. 

Figure 2: A: Baseline C4M6 Barrett’s esophagus containing high-grade dysplasia. B: simple-no-cleaning 
regimen for circumferential radiofrequency ablation. C: 88% BE surface regression at 3 months; focal 
ablation. D: complete response for neoplasia and intestinal metaplasia after 4 RFA sessions.
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Figure 3: A-B: Baseline C3M10 Barrett’s esophagus after ER (T1m3 carcinoma) treated with the simple-
with-cleaning regimen for circumferential radiofrequency ablation; HALO360-balloon placed in the stomach 
during cleaning of the ablation zone. C: 83% Barrett’s surface regression at 3 months; focal ablation. D: 
complete response for neoplasia and intestinal metaplasia after 4 RFA sessions.

Complications

Two mild acute complications occurred during the c-RFA procedure: two asymptomatic 
superficial lacerations occurred during the sizing procedure. In both patients c-RFA was 
postponed for 1-2 months. No problems were encountered at the subsequent c-RFA. 

After the c-RFA procedure three complications occurred. One late bleeding occurred 
in a patient who presented with haematemesis (hemoglobine level unchanged, no blood 
transfusion, no anticoagulant use) 2 weeks after the first focal RFA treatment. During 
upper endoscopy, a visible vessel in the treatment area was coagulated with a Gold-probe. 
Another patient was hospitalized for one night because of pain after focal RFA. A third 
patient who had a pre-existing esophageal narrowing prior to endoscopic treatment 
developed a symptomatic stenosis after a second c-RFA procure, resolving upon 1 dilation. 

Subsequent treatment 

All 56 available patients underwent subsequent RFA sessions after initial c-RFA. Overall, 
CR-neoplasia and CR-IM was achieved in 55/56 patients (98%) and 49/56 patients (88%), 
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respectively in a median of 3 (IQR 2-3) RFA sessions (Table 3). There were no differences 
among the three ablation regimens. 

One patient failed CR-neoplasia. This patient was referred for esophagectomy because 
of <25% surface regression with poor healing and persisting HGD after two c-RFA sessions 
of a C13M14 BE after ER of a T1m2 carcinoma. The esophagectomy specimen showed a 
focus of T1m2 carcinoma and 30 lymph nodes were negative for carcinoma. 

Six patients failed CR-IM. In three of these patients, RFA treatment was discontinued. 
One patient with a C4M9 BE demonstrated only 40% BE surface regression after two 
c-RFA sessions. The BE showed poor healing and a lesion suspicious for neoplasia. An 
extensive escape ER was performed (T1m2 carcinoma) and CR-neoplasia was achieved. 
Another patient with a C11M13 BE showed 0% BE surface regression and reflux grade B 
after c-RFA. CR-neoplasia was achieved after ER of a visible lesion (T1m3 carcinoma). A 
third patient with a C3M4 BE failed CR-IM due to severe reflux and poor healing of the 
esophagus, which precluded further ablation during several occasions. Three others had 
residual IM in biopsies from an irregular neo-Z-line at two occasions. 

Table 3: Treatment outcomes. 

‘Standard’
(n=19)

‘Simple-with-
cleaning’ (n=19)

‘Simple-no-cleaning’
(n=18)

p-value 

Primary outcome:

Barrett’s surface regression 
at 3 months (median/IQR)

83% (70-93) 78% (55-88) 88% (79-97) 0.14

Difference in Barrett’s surface 
regressions at 3 months 
among regimens [95% CI] 

‘simple-with-
cleaning’ vs 
‘standard’:

-7.5% [95%CI 
-20.0-+7.0]

‘simple-no-cleaning’ 
vs  ‘standard’:

+4.8% [95%CI -5.0-15.0]

Secondary outcome:

Complications during 
circumferential balloon-based 
radiofrequency ablation

1 0 1 0.60

Total procedure duration 
(median/IQR)

39 min (30-46) 32 min (23-40) 25 min (15-28) p<0.01

Ablation time (median/IQR) 20 min (18-25) 13 min (11-15) 5 min (5-9) p<0.01

Number of introductions 7 (7-7) 4 (4-5) 4 (4-5) p<0.01

Need for surgery 0 1 0

Complete response for 
neoplasia (pts)

100% (19/19) 95% (18/19) 100% (18/18) 0.87

Complete response for 
intestinal metaplasia pts)

90% (17/19) 84% (16/19) 89% (16/18) 0.37

Radiofrequency ablation 
sessions (median/IQR)

3 (2-3) 3 (2-4) 3 (2-3) 0.72

IQR= interquartile range, CI= confidence interval, min= minutes, pts= patients
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Supplements, Table S1: Patient discomfort relating to circumferential balloon-based radiofrequency 
ablation (c-RFA) using three different ablation regimens, based on questionnaires concerning treatment 
related symptoms, that were completed a several times points pre- and post c-RFA. 

Ablation regimen Overall 
n=57

‘Standard’
n=19

‘Simple-and-
cleaning’

n=19 

‘Simple-no-
cleaning’

n=19

 p-value

Day-0 at baseline

Severity of symptoms (median/IQR)* 0 (0-2) 0 (0-2) 0 (0-3) 0 (0-2) 0.48

Day-0 post c-RFA

Severity of symptoms (median/IQR) 6 (0-13) 3 (0-9) 6 (4-15) 5 (0-13) 0.26

Day-1 post c-RFA

Severity of symptoms (median/IQR) 9 (3-15) 14 (9-12) 5 (3-21) 7 (4-9) 0.06

Day-10 post c-RFA

Use of pain medication during 
10 days (pts)

68% (28/41) 69% (9/13) 77% (10/13) 60% (9/15) 0.64

Symptom free  (pts) 55% (21/38) 75% (9/12) 50% (6/12) 43% (6/14) 0.24

Returned to normal activities  (pts) 73% (27/37) 80% (8/10) 62% (8/13) 79% (11/14) 0.52

IQR= interquartile range, R= range, pts= patients, c-RFA= circumferential balloon-based radiofrequency 
ablation. *Symptoms were scored using questionnaires concerning treatment related symptoms (chest 
pain; difficulty swallowing; pain during swallowing; throat pain; abdominal pain), using a 10-point scale, 
resulting in a 0-50 point scale for severity of symptoms). Questionnaires were completed ‘at baseline’ 
prior to c-RFA; ‘day-0 post c-RFA’ after recovery from sedative medication prior to leaving the hospital; 
‘day-1 post c-RFA’; and at ‘day-10 post c-RFA’. 

DISCUSSION

This randomized multicenter trial suggests that omitting or simplifying the cleaning step in 
between ablations can make circumferential balloon-based RFA easier and faster without 
sacrificing efficacy.

The combined approach of ER and RFA is currently considered the treatment of choice 
for patients with Barrett’s esophagus containing early neoplasia.9 The CR-neoplasia and 
CR-IM rates in the current study were 98% and 88%, respectively, which comports with 
the results of other studies.1,2,4,5,10,11 Recent data demonstrate sustained eradication of 
early neoplasia and IM in 96-98% and 91-100% of patients respectively, after 3-5 years 
follow-up.10,12 Currently, more than 1,000 centers worldwide offer RFA treatment for 
BE, therefore, a simplified ablation regimen is of significant relevance. An easier ablation 
regimen serves the endoscopist, fewer introductions of devices may increase safety and 
diminish patient discomfort, and a reduced procedure time improves the cost-effectiveness 
of RFA. 

In this randomized study with a non-inferiority design, the efficacy of the simple-no-
cleaning regimen, i.e. double application of 12 J/cm2, without cleaning of the ablation 
zone and ablation catheter in between ablation passes, was comparable to the standard 
regimen. When comparing the efficacy of the simple-with-cleaning regimen with the 
standard c-RFA regimen, non-inferiority could not be concluded, because the lower 
border of the 95% confidence-interval included the predefined border of 20% Barrett’s 
surface regression which a priori was considered as a clinically relevant difference. In our 
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opinion, however, it is justified to conclude that there are no important differences in 
efficacy between the three c-RFA regimens. It is also essential to realize that the final 
treatment outcome of RFA generally results from multiple RFA sessions. Small differences 
in the initial efficacy of c-RFA can thus be compensated by one of the subsequent focal 
RFA sessions. For these reasons, and since the simple-no-cleaning regimen is by far the 
easiest and fastest of the three regimens tested, we considered this c-RFA regimen as the 
most suitable for clinical use. The simple-no-cleaning regimen had a significantly shorter 
RF ablation time, lasting only 5 minutes versus 20 minutes for the standard regimen 
respectively and required only 4 introductions of endoscope and RFA-balloon versus 7 
with the standard regimen. 

The double application of RF energy used in the current c-RFA regimens is based on 
initial dosimetry studies in animals and in human patients prior to esophagectomy.13,14 
These studies demonstrated a dose-response relation between the number of RFA 
applications and the ablation depth, resulting in a higher rate of complete epithelial 
removal after a double RFA application versus a single application. In addition, a double 
RFA application ensures that missed areas during the first ablation pass, are ablated 
during the second pass. The cleaning step with removal of the debris of the electrode 
and ablation zone in between ablation passes was incorporated in the treatment protocol 
based on the theory that the debris after RFA would insulate ablated areas from further 
ablation injury, thus reducing the efficacy of RFA. Similarly, flushing with acetylcysteine 
was included, based on the hypothesis that mucus on the esophageal wall could insulate 
the mucosa from ablation injury. Improvement of the surface regression of Barrett’s 
epithelium and reduction of the number of RFA sessions was observed in uncontrolled 
cohort studies in which the cleaning step was implemented.4,5,15,16 However, these 
studies also incorporated other modifications to the ablation protocol: the ablation was 
performed under endoscopic visualization to optimize positioning of the balloon-catheter, 
whereas at first this was performed blindly using the shaft of the balloon-catheter as a 
reference. Secondly, a dose adjustment from 10 to 12 J/cm2 for c-RFA was adopted by 
most centers at this time.2,4,5 Third, focal RFA for residual BE areas using the HALO90-
device was introduced. Lastly, a learning effect in performing RFA may have played a 
role. Theoretically, the cleaning step may also be counterproductive: the ablated mucosa 
underneath the debris may become swollen and hyperaemic as a result of the first ablation 
or due to manipulation by the cleaning process. The RF energy may subsequently reach 
less deep in the thickened mucosa, which may thus counter balance the beneficial effect 
of removing the debris. This randomized study suggest that cleaning in between ablation 
passes may not be as relevant as previously thought.

The simple-no-cleaning regimen is the most simple ablation regimen of three investigated 
in this study. Based on the results of this study, we have incorporated the simplified c-RFA 
regimen in our daily practice for uncomplicated c-RFA cases. In addition, we have included 
the simplified regimen in our RFA training programs (www.RFA-academia.eu). 

The simple-no-cleaning regimen, however, may have some drawbacks compared to 
standard c-RFA. Theoretically, the simple-no-cleaning regimen may leave small skipped 
BE zones that are not ablated during c-RFA, since the same zone is ablated twice keeping 
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the balloon virtually in the same position. In contrast, the standard c-RFA regimen consists 
of two separate ablation passes from proximal to distal, usually this results in successful 
ablation of skipped zones during the second ablation pass, since the balloon will not be in 
the exact same level in the BE. 

For patients with a more complex Barrett’s segment, in our opinion, the simple-
no-cleaning regimen may be less appropriate. In patients with a relative stenosis, or a 
narrowing at the ER scar, the balloon may migrate during ablation, resulting in skipped 
zones or zones with too much overlap that are ablated multiple times. The cleaning step 
of the standard regimen is a good way of assessing the completeness of the first complete 
ablation pass, and to allows for adjustment of the balloon position during the second 
ablation pass to treat skipped zones. Therefore, for patients with a complex or tortuous 
esophagus, we recommend the standard regimen for c-RFA. 

Finally, theoretically, two immediate double ablations of the same zone, as applied in 
the simple-no-cleaning regimen, may result in ‘heat stacking’ and cause deeper thermal 
damage than when the ablation zone has had time to cool down during a cleaning step. 
We did not observe any RFA-related stenoses in this study and this concern therefore 
remains theoretical. 

A potential limitation of our study is the use of a surrogate primary endpoint. Our 
primary endpoint was the mean score of two expert endoscopists who blindly and 
independently scored the BE surface regression percentage at 3 months after c-RFA for 
each patient using endoscopic images. This approach ensured an unbiased BE surface 
regression percentage score. We assume that the BE surface regression percentage reflects 
the c-RFA efficacy the more directly, than the rate of complete response of neoplasia and 
IM after multiple RFA sessions. In addition to a comparable rate of BE surface regression 
at 3 months after c-RFA of the simple-no-cleaning and standard c-RFA regimen, there was 
also no difference in CR-neoplasia and CR-IM rates or the number of RFA sessions, which 
highlights the clinical relevance of the study. Another limitation is the setting of three 
tertiary referral centers for the management of early Barrett’s neoplasia with experienced 
endoscopists and pathologists, making our results not translatable to non-expert centers. 
However, we strongly encourage centralization of ER and RFA treatment for all patients 
with early Barrett’s neoplasia in expert centers. Other limitations concern the small sample 
size and short-term follow-up.

In conclusion, in this randomized multicenter trial we compared three ablation regimens 
for circumferential balloon-based RFA in the management of early Barrett’s neoplasia. We 
showed that the efficacy of a simplified regimen in which the cleaning step is completely 
abandoned is non-inferior to the standard regimen, but that this regimen is twice as fast 
and requires significantly less introductions than the standard regimen. Therefore, we 
recommend the use of the simplified c-RFA regimen without cleaning step as a quick and 
easy alternative for patients with an uncomplicated Barrett’s esophagus without scarring 
and stenosis. 
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ABSTRACT

Background: The currently recommended regimen for focal radiofrequency ablation 
(RFA) of Barrett’s esophagus (BE) comprises two applications of energy, cleaning of 
the device and ablation zone, and two additional applications of energy. A simplified 
regimen may be of clinical utility, if it is faster, easier and equally safe and effective. 

Objective: compare the efficacy of two focal RFA regimens. 

Setting: Three tertiary referral centers. Patients: Consecutive patients scheduled for 
focal RFA of BE were enrolled having flat type BE with ≥2 BE islands or mosaic groups 
of islands. 

Interventions: BE areas were paired: one area was randomized to the ‘standard’ 
regimen (2x15J/cm2-clean-2x15J/cm2) or ‘simplified’ regimen (3x15J/cm2-no clean), 
allocating the second area automatically to the other regimen. The % surface area 
regression of each area was scored at 2 months by the endoscopist (blinded). 

Outcome measure: proportion of completely removed BE areas at 2 months. Calculated 
sample size was 46 pairs of BE areas using a non-inferiority design. Non-inferiority was 
defined as <20% difference in the paired proportions.  

Results: Forty-five equivalent pairs of BE areas were included in 41 patients. The 
proportion of completely removed BE areas at 2 months after focal-RFA was 30/45 
(67%) for standard and 33/45 (73%) for simplified. Non-inferiority was demonstrated by 
a 7% difference (95%CI -10.6 to +20.9). Limitations: tertiary referral centers.

Conclusions: The results of this multicenter randomized trial suggest that a simplified 
3x15J/cm2 focal ablation regimen is not inferior to the standard regimen, regarding the 
endoscopic removal of residual Barrett’s islands.
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INTRODUCTION

Endoscopic therapy is the treatment of choice for patients with Barrett’s esophagus (BE) 
containing high-grade dysplasia (HGD) or early carcinoma. Currently, the best available 
treatment approach is a combination of endoscopic resection (ER) of visible lesions 
followed by endoscopic ablation of the residual flat BE using radiofrequency ablation 
(RFA).1-4    

Radiofrequency ablation (RFA) is a recently introduced endoscopic treatment modality 
for the complete removal of Barrett’s esophagus (BE) with or without dysplasia. Several 
large scale multicenter studies have shown that RFA is safe and effective with reported 
rates of complete histological removal of BE and dysplasia in 77-100% of patients.3-7 

RFA can be performed with a balloon-based ablation catheter for circumferential 
ablation (HALO360+-catheter) or a focal ablation device that is attached to the tip of 
the endoscope (HALO90-catheter) for ablation of smaller areas of residual BE, such as 
remaining BE islands, small BE tongues, or an irregular Z-line. Generally, patients require 
about three RFA sessions to achieve histological eradication of dysplastic BE, usually one 
circumferential and two focal RFA sessions, performed with 2-3 month-intervals.3,7 The 
advised ablation regimen for both circumferential balloon-based as focal HALO90 ablation 
consists of two ablation passes in the same endoscopic session, with a cleaning step in 
between ablation passes to remove debris from the surface of the ablation zone and 
electrode.8 Although focal ablation with the HALO90-catheter is relatively easy to perform, 
cleaning of the ablation zone, and removing, cleaning and reintroducing the HALO90-
catheter are impractical, time consuming, and uncomfortable to the patient. In this study, 
we evaluated a simplified HALO90-ablation regimen in which cleaning of the ablation 
zone is abandoned, thereby reducing the number of introductions with the endoscope 
and the HALO90-ablation device. We hypothesized that this simplified HALO90-ablation 
procedure results in an easier and faster ablation procedure with fewer introductions, 
while maintaining efficacy and safety. The study aim was to compare the safety and 
efficacy of the current ‘standard’ HALO90-ablation regimen versus a ‘simplified’ HALO90-
ablation regimen in a randomized trial using a non-inferiority design. 

PATIENTS AND METHODS

The inception cohort of this study consisted of patients that underwent RFA treatment for 
the complete removal of BE in one of three tertiary referral centers. The indication for RFA 
was the complete removal of all BE with or without a prior ER of a focal lesion containing 
HGD or early cancer.9 

Radiofrequency ablation 

RFA was performed using the HALO system (by BÂRRX/Covidien Medical Inc, Sunnyvale, 
CA, USA). The HALO system is based on the use of bipolar electrodes and a preset 
radiofrequency (RF) energy density to ensure a uniform ablation depth of 0.5-1mm. For 
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initial circumferential ablation, the HALO360-balloon-catheter was used, as described 
elsewhere.3,8 For subsequent focal ablation of BE areas or islands smaller than 2cm in 
longitudinal length, and ≤50% of the circumference, the HALO90-catheter was used, 
which consists of a cap-based electrode of 20mm x 13mm that is attached on the tip 
of the endoscope (Figure 1).3,8 RFA was repeated every 2-3 months with a maximum 
of 5 RFA sessions (≤2 HALO360), until complete endoscopic and histological removal of 
all BE was achieved. Endoscopic work-up, and pre- and post-procedural care of the RFA 
procedures have been previously described.3,8

Figure 1: HALO90-device for 
radiofrequency ablation (RFA). The 
HALO90-device is used for secondary 
RFA of residual Barrett’s epithelium 
after initial circumferential ablation 
using the HALO360 system, or for 
primary RFA. The HALO90-device is 
fitted on the tip of the endoscope 
and consists of a bipolar electrode 
array (20 mm x 13 mm) on an 
articulated platform, for optimal 
contact with the esophageal wall. 
The use of a bipolar electrode and 
a generator that delivers a fixed 
amount of RF energy results in 
uniform, controlled ablation with 
an ablation depth of ~0.5mm 
(permission for use from Covidien, 
GI Solutions (formerly BÂRRX 
Medical).

Selection criteria

Patients were eligible if they met the following criteria: scheduled for a first, second or 
third HALO90-procedure for BE with or without dysplasia; absence of endoscopically 
visible active inflammation in the treatment zone; absence of esophageal stenosis 
(esophageal diameter <18mm) preventing introduction of the endoscope and/or the 
HALO90-catheter; no previous randomization of BE areas for the purpose of this study; 
written informed consent. 

‘BE areas’ had to meet the following criteria: presence of ≥2 BE islands with a size of 
≥2mm, or clusters of BE islands, with a total surface area smaller than 2 adjacent HALO90-
applications and <50% of the circumference; a distance of >20mm or >33% of the 
circumference in between BE areas (to prevent overlap of two ablation zones treated with 
different RFA regimens); a distance of >10mm from the neosquamocolumnar junction (to 
prevent that ablation of the neosquamocolumnar junction would interference with the 
allocated RFA regimen). BE islands that were elevated or contained endoscopic visible 
abnormalities suspicious for carcinoma were not eligible. 
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HALO90-regimens

During high resolution (HR) endoscopy with white light (WL) and narrow band imaging 
(NBI) or Fuji Intelligent Chromo Endoscopy (FICE), the BE was flushed with the mucolytic 
agent acetylcysteine (1%) followed by flushing with tap water. The BE was inspected to 
exclude the presence of visible lesions, and stenosis. The number, size (maximum diameter) 
and localization (insertion depth of the endoscope, and the circumferential position in the 
endoscopic view) of all BE islands and tongues were registered and documented on still 
images (WL + NBI/FICE). 

Eligible BE areas were numbered sequentially from distal to proximal. Area 1 was 
randomized and treated first, and area 2 was automatically allocated to the other ablation 
regimen, thus forming a pair. The ‘standard’ regimen (‘double-double-15’) consisted of a 
double application of RF energy at 15J/cm2, cleaning of the debris from the ablation zone 
and cleaning of the HALO90-electrode outside of the patient, followed by another double 
ablation at 15 J/cm2. The ‘simplified’ regimen (‘triple-15’) consisted of three consecutive 
ablations at 15J/cm2 without cleaning of the ablation zone or HALO90-electrode. A 
maximum of two pairs were randomized. Prior to switching over to the other ablation 
regimen, the surface of the ablation electrode was cleaned outside of the patient. In 
case BE areas were localized close to each other, 1-2mm sized endoscopic tattoos were 
placed to enable localization of both areas at 2 months (Endo Spot, GI Supply, Camp 
Hill, Pennsylvania, USA). After focal ablation of the included BE areas according to the 
allocated regimens, all other remaining BE including the neosquamocolumnar junction 
were treated with the standard regimen for focal RFA.

Scoring of outcome parameters during follow-up endoscopy at 2 months

Patients were scheduled for HR endoscopy with NBI/FICE after 2 months, and outcome 
parameters were scored at that time. Endoscopists were provided with information on the 
localization of included areas, the number and size of BE islands per area at baseline, and 
were allowed to review endoscopic images from baseline, however, they were blinded for 
the administered HALO90-treatment regimen. After thorough inspection, still images were 
made of any residual columnar epithelium (WL + NBI/FICE) at included BE areas, and the 
endoscopist scored the outcome parameters per included BE area after the endoscopy.

Outcome parameters at 2 months 

Primary outcome parameter: complete endoscopic eradication of the BE area, defined as 
absence of any endoscopically visible columnar epithelium as judged by the endoscopist.

Secondary outcome parameter: surface regression of the BE area as compared to 
baseline, defined as the percentage of surface regression of endoscopically visible 
columnar epithelium observed by the endoscopist.

Follow-up protocol

When endoscopic BE eradication was achieved, 4Q/2cm random biopsies were obtained 
of the neosquamous epithelium of the original BE and immediately distal (<5 mm) to 
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the neosquamocolumnar junction (neo-Z-line). If histological assessment of the biopsies 
confirmed complete response for early neoplasia (CR-neoplasia) and intestinal metaplasia 
(CR-IM), patients were scheduled for HR endoscopy with NBI/FICE and 4Q/2cm biopsies 
at 6 months, and annually thereafter. 

Ethics and statistics

The study was approved by the medical ethics committees of all study centers (NTR 
2510, www.trialregister.nl). Written informed consent was obtained from all participants. 
Randomization was performed by a study monitor according to a computer-generated 
random order in sealed opaque envelopes during baseline endoscopy. The study monitor 
attended the baseline endoscopy and follow-up endoscopy at 2 months for prospective 
data registration using standardized case record forms. 

The sample size was based on the assumption that a difference of 20% or more in the 
proportions of completely eradicated BE areas in both arms would be of clinically relevance. 
To reject the hypothesis that the simplified regimen is inferior to the standard regimen, 
46 pairs of BE areas were required, with non-inferiority defined as <20% difference in the 
paired proportions of completely eradicated BE areas (one-sided, p=0.025, 80% power, 
10% drop-out). For sample size calculation and random sequence generation nQuery 
Adviser (Version 7, Cork, Ireland) was used. Data analysis was performed using SPSS 
statistical software package (SPSS Inc.16.0.2, Chicago, IL, USA). For descriptive statistics, 
mean (±SD) was used for parametric distribution and median (inter-quartile range, IQR) 
was used for non-parametric distribution. To compare groups, McNemar’s test for paired 
data was used. Fisher exact test and Mann-Whitney U test were used when appropriate. 
Differences were considered statistically significant if p≤0.05. To calculate confidence 
intervals, the Confidence Interval Analysis package was used (CIA 2.2.0, London, UK).10 

RESULTS

Patients

This study was performed in three tertiary referral centers for the endoscopic treatment 
of early neoplasia in the upper gastrointestinal tract in the Netherlands: Academic 
Medical Center, Amsterdam; Sint Antonius Hospital, Nieuwegein; and Catharina Hospital, 
Eindhoven. In total 89 patients were screened for the study of whom 48 did not meet 
the inclusion criteria (too small islands, too close to each other or the Z-line within 10-mm 
distance (n=20), no remaining islands (n=11), only a single island (n=11), esophageal 
stenosis (n=2), need for circumferential balloon-based RFA for remaining BE (n=2), visible 
lesion requiring ER (n=1), no consent (n=1)). Forty-one patients were included (29 male, 
median age 63±11 years with a median BE length prior to any treatment of C5M7 
(IQRC2-9;M5-10) (Table 1, Figure 2). 

Prior to RFA, 28 patients underwent ER of focal lesions. Initial circumferential balloon-
based RFA was performed in 39 of 41 patients, whereas 2 patients underwent initial focal 
RFA. Primary focal RFA was performed for the removal of a residual Barrett’s tongue of 
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Table 1: Baseline characteristics of 41 patients with dysplastic Barrett’s esophagus treated with endoscopic 
radiofrequency ablation, and in whom pairs of Barrett’s areas were randomized to two different focal 
radiofrequency ablation regimes. 

n= 41

Male: female 29:12:00

Mean age  (years) 63 (±11)

Median BE length (cm) prior to RFA C5M7 (C2-9; M5-10)

Most advanced histology overall (biopsies or ER specimens) Carcinoma 22, HGD 12, LGD 5, NDBE 2

ER prior to randomization 28

Histology prior to any RFA (biopsies) HGD 20, LGD 12, NDBE 9

BE= Barrett’s esophagus, C=circumferential BE length, M= maximal BE length, RFA= radiofrequency 
ablation, ER= endoscopic resection, HGD= high-grade dysplasia, LGD= low-grade dysplasia, NDBE= non 
dysplastic Barrett’s epithelium.

45 pairs of BE areas assessed:

n=1 excluded
- incorrect regimen applied

FOCAL RFA n=41 
46 pairs of BE areas randomized

n=48 not eligible
SCREENING n=89
scheduled for focal RFA of BE ≤HGD

SUBSEQUENT TREATMENT n=40
- Focal RFA n=22
- Focal RFA + ER n=6
- None n=12 

TREATMENT OUTCOME n=40
- CR- neoplasia n=40/40
- CR- IM n=37/40

STANDARD FOCAL RFA REGIMEN:  
- 30/45 (67%) BE areas eradicated

SIMPLIFIED FOCAL RFA REGIMEN: 
- 33/45 (73%) BE areas eradicated

n=1 excluded
- incorrect regimen applied

FOCAL RFA n=41 
46 pairs of BE areas randomized

n=48 not eligible
SCREENING n=89
scheduled for focal RFA of BE ≤HGD

SUBSEQUENT TREATMENT n=40
- Focal RFA n=22
- Focal RFA + ER n=6
- None n=12 

TREATMENT OUTCOME n=40
- CR- neoplasia n=40/40
- CR- IM n=37/40

STANDARD FOCAL RFA REGIMEN:  
- 30/45 (67%) BE areas eradicated

SIMPLIFIED FOCAL RFA REGIMEN: 
- 33/45 (73%) BE areas eradicated

FOLLOW-UP AT 2-MONTHS n=40
45 pairs of BE areas assessed:

Figure 2: Patient inclusion and outcomes of patients with dysplastic Barrett’s esophagus treated with 
endoscopic radiofrequency ablation, in whom pairs of Barrett’s areas were randomized to two different 
focal radiofrequency ablation regimes. RFA= radiofrequency ablation, BE= Barrett’s esophagus, HGD= 
high-grade dysplasia, ER= endoscopic resection, CR-N= complete response for neoplasia, CR-IM= complete 
response for intestinal metaplasia. 
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3 cm in one patient; and for optimal electrode contact in another patient with reflux-
related scarring in a C3M6 BE. Patients were included during the first focal RFA session in 
34 cases, while in 7 others this was the second (n=5) or third (n=2) focal RFA session. The 
most advanced histology (biopsies or ER specimens) overall was carcinoma in 22, HGD 
in 12 and LGD in 5 and non-dysplastic BE in 2 patients. Two patients with non-dysplastic 
BE underwent RFA treatment (long segment BE of C9M10 in a 39-year-old male, and 
a C7M8 BE in a 64-year-old female with two first degree relatives with esophageal 
adenocarcinoma). Prior to any RFA, the most advanced histology (biopsies) was HGD in 
20, LGD in 12 and non-dysplastic BE in 9 patients. 

HALO90-procedure 

In total 92 BE areas (46 pairs) were randomized to the standard or simplified regimen. 
One patient with one pair of BE areas was excluded from analysis because the second 
area was accidently ablated with the wrong regimen, leaving 45 pairs for the final analysis 
(Table 2). Of 41 patients, there were 36 patients with a single pair of BE areas (2 BE 
areas per patient) and 5 patients with two pairs of BE areas (4 BE areas per patient). 
BE areas contained one (n=54, median size 10mm (IQR 6-15)) or multiple islands (n=38) 
(Figure 3). In 3 cases BE areas were marked with an endoscopic tattoo (Figure 4). Baseline 
characteristics were similar in both groups (Table 2). There were no acute or severe 
complications. Two patients, both treated with an extensive ER prior to balloon-based 
RFA, developed a symptomatic stenosis after a second focal RFA procedure. Symptoms 
resolved after endoscopic dilation.

Table 2: Baseline characteristics of 45 pairs of Barrett’s areas that were randomized to two different 
treatment regimens (‘Standard’ or ‘Simplified’) for focal radiofrequency ablation. 

Overall 
(n=45)

Standard 
(n=45)

Simplified 
(n=45)

p-value

Single island: multiple BE islands per area 54:36:00 26:19:00 28:17:00 0.77∞
Islands per BE area in case of multiple islands 
(median, R)

2 (2-10) 2 (2-5) 2 (2-10) 0.79∆

Size of single BE islands (median, IQR) 10 mm (6-15) 10 mm (5-16) 10 mm (7-10) 0.60∆

BE= Barrett’s esophagus, R= range, IQR= interquartile range, ∞Mc Nemar test,  ∆Wilcoxon Signed Ranks 
test.

Outcome parameters at two months follow-up

At the two months follow-up endoscopy, the proportion of completely eradicated BE 
areas was 30/45 (67%) for the standard RFA regimen and 33/45 (73%) for the simplified 
regimen: a difference of 7% (95%CI -10.6% - 20.9%) (Table 3 + 4). The median surface 
regression for each BE areas at 2 months was 100% in both groups, whereas for not 
completely eradicated areas this was 78% (IQR50-90) for standard and 80% (IQR50-90) 
for simplified (p=1.0). 
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Figure 3: Endoscopic images of areas of Barrett’s epithelium that were randomized to the simplified or 
standard regimen for focal radiofrequency ablation (RFA) using the HALO90-device.

Figure 4: Focal radiofrequency ablation (RFA) of remaining Barrett’s epithelium (BE) after circumferential 
balloon-based RFA, in a patient with a baseline C7M9 Barrett’s esophagus (BE) containing a mucosal 
cancer that was removed with endoscopic resection. A: remaining BE after circumferential balloon-
based RFA, B: narrow band imaging showing several BE islands; the encircled island was included in the 
study and treated with the standard regimen, C: corresponding image after placement of a tattoo for 
relocalization of the island, D: ablation of the randomized pair of BE areas using the standard and the 
simplified regimen in the same patient, E: circumferential ablation of the neosquamocolumnar junction, F: 
complete histological response for neoplasia and intestinal metaplasia.
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Subsequent treatment

Of 40 patients that were included in the study, CR-neoplasia and CR-IM were achieved 
in 100% and 93% (37/40) of patients respectively, in a median of 3 RFA sessions (IQR 
2-4) overall during the endoscopic treatment period. In 6 patients, additional ER was 
performed after RFA to remove a focal lesion during the RFA treatment phase (n=3) or to 
remove persisting BE after 5 RFA sessions (n=3). ER specimens showed a T1m3 carcinoma 
in 1 patient, BE without dysplasia in 4 patients, and no IM in 1 patient. None of the 
focal lesions was localized at the BE areas that were included in this study. In 5 patients, 
additional argon plasma coagulation was used for ablation of tiny islands <2mm. 

In 3 patients that failed CR-IM, focal IM was found at the Z-line in 2 patients, whereas 
in 1 patient a single focus of buried IM was detected in the proximal esophagus, which 
was not reproduced during follow-up.

DISCUSSION

RFA is an endoscopic ablation technique that has shown to be a safe and effective treatment 
modality for the histological eradication of dysplastic BE in 77-100% of patients.3-5,7 With 

Table 3: Rate of complete endoscopic removal of 45 pairs of Barrett’s areas randomized to two different 
treatment regimens (‘Standard’ or ‘Simplified’) for focal radiofrequency ablation. 

Simplified regimen (3x15 J/cm2 without cleaning)

Standard regimen Complete removed Not completely removed

(2x2x15 J/cm2 with cleaning)

Complete removed 25 5

Not completely removed 8 7

Mc Nemar test of symmetry for paired data (p=0.58). 

Table 4: Rate of complete endoscopic removal of 45 pairs of Barrett’s areas by using focal radiofrequency 
ablation after randomization to two different ablation regimens (‘Standard’ or ‘Simplified’). 

Standard 
(2x2x15 J/cm2 with 

cleaning) (n=45)

Simplified 
(3x15 J/cm2 without 

cleaning) (n=45)

p-value / CI

Primary outcome

Completely removed BE areas (IQR) 67%
n=30/45 

73%
n=33/45 

0.58∞
7% difference 

(95%CI= -10.6 to +20.9) 

Secondary outcome

Median BE regression overall (IQR) 100% (90-100) 100% (99-100) 0.39∆
Median BE regression of not 
completely removed areas

78% (50-90) 80% (50-90) 1.00∆

CI= confidence interval, IQR= interquartile range, ∞Mc Nemar test,  ∆Wilcoxon Signed Ranks test 
**Non-inferiority was demonstrated if the 95%CI of the difference in proportions (paired) of completely 
removed BE areas of the simplified regimen was <20% worse than the standard regimen.
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more endoscopists having access to the technique and more patients being treated, it is 
of relevance to improve the practicality of the treatment, while preserving efficacy and 
safety.11,12

In this randomized trial we compared two different treatment regimens for focal 
radiofrequency ablation of Barrett’s epithelium in patients with early BE neoplasia. We 
hypothesized that a new, simplified focal ablation regimen would result in an easier and 
faster focal ablation procedure with fewer introductions, while maintaining efficacy and 
safety. 

In this study we used a non-inferiority design to evaluate if the simplified regimen has 
a comparable efficacy as the standard focal RFA treatment. Our results show that the 
proportion of completely eradicated BE areas was 67% for the standard regimen and 
73% for the simplified regimen: a difference of 7%. Because the lower border of the 
95% confidence interval of this difference does not exceed the predefined limit of -20% 
(7%; 95%CI -10.6% to +20.9%) we conclude that the simplified regimen is not inferior 
to the standard regimen. Although in this study we were not able to separately compare 
the complication rate of both regimens, there were only two late complications, and no 
serious or acute complications occurred, which is in accordance with other RFA series.3,5 

The currently used double-double-15 J/cm2 regimen has its origin in initial balloon-
based RFA dose-escalation studies in animals and human patients prior to esophagectomy, 
as well as subsequent clinical trials.1,2,5,13-16 These studies demonstrated a dose-response 
relation between the energy density (J/cm2) and the number of RF energy applications 
versus the ablation depth.13,14,16 Cleaning of the debris from the ablation surface and 
electrode was first introduced for circumferential RFA, because the debris was thought to 
insulate ablated areas from further ablation damage. When the HALO90-catheter came 
available, a similar ablation regimen as for circumferential RFA was applied for focal RFA. 
Subsequent dose-escalation from 2x12 J/cm2 to 2x2x12 J/cm2 to 2x2x15 J/cm2 suggested 
that a double-double-15 J/cm2 regimen was the most effective regimen.1,2 Improvement 
of the surface regression of Barrett’s epithelium and reduction of the number of RFA 
sessions was observed in uncontrolled cohort studies in which the cleaning step was 
implemented for circumferential balloon-based RFA.1,2,5,15 However, other modifications 
were made to the ablation protocol at the same time: the ablation was performed under 
endoscopic visualization to optimize positioning of the balloon-catheter, whereas at 
first this was performed blindly using the shaft of the balloon-catheter as a reference. 
Secondly, a dose adjustment from 10 to 12 J/cm2 for c-RFA was adopted by most centers 
at this time. Third, a learning effect in performing RFA may have played a role in the 
improved results. During the cleaning step, the mucosa may however become edematous, 
hyperemic, and thicker as a reaction to the ablation and the manipulation by pushing, 
spraying and sloughing off the debris. These effects might neutralize the beneficial effect 
of removing the debris. Therefore, we used a triple application instead of a double-double 
application of RFA based on the hypothesis that the cleaning step may neutralize or even 
decrease the efficacy, and to avoid the potential deeper damage of four RFA applications 
without cleaning step.

159



Chapter 9

The simplified ablation regimen that we propose in this study has several advantages 
over the currently used ablation regimen, while the safety and efficacy of focal RFA is 
maintained. Only a single introduction of the HALO90-catheter is required in the simplified 
ablation regimen, whereas two introductions of the endoscope and the HALO90-
catheter are needed in the standard protocol.8 Apart from being more practical for 
the endoscopist, this likely reduces discomfort to the patient and makes the procedure 
safer, since each introduction can potentially harm the hypopharynx or esophageal wall. 
This is of relevance, since in an estimated 10% of the cases, based on our own clinical 
experiences, the introduction of the HALO90-catheter into the esophagus is difficult. In 
most cases simple tricks suffice, such as asking the patient to swallow, or the introduction 
of a spraying catheter or biopsy forceps into the esophagus as a conduit. Incidentally, 
however, dilation of the upper esophageal sphincter with a controlled radial expansion 
balloon is required. In rare cases, also the removal of the HALO90-catheter may be 
troublesome, when the HALO90-electrode platform tilts downwards and becomes stuck 
distal to a stenosis or the upper esophageal sphincter. Especially in patients with a relative 
stenosis caused by scarring due to prior ER or reflux it may be complicated to introduce or 
remove the HALO90-catheter. Therefore, this patient group in particular may benefit from 
an ablation regimen that requires only a single introduction of the HALO90-catheter into 
the esophagus versus two introductions with the standard regimen. Currently, the smaller 
HALO60-electrode (electrode surface 60% of the HALO90) is also available for small 
residual BE islands and tongues, which is easier to introduce. Furthermore, the duration of 
focal RFA using the simplified regimen may be shorter, since the cleaning of the ablation 
surface with the cap-electrode and spraying catheter, and cleaning of the ablation surface 
and the RFA electrode outside of the patient is abandoned. 

A strength of our study was the randomization of pairs of islands within one patient, 
instead of randomizing individual patients. This ensured that both ablation regimens were 
performed and compared under equal circumstances, ruling out interpatient variation and 
interprocedure variation. 

The most important limitation of our study is that we compared both ablation 
regimens exclusively for the treatment of BE islands, whereas in clinical practice, focal RFA 
is performed for larger BE areas, such as tongues and for the circumferential ablation of 
the gastroesophageal junction.8 Theoretically, areas with more exposure to reflux such as 
the gastroesophageal junction may respond differently to the two regimens. Additionally, 
in our study, each BE area was treated with a clean HALO90-catheter. Hypothetically, the 
HALO90-catheter may become more and more covered with debris after repeated RF 
applications, which may act as an isolation layer and reduce the efficacy of the ablation. 
Therefore, after a certain number of RF applications, it may be necessary to clean the 
debris of the HALO90-electrode to keep the efficacy of the ablation optimal. 

Another limitation of our study is that our study set-up did not allow for comparison 
of the duration of both regimens, since both regimens were applied during the same 
procedure. Further, we were not able to match islands of the exact same size. First, it 
would be difficult to find two equally sized BE areas within one patient. Secondly, it is 
currently not possible to quantify the exact surface of a BE island in mm2. The randomized 
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design of our study, however, makes it unlikely that this has influenced the results. A 
further limitation is we have not used a histological endpoint. No biopsies were taken 
from the included areas prior to ablation to assess the presence of IM and dysplasia. 
Obtaining a biopsy would have changed the size of the BE island, and would therefore 
interfere with the results of the study. Since the baseline histology of each specific BE 
area was unknown, we were not able to compare histology before and after focal RFA 
per randomized BE area. It is, however, unknown if the grade of dysplasia of flat type BE 
islands is related to the success rate of RFA.6,7 Although we cannot guarantee an equal 
spread of dysplastic areas over both groups since we did not biopsy prior to RFA, our 
randomized study set-up makes any influences of this issue small. 

In conclusion, in this study we have evaluated a simplified ablation regimen for focal 
RFA using the HALO90-catheter, by comparing it with the currently used focal ablation 
regimen in a randomized multicenter trial. The simplified regimen (3x15J/cm2 without 
cleaning) has the advantages of requiring fewer introductions, and, theoretically, a 
shorter procedure time. Our findings suggest that the proposed simplified 3x15J/cm2 
focal ablation regimen is not inferior to the standard regimen for focal RFA of residual BE 
islands after circumferential RFA. 

In future studies of focal RFA regimens, patients instead of Barrett’s areas should be 
randomized to the simplified or the standard RFA regimen, to allow for comparison of 
procedure time, safety, complete histological response rates for neoplasia and IM, and 
long-term follow-up. 
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ABSTRACT

Background: Radiofrequency ablation (RFA) is safe and effective for eradication of 
neoplastic Barrett’s esophagus (BE). Infrequently, RFA results in minimal Barrett’s 
regression, which often manifests after initial circumferential balloon-based RFA (c-RFA). 

Aims: To identify factors that predict a poor response at 3 months after c-RFA, and 
relate the 3 month BE regression to the final treatment outcome.

Methods: We included consecutive patients from 14 centers who underwent c-RFA 
for no worse than high-grade dysplasia. Patient and treatment characteristics were 
registered prospectively. ‘Poor initial response’ was defined as BE regression <50% 
at 3 months after c-RFA, graded by 2 expert endoscopists using endoscopic images. 
Predictors of initial response were identified through logistic regression analysis. 

Results: 278 patients were included (median BE C4M6). In poor initial responders 
(n=36;13%), complete response for neoplasia (CR-N) was ultimately achieved in 86% 
(vs 98% in good responders; p<0.01) and CR-intestinal metaplasia (IM) in 66% (vs 95%, 
p<0.01). Poor responders required 13months (vs 7months; p<0.01) for 4 RFA-sessions (vs 
3; p<0.01). We identified four independent baseline predictors of poor response: active 
reflux esophagitis (OR=37.4;p<0.01); ER-scar regeneration with BE (OR=4.7;p=0.03); 
esophageal narrowing pre-RFA (OR=3.9;p=0.05); and years of neoplasia pre-RFA 
(OR=1.2;p=0.03). 

Conclusions: Patients with a poor initial response to c-RFA have a lower ultimate success 
rate for CR-N/CR-IM, require more treatment sessions, and a longer treatment period. 
A poor initial response to c-RFA occurs more frequently in patients who regenerate their 
ER-scar with BE, with ongoing reflux esophagitis, neoplasia in BE for a longer time, and 
a narrow esophagus.  
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INTRODUCTION

Radiofrequency ablation (RFA) is an endoscopic ablation technique for safe and effective 
eradication of Barrett’s esophagus (BE) containing early neoplasia. In patients with visible 
lesions, RFA can be safely and effectively preceded by endoscopic resection (ER) of these 
focal lesions, yielding a specimen for histological staging and rendering the mucosa flat 
prior to RFA. Multicenter studies have reported complete eradication of all intestinal 
metaplasia and neoplasia in 77-100% of patients after RFA with or without ER.1-6 RFA 
treatment usually starts with a circumferential ablation with the balloon-based HALO360-
device (c-RFA), followed by focal ablation sessions with the smaller HALO90-device to 
treat residual BE. Generally, three endoscopic RFA sessions suffice to achieve complete 
conversion of the BE into squamous mucosa. Despite the good results of RFA treatment, 
sporadically, patients demonstrate a poor response to RFA. In our first five prospective 
RFA studies there were six patients (4%) in whom the RFA treatment protocol failed to 
achieve complete removal of all intestinal metaplasia and/or early neoplasia.2-4,6,7 In these 
patients, the median regression percentage of Barrett’s epithelium at 3 months after the 
initial c-RFA was 35% compared to 90% for other patients. We therefore hypothesized 
that there is a small subgroup of patients that demonstrates minimal regression of the BE 
epithelium at 3 months after the initial c-RFA, and that in some of these patients complete 
removal of BE will not be achieved despite repeated RFA sessions. 

The early identification of patients with a high chance of failing RFA may influence 
the choice between RFA and other endoscopic treatment modalities such as complete 
stepwise endoscopic resection, a conservative approach with regular endoscopic follow-
up, or surgery. 

In this multicenter study, we prospectively collected baseline factors relating to patient 
characteristics, features of the Barrett’s segment and technical aspects of the c-RFA 
procedure. These factors were subsequently related to the BE surface area regression at 
3 months after c-RFA, to identify potential predictive factors for initial treatment response 
after c-RFA.

PATIENTS AND METHODS

Patients were eligible for c-RFA treatment if they met the following inclusion criteria: no 
worse than high-grade dysplasia (HGD) in flat type BE prior to RFA. Exclusion criteria were: 
visible lesions (i.e. nodularity) on high resolution endoscopy prior to RFA; in case of prior 
ER: ER specimens that demonstrated >T1sm1, positive deep resection margins, G3-G4 
tumor differentiation, or presence of lymphatic/vascular invasion; signs of metastasis on 
endoscopic ultrasonography or computed tomography scanning of thorax and abdomen 
(in case of cancer); symptomatic dysphagia, or an esophageal inner diameter <18mm prior 
to RFA.2-4,6,7 
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Radiofrequency ablation (RFA)

RFA was performed using the HALO system (BÂRRX Medical, Sunnyvale, CA, USA) 
consisting of the HALO360-balloon-catheter for circumferential RFA and the smaller 
HALO90- electrode for focal ablation.4,8 

Prior to RFA, the esophagus was evaluated using high-resolution endoscopy (HRE) and 
narrow band imaging (NBI) or Fuji Intelligent Chromo Endoscopy (FICE) or iScan (Pentax). 
The extent of the BE was registered according to the Prague C&M classification.9 The 
number of BE islands and squamous islands in BE were noted. The presence and location 
of visible abnormalities and (relative) narrowing of the esophagus were documented. Still 
images with HRE and NBI were obtained for every 1-2 cm of the BE while pulling back 
from the top of the gastric folds. Initial c-RFA was performed using the HALO360-balloon-
catheter, using two ablation passes (12J/cm2, 40Watt/cm2) and cleaning of the ablation 
zone and balloon-catheter after the first pass.4,8

After 3 months, the treatment effect was assessed during follow-up endoscopy with 
HRE and NBI. Again still images were obtained of every 1-2cm of the BE, and the percentage 
of BE regression was scored by the endoscopist. RFA was repeated every 2-3 months until 
complete endoscopic BE eradication was achieved.4,8 For persisting BE after a maximum 
of 5 RFA sessions (≤2 HALO360 procedures), escape ER was performed. Once complete 
endoscopic BE eradication was achieved, 4Q/2cm biopsies were obtained throughout of 
the extent of the original BE and immediately distal (<5mm) to the neosquamocolumnar 
junction to document complete histological eradication of early neoplasia (CR-neoplasia) 
and IM (CR-IM). Patients were then scheduled for follow-up endoscopy at 6 months and 
annually thereafter.

Outcome assessment: Barrett’s surface area regression percentage at 3 months.
The primary outcome measure was the percentage of visible BE surface regression at 

3 months after the initial c-RFA session. We hypothesized that BE surface regression at 3 
months (response after the first c-RFA session) is predictive of the final response at the 
end of the treatment period, defined by CR-neoplasia and CR-IM. ‘Poor initial response’ 
was defined as <50% BE surface regression at 3 months after c-RFA. 

Secondary treatment outcomes measures were: CR-neoplasia, CR-IM, number of RFA 
sessions, duration of the RFA treatment period, escape treatment required to achieve CR.

Blinded scoring of the Barrett’s surface area regression percentage. 
The endoscopist who scored the Barrett’s surface area regression at 3 months in ‘real 

time’ during the procedure was not blinded to patient history and features of the BE. We 
therefore performed an independent assessment by two endoscopists to guarantee an 
unbiased assessment.

The still images obtained at the initial c-RFA session (prior to c-RFA) and at the 3 
months follow-up endoscopy (post-c-RFA) were placed in a PowerPoint presentation. Two 
experienced endoscopists (BW, ES) independently reviewed the PowerPoint presentation 
to estimate the Barrett’s surface area regression at 3 months. They were informed on the 
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baseline BE length, but were blinded to patient history, clinical features, images of previous 
endoscopies, and information on the technical features of the initial c-RFA treatment. 

The endoscopists indicated if the endoscopic images allowed them to reliably estimate 
the surface area regression (scored as ‘good’, ‘moderate’ or ‘poor’). For cases scored 
as ‘poor’ by either one of the endoscopists, the surface area regression as assessed in 
real-time during the 3 months follow-up endoscopy was used in the analysis. Cases for 
which the surface area regression scores of the two endoscopists differed ≥30% were 
reviewed during a consensus meeting to establish a single consensus-score. For all other 
cases, the mean of the two independent assessment scores of the surface area regression 
percentage was used in the analysis.

Potential predictors of poor initial response

Baseline variables were categorized as patient characteristics, BE characteristics, and 
treatment characteristics of c-RFA. Variables were selected based on existing literature 
or on their hypothetical contribution to poor initial regression based on our clinical 
observations.5,10-20 Data was extracted from clinical charts and a self-administered patient 
questionnaire (Q) and recorded on standardized case record forms (CRF). Variables were 
dichomotous (yes/no) in case not otherwise specified. Patient characteristics were: age 
(years), gender, body mass index (weight/(length2)), history of GERD (Q), GERD duration 
(time from GERD diagnosis until first RFA, years, Q), antacids use duration (years, Q), 
current smoking (Q), smoking ever, alcohol abuse (male >3U/day; female >2 U/day, Q), 
diabetes mellitus (diabetes mentioned in the medical chart or antidiabetic medication), 
immune suppressant drugs use (inhalation corticosteroids, oral corticosteroids, or other 
immunosuppressant drugs), NSAIDs use (including acetylsalicylic acid), any medication use 
(besides antacids). BE characteristics were: BE duration (years since the first histological 
BE diagnosis), neoplasia duration (years since first histological diagnosis of LGD, HGD 
or carcinoma until first RFA), BE M-length (distance between upper end of the gastric 
folds and the proximal end of BE tongues, cm), BE C-length (distance between gastric 
folds and the upper end of the most proximal extent of the circumferential BE, cm), 
C&M difference (M-length minus C-length, cm), hiatal hernia length (cm), endoscopic 
signs of active reflux esophagitis (grade A, in case of grade ≥B, RFA was post-poned), ER 
scar regeneration with BE epithelium (versus regeneration with squamous epithelium), 
presence of BE islands in pre-RFA BE, presence of squamous islands in pre-RFA BE, ‘bell 
shaped’ esophagus (endoscopically visible proximal relative narrowing and distal relatively 
wide esophagus reported in the endoscopy report or CRF), relative narrowing pre-RFA 
(presence of a visible mild, asymptomatic stenosis or relative narrowing, reported in the 
endoscopy report or CRF: mild stricture = non-circumferential scarring; moderate stricture 
= circumferential scarring or stenosis; an endoscope can pass; severe stricture = stenosis, 
an endoscope cannot pass), most advanced histology prior to RFA (NDBE+LGD versus 
HGD in biopsies), most advanced histology prior to any endoscopic treatment (NDBE+LGD 
versus HGD+carcinoma). Treatment characteristics were: ER prior to RFA, RFA-balloon 
size, smallest esophageal inner diameter (EID; as measured during sizing prior to RFA), 
smallest EID minus RFA-balloon size. 
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Ethics, data collection and statistics

This prospective multicenter cohort study was superimposed on several European 
multicenter projects and IRB approved prospective RFA study protocols.2,3, 4,6,7 All 
patients signed informed consent. A cut-off value of <50% BE regression at 3 months after 
c-RFA was used to define ‘poor initial responders’. Mean (±SD) was used for parametric 
distribution and median (inter-quartile range, IQR) for non-parametric distribution. 
Mann-Whitney U test, Chi-square test and Fisher exact test were used to compare 
groups where appropriate. Baseline variables associated with poor initial response in the 
univariate analysis with p<0.10 were subsequently entered in a multivariate regression 
model to detect potential predictive factors for a poor initial response to c-RFA. Odds 
ratios (OR) and 95%-confidence intervals (95%CI) were used to quantify the predictive 
associations. Pearson and Spearman’s test were used to detect multicollinearity between 
predictors and in the case of a strong association (rho≥0.9) only one of the predictors was 
entered in the multivariate model. A simplified and robust version of the final multivariate 
model was created by counting the number of risk factors present, and providing the 
observed risk for the different categories (e.g. no risk factor present, one risk factor, two 
risk factors, etc.) Two-sided p-values were considered statistically significant if p≤0.05. 
The SPSS statistical software package (SPSS Inc.16.0.2, Chicago, IL, USA) was used for 
data analysis.

RESULTS

Patients

Between July 2005 to March 2010, 278 patients were consecutively included in 14 
European centers.2,3, 4,6,7 There were 219 males (79%), the mean age was 63 (SD 13) 
years, and the median BE length was C4M6 (IQR C2-8, M4-10). A prior ER was performed 
in 177 patients (64%). The overall most advanced histological diagnosis in biopsies and 
ER specimens was carcinoma in 116, HGD in 116, LGD in 44, and intestinal metaplasia 
without dysplasia in 2 patients (Table 1). 

Barrett’s surface area regression at 3 months follow-up

The median BE surface area regression 3 months after initial c-RFA of the whole cohort 
of 278 patients was 85% (IQR 60-95). BE surface area regression scores were based on 
the review score by the two expert endoscopists in 219 patients (79%), including 28 
patients (10%) in whom the surface area regression score was established in a consensus-
meeting. The median difference in BE regression percentage was 0% (IQR –5.0-7.0) 
when comparing endoscopist 1 minus endoscopist 2. In 59 patients (21%) the surface 
area regression score was based on the real-time estimation of the endoscopist at the 
3 months endoscopy because endoscopic images were not representative or available. 
The median difference in BE regression percentage between the ‘real time score’ and the 
mean score of two endoscopists was 2.5% (IQR –5.0-10.0). 

168



Predictive factors for response to RFA

10

Table 2: Treatment results: comparison of poor vs. good initial responders after RFA. Poor initial response 
was defined as <50% regression of the Barrett’s surface area at three months after the first initial 
circumferential balloon-based radiofrequency ablation.

All patients n=272 Good initial 
responders   n= 236

Poor initial 
responders n=36

p

CR-neoplasia 96% 98% 86% <0.01

CR-IM 91% 95% 66% <0.01

Median time for 
RFA treatment*

7 months (IQR 4-11) 7 months (IQR 4-10) 13 months (IQR 9-18) <0.01

Median number of 
RFA sessions*

3 (IQR 2-4) 3 (IQR 2-4) 4 (IQR 4-5) <0.01

Escape ER required 
to achieve CR-IM 

12% 10% 22% 0.05

CR= complete response, IM= intestinal metaplasia, BE= Barrett’s esophagus, RFA= radiofrequency 
ablation, IQR= interquartile range, ER-endoscopic resection. *Conditional on finishing the treatment 
protocol. 

Figure 1: Upper panel (0 months) (left to right, top to bottom): endoscopic images of a patient treated 
with circumferential balloon-based radiofrequency ablation (c-RFA) for a C7M9 Barrett’s esophagus with 
prior endoscopic resection (ER) for a T1m2 carcinoma. Lower panel (3 months) (left to right, top to 
bottom): poor initial response at three months after c-RFA, with an estimated BE epithelium surface 
regression of 0%. In this patient RFA treatment was ceased because of the poor response.
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Table 1: Baseline characteristics of patients that were treated with radiofrequency ablation (RFA) +/- 
endoscopic resection for Barrett’s esophagus containing early neoplasia, categorized in ‘good initial 
responders’ versus ‘poor initial responders’. ‘Poor initial response’ was defined as <50% regression of the 
BE at three months after initial circumferential balloon-based RFA. Univariate logistic regression analysis 
with Odds ratios was used to assess the predictive value of the clinical variables.

Variables Data available*
 (good initial 

responders / poor 
initial responders)

Overall
n=278

Good initial 
responders

n=242

Poor initial 
responders

n=36

Odds ratio 
(95% CI)

p*

Patient characteristics

Age (years) 278 (242/36) 63±13 65±13 64±11 1.01 (0.98-1.04) 0.52

Male 278 (242/36) 219 (79%) 192 (79%) 27 (75%) 0.78 (0.35-1.77) 0.55

Body Mass Index 214 (219/29) 27±4 27±4 27±4 0.99 (0.89-1.09) 0.82

History of GERD 225 (197/28) 203 (90%) 176 (89%) 27 (96%) 3.22 (0.42-24.94) 0.26

GERD duration 67 (57/10) 18.4±17.0 18.7±17.4 16.7±14.8 0.99 (0.95-1.04) 0.73

Antacids duration 212 (187/25) 8.2±9.3 8.2±9.4 8.0±8.6 1.00 (0.95-1.04) 0.90

Smoking 135 (114/21) 34 (25%) 27 (24%) 7 (33%) 1.61 (0.59-4.40) 0.35

Smoking ever 134 (113/21) 105 (78%) 88 (78%) 17 (81%) 1.21 (0.37-3.92) 0.75

Alcohol abuse 129 (109/20) 26 (20%) 25 (23%) 1 (5%) 0.18 (0.02-1.39) 0.10

Diabetes mellitus 237 (209/30) 29 (12%) 25 (12%) 4 (13%) 1.12 (0.36-3.48) 0.85

Immune suppressant drugs 236 (206/30) 24 (10%) 21 (10%) 3 (10%) 0.98 (0.27-3.50) 0.97

No NSAIDs use 230 (200/30) 180 (78%) 152 (76%) 28 (93%) 4.42 (1.02-19.24) 0.05

Any other medication 232 (202/30) 169 (73%) 147 (73%) 22 (73%) 1.03 (0.43-2.45) 0.95

BE characteristics

BE duration in years 227 (198/29) 5.8±6.4 5.9±6.4 6.0±6.4 1.01 (0.95-1.07) 0.88

Neoplasia duration in years 235 (204/31) 2.5±2.9 2.3±2.4 3.9±4.8 1.15 (1.03-1.28) 0.01

Maximal Barrett length (cm) 278 (242/36) 6.8±3.5 6.7±3.5 7.2±3.9 1.04 (0.94-1.15) 0.45

Circumferential Barrett length (cm) 278 (242/36) 4.8±3.9 4.7±3.8 4.9±4.2 1.01 (0.90-1.11) 0.78

C&M difference (cm) 278 (242/36) 2.0±1.5 2.0±1.5 2.3±1.4 1.13 (0.90-1.40) 0.29

Hiatal hernia length (cm) 267 (234/33) 3.3±1.8 3.3±1.8 3.6±1.9 1.11 (0.91-1.35) 0.32

Signs of active reflux esophagitis 274 (240/34) 15 (6%) 10 (4%) 5 (15%) 3.97 (1.27-12.41) 0.02

ER scar regeneration with BE 153 (132/21) 16 (11%) 11 (8%) 5 (24%) 3.44 (1.06-11.17) 0.04

Barrett’s islands pre-RFA 256 (225/31) 119 (47%) 106 (47%) 13 (42%) 1.36 (0.63-2.96) 0.44

Absence of squamous islands pre-RFA 253 (222/31) 57 (23%) 44 (20%) 13 (42%) 2.92 (1.33-6.41) <0.01

Bell shaped esophagus 233 (203/30) 44 (19%) 35 (17%) 9 (30%) 2.06 (0.87-4.87) 0.10

Relative esophageal narrowing (asymptomatic) pre-RFA 278 (242/36) 40 (14%) 29 (12%) 11 (31%) 3.23 (1.44-7.25) <0.01

Most advanced histology pre-RFA (HGD vs. LGD/IM) 278 (242/36) 164 LGD/IM (59%) 139 LGD/IM (57%) 25 LGD/IM (70%) 1.68 (0.79-3.58) 0.18

Most advanced histology prior to any endoscopic treatment (HGD/ca vs. LGD/IM) 278 (242/36) 232 HGD/ca (81%) 203 HGD/ca (84%) 29 HGD/ca (81%)  0.80 (0.33-1.95) 0.62

Treatment characteristics

ER prior to RFA 278 (242/36) 177 (64%) 151 (62%) 26 (72%) 1.57 (0.72-3.40) 0.26

Balloon size (mm) (18/22mm vs. 25/28/31/34mm) 267 (232/35)  90 18/22mm (34%) 75 18/22mm (32%) 15 18/22mm -43% 1.57 (0.76-3.24) 0.22

Smallest EID (mm) 261 (227/34) 26.7±3.8 26.7±3.8 26.4±4.0 0.98 (0.89-1.07) 0.61

Smallest EID minus balloon size (mm) 254 (221/33) 1.2±2.4 1.2±2.4 1.2±2.8 1.01 (0.87-1.17) 0.92

ER= endoscopic resection, NSAIDs= non-steroidal anti-inflammatory drugs, including acetylsalicylic acid, 
BE= Barrett’s esophagus, RFA= radiofrequency ablation, IQR= interquartile range, EID= esophageal inner 
diameter. *In case data were not available, this was registered as missing data. 
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Table 1: Baseline characteristics of patients that were treated with radiofrequency ablation (RFA) +/- 
endoscopic resection for Barrett’s esophagus containing early neoplasia, categorized in ‘good initial 
responders’ versus ‘poor initial responders’. ‘Poor initial response’ was defined as <50% regression of the 
BE at three months after initial circumferential balloon-based RFA. Univariate logistic regression analysis 
with Odds ratios was used to assess the predictive value of the clinical variables.

Variables Data available*
 (good initial 

responders / poor 
initial responders)

Overall
n=278

Good initial 
responders

n=242

Poor initial 
responders

n=36

Odds ratio 
(95% CI)

p*

Patient characteristics

Age (years) 278 (242/36) 63±13 65±13 64±11 1.01 (0.98-1.04) 0.52

Male 278 (242/36) 219 (79%) 192 (79%) 27 (75%) 0.78 (0.35-1.77) 0.55

Body Mass Index 214 (219/29) 27±4 27±4 27±4 0.99 (0.89-1.09) 0.82

History of GERD 225 (197/28) 203 (90%) 176 (89%) 27 (96%) 3.22 (0.42-24.94) 0.26

GERD duration 67 (57/10) 18.4±17.0 18.7±17.4 16.7±14.8 0.99 (0.95-1.04) 0.73

Antacids duration 212 (187/25) 8.2±9.3 8.2±9.4 8.0±8.6 1.00 (0.95-1.04) 0.90

Smoking 135 (114/21) 34 (25%) 27 (24%) 7 (33%) 1.61 (0.59-4.40) 0.35

Smoking ever 134 (113/21) 105 (78%) 88 (78%) 17 (81%) 1.21 (0.37-3.92) 0.75

Alcohol abuse 129 (109/20) 26 (20%) 25 (23%) 1 (5%) 0.18 (0.02-1.39) 0.10

Diabetes mellitus 237 (209/30) 29 (12%) 25 (12%) 4 (13%) 1.12 (0.36-3.48) 0.85

Immune suppressant drugs 236 (206/30) 24 (10%) 21 (10%) 3 (10%) 0.98 (0.27-3.50) 0.97

No NSAIDs use 230 (200/30) 180 (78%) 152 (76%) 28 (93%) 4.42 (1.02-19.24) 0.05

Any other medication 232 (202/30) 169 (73%) 147 (73%) 22 (73%) 1.03 (0.43-2.45) 0.95

BE characteristics

BE duration in years 227 (198/29) 5.8±6.4 5.9±6.4 6.0±6.4 1.01 (0.95-1.07) 0.88

Neoplasia duration in years 235 (204/31) 2.5±2.9 2.3±2.4 3.9±4.8 1.15 (1.03-1.28) 0.01

Maximal Barrett length (cm) 278 (242/36) 6.8±3.5 6.7±3.5 7.2±3.9 1.04 (0.94-1.15) 0.45

Circumferential Barrett length (cm) 278 (242/36) 4.8±3.9 4.7±3.8 4.9±4.2 1.01 (0.90-1.11) 0.78

C&M difference (cm) 278 (242/36) 2.0±1.5 2.0±1.5 2.3±1.4 1.13 (0.90-1.40) 0.29

Hiatal hernia length (cm) 267 (234/33) 3.3±1.8 3.3±1.8 3.6±1.9 1.11 (0.91-1.35) 0.32

Signs of active reflux esophagitis 274 (240/34) 15 (6%) 10 (4%) 5 (15%) 3.97 (1.27-12.41) 0.02

ER scar regeneration with BE 153 (132/21) 16 (11%) 11 (8%) 5 (24%) 3.44 (1.06-11.17) 0.04

Barrett’s islands pre-RFA 256 (225/31) 119 (47%) 106 (47%) 13 (42%) 1.36 (0.63-2.96) 0.44

Absence of squamous islands pre-RFA 253 (222/31) 57 (23%) 44 (20%) 13 (42%) 2.92 (1.33-6.41) <0.01

Bell shaped esophagus 233 (203/30) 44 (19%) 35 (17%) 9 (30%) 2.06 (0.87-4.87) 0.10

Relative esophageal narrowing (asymptomatic) pre-RFA 278 (242/36) 40 (14%) 29 (12%) 11 (31%) 3.23 (1.44-7.25) <0.01

Most advanced histology pre-RFA (HGD vs. LGD/IM) 278 (242/36) 164 LGD/IM (59%) 139 LGD/IM (57%) 25 LGD/IM (70%) 1.68 (0.79-3.58) 0.18

Most advanced histology prior to any endoscopic treatment (HGD/ca vs. LGD/IM) 278 (242/36) 232 HGD/ca (81%) 203 HGD/ca (84%) 29 HGD/ca (81%)  0.80 (0.33-1.95) 0.62

Treatment characteristics

ER prior to RFA 278 (242/36) 177 (64%) 151 (62%) 26 (72%) 1.57 (0.72-3.40) 0.26

Balloon size (mm) (18/22mm vs. 25/28/31/34mm) 267 (232/35)  90 18/22mm (34%) 75 18/22mm (32%) 15 18/22mm -43% 1.57 (0.76-3.24) 0.22

Smallest EID (mm) 261 (227/34) 26.7±3.8 26.7±3.8 26.4±4.0 0.98 (0.89-1.07) 0.61

Smallest EID minus balloon size (mm) 254 (221/33) 1.2±2.4 1.2±2.4 1.2±2.8 1.01 (0.87-1.17) 0.92

ER= endoscopic resection, NSAIDs= non-steroidal anti-inflammatory drugs, including acetylsalicylic acid, 
BE= Barrett’s esophagus, RFA= radiofrequency ablation, IQR= interquartile range, EID= esophageal inner 
diameter. *In case data were not available, this was registered as missing data. 
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Relevance of poor initial response to predict overall treatment results 

Three months after c-RFA, 36 patients (13%) had a BE surface area regression <50% BE 
regression and were thus categorized as poor initial responders, 236 patients (78%) had 
a BE surface area regression ≥50% and were categorized as good initial responders. Six 
of 278 patients did not finish the treatment protocol for unrelated reasons (see below) 
(Table 2, Figure 1-2). 

Of the poor initial responders, 14% (5/36) ultimately failed CR-neoplasia (vs. 2% 
(6/236) in good initial responders; p<0.01) and 33% (12/36) ultimately failed CR-IM (vs. 
5% (12/236) in good initial responders, p<0.01). Of patients who ultimately failed CR-IM 
and CR-neoplasia, 50% and 46% respectively had a poor initial response to c-RFA. 

Poor initial responders either discontinued treatment after c-RFA (10/36, 25% of poor 
initial responders versus 2/236, 1% of good initial responders, p<0.01) or required more 
RFA sessions and a longer treatment period as compared to good initial responders: poor 
initial responders required a median treatment period of 13 months (IQR 9-18) versus 7 
months (IQR 4-10) for good initial responders (p<0.01), and median of 4 RFA sessions (IQR 
4-5) versus 3 RFA sessions (IQR 2-4) for good initial responders (p<0.01). 

Figure 2: Upper panel (0 months) (left to right, top to bottom): endoscopic images of a patient treated 
with circumferential balloon-based radiofrequency ablation (c-RFA) for C11M12 Barrett’s esophagus 
containing low-grade dysplasia. Lower panel (3 months) (left to right, top to bottom): good initial 
response after c-RFA, with an estimated BE epithelium surface regression of 99%. After two additional 
focal RFA sessions, complete response for intestinal metaplasia and neoplasia was achieved.
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Treatment results: complete response for early neoplasia and IM

Of 278 patients included in the study, 272 finished the treatment protocol. Six patients did 
not finish the treatment protocol for unrelated reasons: cardiac death, lung cancer death, 
renal failure, colon cancer, cardiac disease, and psychiatric disease. Overall, 261 of 272 
available patients (96%) achieved CR-neoplasia and 248 of 272 patients (91%) achieved 
CR-IM, after a median of 3 RFA sessions (IQR2-4). 

Eleven patients finally failed to achieve CR-neoplasia. One patient died from inoperable 
esophageal adenocarcinoma 13 months after ER of a visible lesion demonstrating a 
T1sm1 carcinoma during the RFA treatment phase. Three patients underwent successful 
esophagectomy for persistent early neoplasia. Three patients required multiple additional 
ERs after RFA and had residual visible BE areas containing LGD. Two patients showed poor 
BE surface regression and poor healing after c-RFA. After the BE had healed only LGD 
was found and no further RFA was performed. Two other patients with HGD at baseline 
refused follow-up with biopsies after endoscopic eradication of BE with RFA, therefore 
CR-neoplasia/IM could not be confirmed.

Thirteen additional patients failed to achieve CR-IM during the treatment period. Eight 
patients demonstrated poor regression and/or slow healing. Three patients had complete 
endoscopic regression of their BE yet showed focal IM of the cardia. In one patient buried 
Barrett’s glands were observed in a single biopsy during the first follow-up endoscopy. 
Finally, one patient refused further RFA treatment once biopsies of the residual BE showed 
no dysplasia. 

In 22 patients who achieved CR-neoplasia and CR-IM, additional ER (‘escape’ ER) was 
performed to remove persisting BE after 5 RFA sessions (7 no IM, 6 IM, 3 LGD) or to 
remove a focal lesion during the RFA treatment phase (4 LGD, 1 HGD, 1 T1sm1). 

Predictors for poor Barrett’s surface regression at three months after c-RFA

Univariate analysis detected 6 significant predictive factors for a poor initial response at 3 
months after c-RFA: no NSAIDs use (OR=4.4; p=0.05); presence of active reflux esophagitis 
(OR=4.0; p=0.02); regeneration of ER scar with BE tissue (OR=3.4; p=0.04); relative 
esophageal narrowing (asymptomatic) pre-RFA (OR=3.2; p<0.01); absence of squamous 
islands pre-RFA (OR=2.9; p<0.01); and the number of years with neoplasia before RFA 
(OR=1.2; p=0.01) (Table 1). There was no multicollinearity among variables. Multivariate 
analysis (Model-fit significance <0.01; Hosmer and Lemeshow Test significance 0.09, 
Nagelkerke R2 0.31) demonstrated that presence of active reflux esophagitis (OR=37.4, 
p<0.01), regeneration of ER scar with BE tissue (OR=4.7; p=0.03) (Figure 3), relative 
esophageal narrowing (asymptomatic) pre-RFA (OR=3.9; p=0.05), and the number of 
years with neoplasia before RFA (OR=1.2; p=0.03) were independent predictors of poor 
response at 3 months after c-RFA (Table 3). In our study, poor initial responders had a 
history of median 2 (IQR 2-6) years of neoplasia before c-RFA treatment vs. 1 (IQR 1-3) 
year for good responders. Baseline esophageal narrowing pre-RFA was present in 11/36 
(31%) of poor responders vs. 29/242 (12%) of good responders. Regeneration of ER scar 
with BE tissue occurred in 5/21 (24%) of poor responders versus 11/132 (8%) of good 
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responders. Signs of active reflux esophagitis prior to RFA despite PPI treatment were 
observed in 5/35 (14%) poor responders vs. 10/240 (4%) of good initial responders. 

The predictive capability of the multivariable model can be illustrated by counting the 
number of risk factors present in each patient (Table 4). In this analysis, the predictor 
‘years of neoplasia before c-RFA’ was categorized in ‘≤2 years of neoplasia’ and ‘>2 years 
of neoplasia’. The observed proportion of poor initial responders in the study population 
was 9% if none of the four independent predictors of poor response were present, 
whereas this was 13% in presence of 1 independent predictor, 38% in presence of 2 
independent predictors and 100% in the presence of 3 independent predictors (p<0.00). 

Table 3: Multivariate logistic regression: potential predictive factors for response at three months after 
initial circumferential balloon-based radiofrequency ablation (c-RFA). Poor initial response was defined as 
<50% regression of the Barrett’s epithelium. 

Variable Good initial 
response n=242

Poor initial 
response n=36

Odds ratio 
(95% CI)

p*

Sign of active reflux esophagitis 10 (4%) 5 (14%) 37.4 (3.2-433.2) <0.01

ER scar regeneration with BE 11 (8%) 5 (24%) 4.7 (1.1-20.0) 0.03

Relative esophageal narrowing 
(asymptomatic) pre-RFA

29 (12%) 11 (31%) 3.9 (1.0-15.1) 0.05

Neoplasia duration in years 2.3±2.4 3.9±4.8 1.2 (1.0-1.4) 0.03

No NSAIDs use 152 (76%) 28 (93%) 3.0 (0.4-22.0) 0.27

Absence of squamous islands 
pre-RFA

44 (20%) 13 (42%) 1.8 (0.4-7.3) 0.43

CI= confidence interval, ER= endoscopic resection, NSAIDs= non-steroidal anti-inflammatory drugs, 
BE= Barrett’s esophagus, RFA= radiofrequency ablation. *Variables with p<0.10 on univariate logistic 
regression analysis were entered in the multivariate model. 

Figure 3: Endoscopic images of endoscopic resection (ER) scars. A-B: C5M7 Barrett’s esophagus with a 
lesion containing high-grade dysplasia; C: ER wound; D; ER scar regenerated with Barrett’s epithelium. 
E: C9M10 Barrett’s esophagus with a subtle lesion containing a T1m3 carcinoma; F: ER wound; G: ER 
scar regenerated with squamous epithelium, shown with white light (G) and narrow band imaging (H). 
This study suggests that regeneration of the ER scar with Barrett’s epithelium is a predictor of poor initial 
response after circumferential balloon-based radiofrequency ablation (c-RFA).
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DISCUSSION

Despite the good results of RFA for the ablation of dysplastic Barrett’s esophagus, we have 
shown in this prospective multicenter study, that 13% of patients show poor regression 
of the BE surface at three months after the initial c-RFA session, and that these patients 
required more RFA sessions or a longer interval between RFA sessions to obtain complete 
healing of the esophagus.1-6 Additionally, this study demonstrates that these cases are 
more likely to ultimately fail to achieve complete response for IM or neoplasia. CR-neoplasia 
and CR-IM were as high as 98% and 95% respectively in good initial responders, in 
contrast, this was only 86% and 66% respectively in poor initial responders. Further, poor 
initial responders required a median treatment period of 13 months for 4 RFA-sessions, 
compared to 7 months for 3 RFA-sessions in good initial responders.

This is the first study focusing on potential predictors of a poor response to RFA 
treatment early in the RFA treatment phase, which allows for an early change in the 
individual patient management. Our results show that a poor initial response after 
c-RFA may be predicted by presence of the certain baseline characteristics: active reflux 
esophagitis under PPI prior to RFA, regeneration of the ER scar with Barrett’s epithelium, 
esophageal narrowing prior to RFA, or a longer history of Barrett’s neoplasia prior to RFA. 
Remarkably, characteristics of the Barrett’s esophagus were more important in predicting 
a poor response at 3 months after c-RFA than patient characteristics or technical aspects 
of RFA treatment. 

The presence of active reflux esophagitis at baseline was the strongest predictor of 
a poor initial response after c-RFA. This is in agreement with two recent small studies 
in which patients underwent pH-impedance measurements prior to RFA: patients who 
failed to achieve CR-IM had a higher rate of reflux despite PPI treatment.15,21 These data 
suggest that ongoing reflux disease under PPI treatment may compromise the success 
rate of RFA. In our study, we did not systematically perform pH-studies. However, given 
our finding of active reflux esophagitis as a potential predictor of poor response, further 
research is required to study the clinical implications of uncontrolled reflux disease in 
patients scheduled for RFA. These studies should include pH-impendance measurements 
to assess the severity of GERD and its influence on the BE regression in RFA patients, 
including examination of the contents of the refluxate (bile acid, pancreatic juices).15 If 

Table 4: Observed proportion of patients with poor response at three months after initial circumferential 
balloon-based radiofrequency ablation (c-RFA) in presence or absence of one or more independent 
multivariate predictors of poor initial response. Poor initial response was defined as <50% regression of the 
Barrett’s epithelium at three months after initial c-RFA. 

Number of independent predictors 
of poor response present

Number of patients 
(n=278)

Observed proportion of patients 
with poor initial response to c-RFA 

0 165 9% (14/165)

1 90 13% (12/90)

2 21 38% (8/21)

3 or more 2 100% (2/2)

c-RFA= circumferential balloon-based radiofrequency ablation.
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indeed the response to RFA treatment can be related to the quantification of esophageal 
reflux under double dose PPI, it may help to tailor medical and even surgical therapy 
(fundoplication) prior to RFA in order to increase the success rates of RFA. At this time, the 
study protocols used so far, adhered to an aggressive acid suppression regimen, consisting 
of esomeprazole 40 mg BID as a maintenance dosage, with the addition of ranitidine 
300mg AN and sucralfate sachets QID during 2 weeks after every RFA session.1-6 In case 
of active reflux, it may be advisable -based on our results- to post-pone the RFA procedure 
and to optimize acid suppression and patient’s compliance to medical treatment and 
life style advices. Further, in case of a poor initial response to RFA, a low threshold to 
pH-measurements and referral for Nissen fundoplication in patients with ongoing reflux 
or poor healing is advised during the RFA treatment phase.

We detected two new predictors of response to RFA that are related to the esophageal 
regeneration capacity: regeneration of the ER wound with Barrett’s instead of squamous 
epithelium (multivariate analysis) and the absence of squamous islands in the Barrett’s 
segment (univariate analysis). We hypothesize that squamous regeneration of the ER scar 
and a high number of squamous islands in the Barrett’s segment reflects a tendency of 
the BE segment to re-epithelialization with normal squamous cell mucosa after damage of 
the Barrett’s epithelium.22-25 

Presence of an asymptomatic relative narrowing or mild stenosis of the BE was an 
independent predictor of poor response in our study. These mild stenoses may influence 
the response to RFA by two mechanisms. First and most likely, these patients may be 
part of a subgroup of patients with more severe reflux as compared to others, since 
the narrowing may be caused by reflux-induced scarring. Second, it is conceivable that 
stenosis caused by scarring due to ER or reflux disease may result in suboptimal electrode 
contact and a less effective ablation. Additionally, RFA treatment may be suboptimal due 
to conservative balloon selection in patients with prior ER or reflux stenosis or scarring, 
since in these patients it is advised to use an ablation balloon with a diameter that is two 
sizes smaller than the smallest measurement to prevent laceration during RFA.4 

Our finding that a longer history of neoplasia was a predictor of poor BE surface 
regression comports with the results of others who demonstrated a relationship between 
longer history of neoplasia and failure for CR-IM.5 In contrast, presence of BE alone for 
a longer time was not a predictor of poor response. Theoretically, neoplastic Barrett’s 
epithelium has less optimal regeneration capacities than non-neoplastic BE. 

A limitation of this study is the use of logistic regression analysis on a relative small 
number of patients with a poor initial response, therefore the relationships detected in 
our study may appear stronger than they are in a larger population. However, by selecting 
potential variables based on our clinical knowledge existing data, and by presenting the 
predictive capability of a simplified, robust version of the multivariable model, we aimed 
to reduce the influence of potential overfitting of the regression model. Nevertheless, 
our findings require external validation in other and larger study populations. Another 
limitation is that we have related potential predictive markers for response to a 
surrogate endpoint. We selected the BE surface regression after c-RFA to define efficacy, 
assuming that this endpoint is a better measure of the efficacy of c-RFA than the rates 
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of CR-neoplasia and CR-IM after multiple RFA sessions. Furthermore, we evaluated 
the agreement among the ‘real time’ Barrett’s regression percentage as scored during 
endoscopy and the surrogate endpoint of the mean Barrett’s regression percentage 
scored by two experienced endoscopists by reviewing endoscopic images. The median 
difference among endoscopists and the ‘real time’ score was found to be small (2.5%). 
In addition, we used the mean score of both endoscopists as the primary endpoint, thus 
partially ruling out interobserver variation. 

An important strength of our study is its multicenter design, with centers uniformly 
trained in RFA: either as a part of participation in several European multicenter studies, or 
as participants of the European ER&RFA training program initiated by our center (www.
endosurgery.eu).2-4,6,7 This ensured that all centers were proficient in RFA treatment for 
BE. Furthermore, this study contains a large number of patients, and patients were treated 
with RFA for a wide range of indications, such as HGD, LGD, non-dysplastic BE, BE≤5cm, 
BE≥10cm, and BE after ER of HGD or early carcinoma. All patients were prospectively 
registered using case registration forms that were available online. Another strength of 
the study is the blinded scoring of the Barrett’s regression percentage at 3 months by two 
endoscopists independently, to validate the primary endpoint.

In conclusion, this prospective multicenter study showed that 13% of patients have less 
than 50% surface regression of their Barrett’s esophagus after initial c-RFA. These ‘poor 
initial responders’ have significantly lower success rates, require more RFA sessions, and 
have a prolonged treatment period. Our results suggest that a poor initial response to c-RFA 
occurs more often in patients who regenerate their ER wound with BE, have endoscopic 
signs of active reflux esophagitis under PPI, have had neoplasia in BE for a longer time 
period prior to RFA or have a narrowing of their esophagus prior to RFA. These findings 
need to be confirmed in other large studies, focussing on the possible role of refractory 
reflux. Ultimately, this may help to stratify patients to alternative management strategies, 
including endoscopic surveillance, esophagectomy, stepwise radical endoscopic resection, 
or Nissen fundoplication followed by RFA. 
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ABSTRACT

Background: Radiofrequency ablation (RFA) is safe and effective for eradication of 
Barrett’s esophagus (BE) after endoscopic resection (ER) of neoplasia. Widespread 
ER, however, is likely to induce stenosis, hampering subsequent circumferential RFA 
(c-RFA). A “single step” procedure with ER and c-RFA in the same session may avoid 
this problem. Two variants are possible: c-RFA of BE including the lesion followed by 
ER of the ablated lesion (“RFAàER”); or ER of the lesion directly followed by c-RFA of 
remaining BE including the resection wound (“ERàRFA”). 

Aim: First, to evaluate perforation risk of “ERàRFA” using increasing RFA energies. 
Second, to compare stenosis rate after “ERàRFA” vs. “RFAàER”.

Methods: Experiment-1: 24 areas in 6 pigs underwent widespread ER directly 
followed by c-RFA with increasing energies (2x10, 2x12-6x12J/cm2) in the esophagus. 
Experiment-2: 8 pigs each had 4 treatment areas randomized: “ERàRFA”, RFA alone, ER 
alone, and “RFAàER”. 

Results: No acute perforations occurred when ablating ER wounds. Two delayed 
perforations occurred: one in experiment-1, another in experiment-2 at the “ERàRFA” 
area. The remaining 7 pigs in experiment-2 showed stenosis in all “ERàRFA” and 
“RFAàER” areas versus 5/7 RFA alone areas, and 0/7 ER alone areas. 

Conclusion: The “single step” variant “ERàRFA” is not safe in this porcine model and 
seems therefore not ethical to evaluate in humans at this stage. Given the high rate of 
stenosis after “RFAàER” and RFA alone one might question the validity of the porcine 
model for this type of experiments.
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INTRODUCTION

Radiofrequency ablation (RFA) has proved to be a safe and effective ablation technique for 
eradication of remaining Barrett’s epithelium after endoscopic resection of neoplasia.1-4 

In this treatment protocol patients undergo endoscopic resection of the neoplastic 
lesion, followed by circumferential RFA of the remaining Barrett’s epithelium at least six 
weeks later to allow the resection wound to heal. After the first circumferential RFA, 
subsequent RFA sessions are scheduled every 2-3 months until complete eradication of 
all visible Barrett’s epithelium is achieved. Most studies on the combination of endoscopic 
resection and RFA, however, have limited the extent of the endoscopic resection to 2 cm 
in length and including 50% of the circumference. By limiting the extent of the resected 
area, the risk of developing a severe stenosis was reduced.5 

Stenosis is not only a burden for the patient, but also makes circumferential RFA 
technically more difficult and comprises a higher risk of laceration or even perforation 
when performing RFA. Although a limited endoscopic resection is possible in most 
patients, some may harbor larger visible abnormalities (i.e. longer than 2 cm in length 
and/or involving >50% of the circumference) that need to be resected despite the high 
risk of stenosis. These patients may therefore benefit from a “single step” procedure in 
which endoscopic resection and RFA are performed in the same treatment session. In this 
way problems associated with stenosis and circumferential RFA are overcome. Additional 
benefits of a “single step” procedure might consist of a reduction in number of treatment 
sessions which causes less burden to the patient and reduces costs. 

Two variants for a “single step” procedure are possible, both having different 
drawbacks. One variant is endoscopic resection of the neoplastic lesion directly followed 
by circumferential RFA of the remaining Barrett’s epithelium including the resection 
wound: “ERàRFA”. The major drawback of this variant is the direct delivery of RFA at the 
resection wound. As a result, the muscularis propria may be seriously damaged resulting 
in severe stenosis or even acute perforation. The other variant of a “single step” procedure 
is circumferential RFA of the whole Barrett’s segment including the neoplastic lesion 
followed by endoscopic resection of the ablated neoplastic lesion: “RFAàER”. In this 
sequence, delivering RFA on a resection wound is prevented. One major drawback of the 
“RFAàER” variant however is the increase in complexity of the subsequent endoscopic 
resection. Because of edema and increased vulnerability of the mucosa after RFA the 
endoscopic view is impaired, hampering both the recognition of the electrocoagulation 
marks as well as the assessment of the quality of the submucosal lifting. Another drawback 
of the “RFAàER” variant is the histological evaluation of the resection specimen. As the 
neoplastic lesion is ablated immediately before endoscopic resection, coagulation artifacts 
may impair proper histological assessment of the lesion. In humans, “RFAàER” has 
shown to be feasible and relatively safe, but the procedure was found to be technically 
demanding despite being performed by highly experienced endoscopists.6 

“ERàRFA” is technically easier to perform but may result in complications. Therefore 
we aimed to explore the safety of “ERàRFA” and compare it to the safety of “RFAàER” 
in a porcine model. The aim of the first experiment was to evaluate the perforation risk 
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of “ERàRFA” using supratherapeutic RFA energy applications. The aim of the second 
experiment was to compare the number and severity of stenoses after “ERàRFA” and 
“RFAàER” in a porcine model.

METHODS

Animal handling

A total of 14 female pigs of 45-50 kg were included. Experiments were performed at 
the Animal Research Institute AMC (ARIA) after protocol approval by the Animal Ethical 
Committee at the Academic Medical Center in Amsterdam, Netherlands. Animal care 
was in accordance with European Union guidelines. All pigs entered the animal facilities 
6-13 days prior to the start of the experiments for acclimatizing purposes. Pigs received a 
semi liquid diet and were placed on a grid 2 days before the experiment and fasted with 
free access to water during 16 hours before the experiment. For the experiment, pigs 
were sedated with intramuscular midazolam 1 mg/kg and ketamine 15 mg/kg, followed 
by endotracheal intubation. After induction with propofol 3 mg/kg, anesthesia was 
maintained with propofol 6mg/kg/h and supported by 2% isoflurane when necessary. 
Pigs were placed in left lateral and anti-Trendelenburg position.

Endoscopic resection

Endoscopic resection was performed either with the multi-band mucosectomy technique 
(MBM, Duette™ kit, Cook Medical, Limerick, Ireland) or the cap technique with 
submucosal lifting (EMR Kit, Olympus Europe, Hamburg, Germany). Both techniques have 
been described previously in humans.7-10

Radiofrequency ablation system

The RFA system and endoscopic procedure have also been described previously in 
humans.1-4 Circumferential RFA was performed with the balloon based HALO360 system 
(BÂRRX Medical Inc., Sunnyvale, California, USA). 

Endoscopic preparation

For all procedures a therapeutic endoscope was used (GIF-1T140 Olympus, Tokyo, Japan). 
Food remnants in the stomach were removed with endoscopic suction and the esophagus 
was sprayed with water and acetylcysteine to remove the mucous. Treatment areas were 
marked by placing electrocoagulation marks with the tip of a snare in the esophagus. 
Each 3 cm long treatment area was marked in 4 quadrants at the proximal and distal site. 
Also within each treatment area, the targeted resection area was marked aimed to result 
in a 3 cm long resection and including 50% of the circumference. The diameter of each 
treatment area was assessed by sizing it twice under endoscopic control.
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Experiment 1: short term safety of endoscopic resection plus radiofrequency 
ablation (“ERàRFA”)

In six pigs a total of 24 treatment areas were marked in the esophagus: in two pigs 
6 treatment areas and in four pigs 3 treatments areas. After sizing, endoscopic 
resection (3 cm in length and 50% of circumference) with MBM of the targeted 
resection area within the treatment area was performed. Subsequently, each 
treatment area, including the endoscopic resection wound, was ablated with the 
RFA balloon. RFA balloon diameter was chosen according to the results of the sizing 
procedure performed before the resection. Treatment areas were ablated with 
different RFA energy applications without cleaning in between (Table 1). Two pigs 
(with 6 treatment areas each) were immediately euthanized after the experiment; 
two pigs (3 treatment areas each) were aimed to be euthanized after 1 day and two 
pigs (3 treatment areas each) after 3 days.

Table 1. RFA energy applications and aimed survival in experiment 1. 

No “ER-RFA”
treatment areas

RFA energy applications per treatment 
area from proximal to distal (J/cm2)

Aimed survival 
(days)

Pig 1 6 6x10; 5x12; 4x12; 3x12; 2x12; 2x10 0

Pig 2 6 2x10; 2x12; 3x12; 4x12; 5x12; 6x12 0

Pig 3 3 6x12; 5x12; 4x12 1

Pig 4 3 4x12; 5x12; 6x12 1

Pig 5 3 4x12; 2x12; 2x10 3

Pig 6 3 2x10; 2x12; 4x12 3

No number; “ER®RFA” single step procedure with first endoscopic resection followed by circumferential 
radiofrequency ablation; RFA radiofrequency ablation.

Experiment 2: comparison of both “single step” procedures
In each of the eight pigs 4 treatment areas were marked in the esophagus: 
“ERàRFA”, RFA alone, endoscopic resection alone, and “RFAàER”. Randomization 
of the treatment areas was performed prior to any treatment and resulted in: distal 
“ERàRFA”, mid distal RFA, mid proximal endoscopic resection, proximal “RFAàER”; 
or: distal “RFAàER”, mid distal RFA, mid proximal endoscopic resection, proximal 
“ERàRFA”.
After sizing, endoscopic resection with the cap technique of the targeted resection 
area was performed within the “ERàRFA” and the endoscopic resection alone 
treatment areas. Resection specimens were collected for histology. Subsequently, 
“ERàRFA”, RFA alone and “RFAàER” treatment areas (including the endoscopic 
resection wound of the “ERàRFA” area) were ablated with the balloon indicated by 
the previous sizing and using the 10J/cm2-clean-10J/cm2 regimen. Next, endoscopic 
resection with the cap technique of the targeted area within the “RFAàER” was 
performed and resection specimens were collected. At the end of the procedure, all 
treatment areas were marked just proximal by placing two small tattoos (SPOT, GI 
Supply, Camp Hill PA, USA). All pigs were aimed to be euthanized 42 days after the 
experiment.
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Follow-up

Pigs were euthanized with an intravenous overdose of pentobarbital after which the 
esophagus was harvested for histology.

Surviving pigs received a semi liquid diet and were placed on a grid for 3 days in order 
to prevent sawdust perforating the esophageal wounds. After 3 days pigs progressively 
received a more solid diet. In case of regurgitation, i.e. stenosis, pigs were offered again 
a semi liquid diet which was supplemented with milk protein if additional caloric intake 
was necessary.

Histology

After harvesting the esophagus the treatment areas were identified by opening the 
esophagus in longitudinal direction. The treatment areas were cut out and stretched on 
paraffin with pins. 

In addition, in experiment 2 (after stretching on paraffin and before fixation in formalin) 
the mucosal circumference of each treatment area was measured with a ruler at the 
center of the treatment area and at the upper edge of the treatment area. After at least 
24 hours fixation in 10% formalin solution each treatment area was cut into 4 mm slices 
resulting in several slices per treatment area. Each slice was embedded in paraffin and cut 
in 4 µm slides for standard haemotoxilin & eosin staining. 

Endoscopic resection specimens in experiment 2 were retrieved immediately after 
resection, pinned down on paraffin with the mucosal side up, and fixed in 10% formalin 
solution. Each specimen was cut into 4 mm slices resulting in several slices per specimen. 
Each slice was embedded in paraffin and cut in 4 µm slides for standard haemotoxilin & 
eosin staining. 

Histological evaluation was performed by a gastro-intestinal expert pathologist (MV). 
Specimens were evaluated for the presence and depth of inflammation, fibrosis and 
necrosis. The deepest layer with damage due to inflammation, fibrosis and/or necrosis 
was recorded.

Endpoints

Primary endpoint for experiment 1 was: 
Number of acute and delayed perforations after “ERàRFA” using supratherapeutic RFA 
energy applications;
Secondary endpoints for experiment 1 were: 
1. Depth of inflammation and/or necrosis in the esophageal wall at day 0, 1 and 3 on 

histology after “ERàRFA” using supratherapeutic RFA applications. 
Primary endpoint for experiment 2 was: 
1. Number and severity of stenosis after “ERàRFA”, “RFAàER”, RFA and endoscopic 

resection. 
Secondary endpoints for experiment 2 were: 
1. Depth of fibrosis in the esophageal wall on histology after “ERàRFA”, “RFAàER”, RFA 

and endoscopic resection.
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2. Depth of necrosis on histology of resection specimens after “ERàRFA”, “RFAàER”, 
RFA and endoscopic resection;

3. Number of acute and delayed perforations after “ERàRFA”, “RFAàER”, RFA and 
endoscopic resection; 

Statistical analysis

Statistical analysis was performed with the Statistical Software Package version 16.0.2 
for windows (SPSS, Chicago, Illinois, USA). For descriptive statistics, mean with standard 
deviation was used for variables with a normal distribution. One-Way Anova was used to 
compare the multiple treatment regimens in experiment 2.

RESULTS

Experiment 1: short term safety of endoscopic resection plus radiofrequency ablation 
(“ERàRFA”)

Perforations
No acute perforations occurred when ablating the endoscopic resection wounds. 
During the MBM procedure, prior to RFA, acute perforation occurred in 2 of the 24 
treatment areas; both perforations were located in the distal esophagus. One delayed 
perforation occurred at the 5x12J/cm2 treatment area in one of the four pigs of the 
survival experiment.

Figure 1. This esophagus was harvested 30 days after the second experiment (A) and opened in length 
(B); on the right the proximal part on the left the distal part. The blue markings are placed just proximal 
to the treatment areas: “ERàRFA” (C), RFA alone (D), endoscopic resection alone (E) and “RFAàER” (F). 
Both single step procedures have resulted in stenosis  (C and F) as well as the area only treated with RFA 
(D), while no stenosis is seen in the area only treated with endoscopic resection (E). 
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Depth of damage in esophageal wall
Depth of damage on day 0, 1 and 3 are shown in Table 2. On day 0 no inflammation 
or necrosis was seen, the deepest damage reached the submucosa in 8 treatment 
areas and the muscularis propria in 3 (Table 2). At day 1 severe inflammation and 
necrosis was present transmurally in the muscularis propria of the 6x, 5x and 4x12J/
cm2 treatment areas. At day 3 only one pig survived as the other was euthanized 
already at day 1 due to a severe infection caused by the acute perforation during 
the MBM procedure at day 0. At day 3 severe inflammation and necrosis reached 
the muscularis propria but was not transmural in the 2x12 and 2x10 J/cm2 treatment 
areas and was transmural in the 4x12J/cm2 treatment area.

Table 2.  Perforations and damage in experiment 1.

Survival
(Days)

RFA energy dose (J/
cm2) of “ER®RFA” 
treatment areas

Acute 
perforation

Delayed 
perforation

Deepest layer with 
damage

Pig 1 0 6x12 No - Submucosa

5x12 No - Muscularis propria

4x12 No - Submucosa

3x12 No - Submucosa

2x12 No - Muscularis propria
-A Yes at ER - -

Pig 2 0 2x10 No - Submucosa

2x12 No - Submucosa

3x12 No - Submucosa

4x12 No - Submucosa

5x12 No - Submucosa

6x12 No - Muscularis propria

Pig 3 1 6x12 No No Transmural

5x12 No No Transmural

4x12 No No Transmural

Pig 4 1 4x12 No No Transmural

5x12 No Yes Transmural

6x12 No No Transmural

Pig 5B 1 4x12 No No Transmural

2x12 No No Muscularis propria

2x10 Yes at ER - -

Pig 6 3 2x10 No No Muscularis propria

2x12 No No Muscularis propria

4x12 No No Transmural

RFA radiofrequency ablation; “ER®RFA” single step procedure with first endoscopic resection followed 
by circumferential radiofrequency ablation; ER endoscopic resection. A: This area was not treated with 
2x10J/cm2 as a perforation occurred during the endoscopic resection. B: This pig aimed to survive 3 days 
was euthanized at day 1 due to a severe infection.
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Experiment 2: comparison of both single step procedures

Perforations and stenosis
No acute perforations occurred. One delayed perforation occurred in one pig at 
the “ERàRFA” treatment area causing a severe infection that required premature 
euthanasia at day 8. The remaining 7 pigs developed severe stenosis causing 
regurgitation and impeding proper caloric intake and were therefore prematurely 
euthanized after a mean of 23 days (range 16-30 days) (Table 3). In these 7 pigs 
number and severity of stenosis was evaluated. All “ERàRFA” and “RFAàER” showed 
severe stenosis at the treatment area. RFA alone treatment areas showed stenosis in 
5/7 pigs. None of the endoscopic resection alone treatment areas showed stenosis 
(Figure 1). The severity of the stenosis based on the ratio of the circumference of 
the mucosa at the center and the edge of the treatment area was not significantly 
different between “ERàRFA” and “RFAàER” (Table 4).

Depth of damage in esophageal wall
Inflammation and/or fibrosis was present transmurally in the muscularis propria in 1/8 
endoscopic resection alone treatment areas and in 3/8 “ERàRFA” treatment areas. 

Table 3. Treatment area location and survival in experiment 2.

Type of treatment per treatment area from proximal to distal Survival (days) Reason for 
euthanasia

Pig 1 “RFA®ER” / ER alone / RFA alone / “ER®RFA” 8 perforation

Pig 2 “ERvRFA” / ER alone / RFA alone / “RFA®ER” 23 stenosis

Pig 3 “RFA®ER” / ER alone / RFA alone / “ER®RFA” 22 stenosis

Pig 4 “ER®RFA” / ER alone / RFA alone / “RFA®ER” 25 stenosis

Pig 5 “ER®RFA” / ER alone / RFA alone / “RFA®ER” 21 stenosis

Pig 6 “ER®RFA” / ER alone / RFA alone / “RFA®ER” 16 stenosis

Pig 7 “RFA®ER” / ER alone / RFA alone / “ERvRFA” 24 stenosis

Pig 8 “RFA®ER” / ER alone / RFA alone / “ER®RFA” 30 stenosis

“RFA®ER” single step procedure with first circumferential radiofrequency ablation followed by endoscopic 
resection; ER endoscopic resection; RFA radiofrequency ablation; “ER®RFA” single step procedure with 
first endoscopic resection followed by circumferential radiofrequency ablation.

Table 4. Severity of stenosis for the different treatment regimens in experiment 2 according to mucosal 
circumference ratio. 

Mucosal circumference at treatment area

paCenter (cm) Edge (cm) Ratio center/edge

ER 4,6 (±1,8) 6,3 (±1,5) 0,72 (±0,15)

<0.001
RFA 3,3 (±2,7) 5,8 (±1,5) 0,52 (±0,30)

0.013“ER®RFA” 1,4 (±0,3) 5,6 (±1,5) 0,27 (±0,14)
0.154

“RFA®ER” 1,2 (±0,3) 6,6 (±1,5) 0,18 (±0,06)

ER endoscopic resection; RFA radiofrequency ablation; “ER®RFA” single step procedure with first 
endoscopic resection followed by circumferential radiofrequency ablation; “RFA®ER” single step 
procedure with first circumferential radiofrequency ablation followed by endoscopic resection.
a: p-values calculated with One-Way Anova
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The majority of the RFA only and “RFAàER” treatment areas showed inflammation 
and/or fibrosis in the muscularis propria although not transmural (Table 5).

Depth of damage in resection specimens
All endoscopic resection specimens of “RFAàER” were damaged: epithelium and 
lamina propria were missing, and in one case the muscularis mucosae was damaged 
as well. In all endoscopic resection specimens of “ERàRFA” and endoscopic resection 
alone all layers, were present except the muscularis propria.

DISCUSSION

This porcine model study suggest that the “single step” variant “ERàRFA”, i.e. endoscopic 
resection directly followed by circumferential RFA including the resection wound, 
is not safe. Immediate ablation of the fresh resection wound did not cause any acute 
perforations, but two delayed perforations did occur several days after the procedure. 
These delayed perforations not only occurred in a pig treated with a supratherapeutic 
RFA energy dose (≥3x12J/cm2) in experiment 1, but also in a pig treated with a low 
therapeutic RFA energy dose (10J/cm2-clean-10J/cm2) in experiment 2. These delayed 
perforations probably reflect the depth of the damage caused by RFA on the resection 
wound. When evaluated immediately (day 0) after the procedure the damage seemed 
limited, however, much deeper damage caused by necrosis and inflammation became 
visible after 1 day. Clear transmural damage of the muscularis propria was seen in all 
supratherapeutic RFA energy applications in the first experiment and in a considerable 
number of the low therapeutic RFA energy dose in the second experiment. 

Number and severity of stenosis of both “single step” variants were compared in the 
second experiment. “ERàRFA” as well as “RFAàER” resulted in severe stenosis in all 
cases. We tried to quantify the severity of stenosis by calculating the ratio of the mucosal 
circumference at the center of the treatment area and that at the upper end of the 
treatment area. No significant differences in the severity of stenosis were seen between 
both “single step” procedures. As expected, endoscopic resection alone did not resulted 
in stenosis of any treatment area as the resections were confined to 3cm length and 
50% of the circumference.5 Surprisingly RFA alone resulted in stenosis in the majority of 
treatment areas (5/7). This in contrast to previous pioneering work on RFA in a porcine 

Table 5. Deepest layer with damage (inflammation and/or fibrosis)  for the different treatment regimens 
in experiment 2

ER RFA “ER®RFA” “RFA®ER”

Lamina propria 12% (1/8)

Submucosa 38% (3/8) 25% (2/8) 25% (2/8) 25% (2/8)

Muscularis propria 50% (4/8) 63% (5/8) 38% (3/8) 75% (6/8)

Transmural 12% (1/8) 38% (3/8)

ER endoscopic resection; RFA radiofrequency ablation; “ER®RFA” single step procedure with first 
endoscopic resection followed by circumferential radiofrequency ablation; “RFA®ER” single step 
procedure with first circumferential radiofrequency ablation followed by endoscopic resection.

192



Single session ER and RFA in an porcine model

11

model showing no stenosis when using 9.7 or 10.6J/cm2 once, although stenosis was 
seen in up to 50% when using 11.5 or 13.3J/cm2 once.11 As we ablated twice with 10 J/
cm2, one might argue that this results in a higher dose, however, from studies in human 
esophagi it is known that ablating twice with 10 or 12J/cm2 does not result in significantly 
deeper damage than ablating once.12

When comparing the depth of the damage of both “single step” variants, “ERàRFA” 
resulted in transmural inflammation and fibrosis of the muscularis propria in 3/8 cases, 
while “RFAàER” did not result in transmural damage. Surprisingly endoscopic resection 
alone also resulted in transmural damage. The same observation has been made in dogs, 
data in humans are lacking.13 The damage of “ERàRFA” might thus be partly explained 
by the effect of endoscopic resection. One may even argue that by using the cap 
technique submucosal injection in “ERàRFA” may have protect the deeper muscle from 
further RFA damage. On the other hand the edema caused by RFA in “RFAàER” may 
have protected the deeper layers from the damage caused by endoscopic resection as no 
transmural damage was seen in these treatment areas. Although RFA alone did not result 
in transmural damage, damage was as deep as the muscularis propria. The relatively deep 
damage seen after RFA in our experiments might be explained by several features. First, 
the mucosal layer of the porcine squamous esophagus is relatively thin compared to the 
human Barrett’s esophagus. Second, pigs were relative small and might therefore have 
had a thinner esophageal wall as well. Finally, the differences in wall architecture with a 
thick muscularis mucosae and almost absent submucosa in the distal esophagus and an 
almost absent muscularis mucosae with abundance of submucosal glands in the proximal 
esophagus of the porcine esophagus may also have resulted in the deep damage. All 
these factors may have contributed to the deep damage seen with RFA alone and might 
explain the high number of stenosis in our porcine model. 

Endoscopic resection specimens of “RFAàER” showed superficial damaged due to the 
preceding RFA: epithelium and lamina propria were missing, and in one case even de 
muscularis mucosae was damaged. Nevertheless, the majority of specimens showed no 
deeper damage than the muscularis mucosae. In humans less deeper damage has been 
found in resection specimens after RFA which is probably a consequence of the thicker 
Barrett’s epithelium.6

The major limitation of this study is that the porcine esophagus and the human 
esophagus have some distinct differences. Although all layers present in a human 
esophagus are present in the porcine esophagus, the layers are much thinner. In addition, 
the muscularis mucosae is almost as thick as the muscularis propria in the distal part of 
the porcine esophagus, while the proximal part has almost no muscularis mucosae and a 
very thick submucosa. The middle part of the porcine esophagus where both muscularis 
mucosae as well as submucosa are present, seems thus the most comparable to the 
human situation. Because of these differences in the esophageal wall architecture, our 
study results can not be completely extrapolated to the human Barrett’s situation. 

Nevertheless our results suggest that “ERàRFA” should not be performed in humans. 
“RFAàER” is, although less practical likely to be safer. A series of 24 patients treated 
with the regimen has shown that this is a feasible approach in selected patients.6 The 
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procedure is, however, technically more complicated. In the future we might benefit more 
from measures that can prevent stenosis formation after extensive endoscopic resection, 
allowing the conventional treatment sequence of endoscopic resection followed by 
ablation after healing of the resection wound. Further research focusing on prevention of 
stenosis formation should be encouraged.

In conclusion, in this porcine model study, the “single step” procedure with endoscopic 
resection immediately followed by circumferential ablation of the esophagus including 
the resection wound was associated with delayed perforation and transmural damage. 
Although this can not be completely extrapolated to humans, it seems not ethical to 
evaluate this “single step” variant further in humans. RFA of the esophagus including 
the neoplastic lesion immediately followed by endoscopic resection of the ablated lesion, 
although cumbersome, seems safer and might have a place in the endoscopic treatment 
of patients with large neoplastic lesions in the Barrett’s esophagus.
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ABSTRACT

Background Endoscopic resection (ER) followed by radiofrequency ablation (RFA) after 
6 weeks is safe and effective for eradication of Barrett’s esophagus (BE) with high-grade 
dysplasia (HGD) and early cancer (EC). ER-related scarring after widespread ER may 
hamper circumferential balloon-based RFA (c-RFA). C-RFA immediately followed by ER in 
the same session could avoid the impact of scarring on c-RFA and reduce laceration and 
stenosis risk. Aim: assess the feasibility of ER immediately after c-RFA. 

Methods Patients with BE≥3cm and ≥1 visible lesion (HGD/EC) were included. Visible 
lesions were marked with cautery. C-RFA (12J/cm2) was delivered using 2 applications 
and a cleaning step, followed by resection of the delineated area. Outcome measures: 
BE surface regression at 3 months; need for subsequent c-RFA; complications; quality of 
ER-specimens. 

Results 24 patients (20M, mean age 68±12 years, median BE length C6M8) underwent 
single session c-RFA+ER with median 4(IQR2-6) ER-specimens (18EC/6HGD). 
Complications included 1 perforation, 4 bleedings, and 5 stenoses. All were managed 
endoscopically. ER-specimens allowed for assessment of neoplasia depth, differentiation, 
lymphatic/vascular invasion. Median BE surface regression at 3 months was 95%. No 
patient required a second c-RFA-procedure. 40% of patients required repeat ER for 
visible lesions. CR-neoplasia and CR-IM were achieved in 100% and 95%. 

Conclusions C- RFA followed by ER in the same session is feasible, but technically 
demanding and associated with a substantial rate of complications and repeat ER. This 
approach should be reserved for selected cases in expert centers. ER followed by RFA 
after 6-8 weeks should remain the standard approach for combined ER and RFA.
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INTRODUCTION

For patients with Barrett’s esophagus (BE) containing high-grade dysplasia (HGD) or 
mucosal cancer endoscopic therapy is considered the treatment of choice. 

Endoscopic resection (ER) is performed to remove focal lesions in BE. Histological 
evaluation of the ER specimen allows for optimal patient selection: patients with HGD 
or early cancer (EC) limited to the mucosa are eligible for endoscopic treatment, while 
patients with carcinoma invading deep in the submucosa or beyond are referred for 
surgical esophagectomy. After focal ER the remaining BE is still at risk for malignant 
transformation, therefore, it is advisable to completely eradicate all BE epithelium once 
focal early neoplasia has developed.1-3 

The combined approach of focal ER followed by stepwise circumferential and focal 
radiofrequency ablation (RFA) of the remaining flat BE has shown to be safe and effective 
for patients with HGD/EC in BE, with rates of complete response for early neoplasia and 
IM of 81-100%.4-9 Circumferential balloon-based RFA (c-RFA) is the preferred primary RFA 
modality after ER, since it allows for circumferential ablation of the whole longitudinal 
extent of the BE. However, superficial lacerations at the level of the ER scar have been 
observed during c-RFA in patients who had undergone a more extensive ER. 

Esophageal scarring and narrowing after a more extensive ER may result in non-uniform 
electrode contact and superficial laceration. Recent studies have therefore restricted the 
maximum extent of ER prior to RFA to <50% of the circumference and <2cm in longitudinal 
length.5-7 Nevertheless, in some patients a larger area has to be resected for removal of 
all visible lesions. Ideally, ER and RFA should be performed in a single session, prior to the 
development of scar tissue during the healing process. However, when RFA is performed 
immediately after ER, the ER-wound (which is as deep as the submucosal layer) will be 
ablated, which may hold a risk for severe stenosis or even perforation. 

We hypothesized that single session c-RFA of the whole BE including visible 
abnormalities, followed by ER of the ablated yet still visible lesion, may preserve the 
diagnostic and therapeutic purpose of ER, and enables performing c-RFA on a non-scarred 
esophagus. 

The aim of our study was to assess the feasibility of performing c-RFA immediately 
followed by ER in the same treatment session in patients with BE containing HGD and/
or EC.

PATIENTS AND METHODS

Study setting

This study was performed in a tertiary referral center for patients with early neoplasia of 
the upper gastrointestinal tract with a high level of expertise in the endoscopic imaging, 
endoscopic treatment, and histopathology of early Barrett’s neoplasia. 
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Selection criteria

Patients were eligible if they met the following criteria: 1) age between 18 and 85 years; 2) 
BE ≥3cm containing HGD and/or cancer in biopsies; 3) endoscopic visible abnormality Type 
0-I, 0-IIa, 0-IIc or combinations thereof;10 4) no signs of regional lymph node involvement 
or distant metastases on endoscopic ultrasonography (EUS) and computed tomography 
(CT) (in case of cancer); 5) no previous endoscopic treatment for dysplasia or cancer in BE; 
6) no esophageal stenosis preventing passage of a therapeutic endoscope with an ER-cap; 
7) no endoscopic signs of esophageal varices; 8) written informed consent. 

Patients were excluded from further endoscopic treatment after single session RFA+ER 
if ER specimens showed poorly differentiated cancer, lymphatic/vascular invasion, deep 
submucosal infiltration (≥T1sm2) or a positive vertical resection margin. In selected patients, 
who were unfit for surgery, endoscopic treatment was continued despite such findings.

Endoscopic work-up and staging

Pre-assessment consisted of at least one high-resolution endoscopy with narrow band 
imaging (NBI) (Olympus GIF-H260Z/H180/FQ260Z, Olympus, Hamburg, Germany) 
with targeted biopsies of visible lesions and four-quadrant biopsies from every 2cm 
(4Q/2cm) of the BE.11 Esophageal landmarks were recorded according to the Prague 
C&M-classification.12 For T- and N-staging, EUS was performed, and suspicious lymph 
nodes were sampled with fine needle aspiration (FNA). CT-scan of thorax and abdomen 
was performed for M-staging in case of cancer. 

Single session ER and RFA session

All visible lesions were delineated by placing clearly visible coagulation markers (APC 
40Watt forced coagulation, effect 3, Erbe Vio, APC-probe 2200A, Tübingen, Germany) 1-2 
mm outside the lesion. Subsequently, C-RFA was performed using the HALO360+-balloon-
catheter (BÂRRX Medical, Sunnyvale, CA, USA), which is equipped with a cylindrical 
electrode array of 3cm in length. C-RFA (energy density 12J/cm2, power 40Watt/cm2) 
was performed under endoscopic visualization, followed by cleaning of the ablation zone 
with a distal attachment cap (MB0-046; Olympus, Tokyo, Japan) and forcefully spraying of 
water using a spraying catheter (PV-5-1; Olympus, Tokyo, Japan) and a high-pressure pistol 
(Alliance; Boston Scientific, Limerick, Ireland). After cleaning the debris from the electrode 
surface, the balloon was reintroduced and the treatment area was ablated again.7,13 

ER of the delineated visible abnormalities was performed after c-RFA using the 
coagulation markers as guidance. The first 12 consecutive patients were treated with the 
multiband mucosectomy (MBM) technique, whereas the next 12 patients were treated 
with the ER-cap technique.14,15 

Pre- and postprocedural care protocols are described elsewhere.13-15 

Subsequent treatment and follow-up

Patients were scheduled for subsequent endoscopy at 3 months, and BE surface regression 
was scored at that time. RFA was repeated every 2-3 months as described previously.7,13 
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Repeat ER was allowed to remove remaining BE epithelium after a maximum of 5 RFA 
(≤2 c-RFA) sessions, or for visible lesions identified during the treatment phase. When 
complete histological removal of BE was achieved, patients were scheduled for follow-up 
endoscopy with NBI and 4Q/2cm biopsies of neoquamous epithelium and <5mm below 
the squamocolumnar junction at 6 and 12 months and annually thereafter.

Histological evaluation

All ER specimens and biopsies were routinely processed and assessed by a local expert 
pathologist.16,17 The revised Vienna classification was used for histological grading.18 
ER specimens were evaluated for infiltration depth, vertical resection margins, tumor 
differentiation or grade of dysplasia, and lymphatic/vascular invasive growth. For 
the purpose of the study, ER-specimens were reviewed independently by two expert 
pathologists (FtK, MV). The maximal depth of mechanical and thermal damage due to 
RFA was scored for the epithelial, mucosal and submucosal layer. Biopsies of neosquamous 
epithelium were assessed for subsquamous IM (buried Barrett’s).

Primary outcome variables

1 BE surface regression (%) at 3 months, estimated by the endoscopist during follow-up 
endoscopy at 3 months;

2 Proportion of patients requiring an additional c-RFA after the primary c-RFA session;
3 Complications of single session RFA+ER
Complications were defined as: ‘acute’; during the procedure; ‘early’: ≤48 hours; ‘late’: 
>48 hours, graded as ‘mild’: unscheduled hospital admission, hospitalization <3 days, 
hemoglobin drop <3g/dL, no need for transfusion; ‘moderate’: hospitalization 4-10 
days, ≤4 units blood transfusion, need for repeat endoscopic intervention, radiological 
intervention; ‘severe’: hospitalization >10 days, ICU admission, need for surgery, >4 units 
blood transfusion, or in case of stenosis: >5 dilations, stent placement or incision therapy; 
‘fatal’: death attributable to procedure <30 days or longer with continuous hospitalization. 
Only events requiring any intervention were scored.19

Secondary outcome variables

1 Feasibility of the histological assessment of ER specimens including infiltration depth, 
differentiation, lymphatic/vascular invasive tumor growth, and resection margins;

2 Complete response for neoplasia (CR-neoplasia) of the treatment protocol; 
3 Complete response for IM (CR-IM) of the treatment protocol; 
CR-IM and CR-neoplasia were defined as absence of IM and neoplasia respectively in all 
biopsies, including biopsies (4Q/2cm) of the original BE extent and immediately distal 
(<5mm) to the neo-Z-line obtained at the first follow-up endoscopy. 

Ethics, sample size and statistics

This feasibility study was approved by the local medical ethics committee (NTR 2542, 
www.trialregister.nl). Of all patients, written informed consent was obtained. We aimed 
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at inclusion of 24 consecutive patients, allowing for comparison with prospective studies 
on ER and RFA with a comparable sample size. No official sample size calculations were 
performed. Intention-to-treat (ITT) and per protocol (PP) analysis were performed for the 
outcomes measures when applicable. In the ITT analysis, all patients who discontinued 
endoscopic treatment or died were considered a failure. In the PP analysis, patients who 
did not finish the treatment protocol due to unrelated death or disease were censored. 
Patients that were referred for curative surgical resection based on initial ER specimens 
were excluded from the PP analysis. 

SPSS statistical software (SPSS Inc.16.0.2, Chicago, IL, USA) and Confidence Interval 
Analysis software were used for data analysis (CIA Version 2.2.0, London, UK).20 Mean 
(±SD) was used for normal distribution and median (inter-quartile range, IQR) for skewed 
distribution. 

RESULTS

Patients 

Between December 2008 and June 2010, 24 consecutive patients were included (Figure 
1). There were 20 males with a mean age of 68 years (±12) (Table 1). The median BE 

Figure 1 Patient flow chart of 24 patients with Barrett’s esophagus and a visible lesion containing high 
grade dysplasia or early carcinoma who were treated with radiofrequency ablation and endoscopic 
resection in a single treatment session. RFA= radiofrequency ablation, ER= endoscopic resection, HGD= 
high-grade dysplasia, EC= early cancer, CR-neoplasia= complete response for neoplasia, IM= intestinal 
metaplasia, ITT= intention to treat, PP= per protocol.

n=20
FOLLOW- UP median 14 months
CR- neoplasia 20/20 (100%)
CR- IM 19/20  (95%)

n=1 discontinued treatment
- progressive dementia

n=2 curative surgery
- ER not radical 

n=1 unrelated death           
- cardiac failure

n=2/20 unrelated death          
- cardiac failure
- duodenal perforation

n=24 
SINGLE SESSION RFA / ER  

for HGD/EC in Barrett’s esophagus

n=20
TREATMENT PROTOCOL COMPLETED
CR- neoplasia ITT 20/24 (83%) PP 20/20 (100%)
CR- IM ITT 19/24 (79%) PP 19/20  (95%)

TREATMENT PHASE

FOLLOW-UP PHASE

n=21   
SUBSEQUENT ENDOSCOPIC TREATMENT
Focal RFA n=13
Focal RFA + repeat ER n=8

n=21   
SUBSEQUENT ENDOSCOPIC TREATMENT
Focal RFA n=13
Focal RFA + repeat ER n=8
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length was C6M8 (IQRC3-9, M6-10) and the maximal diameter of the lesions was 3cm 
(IQR1-4). During work-up 3 patients underwent EUS-guided FNA of local lymph nodes, 
showing no malignancy. 

Endoscopic treatment with single session RFA and ER

ER proved to be feasible despite the preceding ablation. In all patients the coagulation 
markers still were adequately visible after the RFA (Figure 2; Table 2). A median of 4 
(IQR2-6) resections was performed. The most advanced histological diagnosis of all 
biopsies and ER specimens was HGD in 6 patients and EC in 18 patients, including 5 
patients with superficial submucosal invasion (T1sm1). The median procedure time of the 
single session RFA+ER session was 75 (IQR50-111) minutes, including inspection time, 
placement of coagulation markers, RFA procedure (median 21 minutes) and ER (median 
30 minutes). 

Efficacy of single session RFA and ER 

Three months after the single session RFA+ER session, the median BE surface regression 
in 21 available patients was 95% (IQR90-95). None of the patients required a second 
circumferential balloon-based RFA session (Table 2). 

In three patients, endoscopic treatment was discontinued after single session RFA+ER. 
Two patients were sent for surgical esophagectomy because the ER specimens showed a 
poorly differentiated T1sm1 carcinoma with a tumor positive vertical resection margin. A 
third patient suffered from progressive dementia, and it was decided to cease endoscopic 
treatment and follow-up; ER specimens showed HGD with negative vertical resection 
margins. 

Table 1 Baseline patient characteristics.

Patients (n=24)

Male: female 20:04

Mean age (years) 68 (±12)

Median BE (cm) C6M8

(IQR C3-9; M6-10)

Most advanced pre-treatment histology 13 EC / 11 HGD

Lesion type (Paris classification)10 0-IIa: 10

0-IIa-c: 12

0-Is: 1

0-Ip: 1

Multiple lesions (2 or 3) 6 pts

Lesion size: largest diameter (cm) 3 (IQR 1-4)

n=number, MBM=multiband mucosectomy technique, ER=endoscopic resection, BE= Barrett’s esophagus, 
C=length of circumferential BE, M=maximal BE length, IQR= interquartile range, EC= early cancer, 
HGD=high grade dysplasia, pts=patients.
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Complications of single session RFA and ER 

There were no severe complications, but 10 moderate complications occurred in 8 patients 
(Table 2). 

One patient had an esophageal perforation during an ER-cap procedure after RFA 
which could be effectively closed endoscopically with the ‘over-the-scope clip’ (OTSC, 
Ovesco Endoscopy, Tübingen, Germany). Oral contrast series showed no leakage and oral 
intake was restarted on day 2 followed by discharge on day 3. At three months, the 

Figure 2 Endoscopic images of a patient with a Barrett’s esophagus (BE) containing early neoplasia 
treated with radiofrequency ablation (RFA) and endoscopic resection (ER) in a single treatment session. 
A: C9M11 BE with a 4 cm lesion; B: Corresponding image with narrow band imaging (NBI); C: Lesion 
delineated by coagulation markers; D: Coagulation markers remain visible after circumferential balloon-
based RFA; E: Overview of the ablated BE segment; F: ER using multiband mucosectomy in 3 pieces (T1m2 
adenocarcinoma); G/H: Two small remaining BE islands after 3 months; H: Corresponding image with 
NBI; I: Focal RFA of BE islands and the gastroesophageal junction using the HALO90 catheter; J: Normal 
gastroesophageal junction 2 months after focal RFA; K: Corresponding image with NBI; L:. Complete 
endoscopic and histological removal of BE.
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Table 2 Outcome parameters and treatment characteristics of endoscopic treatment with radiofrequency 
ablation immediately followed by endoscopic resection in the same session for early neoplasia in Barrett’s 
esophagus.

Patients (n=24)

Total RFA+ER session time (minutes, median) 75 (IQR 50-111)

RFA procedure time (minutes, median) 21 (IQR 17-25)

ER procedure time (minutes, median) 30 (IQR 21-54)

Number of ER specimens per patient 4 (IQR 2-6)

Patients with ER specimens adequate for histological assessment, n (%) 24 (100%)

Worst diagnosis histology of biopsies and ER specimens 18 EC / 6 HGD

Regression rate of BE epithelium at 3 months (median) 95% (IQR 90-55)

Second circumferential balloon-based RFA 0

Severe complications 0

Moderate complications 10 in 8 pts

(1 esophageal perforation, 
4 bleedings, 5 symptomatic 

stenoses)

Mild complications 0

All complications  10 in 8 pts

n= number, RFA= radiofrequency ablation, ER= endoscopic resection, IQR= interquartile range, EC= early 
cancer, HGD= high grade dysplasia.

patient remained free of symptoms. No follow-up endoscopy or subsequent treatment 
was performed, because of a progressive dementia (see above). We were, therefore, not 
able to assess if the OTSC hampered subsequent endoscopic treatment.

Four bleedings (‘early’ n=1, ‘late’ n=3) occurred after combined RFA+ER. One patient 
had haematemesis (Hb drop from 8.9 to 7.6mmol/L, no anticoagulant therapy) <24h after 
RFA+ER; the patient underwent a subsequent endoscopy during which an oozing visible 
vessel in the resection wound was coagulated with a coagrasper. One patient developed 
haematemesis (no Hb drop, calcium carbasalate therapy) 2 months after RFA+ER. At 
endoscopy an erosive esophagitis was seen, related to replacing esomeprazole by ranitidine 
therapy by the general practitioner. One patient had melena (no Hb drop, acenocoumarol 
therapy) 2 weeks after RFA+ER. At endoscopy, a visible vessel in the treatment area was 
clipped. One patient had melena (Hb drop from 9.9 to 7.4mmol/L, calcium carbasalate 
therapy) 2 weeks after RFA+ER, spontaneously resolving after 3 days. Upper endoscopy 
showed diffuse superficial ulcerations related to RFA+ER treatment.

Five symptomatic stenoses occurred. Three patients developed dysphagia after the 
initial RFA+ER: two of these had been treated with a widespread ER (six-piece resection of 
75% of the circumference of 2cm in length; 11-piece resection of 75% of the circumference 
of 4cm in length); another patient had a pre-existing reflux stenosis. A fourth patient with 
a pre-existent narrow esophagus developed dysphagia after one focal ablation session. 
The fifth patient developed a symptomatic stenosis after focal ablation and a repeat ER. 
All stenoses resolved upon a median of 2 (R1-2) dilation sessions.
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Histological evaluation 

In all ER specimens all histological characteristics relevant for staging could be adequately 
assessed despite RFA prior to ER (Figure 3). Visible thermal and mechanical damage 
(necrotic debris, loss of cellular architecture, loss of nuclei) was limited to the epithelial 
layer and the lamina propria in 95 of 103 ER specimens (92%), while in 8 ER specimens 
(8%) focal thermal damage to the superficial muscularis mucosa was observed. ER 
specimens reached as deep as the submucosal layer in 100 of 103 specimens (97%). 

Complete response for neoplasia and IM 

Of the 24 patients who underwent single session RFA+ER, 21 patients underwent 
additional focal RFA sessions, whereas in 3 patients endoscopic treatment was ceased 
(surgery n=2, progressive dementia n=1). One of 21 patients died from unrelated cardiac 
disease three months after a single HALO90 session. 

CR-neoplasia was achieved in all remaining 20 patients after a median of 2 focal 
HALO90 RFA sessions (Figure 1, Table 3). CR-IM was achieved in 19 of 20 patients. The 

Figure 3 Photomicrograph of ER specimens of Barrett’s esophagus containing early neoplasia with an 
ablated surface after treatment with balloon-based RFA (2x 12 J/cm2 and a cleaning step). The epithelial 
layer is absent or demonstrates thermal and mechanical damage (necrotic debris, loss of cellular 
architecture, loss of nuclei), however the lamina propria, muscularis mucosae and submucosal layer are 
present for assessment of infiltration depth, vertical resection margins and tumor characteristics. In A, C 
and D, black arrows indicate the transition between completely necrotic cells (pink areas, marked with 
*) and a thermally damaged deeper layer that will become necrotic with more delay due to RFA-induced 
damage, yet that can still be fully evaluated histologically. A: H&E, 40x T1m3 carcinoma; B: H&E, 20x, 
HGD; C: H&E, 20x, T1m3 carcinoma; D: H&E, 20x, T1m3 carcinoma.
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patient who failed to reach CR-IM had complete endoscopic removal of a C1M6 BE yet a 
single focus of buried Barrett’s was detected in one biopsy of neosquamous epithelium 
obtained during the first follow-up endoscopy. The patient subsequently died from an 
unrelated cause before an additional follow-up procedure could be performed. 

We performed an intention-to-treat (ITT) analysis where we considered all patients who 
died (n=1) or discontinued the endoscopic treatment protocol (n=3) as failures, including 
2 patients who were sent for curative surgery based on the results of their ER specimens. 
On an ITT basis, therefore, CR-neoplasia was achieved in 20/24 patients (83%) and CR-IM 
was achieved in 19/24 patients (79%). In the per protocol analysis, patients who died or 
discontinued treatment for unrelated causes were censored, and patients who were sent 
for curative surgery based on the ER specimens were excluded. According tot the per 
protocol analysis, therefore, CR-neoplasia and CR-IM were achieved in 20/20 (100%) and 
19/20 (95%) of patients, respectively. 

During the treatment phase, 8 of 20 patients (40%) underwent a total of 9 repeat ERs 
for removal of visible lesions (Table 3). The visible lesions that required repeat ER were 
located at the edge of the prior ER scar (n=4) or within a radius of 2cm of the prior ER 
scar (n=4). ER specimens showed non-dysplastic Barrett’s epithelium (n=1), indefinite for 
dysplasia (n=1), HGD (n=2) and T1m2/3 carcinoma (n=5). 

During follow-up, two patients died from unrelated causes (cardiac failure, duodenal 
perforation). After a median follow-up of 19 (IQR 13-21) months after single session 
RFA+ER and 6 (IQR 3-12) months after the final treatment session all 18 patients had 
sustained CR-neoplasia and CR-IM. 

DISCUSSION

This prospective study shows that endoscopic treatment with circumferential RFA 
immediately followed by focal ER in the same endoscopic session for patients with HGD 
or early carcinoma in BE is feasible: the regression percentage of the surface area of BE 
was high and no patient required a second circumferential RFA procedure. Therefore, 
the purpose to combine ER and RFA without being hampered by post-ER scarring was 
achieved.

Single session RFA and ER treatment may be a feasible alternative for selected patients 
who require an extensive ER (>50% of the circumference) to remove a widespread lesion 
or patients with a pre-existing esophageal narrowing, in whom single session c-RFA 
and ER may be the only option to safely apply c-RFA due to stenosis risk after extensive 
ER. Alternatives for patients with extensive neoplastic lesions in BE are stepwise radical 
endoscopic resection (SRER) and endoscopic submucosal dissection (ESD). In SRER, the 
complete BE segment is removed in consecutive ER sessions. However, this approach 
has the disadvantage of a high rate of stenosis. A recent randomized study comparing 
SRER with ER+RFA found an 88% of stenosis rate in the SRER arm compared to 15% in 
the combination arm.9,19,21-23 ESD allows for en bloc resection of large lesions in the 
esophagus, yet the experience with this technically demanding procedure is limited in the 
West.24,25 Furthermore, both SRER and ESD are associated with bleeding and esophageal 
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perforation.19,22,26 In this study, we aimed to develop a combined endoscopic approach 
with ER and RFA, which would also be suitable for patients with larger esophageal lesions. 
However, when we compare the results to the standard protocol of ER followed by RFA 
after 6-8 weeks, both the number of repeat ERs and the complication rate after RFA+ER 
appear higher in the current study.5-8 

In our study, 8 of 20 patients (40%) required an additional ER during the treatment 
phase to remove visible lesions that were observed at a later stage during the treatment 
phase. The high rate of repeat ER after serial RFA following single session RFA and ER makes 
the overall treatment protocol more technically challenging. Seven of the nine resected 
lesions contained HGD or cancer and all were observed at the edge of the initial ER site, 
or within 2cm thereof. Although it appeared that all coagulation markers remained clearly 
visible after RFA and were removed during the initial ER procedure, the rate of additional 
ER during the treatment phase may suggest that lesions were sometimes not removed 
completely. The higher rate of repeat ER during the treatment phase may also reflect a 
more complex disease at baseline in our study, given a larger size of lesions (median 3cm 
versus ≤2cm) and the larger proportion of carcinoma (75%) in our study as compared to 
other studies.5-7,9 Of note, repeat ER did not increase the number of complications or the 

Table 3 Endoscopic treatment and follow-up after the combined RFA+ER treatment session for early 
neoplasia in Barrett’s esophagus. 

Subsequent treatment Patients (n=24)

Discontinued treatment 2/24 (unrelated comorbidity or death)

Esophagectomy based on ER specimens 2/24 (curative surgery)

CR-neoplasia (ITT) 20/24 (83%) (95%CI 63-95%)

CR-IM (ITT)_ 19/24 (79%) (95%CI 58-93%)

CR-neoplasia (PP) 20/20 (100%) (95%CI 83-100%)

CR-IM (PP)_ 19/20 (95%) (95%CI 75-100%)

Subsequent RFA sessions (median)  2 (IQR 2-3)

Repeat ER 9 ER procedures in 8 patients

Escape treatment APC in 4 patients
(≤1mm BE islands n=3; 8mm BE island n=1)

Follow-up Patients (n=20)

Discontinued follow-up 2/20 (unrelated death)

Follow-up (months) 19 (IQR 13-21) 

Follow-up endoscopies (median) 1 (IQR 1-2)

Biopsies from neosquamous (total) 401 biopsies

Biopsies <5mm distal of the neo-Z-line (total) 143 biopsies

Recurrent neoplasia 0

Visible BE 0

IM in biopsies in follow-up 0

   - focal IM neo-Z-line 0

   - buried Barrett’s glands 0

n= number, CR= complete response ITT= intention-to-treat analysis, CI= confidence interval, IM= intestinal 
metaplasia, PP= per protocol analysis, RFA= radiofrequency ablation, IQR= interquartile range, ER= 
endoscopic resection, APC= argon plasma coagulation, BE= Barrett’s esophagus, Z-line= squamocolumnar 
junction.
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total number of treatment sessions, and all 8 patients who underwent repeat ER achieved 
CR-neoplasia and CR-IM. It does, however stress the importance of careful inspection of 
the residual BE during the treatment phase, with a low threshold to perform a diagnostic 
ER to avoid disease progression. 

Performing ER immediately after RFA is more challenging than in the naive esophagus, 
because the endoscopic visibility is less in the ablated segment. Furthermore, it may be 
more difficult to suction the mucosa into the cap, which may results in smaller specimens, 
and to appreciate the submucosal lifting sign during ER-cap, because the mucosa may have 
become hyperemic and swollen due to RFA with a cleaning step. 

Initially, in this feasibility study, the MBM-technique was used, which is faster and easier 
than ER-cap.15,17,27 Based on the promising results of the first 12 single session RFA+ER 
procedures using MBM, we assessed the feasibility of c-RFA followed by ER-cap in the 
next 12 patients. Although this study was not randomized, we found no differences in 
the rate of radical resection or perforation between single session RFA+ER with MBM or 
ER-cap (data not shown), which comports with the findings of a recent randomized trial 
comparing ER-cap versus MBM.17  

ER is the first step in the endoscopic treatment of early Barrett’s neoplasia with a 
therapeutic as well as diagnostic intent.16,28,29 Based on the histology of the ER 
specimens, patients with unfavorable tumor characteristics or incomplete resection are 
referred for surgery, whereas others are selected for subsequent endoscopic treatment. 
In the combined use of ER and RFA, non-flat lesions or early cancer should always be 
removed with ER for staging purposes and to render the mucosa flat for effective RFA. 
In our study, after initial ER and RFA, a poorly differentiated submucosal carcinoma was 
detected in two patients, who subsequently underwent surgery without delay. Although 
single session RFA and ER may reduce the number of endoscopic procedures in some 
patients, on the other hand some may undergo an unnecessary RFA procedure with the 
inherent complication risk and discomfort. 

The rate of complications in this study appears higher than reported in other studies 
on sequential ER and RFA (acute/early complications: 25% vs. 0-14%; stenosis 21% vs. 
0-14%, respectively).5-7,9 The higher complication rate in our study may again reflect the 
more complex disease at baseline compared to our previous ER and RFA study protocols 
in which selection criteria encompassed a single lesions with a limited size (≤2cm in length 
and ≤50% of the circumference) and a BE ≤12cm, with no prior endoscopic dilatation for 
esophageal stenosis. 

A limitation of this study was, that the technically demanding endoscopic procedures 
were performed by two experienced endoscopists (BW and JB) in a tertiary referral center 
for ER and RFA, and that ER specimens were assessed by experienced pathologists, 
therefore results may be different in other centers. However, we advocate that endoscopic 
treatment of early Barrett’s neoplasia should only be performed in tertiary centers by 
well-trained endoscopists, in collaboration with experienced pathologists. Other limitations 
concern the small sample size of selected patients with a limited duration of follow-up. 

In conclusion, in this study we showed that circumferential balloon-based RFA followed 
by focal ER in the same endoscopic session is feasible for patients with HGD/EC in BE, in 
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the setting of a tertiary referral center. However, in our study, the number of complications 
was substantial and a relatively large number of patients required an additional ER session 
after single session RFA+ER to remove visible lesions. Therefore, single session RFA and ER 
should only be performed in expert centers and should be reserved for selected patients 
with large lesions or pre-existing esophageal stenosis, carefully weighing the advantages 
and disadvantages for each individual patient. For the majority of cases, however, ER 
followed by RFA after 6-8 weeks should remain the standard treatment protocol for the 
combined use of ER and RFA for early Barrett’s neoplasia.
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GENERAL DISCUSSION AND FUTURE PROSPECTS 

This thesis focused on developments in the endoscopic management of early neoplasia 
in Barrett’s esophagus (BE) using endoscopic resection (ER) and radiofrequency ablation 
(RFA). In the following paragraphs, we will discuss developments, issues requiring further 
investigation, and future prospects.

ENDOSCOPIC RESECTION

Endoscopic resection (ER) remains the golden standard as the first step in the work-up 
of patients with early neoplasia in their Barrett’s segment.1 We recommend the 
MBM-technique as the first choice technique for ER, based on our randomized trial 
in which we compared the ER-cap technique with multiband mucosectomy (MBM) in 
BE patients with early neoplasia (Chapter 3). Although we did not find a significant 
difference in safety and efficacy, MBM was significantly cheaper and faster than ER-cap, 
and potentially easier to learn. For patients with large lesions and suspicion for submucosal 
tumor infiltration who are unfit for surgery, we advise using the large caliber ER-cap which 
results in deeper resection and therefore a higher change for radical resection at the 
vertical margin. 

Previously, only patients with mucosal cancer were eligible for subsequent endoscopic 
management. Nowadays it is becoming more accepted that also for selected BE patients 
with low risk submucosal adenocarcinoma (T1sm1≤500µm, G1-G2, no lymphovascular 
invasion) endoscopic treatment is safe and effective.2,3

Currently, ER is mainly performed in expert centers, but this may change in the near 
future. An increase in the incidence of early neoplastic esophageal lesions is expected, 
given the rising incidence of esophageal cancer, the implementation of endoscopic 
screening and surveillance programs for Barrett’s esophagus patients, and improved 
endoscopic imaging techniques. In addition, easier ER techniques such as MBM may make 
ER more attractive for a wider range of endoscopists. 

TRAINING AND CENTRALIZATION OF ENDOSCOPIC RESECTION

In this thesis we have reported our experience with a national ER training program of 
six teams consisting of an endoscopist, endoscopy nurse and pathologist, aiming at 
controlled implementation and centralization of ER for early esophageal neoplasia in our 
country  (Chapter 1 and 2). The high rate of complications that occurred, even within 
the setting of this intensive training program, reflects the complexity of the ER technique. 
This study underlines why we advocate centralizing of ER treatment in multidisciplinary 
expert centers: “your surgeon has to know the oncologic nature of the perforation you 
may cause; your pathologist has to understand the orientation of the ER specimens and 
the consequences of his histological diagnosis”.  
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The ideal profile of an expert center for the treatment of early Barrett’s neoplasia is 
characterized by an endoscopist with special interest in interventional endoscopy aiming 
to obtain a tertiary referral function for endoscopic treatment of upper gastrointestinal 
(GI) neoplasia in a large regional or academic center with an established multidisciplinary 
expertise in upper GI oncology, demonstrated by a high volume of upper GI-surgery, 
oncological care, and histopathological expertise. 

In addition, centralization of ER cases is required to ensure enough exposure to patients 
with early Barrett’s neoplasia for all disciplines, since early neoplasia is not frequently 
encountered in general practice. In this light, we recommend that such centers, a single 
endoscopist performs the screening, imaging and treatment of all (referred) patients with 
early upper GI neoplasia, and that a single pathologist evaluates all ER specimens and 
pre-treatment biopsies. Again, recognizing early neoplastic lesions or irregularities in the 
BE, with adequate histological assessment of the corresponding biopsy or ER specimen 
is an extremely important factor in effective endoscopic treatment of early Barrett’s 
neoplasia. Finally, we advise that national guidelines on the management of early GI 
neoplasia incorporate requirements of centers offering endoscopic treatment, such as 
multidisciplinary patient management by a well-trained team, a minimal number of cases 
per year and prospective case registration. 

TRAINING AND CENTRALIZATION OF RADIOFREQUENCY 
ABLATION

Analogous to ER treatment, we strongly advise that RFA treatment is centralized in 
expert centers. Although RFA is relatively easy to apply, safe and effective RFA treatment 
depends on appropriate patient selection, high quality endoscopic work-up and imaging, 
and adequate histological assessment of biopsies and ER specimens. RFA centers should 
therefore also be proficient in ER, since ER and RFA form a complementary set of treatment 
techniques for the treatment of early neoplasia in Barrett’s esophagus. Endoscopists that 
perform RFA should be able to perform ER of a visible or elevated lesion for staging 
purposes and to render the esophagus flat and suitable for RFA. This holds for patients 
with early neoplasia as well as 

for patients with non-dysplastic BE. Further, next to the initial removal of lesions, ER 
has a role during the RFA treatment period, for the removal of persisting BE areas after 
RFA treatment, or to remove suspiciously looking lesions that ‘pop-up’ during the RFA 
treatment period. In Europe, we have successfully implemented ER and RFA training 
programs (www.endosurgery.eu, www.rfa-academia.eu), which have set the standard for 
uniformity in training endoscopic management of early upper GI neoplasia.
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ENDOSCOPIC TREATMENT OF WIDESPREAD LESIONS

For patients with widespread neoplastic lesions in BE the optimal management strategy 
remains unknown. Although the combined approach of ER followed by RFA after 2 
months is safe and effective in case the ER size is limited to 2 cm and less than 50% 
of the circumference (Chapter 4 and 5), studies thus far have excluded patients with 
widespread lesions. After extensive ER, scarring and stenosis occurs, which may result 
in non-uniform electrode contact or superficial laceration during RFA. However, there 
is a subset of patients that simply require a widespread ER to completely remove 
the non-flat component and to guarantee optimal staging. For these patients, four 
endoscopic treatment approaches are available: 1) the standard approach of ER followed 
by RFA after 2 months, with RFA preceded by dilation sessions in case of ER-induced 
stenosis, 2) single session RFA and ER, 3) stepwise radical endoscopic resection (SRER), 4) 
endoscopic submucosal dissection (ESD). Importantly, it should be realized that in patients 
with widespread lesions, the incidence of submucosal cancer or unfavorable tumor 
characteristics detected in ER specimens requiring esophagectomy may be higher. 

Single session RFA and ER is a feasible approach for patients with widespread lesions 
(Chapter 12), however the rate of repeat ER after treatment was relatively high and the 
rate of complications was substantial. It is possible that this study population comprised 
more complex cases and patients with more comorbidity as compared to other studies 
with more strict inclusion criteria. Nevertheless, we advise that the single session RFA and 
ER approach should be reserved for selected individual cases with widespread lesions and 
should be performed in expert centers only. 

SRER and ESD are both complex techniques that require training and experience 
and are associated with higher rates of stenosis, bleeding and perforation compared to 
ER and RFA. Although SRER is associated with a much higher stenosis rate compared 
to combination therapy with ER and RFA (88 versus 15%) (Chapter 5), SRER may be 
suitable for patients with more extensive lesions in BE ≤5 cm. The ESD technique has the 
theoretical advantage over SRER that it allows for en bloc resection of large lesions, which 
favors adequate histological assessment of the specimen. However, the experience with 
esophageal ESD in the western is still limited and results are generally disappointing with 
R0-resection rtes below 50%.4-7 In addition, ESD is not suitable for complete BE removal, 
given the high stenosis rate of ESD and the tortuous anatomy of the gastroesophageal 
junction, often with a fibrotic submucosa due to reflux damage. Therefore, we do not 
expect a major role for ESD in the treatment of early BE neoplasia in the near future. On 
the other hand it is undeniable that ESD for early GI neoplasia is gaining interest. We 
expect that more western endoscopists will start performing ESD despite a low caseload. 
Ongoing discussions concern questions such as how to provide adequate training and 
how to set quality standards in ESD.4,8

Presently, we advise that for patients with widespread neoplastic lesions in BE, eligible 
for endoscopic treatment, the standard approach of ER followed by RFA after 6-8 weeks 
is used. In case a symptomatic or circumferential stenosis develops preventing subsequent 
RFA, stepwise dilation is performed up to 18-mm to allow for subsequent circumferential 
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RFA of the remaining BE. For patients with widespread neoplastic lesions in short segment 
BE, a single session approach of extensive ER immediately followed by focal RFA of any 
residual BE tongues or islands with the HALO90-device, avoiding ablation of the ER-wound, 
may be a suitable alternative.  

The endoscopic treatment of early esophageal lesions would really make a step forward 
if we find ways to prevent stenosis and scarring after ER, SRER and ESD. Highly interesting 
are the recent studies from Japan that show a much lower stenosis rate after repeated 
sessions of corticosteroid injections in the resection wound, or oral administration of 
corticosteroids for several weeks after ESD.9,10 The use of such preventive measures to 
prevent stenosis is currently under investigation in our center using animal models.

RADIOFREQUENCY ABLATION 

In the past five years several clinical trials have established the excellent safety and 
efficacy rates of RFA, resulting in complete eradication of all intestinal metaplasia (IM) and 
early neoplasia in 77-100% of patients.11-15 Large-scale RFA registries have confirmed the 
safety and efficacy of RFA.16,17 The cost-effectiveness of RFA for BE containing high-grade 
dysplasia (HGD) has been established using a cost-utility model.18,19 In the meantime, RFA 
has been implemented as an accepted endoscopic treatment modality in more than 1.000 
centers worldwide. The number of patients treated with RFA has increased spectacularly, 
counting over 44.000 patients by now. 

Other ablation modalities for early neoplastic BE are photodynamic therapy (PDT), 
argon plasma coagulation (APC) and cryoablation. PDT has been largely abandoned in 
the past years because of the high rate of stenosis and buried glands, photosensitization, 
and poor efficacy compared to RFA.20,21 APC for complete BE removal resulted in a high 
rate of recurrent IM and stenosis.22 APC is currently only used as an adjuvant therapy, 
to remove residual tissue bridges during piecemeal ER, or to ablate small residual islands 
of BE <5mm after RFA, since APC is faster and cheaper than a new focal RFA session. 
Spray cryotherapy has shown to be effective for BE patients with early neoplasia, however 
eradication rates of dysplasia and recurrence rates seem inferior to RFA.23,24 Recently, a 
new balloon-based device for cryoablation has been introduced, consisting of a compliant 
balloon, which may be of benefit in patients with post-ER or reflux stenosis. Currently, 
safety studies are performed in human patients using a pre-esophagectomy model. 

SIMPLIFYING RADIOFREQUENCY ABLATION 

The currently used RFA ablation regimens are rather impractical, consisting of several small 
steps and multiple introductions of the endoscope and ablation devices. We therefore 
have developed simplified ablation protocols, eliminating the time-consuming cleaning 
step of the ablated area and electrode. 

For circumferential balloon-based RFA, we now recommend the use of the simple-no-
clean regimen (2x12J/cm2 without cleaning) for patients with an uncomplicated straight 
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esophagus (Chapter 8). For patients with a ‘complicated’ esophagus, e.g. a tortuous 
course or extensive scarring or stenosis, we advise to adhere to the standard ablation 
regimen. In these patients, the cleaning step allows for inspection of the ablation effect 
and the detection of skipped zones, which can be targeted during the second ablation 
pass. For focal RFA using the HALO90-device, we recommend the use of the simplified 
regimen (3x15J/cm2 without cleaning) for residual BE islands (Chapter 9). Both simplified 
ablation regimens make RFA easier and faster with fewer introductions of devices and 
may thus diminish patient discomfort. 

In future studies of focal RFA regimens, patients instead of BE areas should be 
randomized to allow comparison of safety and procedure time. We still lack data 
on the outcome of focal ablation with 3x15J/cm2 in which all residual BE and the 
neo-squamocolumnar junction is treated with this regimen at multiple endoscopic 
treatment sessions. Possibly, a simplified ‘triple’ regimen for focal RFA at 12 J/cm2 instead 
of 15 J/cm2 may be a safer and equally effective alternative. In the US, the current energy 
setting for focal RFA is 12 J/cm2 while using the standard regimen (2x12J/cm2 - cleaning 
step - 2x12J/cm2). A triple application at 12 J/cm2 is also used for focal RFA in patients 
with early squamous neoplasia, based our study experiences in China, in which stenoses 
were encountered using higher energy settings or more applications. Focal ablation using 
the longer HALO90-ULTRA-electrode was not found to be very effective at 2x12J/cm2 
with a cleaning step, therefore also for HALO90-ULTRA-ablation, a step-up to 3x12J/cm2 
is currently considered. A triple 12 J/cm2 regimen for all the abovementioned indications 
and devices does not appear illogical. New studies are currently designed to address these 
hypotheses aiming at further simplification and optimization of focal RFA.

OTHER ADJUSTMENTS OF THE RFA TREATMENT PROTOCOL

Future improvements of RFA may come from new types of the HALO90-electrode, such 
as the smaller HALO60-electrode that is easier to introduce, and the HALO90-ULTRA-
electrode that facilitates ablation of the neo-z-line (neo-squamocolumnar junction). This 
may be an important improvement given the reported findings of focal IM at the neo-z-line 
after RFA treatment.25-27 At this time, we standardly perform circumferential ablation of 
the neo-z-line with the HALO90-electrode at least once during the RFA treatment period, 
since we feel that this approach is valuable for the eradication or prevention of IM after 
RFA at this area. The neo-z-line, located at the level of the gastric cardia, is sometimes 
located in a tortuous distal esophagus, where a short HALO90-catheter is more difficult to 
position across the neo-z-line than the longer HALO90-ULTRA. 

Further, a more compliant HALO360-balloon would make circumferential balloon-based 
RFA easier if the sizing step could be abandoned and more effective in case the balloon 
would fit to small irregularities or caliber changes of the esophageal wall. The practicality 
of the procedure would also benefit from the development of ablation devices that can 
be introduced through the working channel of the endoscope instead of being introduced 
alongside the endoscope or attached to its distal tip.
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RFA FOR BARRETT’S ESOPHAGUS CONTAINING LOW-GRADE 
DYSPLASIA

RFA treatment for BE containing low-grade dysplasia (LGD) is controversial because the 
risk of malignant progression in LGD is not established. The reported progression rates in 
LGD vary from 0.6% in unselected LGD cases to 28% for patients in whom two or more 
pathologists have agreed on the LGD diagnosis.28-31 

These varying results likely reflect differences in the number of pathologists that had 
to agree on the diagnosis, the high interobserver variability associated with LGD, and 
differences in study populations. In our center we have followed a cohort of patients in 
whom the LGD diagnosis was confirmed by two expert endoscopists under surveillance 
according to recent national guidelines. In this cohort, the incidence rate of HGD or 
carcinoma was as high as 13.4% per patient per year.28 In a subset of patients with 
such a high progression rate to HGD or carcinoma, RFA treatment may be justified and 
cost-effective.19 Currently, the SURF-trial is underway, in which patients with a confirmed 
diagnosis of LGD are randomized to surveillance versus RFA treatment. This multicenter 
randomized trial will give essential information on the malignant progression rate of LGD 
and the efficacy of RFA in preventing this, as well as the impact of the two approaches 
on quality of life.  

RFA FOR NON-DYSPLASTIC BARRETT’S ESOPHAGUS: IS IT 
JUSTIFIED?

Based on new data on the durability of BE eradication with RFA and a lower progression 
rate of non-dysplastic BE (NDBE) to carcinoma, a recent cost-effectiveness analysis 
concluded that RFA is not a cost-effective approach for NDBE.19 Nevertheless, RFA is 
offered to patients with NDBE in several centers. In our opinion, RFA should not be 
standard treatment for NDBE patients, but selected NDBE patients may benefit from RFA, 
such as young patients with a long life expectancy, a long segment BE, and a positive 
family history of esophageal adenocarcinoma. The impact of RFA on quality of life may 
also be important, if future studies confirm that RFA for NDBE reduces the patient’s fear 
of cancer.32

Several research groups currently focus on potential genetic and histological markers 
as well as patient characteristics relating to malignant progression of BE, to enable risk 
stratification of NDBE patients.33 Further, the quality of surveillance programs and/or 
the use of chemoprevention, in addition to PPI treatment may significantly modify the 
balance between endoscopic surveillance or prophylactic ablation.34 Large prospective 
surveillance cohorts such as the Barrett’s surveillance cohort in general hospitals in the 
Amsterdam region will be of great importance to answer the question if RFA of NDBE 
is justified. Currently our research group works on a retrospective study looking at 
the baseline biopsy characteristics of patients that progressed from NDBE to HGD of 
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carcinoma. Until better risk stratification of NDBE patients is available, RFA for NDBE 
should not be considered standard of care.

DURABILITY OF RFA 

Long-term follow-up is the most important missing information relating to RFA treatment. 
The most favorable situation would be a permanent eradication of IM and early neoplasia. 
This would justify prolonged surveillance intervals, less rigorous biopsy protocols, or even 
abandoning endoscopic surveillance at all. The durability of the treatment effect is an 
important factor in cost-effectiveness, and thus affects the range of indications for RFA 
treatment. Currently, all three follow-up studies have reported high rates of sustained 
remission. After 3-5 years of follow-up, sustained complete removal of neoplasia and IM 
was shown in 94-98% and 91-100% of patients, respectively.25,26,35 

The favorable long-term results of these studies demonstrate that the result of RFA 
treatment, with or without prior ER for visible lesions containing early neoplasia, is durable 
in the vast majority of patients. It, however, also shows that long-term endoscopic follow-
up is required for these patients. For patients with a low baseline risk (e.g. NDBE) however, 
these long-term results may suggest that prolonged surveillance is not required after RFA.

INTESTINAL METAPLASIA IN THE CARDIA

Another question is the clinical relevance of focal IM in gastric cardia after RFA treatment. 
During 5-years follow-up after RFA for early BE neoplasia in patients treated at our 
center, focal IM was found in gastric cardia biopsies in 35% of patients, obtained during 
any follow-up endoscopy.25,26,35 We obtain 4-quadrant biopsies immediately distal to 
the neo-squamocolumnar junction in all patients, to assess if all Barrett’s mucosa has 
been removed. Endoscopic differentiation between gastric mucosa and IM is hardly 
possible, and this area has an increased risk of recurrences. To prevent residual IM at 
the squamocolumnar junction, we perform circumferential HALO90-ablation of the 
neo-squamocolumnar at least once during the RFA treatment period. Findings of IM in 
the cardia after successful endoscopic treatment of early Barrett’s neoplasia may reflect 
insufficient treatment, recurrent disease, or it may be an irrelevant physiological finding. 
Since the incidence of IM in the cardia does not increase over time, and is mostly observed 
in a single biopsy in a single patient, we hypothesize that IM of the cardia does not result 
from ongoing reflux after treatment, and therefore does not reflect residual disease.35 
Furthermore, IM of the cardia can be detected in biopsies of 25% of the normal 
population and is generally not considered a premalignant condition.36 Although the 
clinical relevance of focal IM of the cardia after RFA remains unknown, our long-term data 
do not suggest that it relates to residual or recurrent BE. 
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BURIED BARRETT’S GLANDS

Some fear that buried Barrett’s glands underneath neosquamous epithelium after prior 
RFA may progress to an advanced malignant stage while remaining endoscopically 
invisible. The incidence of buried glands after RFA in normal appearing neosquamous 
epithelium is however very low, especially when compared to patients after PDT and APC. 
In addition, findings of buried glands may reflect a false-positive histological diagnosis in 
tangential sectioned biopsies of accidentally sampled residual Barrett’s islands, or biopsies 
obtained at the neo-z-line where there is a small overlap of 4-8 mm between squamous 
and gastric type mucosa.37,38 With the ongoing discussion on buried glands, also the 
adequacy of biopsying remains topic of debate. A study from our center showed that 
the biopsy depth of treated and untreated squamous epithelium is similar, with presence 
of the lamina propria in one-third of biopsies independent of epithelial type.38 In those 
rare cases in which buried glands are diagnosed, we recommend detailed inspection of 
the neosquamous mucosa with narrow band imaging. In case residual BE is detected, 
focal treatment of this area is indicated. In case there is no visible BE, biopsies should be 
repeated. When presence of buried glands is histologically confirmed once again, focal 
RFA may be used to eradicate the buried glands. We have encountered this situation 
only once over the last seven years. Given the favorably high rates of sustained complete 
removal of neoplasia and IM after 3-5 years follow-up and the low rate of 0.1% buried 
glands in our RFA cohorts, we assume that the clinical relevance of buried glands is limited.

RECOMMENDATIONS ON FOLLOW-UP

Since the durability of the RFA is not a 100%, continuous surveillance of patients after RFA 
is required in patients treated for HGD or early cancer. Most centers adhere to half-yearly 
surveillance interval after early neoplasia at baseline. In addition, after the first year we 
adhere to a yearly surveillance interval. 

In our opinion, it is justified to abandon random biopsies from the neosquamous 
epithelium, provided that meticulous inspection of the neosquamous epithelium with high 
resolution endoscopy and narrow band imaging is performed by an endoscopist with a 
trained eye. Targeted biopsies should still be obtained from any visible abnormalities in the 
neosquamous epithelium. Meticulous inspection of the neo-squamocolumnar junction 
(neo-z-line) is also required given the high rate of recurrence at this area. For this reason, 
and since endoscopic differentiation between gastric mucosa and IM is not reliable, 
biopsies immediately below the neo-z-line (<5mm) should be obtained. To establish the 
guidelines on surveillance intervals after RFA, more data are required on the long-term 
follow-up durability of response to RFA and on factors that affect the durability.
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POOR RESPONDERS TO RFA TREATMENT

Although RFA is a highly effective treatment modality, occasionally patients demonstrate 
a poor response to RFA. These patients generally present with little regression of their 
BE segment despite RFA, or show persistent inflammation at three months after RFA. 
We found that patients who had less than 50% BE surface regression at three months 
after initial circumferential RFA, ultimately had a lower success rate for complete response 
for IM and early neoplasia, required more RFA sessions, and a longer treatment period 
(Chapter 10). This poor initial response to circumferential RFA was predicted by the 
following factors: regeneration of the ER wound with BE, presence of neoplasia in BE for 
a longer time period prior to RFA, and a relative narrowing of the esophagus prior to RFA. 
Recently, a relationship was suggested between uncontrolled reflux despite PPI treatment 
and failure for CR-IM.39 

Patients who demonstrate a poor response to RFA may benefit from an alternate 
treatment approach in the future, depending on the cause of poor response. Potential 
approaches are fundoplication followed by RFA and stepwise radical endoscopic resection 
(SRER). Further research is necessary to elucidate the mechanisms underlying the lack of 
response to RFA in this small subgroup, and to better predict which patients will be these 
poor responders to RFA treatment.

RFA FOR EARLY SQUAMOUS NEOPLASIA OF THE ESOPHAGUS

The combined treatment of ER and RFA can also be used for treatment of squamous 
neoplasia of the esophagus. We have reported a prospective case series of 13 patients 
with early squamous neoplasia that were successfully treated with ER and RFA in our 
center (Chapter 7). Subsequently, prospective trials were started in China, in a region 
where esophageal squamous cell cancer has a very high incidence. A first trial in 29 
patients with flat-type HGD or early squamous cell cancer treated with RFA treatment 
resulted in eradication of neoplasia in 97% of patients, and an acceptable safety profile 
with 4 strictures resolving upon dilation.40 In regions with a high incidence of squamous 
cell carcinoma, and limited endoscopic expertise, an easy-in-use technique with such a 
high efficacy rate and an acceptable safety profile may have a significant impact. Future 
research should focus on finding optimal energy settings and regimen for the squamous 
esophagus, how to combine ER and RFA, and the impact of Lugol’s staining on the 
outcome of RFA. The most recent data suggest that for circumferential ablation a single 
12J/cm2 application suffices, whereas a 3x15J/cm2 regimen is preferred for focal ablation, 
and cleaning of the ablation zone is not required. Using these regimens, RFA should 
always be preceded by Lugol’s staining in the same session. 
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SUMMARY

ER remains the first step in the endoscopic management of early Barrett’s neoplasia, with 
a therapeutic as well as diagnostic purpose. ER followed by RFA is the standard endoscopic 
approach for patients with early Barrett’s neoplasia. Simplified ablation regimens make 
RFA easier and faster while maintaining the efficacy of RFA. Endoscopic treatment of early 
Barrett’s neoplasia should be centralized in expert centers, after adequate training in ER 
and RFA. Future research should focus on predicting response to RFA treatment, and how 
to optimize the regeneration process after RFA. An important other focus for research is 
the risk stratification of patients with LGD and NDBE to enable selective use of RFA as a 
prophylactic treatment. 
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SUMMARY 

Introduction

This thesis describes recent developments in the endoscopic treatment of early esophageal 
neoplasia. Endoscopic treatment has replaced surgery as an effective and less invasive 
strategy for early neoplasia in Barrett’s esophagus (BE). Since patients with BE have an 
increased risk for the development of esophageal adenocarcinoma, they undergo regular 
surveillance endoscopies to detect neoplasia at an early stage. Once high-grade dysplasia 
or early carcinoma is detected, all Barrett’s epithelium (intestinal metaplasia) is at risk for 
malignant proliferation and needs to be removed. Currently, the preferred endoscopic 
approach is endoscopic resection (ER) of focal lesions followed by radiofrequency ablation 
(RFA) of the complete Barrett’s segment. 

Part One: Endoscopic Resection

Endoscopic resection of focal lesions is the cornerstone of endoscopic treatment of 
patients with esophageal high-grade dysplasia or early cancer. ER results in removal of 
the lesions, and yields a resection specimen for histological staging. ER, however, is a 
technically demanding procedure, requiring training and expertise, not only to resect 
lesions in a safe and effective manner, but also to manage potential complications such as 
bleeding and perforation. 

To assess the learning curve of ER, we evaluated the efficacy and safety of the first 
120 ER procedures of early esophageal neoplasia in the setting of an intense, structured 
ER training program (Chapter 1). In 120 ER procedures performed by six participating 
endoscopists (20 procedures each), complete endoscopic removal of the marked visible 
lesion was achieved in 93%. The perforation rate was 5%, which was significantly higher 
than reported in other series from our center. No learning effect was found in this study. 
All perforations were adequately managed. We concluded that performing 20 endoscopic 
resections may not have been sufficient to reach the peak of the learning curve in 
endoscopic resection. The relatively high perforation rate may reflect the complexity of 
the ER procedure and the consequently long learning curve. 

To identify the most important learning points in performing ER during the training 
program, we assessed written feedback reports of 33 video recordings of unsupervised 
ER procedures, and asked the six participating endoscopists to complete a questionnaire 
on their learning points during the training program (Chapter 2). Three endoscopists with 
experience in ER selected the most important learning points: to ensure and optimize 
the endoscopic view by choosing the best available endoscope and cleaning of the area 
of interest; to rotate the endoscope to position the lesion at 6 o’clock; to delineate the 
lesion by placing electrocoagulation markers hereby creating a ‘preprocedural plan’, and 
to perform a test-suction prior to every resection to avoid too much overlap or residual 
tissue bridges. This study resulted in a useful summary of ‘do’s and don’ts in ER’, which 
may be valuable for endoscopists with an interest in learning or improving ER technique.
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In Chapter 3, we compared two different ER techniques for the endoscopic treatment 
of early esophageal neoplasia in a multicenter randomized trial. The ER-cap technique 
requires submucosal lifting and positioning of a snare in the cap, making it technically 
demanding and laborious. The newer multiband mucosectomy technique (MBM) employs 
a modified variceal band ligator and requires no submucosal lifting or positioning of a 
snare. In 84 patients who underwent piecemeal ER of Barrett’s neoplasia, no differences 
in safety and efficacy were found. Despite the lack of submucosal lifting, MBM was not 
associated with more complications. Importantly, piecemeal ER with MBM was faster and 
cheaper than with the ER-cap technique. Therefore, MBM is the preferred method for 
piecemeal ER of early Barrett’s neoplasia. 

Part Two: Radiofrequency ablation 

RFA treatment results in superficial ablation of the esophageal mucosa of 0.5 to 1 mm 
in depth, and can be used as a single-modality therapy for flat type dysplasia, or as 
an adjunct to ER, after ER of visible abnormalities. The technical background of RFA is 
described in detail in Chapter 4. After initial circumferential ablation with the balloon-
based HALO360-electrode, focal ablation of residual BE areas and the gastro-esophageal 
junction is performed with the HALO90-electrode. Generally, three ablation sessions with 
intervals of two to three months suffice to achieve complete eradication of early neoplasia 
and intestinal metaplasia (IM) in 86-100% and 77-100% of patients, respectively. RFA is 
associated with a very low rate of stenosis and buried Barrett’s glands as compared to 
other ablation techniques such as photodynamic therapy and argon plasma coagulation.

Before the introduction of RFA, stepwise radical endoscopic resection (SRER) was the 
standard endoscopic treatment for early Barrett’s neoplasia. SRER is a technique in which 
the complete BE segment is removed in consecutive ER sessions with 2-month intervals. 
The potential advantage of SRER over RFA, is that it results in a complete specimen of 
the BE segment for histological staging. However, SRER is technically demanding and 
associated with stenosis. In Chapter 5, we compared SRER versus focal ER followed by 
RFA for complete eradication of BE containing early neoplasia in a multicenter randomized 
trial. Forty-seven patients with early neoplasia in BE of ≤5 cm in length were included. 
Both techniques achieved comparably high success rates, with complete eradication of 
neoplasia in 100% after SRER and 96% after ER/RFA, and complete eradication of IM 
in 92% and 96%, respectively. The stenosis rate, however, was significantly higher in 
SRER patients with 88% versus 14% in ER/RFA patients, resulting in significantly more 
treatment sessions in SRER patients (6 versus 3) due to subsequently needed dilation 
sessions. In conclusion, for patients with BE ≤5 cm containing early neoplasia a combined 
endoscopic approach of focal ER followed by RFA is preferred over SRER.

Once the safety and efficacy of RFA in patients with a BE length up to 8 cm was 
established in several multicenter trials in the United States and Europe, we aimed to 
assess the feasibility of RFA for patients with longer Barrett’s segments. In Chapter 6, 
we described a series of 26 consecutive patients with early neoplasia in BE of minimally 
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10 cm in length. This study showed that RFA for longer BE segments may be more 
challenging, since ablation treatment was stopped in 15% of patients due to poor healing 
or poor regression, which may reflect the severity of reflux disease in this patient group. 
Nevertheless, complete eradication of neoplasia and IM was achieved in 83% and 79% 
of patients respectively, without severe complications and in a similar number of RFA 
sessions compared to patients with shorter BE segments. This study demonstrated that 
RFA with or without prior ER is safe and effective for long segment BE. 

Given the excellent results of RFA with or without prior ER for early Barrett’s neoplasia, 
we hypothesized that this approach was also suited for early squamous neoplasia of 
the esophagus. In Chapter 7, we reported a prospective case series of 13 patients with 
early squamous neoplasia who were treated with the combined approach of ER followed 
by RFA. All patients had at least one unstained lesion upon Lugol’s chromoendoscopy 
containing high-grade dysplasia or mucosal squamous cell cancer. In the case of non-flat 
lesions, ER was performed for staging and to render the mucosa flat for subsequent RFA. 
All 13 patients achieved a complete response after a median of two RFA sessions, and 
there were no recurrences during a median follow-up of 17 months. This study suggests 
that RFA with or without prior ER is feasible and effective for high-grade dysplasia and 
mucosal cancer of the squamous esophagus.

To make RFA treatment easier and faster, we evaluated simplified ablation regimens 
for focal as well as circumferential RFA. The current ly used regimens are impractical 
and time-consuming, as they consist of two ablation passes with extensive cleaning of 
the ablated zone and the electrode after the first ablation pass, which requires multiple 
introductions.

In Chapter 8, we have treated 57 patients with three different circumferential balloon-
based ablation regimens using the HALO360-electrode (c-RFA) in a multicenter randomized 
trial. We introduced two simplified regimens, in which we abandoned cleaning of the 
ablated area and the ablation device, or cleaning of the ablation device alone, after the 
first ablation pass. The median Barrett’s surface regression at 3 months after c-RFA was 
comparable using all three regimens, whereas the simplified regimens were significantly 
faster and required fewer introductions. Thus, c-RFA could be made easier and faster 
without sacrificing safety or efficacy, by omitting or simplifying the cleaning phase in 
between ablations. 

In Chapter 9, we evaluated a simplified regimen for focal RFA (3x15J/cm2 without 
a cleaning step) using the HALO90-electrode in a multicenter randomized trial. In 40 
patients, after randomization of BE areas within 1 patient, one BE area was treated with 
the simplified regimen and another BE area with the standard regimen for focal RFA. The 
study showed that the proposed simplified regimen for focal RFA is not inferior to the 
standard ablation (2x2x15J/cm2 with a cleaning step) for the removal of BE islands, and 
requires fewer introductions, no cleaning step and a shorter procedure time. Therefore, 
the simplified regimen for focal RFA is recommended for the treatment of residual 
Barrett’s islands.
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To gain insight into the profile of the small subset of patients who have a poor 
response to RFA, we assessed the characteristics of 278 patients treated with RFA in a 
European multicenter cohort study (Chapter 10). ‘Poor initial response’ was defined as 
less than 50% Barrett’s regression at 3 months after initial c-RFA, graded by two expert 
endoscopists using endoscopic images. Patients with a poor initial response to c-RFA 
(13%) had a significantly lower ultimate success rate for eradication of neoplasia and 
IM, required more treatment sessions during a longer treatment period. We detected 
four independent predictors of poor initial response: ongoing reflux esophagitis, ER-scar 
regeneration with BE, esophageal narrowing pre-RFA, and neoplasia in BE for a longer 
time pre-RFA. These findings need to be confirmed in other study populations. More 
research should focus on predictors of poor response, to enable the early identification of 
patients that may benefit from alternative treatment strategies.

Part Three: Single Session RFA and ER  

Some patients require a widespread resection to remove all visible lesions prior to RFA. 
After a more extensive ER, lacerations at the level of the ER scar have been observed 
during c-RFA in patients. In addition, esophageal narrowing after extensive ER may result 
in non-uniform electrode contact during RFA. We hypothesized that c-RFA and ER in the 
same endoscopic session could avoid the impact of scarring on c-RFA and reduce the risk 
of laceration. 

The feasibility of the single-session ER-RFA and RFA-ER approach was studied in a 
porcine model, as described in Chapter 11. In RFA-ER, the histological assessment of the 
ER specimen may be hampered by the ablated surface. On the other hand, in ER-RFA, 
the ablation of the ER wound may carry a higher perforation risk. In a first experiment 
in 6 pigs, dosage escalation demonstrated that 2x10J/cm2 was the optimal energy 
setting during ER-RFA. In a second experiment in 8 pigs, 4 treatment areas in each pig 
were randomized to: ER-RFA, RFA alone, ER alone, and RFA-ER. In total, two delayed 
perforations occurred in experiment 1 and 2 after ER-RFA. Remarkably, in the 7 
remaining pigs of experiment 2, all 7 ER-RFA and RFA-ER areas showed a severe stenosis 
versus 5 of 7 areas treated with RFA alone, and none of the areas with ER alone. We 
concluded that single-session ER-RFA variant was not safe in a porcine model, therefore 
it seems not ethical to evaluate this approach in humans. Given the high rate of stenosis 
after RFA-ER and even after RFA alone, we question the validity of the pig esophagus as a 
model for these experiments.

In Chapter 12, we described a feasibility study of 24 consecutive patients who were 
treated with single session RFA-ER for lesions in Barrett’s esophagus containing early 
neoplasia. The median Barrett’s surface regression at 3 months was 95%, and none of the 
patients required a second c-RFA procedure. Although complete response for neoplasia 
and IM was achieved in 100% and 95% respectively, 40% of patients required repeat ER 
for visible lesions during the treatment period. We concluded that c-RFA followed by ER in 
the same session is feasible, but technically demanding and associated with a substantial 
rate of complications and repeated ER. This approach, therefore, should be reserved for 
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highly selected patients who risk severe stenosis after ER, and should be performed by 
experienced endoscopists. ER followed by RFA after 6 to 8 weeks should remain the 
standard approach for combined ER and RFA, with esophageal dilations prior to RFA in 
case of stenosis after widespread ER.
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SAMENVATTING  (Verklarende woordenlijst, zie pagina 242)

Introductie

Dit proefschrift beschrijft de recente ontwikkelingen op het gebied van de endoscopische 
behandeling van vroege neoplasie in de oesofagus. Endoscopische behandeling is een 
bewezen effectief en minder invasief alternatief voor chirurgie voor patiënten met vroege 
neoplasie in Barrett oesofagus. Barrett patiënten hebben een veranderd slokdarmslijmvlies, 
wat gepaard gaat met een hoger risico op de ontwikkeling van een adenocarcinoom van 
de oesofagus. Daarom krijgen zij eens per één tot drie jaar een controle-endoscopie. Als 
er vroege neoplasie wordt gediagnosticeerd, wordt al het Barrett epitheel (intestinale 
metaplasie) verwijderd, om de kans op een recidief te reduceren. Momenteel gaat de 
voorkeur uit naar combinatietherapie van endoscopische resectie (ER) van de zichtbare 
afwijkingen, gevolgd door radiofrequente ablatie (RFA) van het resterende Barrett 
epitheel. 

Deel Een: Endoscopische Resectie

Het eerste deel van het proefschrift gaat over endoscopische resectie (ER). ER van zichtbare 
afwijkingen is de hoeksteen van de endoscopische behandeling van patiënten met 
vroege neoplasie van de oesofagus. Bij ER wordt weefsel opgezogen in een doorzichtige 
kapje op het einde van de endoscoop en vervolgens weggesneden. Dit resulteert in een 
resectiepreparaat voor histopathologische beoordeling en stadiëring. Patiënten met 
ongunstige tumorkenmerken worden alsnog aangemeld voor chirurgie vanwege de 
grotere kans op lymfekliermetastasen. ER dient hiermee zowel een therapeutisch als een 
diagnostisch doel. ER is echter een complexe techniek die training en expertise vereist, 
niet alleen om de afwijkingen op een veilige en effectieve manier te verwijderen, maar 
ook om eventuele complicaties zoals bloedingen of een perforatie van de oesofagus te 
kunnen behandelen.

Hoofdstuk 1 bevat een studie waarin de leercurve van de ER techniek werd onderzocht. 
Wij evalueerden de veiligheid en effectiviteit van de ER in de oesofagus tijdens een intensief 
en gestructureerd trainingsprogramma in ER. Van zes endoscopisten die deelnamen aan 
het trainingsprogramma onderzochten wij de eerste 20 ER procedures. In het totaal van 
120 ER procedures werd in 93% van de gevallen complete endoscopische verwijdering 
van de gemarkeerde afwijkingen bewerkstelligd. Het percentage slokdarmperforaties 
was 5% in de 120 procedures; relatief hoog vergeleken met eerdere studies van onze 
onderzoeksgroep. Wij vonden geen leercurve effect in de huidige studie met betrekking 
tot de ER techniek. Ondanks dat alle perforaties adequaat behandeld werden, lijkt het 
uitvoeren van 20 ER procedures onvoldoende om de piek in de leercurve te bereiken. 
Het relatief hoge aantal perforaties tijdens dit ER trainingsprogramma weerspiegelt 
waarschijnlijk de complexiteit van de ER procedure met de daarbij behorende lange 
leercurve.

In Hoofdstuk 2 zochten wij naar de belangrijkste leerpunten tijdens de training in de ER 
techniek. Hiervoor vroegen wij de zes deelnemers van het ER trainingsprogramma om een 
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vragenlijst in te vullen met betrekking tot hun leerpunten tijdens het trainingsprogramma. 
Daarnaast analyseerden wij 33 commentaren op ER behandelingen op video, die door 
de deelnemers werden verricht zonder supervisie van een docent. De 33 commentaren 
waren van de hand van de docenten van het trainingsprogramma.  Uit deze gegevens 
selecteerden drie endoscopisten met ervaring in ER de vijf belangrijkste leerpunten 
tijdens het ER trainingsprogramma, namelijk: het optimaliseren en zekerstellen van het 
endoscopische zicht door middel van het schoonmaken van het gebied in de slokdarm 
waar de ER moet worden verricht; door de best beschikbare kwaliteit endoscoop te 
gebruiken; het roteren van de endoscoop totdat de afwijking zich op de zes-uur positie 
in het endoscopische beeld bevindt voorafgaand aan ER; het markeren van de afwijking 
met electrocoagulatie om zo een preprocedureel plan te creëren; en het uitvoeren van 
een test-suctie, d.i. het opzuigen van weefsel in het kapje voorafgaand aan elke resectie 
om te kunnen beoordelen welk gebied in de slokdarm zal worden weggesneden met als 
doel teveel overlap of resterende weefselranden te voorkomen. Deze studie resulteerde in 
een bruikbare lijst van ‘do’s and don’ts in ER’, die van waarde is voor endoscopisten die ER 
willen leren of hun techniek willen verbeteren.

In Hoofdstuk 3 vergeleken we twee verschillende ER technieken voor de endoscopische 
behandeling van vroege neoplasie van de oesofagus in een gerandomiseerde multicenter 
studie, namelijk de ER-cap techniek en multiband mucosectomie (MBM). De ER-cap 
techniek vereist submucosale injectie voor ‘lifting’ en het plaatsen van een snaar in de rand 
van het doorzichtige kapje op het uiteinde van de endoscoop. Hierdoor is deze techniek 
moeilijk en tijdsintensief. In de nieuwere MBM techniek wordt een gemodificeerde 
rubber band ligator gehanteerd waarbij het te verwijderen weefsel in een elastiekje 
wordt gevangen. Hierbij is submucosale injectie en het plaatsen van de snaar in het kapje 
niet nodig. Er waren geen verschillen in veiligheid en effectiviteit bij de 84 patiënten die 
‘piecemeal’ ER ondergingen met een van beide technieken. MBM resulteerde niet in meer 
complicaties, ondanks dat er tijdens MBM geen submucosale lifting wordt verricht. Wel 
was piecemeal ER met MBM sneller en goedkoper dan de ER-cap techniek. Deze studie 
laat zien dat MBM de voorkeur verdient boven ER-cap voor piecemeal ER van vroege 
neoplasie in Barrett oesofagus.

Deel Twee: Radiofrequente ablatie 

Het tweede deel van het proefschrift draait om radiofrequente ablatie (RFA). RFA 
behandeling resulteert in het oppervlakkig wegbranden van het slokdarm-slijmvlies van 
0.5 tot 1mm diep. RFA wordt gebruikt als monotherapie voor vlakke dysplasie, of als een 
aanvulling op ER, na ER van zichtbare afwijkingen in de oesofagus. 

De technische achtergrond van RFA wordt beschreven in Hoofdstuk 4. Na circum-
ferentiële ablatie met de HALO360-ballon-elektrode, wordt focale ablatie verricht 
met de kleinere HALO90-elektrode. Over het algemeen zijn drie RFA behandelingen 
voldoende om complete verwijdering van de vroege neoplasie en intestinale metaplasie 
te bewerkstelligen bij respectievelijk 86-100% en 77-100% van de patiënten. RFA wordt 
geassocieerd met een laag percentage van stenosering en Barrett epitheel begraven 
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onder het normale plaveiselepitheel (buried Barrett’s’) vergeleken met andere ablatie-
technieken zoals fotodynamische therapie en argon plasma coagulatie. 

In Hoofdstuk 5 vergeleken wij stapsgewijze radicale endoscopische resectie (SRER) 
met de combinatietherapie van ER gevolgd door RFA voor de complete verwijdering 
van Barrett oesofagus met vroege neoplasie. Vóór de introductie van RFA was SRER de 
standaard endoscopische behandeling voor vroege Barrett neoplasie. SRER is een techniek 
waarin het complete Barrett segment wordt verwijderd tijdens achtereenvolgende 
ER behandelingen met intervallen van twee maanden. SRER heeft het theoretische 
voordeel ten opzichte van RFA dat het resulteert in een compleet resectiepreparaat 
voor histopathologische beoordeling. SRER is echter moeilijk en wordt geassocieerd met 
stenosering. Zevenenveertig patiënten met vroege neoplasie met een Barrett lengte 
van maximaal 5 cm participeerden in deze gerandomiseerde multicenter studie. Beide 
technieken behaalden een vergelijkbaar hoog succes percentage: complete verwijdering 
van vroege neoplasie bij 100% van de patiënten na SRER en 96% na ER/RFA en complete 
verwijdering van intestinale metaplasie in respectievelijk 92% en 96% van de gevallen. 
Het percentage patiënten met een stenose was daarentegen significant hoger na SRER, 
namelijk bij 88% versus 14% van de patiënten na ER/RFA. Dit resulteerde in een significant 
hoger aantal behandelsessies in de SRER groep (zes versus drie) door de benodigde 
dilatatiebehandelingen. Concluderend kunnen wij stellen dat voor Barrett patiënten met 
vroege neoplasie en een maximale Barrett lengte van 5 cm heeft de gecombineerde 
behandeling van ER gevolgd door RFA de voorkeur heeft boven SRER.

Hoofdstuk 6 beschrijft een serie van 26 patiënten met een Barrett segment met 
vroege neoplasie van minimaal 10 cm lengte, waarin de uitvoerbaarheid van RFA bij 
patiënten met zeer lange Barrett segmenten werd onderzocht. Deze studie toonde 
aan dat RFA voor langere Barrett segmenten lastig kan zijn; de RFA behandeling werd 
in 15% van de gevallen gestaakt door slechte genezing of onvoldoende regressie van 
het Barrett epitheel, wat mogelijk de ernst van gastro-oesofageale refluxziekte in deze 
groep reflecteert. Desondanks werd complete verwijdering van neoplasie en intestinale 
metaplasie bereikt bij 83%, respectievelijk 79% van alle patiënten, zonder ernstige 
complicaties en met eenzelfde aantal RFA behandelingen als nodig is voor kortere Barrett 
segmenten. Deze studie laat zien dat RFA, al dan niet voorafgegaan door ER, veilig en 
effectief is voor langere Barrett segmenten. 

Gezien de goede resultaten van RFA en ER voor vroege neoplasie in Barrett oesofagus, 
verwachten wij dat deze benadering ook geschikt zou kunnen zijn voor vroege neoplasie 
van het plaveiselepitheel van de oesofagus. In Hoofdstuk 7 rapporteren wij een 
prospectieve studie van 13 opeenvolgende patiënten met vroege plaveiselneoplasie van 
de oesofagus die werden behandeld met de combinatietherapie van ER gevolgd door RFA. 
Alle patiënten hadden tenminste één niet-aankleurende afwijking tijdens Lugol-kleuring 
van de oesofagus met hooggradige dysplasie of mucosaal plaveiselcelcarcinoom. In het 
geval van een niet-vlakke afwijking werd ER verricht voor histopathologische stadiëring en 
om de mucosa vlak te maken voorafgaand aan RFA. Alle 13 patiënten bereikten complete 
verwijdering voor vroege neoplasie na een mediaan aantal van twee RFA-behandelingen. 
Alle patiënten bleven recidivevrij tijdens een mediane follow-up duur van 17 maanden. Deze 
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studie laat zien dat de gecombineerde behandeling van ER gevolgd door RFA uitvoerbaar 
en effectief is voor vroege neoplasie van het plaveiselepitheel van de oesofagus.

Om RFA makkelijker en sneller te maken, ontwikkelden wij simpelere ablatie regimes 
voor zowel circumferentiële als focale RFA. De huidige ablatie regimes zijn tijdsintensief 
en onpraktisch, omdat deze meerdere introducties van de elektrodes en de endoscoop 
noodzakelijk maken. Dit komt doordat de huidige ablatieregimes een schoonmaakstap 
bevatten, waarbij het verbrande weefsel van het geableerde oesofagus oppervlak 
en de ablatie-elektrode wordt verwijderd tussen de eerste en de tweede ablatie per 
behandelsessie. 

Hoofdstuk 8 beschrijft 57 patiënten die werden behandeld met drie verschillende 
ablatieregimes voor circumferentiële ablatie (c-RFA) met de HALO360-elektrode in een 
gerandomiseerde multicenter studie. Wij introduceerden twee versimpelde c-RFA 
regimes, waarin de schoonmaakstap in zijn geheel achterwege werd gelaten of waarin 
het geableerde oppervlak alleen werd schoongemaakt na de eerste ablatie. Drie maanden 
na de eerste c-RFA behandeling was de mediane regressie van het Barrett epitheel van de 
drie regimes vergelijkbaar. Echter de versimpelde regimes waren significant sneller met 
minder introducties van de endoscoop en elektrodes. Deze studie laat zien dat c-RFA 
sneller en makkelijker kan door de schoonmaakstap tussen de eerste en de tweede ablatie 
achterwege te laten, zonder daarbij afbreuk te doen aan de veiligheid en effectiviteit. 

In Hoofdstuk 9 evalueerden wij een versimpeld regime voor focale RFA met de 
HALO90-elektrode in een gerandomiseerde multicenter studie. Bij een groep van 40 
patiënten werd één Barrett eiland behandeld met het versimpelde regime voor focale 
ablatie en een tweede eiland met het standaard regime. De studie toont aan dat het 
voorgestelde versimpelde regime voor focale RFA (3x15 J/cm2 zonder schoonmaakstap) 
niet inferieur is aan het standaard regime (2x2x15 J/cm2 met een schoonmaakstap) voor 
het verwijderen van Barrett eilanden, terwijl er minder introducties nodig zijn en de 
proceduretijd korter is. Om deze reden raden wij het versimpelde regime aan voor focale 
RFA voor de behandeling van resterende Barrett eilanden. 

Om inzicht te krijgen in het profiel van de kleine groep van patiënten die een slechte 
respons hebben op RFA behandeling, evalueerden wij de eigenschappen van 278 
patiënten die werden behandeld met RFA in een Europese cohort studie, beschreven in 
Hoofdstuk 10. Slechte initiële respons was gedefinieerd als minder dan 50% regressie van 
het Barrett epitheel qua oppervlak, gebaseerd op de beoordeling van endoscopiefoto’s 
door twee expert endoscopisten. Patiënten met een slechte initiële respons na c-RFA 
(13%) hadden een significant lager succes percentage voor de complete verwijdering van 
neoplasie en intestinale metaplasie en hadden meer behandelsessies nodig tijdens een 
langere behandelperiode. Vier onafhankelijke voorspellende factoren voor slechte initiële 
respons werden geïdentificeerd: actieve reflux-oesofagitis, regeneratie van het ER litteken 
met Barrett epitheel, relatieve vernauwing van de oesofagus voorafgaand aan RFA en 
neoplasie in de Barrett oesofagus gedurende een langere tijd. Deze bevindingen zullen 
moeten worden bevestigd in andere studiepopulaties. Meer onderzoek naar voorspellers 
van slechte respons na RFA is noodzakelijk om deze kleine groep patiënten met een 
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slechte respons vroeg in het behandelingstraject te kunnen herkennen. Mogelijk zijn 
andere behandelmodaliteiten voor deze patiëntengroep gunstiger dan RFA. 

Deel Drie: RFA en ER in één behandeling 

In het laatste deel van het proefschrift onderzochten wij de toepasbaarheid van RFA en 
ER in één enkele behandeling. Sommige patiënten hebben een uitgebreide resectie nodig 
om voorafgaand aan RFA alle zichtbare afwijkingen te verwijderen. Er zijn echter laceraties 
van de oesofagus waargenomen op het niveau van het ER litteken tijdens circumferentiële 
RFA (c-RFA) na een uitgebreide ER. Ook kan vernauwing van de oesofagus na uitgebreide 
ER resulteren in een suboptimaal contact tussen de elektrode en het Barrett epitheel. 
Onze hypothese was dat een gecombineerde behandeling van c-RFA en ER in één enkele 
behandelsessie deze negatieve gevolgen van ER zou kunnen vermijden. Er zijn twee 
opties: c-RFA gevolgd door ER (RFA-ER) en ER gevolgd door c-RFA (ER-RFA). Bij RFA-ER is 
de histopathologische beoordeling van het resectiepreparaat mogelijk bemoeilijkt door 
het geableerde oppervlak van het preparaat. Daarentegen kan bij ER-RFA de ablatie van 
de verse resectiewond mogelijk bijdragen aan een verhoogd risico op slokdarmperforatie.

In Hoofdstuk 11 hebben wij de uitvoerbaarheid van ‘c-RFA en ER in één behandeling’ 
onderzocht in een diermodel. Op basis van een eerste experiment waarin ER-RFA werd 
verricht in zes varkens, werd 2x10J/cm2 geselecteerd als het optimale energieniveau voor 
ER-RFA. In een tweede experiment met acht varkens, werd een viertal behandelgebieden 
per varken behandeld met ER-RFA, alleen RFA, alleen ER of RFA-ER na randomisatie van 
de gebieden per varken. Er traden twee late perforaties op in experiment 1 en 2 na 
ER-RFA. In de resterende varkens van experiment 2 werd een ernstige stenose gezien in 
alle zeven ER-RFA en RFA-ER gebieden, versus vijf van de zeven gebieden die alleen met 
RFA waren behandeld, versus géén van de gebieden na alleen ER. Wij concludeerden dat 
de ER-RFA variant van ‘c-RFA en ER in één behandeling’ niet veilig was in het varkensmodel 
en dat het onethisch lijkt om dit verder te onderzoeken bij patiënten. Daarnaast is het de 
vraag, gezien het hoge stenose percentage zelfs na alleen c-RFA, of het varkensmodel 
valide is als model voor de menselijke oesofagus.

Hoofdstuk 12 bevat een studie bij 24 opeenvolgende patiënten die werden behandeld 
met c-RFA gevolgd door ER in één behandeling voor vroege neoplasie in Barrett oesofagus 
met een zichtbare afwijking. Drie maanden na c-RFA-ER was de mediane regressie 
van het Barrett epitheel oppervlak 95%, en had geen van de patiënten een tweede 
circumferentiële RFA behandeling nodig. Hoewel complete verwijdering van neoplasie en 
Barrett epitheel werd bereikt bij respectievelijk 100% en 95% van de patiënten, bleek 
een herhaalde ER van een zichtbare afwijking tijdens de behandelperiode noodzakelijk 
in 40% van de gevallen. Wij concludeerden dat c-RFA gevolgd door ER in dezelfde 
behandelsessie uitvoerbaar is, maar dat de procedure moeilijk is en gepaard gaat met 
een substantieel aantal complicaties en herhaalde ER procedures. Deze benadering moet 
daarom gereserveerd blijven voor streng geselecteerde patiënten die een ernstige stenose 
riskeren na een uitgebreide ER, uitgevoerd door ervaren endoscopisten. 

239



Samenvatting

Verklarende woordenlijst 

Ablatie:  wegbranden
Adenocarcinoom:  type kanker dat kan ontstaan in Barrett slijmvlies
Barrett oesofagus:  slokdarm waarin het normale slokdarmtype 

slijmvlies (plaveiselepitheel) is veranderd 
in maagtype slijmvlies (kubisch 
epitheel) met slijmbekercellen, ook wel 
intestinale metaplasie genoemd

Circumferentiële ablatie:  wegbranden van de binnenomtrek 
van de slokdarm

Dilatatie:  oprekken van een vernauwing
Dysplasie:  onrustige cellen, voorstadium van kanker
Electrocoagulatie:  wegschroeien
Endoscoop:  flexibele slang met een camera en een lampje 

aan het uiteinde voor inwendige inspectie 
Endoscopie:  het van binnen bekijken van het 

lichaam via een natuurlijke ingang 
Endoscopist:  iemand die endoscopie verricht, 

bijvoorbeeld een maag-darm-leverarts
Epitheel:  meest oppervlakkige cellaag 

van de slokdarmwand 
Focale ablatie:  lokaal wegbranden
Gastro-oesofageale refluxziekte:  ‘zuurbranden’: het terugstromen van 

maagzuur naar de slokdarm
Gerandomiseerde multicenter studie:  onderzoek in meerdere ziekenhuizen 

waarbij patiënten middels loting een  
behandeling krijgen toegewezen

Histopathologie:  het bekijken van weefsel onder de 
microscoop om een diagnose te stellen

Invasief:  het lichaam binnengaan
Intestinale metaplasie:  verandering van het normale slokdarmtype 

slijmvlies (plaveiselepitheel) naar maagtype 
slijmvlies (kubisch epitheel) met slijmbekercellen

Laceratie:  scheur
Lugol-kleuring:  het besproeien van slokdarmslijmvlies met 

een jodium-oplossing waardoor voor kanker 
verdachte afwijkingen zichtbaar worden 
doordat deze geen kleurstof opnemen

Mucosa:  slijmvlies, binnenste weefsellaag van de 
slokdarmwand, bevat onder andere het epitheel. 

Mucosectomie:  het wegsnijden van de binnenste weefsellaag
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Neoplasie:  nieuwvorming; vroege neoplasie: hooggradige 
dysplasie (voorstadium van kanker) of 
oppervlakkige kleine tumor (kanker) 

Oesofagus:  slokdarm
Piecemeal resectie:  wegsnijden in meerdere stukjes
Plaveiselcelcarcinoom:  type kanker dat ontstaat uit plaveiselcellen
Resectie:  wegsnijden
Rubber band ligator:  hulpmiddel waarmee weefsel in een 

elastiekje kan worden gevat 
Stadiëring:  bepalen in welk stadium van kanker een patiënt is 

om de meest geschikte therapie te kunnen kiezen
Stenose:  vernauwing
Submucosa:  bindweefsellaag van de slokdarmwand, 

onder de mucosa gelegen.
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