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A B S T R A C T
Background and study aims

The standard protocol for focal radiofrequency ablation (RFA) of Barrett’s esophagus 
comprises two applications of radiofrequency energy, cleaning of the ablated areas and 
catheter, and two further applications (2  ×  15  J/cm2–cleaning–2  ×  15  J/cm2). A simplified 
protocol (3 × 15 J/cm2, no cleaning) proved noninferior to standard protocol for individual 
islands of Barrett’s esophagus, but may be associated with higher stenosis rates when 
applied circumferentially and sequentially over time. We evaluated the efficacy and safety of 
the abovementioned simplified protocol.

Patients and methods

Barrett’s esophagus patients undergoing focal RFA using the simplified protocol in 
four tertiary referral centers were retrospectively included. During each focal ablation, 
the gastroesophageal junction (GEJ) was ablated circumferentially in addition to Barrett’s 
esophagus islands or tongues. Sessions continued at 8 to 12-week intervals until complete 
resolution of Barrett’s esophagus. Primary outcome parameters comprised complete 
remission of dysplasia and of intestinal metaplasia, and stenosis requiring dilation. 

results

83 patients with dysplastic Barrett’s esophagus (median Prague classification C1M3) were 
enrolled; 66/83 (80%) had endoscopic resection of a visible lesion before RFA. Intention-
to-treat analysis showed complete remission of dysplasia in 78/83 (94%) and of intestinal 
metaplasia in 72/83 (87%). Stenosis requiring dilation developed in 9/83 (11%), necessitating 
a median 2 dilation sessions (range 1–9), with ≥8 sessions in three patients. 

Conclusion

A treatment algorithm incorporating the simplified protocol of 3 × 15 J/cm2, with no cleaning, 
for all focal RFA sessions, appears effective. The associated number and severity of stenoses, 
however, raises safety concerns.
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I N T R O D U C T I O N
Radiofrequency ablation (RFA) is a safe and e�ective treatment for eradication of 
nondysplastic and dysplastic Barrett’s esophagus [1–3]. Moreover, recent studies with 
long-term follow-up have reported that RFA is also durable [4–6]. Radiofrequency energy is 
delivered through two types of devices: a balloon-based device for circumferential ablation 
(HALO360; BÂRRX/Covidien, Sunnyvale, California, USA), and a focal device for ablation of 
islands or tongues of Barrett’s epithelium (HALO90, HALO60, HALO-ultra, or Channel catheter; 
BÂRRX/Covidien). To ensure complete eradication of Barrett’s esophagus, patients typically 
undergo primary circumferential ablation, followed by one or multiple focal ablations of 
the remaining Barrett’s esophagus areas [3].

The most commonly applied ablation protocol for focal RFA treatment consists of a double 
application of 15 J/cm2 of radiofrequency energy, followed by a cleaning step during which 
debris is removed from the catheter electrode and the ablation zone; immediately thereafter, 
a second double application of 15 J/cm2 is performed. This ablation regimen of 2 × 15 J/cm2–
cleaning–2 × 15 J/cm2 has been referred to as the standard protocol [3,7]. In most European 
studies, during these focal ablation treatment sessions, the gastroesophageal junction (GEJ) 
is ablated circumferentially, in addition to ablation of any Barrett’s islands or tongues [2,3]. 

Although it is highly e�ective, drawbacks of focal RFA treatment are the complexity and 
the time-consuming character of the procedure. We have introduced a simpli�ed protocol for 
focal ablation, namely three consecutive ablations of 15 J/cm2, without cleaning of the device 
or of treated Barrett’s areas between applications (3 × 15 J/cm2, no cleaning). In a randomized 
comparison, this simpli�ed protocol was found to be noninferior to the standard protocol for 
focal RFA treatment with regard to the endoscopic eradication of paired Barrett’s islands [8]. 
However, data are lacking on the e�cacy and safety of the simpli�ed protocol for treatment 
of the whole Barrett’s segment including circumferential treatment of the GEJ, and sequential 
focal RFA treatment sessions over time. Three successive applications of radiofrequency 
energy may however cause thermal damage to deeper layers of the esophageal wall 
because of “stacking” of heat between ablations. This may increase the risk for complications 
such as stenosis, especially at the level of the GEJ where radiofrequency energy is applied 
circumferentially. Therefore, in this study we aimed to investigate the e�cacy and 
safety of the simpli�ed protocol for focal RFA in the endoscopic treatment of dysplastic  
Barrett’s esophagus. 

PAT I E N T S  A N D  M E T H O D S
This retrospective analysis of a prospective cohort was performed in four tertiary referral 
centers for the treatment of Barrett’s esophagus and related neoplasia in the Netherlands: 
Academic Medical Center, Amsterdam; St. Antonius Hospital, Nieuwegein; Catharina 
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Hospital, Eindhoven; and Haga Hospital, The Hague. All patients who underwent at least 
one focal RFA treatment for dysplastic Barrett’s esophagus were reviewed. All collected data 
were entered into a central database for further evaluation. 

Selection criteria

Patients were eligible if they were scheduled for at least one focal RFA treatment, using 
the simplified protocol, between January 2011 and September 2013. A prior endoscopic 
resection for visible lesions was allowed, as was a preceding circumferential RFA treatment 
with the HALO360 device. Patients were excluded if they underwent RFA with focal devices 
other than the HALO90 device, or if treated with a protocol other than the simplified protocol 
during any of the focal RFA treatments.

Endoscopic procedure

All endoscopies were performed with high resolution endoscopy with white light and 
narrow band imaging (NBI) or Fuji Intelligent Chromo Endoscopy (FICE). After the Barrett’s 
esophagus had been flushed with tap water, it was inspected for the presence of visible 
lesions or stenosis. The extent of Barrett’s esophagus was documented according to 
the Prague circumferential and maximal (C and M) criteria [9]. Subsequently, RFA treatment 
was performed. 

rFa treatment

Primary RFA was performed at least 6  weeks after endoscopic resection or in some cases 
directly afterwards (endoscopic resection plus RFA combined in one session). Additional RFA 
treatment sessions were performed every 8–12 weeks until all the Barrett’s esophagus had 
been endoscopically and histologically eradicated. A maximum of 2 HALO360 and 3 HALO90 
treatments was allowed. Any residual areas of Barrett’s esophagus after the maximum number 
of ablation sessions were removed by means of endoscopic resection using the multiband 
mucosectomy technique (Duette; Cook Endoscopy, Limerick, Ireland) or the endoscopic 
resection cap technique as escape therapies, or argon plasma coagulation (APC) in the case 
of Barrett’s esophagus areas <5 mm. 

If endoscopic eradication of Barrett’s esophagus was observed, biopsies were taken 
immediately distal (<5  mm) to the neosquamocolumnar junction (neo-SCJ). As previous 
studies with long-term follow-up have shown that it is rare to find buried glands in normal-
appearing neosquamous epithelium on endoscopy after RFA-treatment, we did not obtain 
biopsies of the neosquamous epithelium [4–7]. If histological eradication of dysplasia and 
intestinal metaplasia was confirmed in the biopsies obtained, patients were scheduled 
for follow-up endoscopy with NBI/FICE after 6 and 12  months and annually thereafter, 
depending on the worst histological finding prior to RFA treatment. Preprocedural and post-
procedural care for RFA have been previously described elsewhere [3,10]. 
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Simpli�ed HALO90 ablation regimen

Brie�y, the simpli�ed protocol consists of application of three ablations in succession, 
without cleaning of the ablation zone or of the device between applications, with ablation 
settings of 15 joules per cm2 (40 watts) [8]. This protocol was applied in all patients during 
all focal ablations. In addition to the treatment of any Barrett’s islands and tongues, the GEJ 
was ablated circumferentially during each focal treatment session, using the HALO90 device. 

Histopathological evaluation

Details of the histopathological evaluation have been described in previous studies 
[11]. Brie�y, all endoscopic resection specimens and biopsies were �xed in formalin and 
cut in slices and subsequently stained with hematoxylin and eosin (H&E). All slides were 
evaluated for the presence of intestinal metaplasia and/or dysplasia according to the Vienna 
classi�cation [12]. In cases of early cancer, tumor in�ltration depth, di�erentiation grade, 
presence of lymphovascular invasion and tumor-free deep (vertical) margins were  
assessed) [11]. 

Outcome parameters

The primary outcome parameters were:
1. Complete remission of dysplasia and neoplasia (CR-DYS), de�ned as complete 

endoscopic eradication of columnar epithelium and absence of dysplasia and 
neoplasia in biopsies taken immediately distal (<5  mm) to the neo-SCJ at �rst 
follow-up endoscopy.

2. Complete remission of intestinal metaplasia (CR-IM), de�ned as complete endoscopic 
eradication of columnar epithelium and absence of intestinal metaplasia in biopsies 
taken immediately distal (<5 mm) to the neo-SCJ at �rst follow-up endoscopy.

3. Rate of esophageal stenosis requiring therapy. 

Secondary outcome parameters were:
1. Total number of RFA treatment sessions required to achieve CR-DYS and CR-IM. 
2. Other adverse events related to RFA treatment. 

Adverse events were only recorded if endoscopic intervention therapy or hospital admission 
was required and were graded as follows: ‘mild’ (unplanned hospital admission, hospitalization 
<3 days; hemoglobin drop <3 g/dL, no transfusion); ‘moderate’ (hospitalization 4–10 days, 
<4 units blood transfusion, need for repeat endoscopic intervention, radiologic intervention); 
‘severe’ (hospitalization >10 days, intensive care unit admission, need for surgery, ≥4 units 
blood transfusion; or ‘fatal’(death attributable to the procedure, within 30 days afterwards or 
within a longer period but with continuous hospitalization) [13]. 
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Ethical considerations

According to national guidelines (www.ccmo.nl), this study was exempted from official 
institutional review board (IRB) approval, after the IRB had assessed the study design  
and protocol. 

Statistical analysis

Data analysis was performed using SPSS statistical software package (version 20, SPSS 
Inc., Chicago, USA). The intention-to-treat analysis included all patients who entered 
the treatment protocol; patients lost to follow-up were considered a failure for complete 
remission of dysplasia and neoplasia and of intestinal metaplasia. For the per-protocol 
analysis, patients lost to follow-up were censored. For descriptive statistics, the mean 
(with standard deviation [SD]) was used in the case of normal distribution of variables, and 
the median (with interquartile range [IQR]) was used for variables with a skewed distribution.

R E S u LT S
Patients 

Between January 2011 and September 2013, 83 consecutive patients with a median Barrett’s 
esophagus length of C1M3, who underwent focal ablation using the simplified protocol, 
were included (Fig.  1). Patient characteristics are shown in Table  1. Endoscopic resection 
of visible lesions was performed in 66/83 (80%) patients to render the mucosa flat for 
RFA treatment and to allow performance of histological staging. Of these 66 patients, 14 
underwent endoscopic resection combined with focal RFA in the same session.

The worst documented histological finding, based on endoscopic resection specimen(s) or 
biopsies, showed early adenocarcinoma (EAC) in 53 patients, high grade dysplasia (HGD) in 
25, and low grade dysplasia (LGD) in 5. 

Primary outcome results

Intention-to-treat analysis 

Of the 83 patients, 78 finished the treatment protocol. Treatment was discontinued in five: 
one patient died of a myocardial infarction 88  days after the last RFA treatment; in three 
patients RFA treatment was discontinued because of unrelated co-morbidity; and one 
patient refused further treatment. 

After a median follow-up of 16 weeks (IQR 13–20), in an intention-to-treat analysis (in which 
all unrelated dropouts were considered to be failures), CR-DYS of dysplasia was achieved in 
78/83 patients (94%, 95% confidence interval [95%CI] 89%–99%). Complete remission of 
intestinal metaplasia was achieved in 72/83 patients (87%, 95%CI 80%–94%). In six patients, 
focal intestinal metaplasia was found in biopsies taken immediately distal to the neo-SCJ, 
while the neo-SCJ appeared normal on endoscopy. 
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Per-protocol analysis

In a per-protocol analysis (censoring for unrelated dropouts instead of considering them 
to be failures), CR-DYS was achieved in 78/78 patients (100%), and in 72/78 (92%, 95%CI 
86%–98%) there was complete remission of intestinal metaplasia. 

Figure 1. Focal radiofrequency ablation (RFA) using a simpli�ed (no cleaning) protocol in patients with 
dysplastic Barrett’s esophagus: study �owchart. 

LGD, low grade dysplasia; HGD, high grade dysplasia; EAC, early adenocarcinoma.
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Stenosis requiring therapy

Following RFA treatment, stenosis requiring dilation therapy developed in 9/83 (11%) 

patients. Of these nine patients, eight had undergone an extensive endoscopic resection 

(either greater than 2 cm in length, or more than 50% of the esophageal circumference) prior 

to RFA treatment, and two of them had undergone a combined endoscopic resection and 

(focal) RFA treatment. 

Eight patients developed a stenosis after focal (and circumferential) ablation. One patient 

had already developed a stenosis after primary circumferential ablation and this stenosis 

was dilated before focal ablation. However, another dilation session was required after focal 

ablation. The other patients (n = 8) underwent dilation therapy after focal ablation. A median 

of 2 dilation sessions (range 1–9) was needed to treat the stenoses effectively. Three patients 

underwent 8 (n = 2) or 9 (n = 1) dilation sessions because of a severe stenosis (Fig. 2).

Secondary outcome parameters

Total number of rFa treatment sessions 

The median number of RFA treatment sessions required to achieve CR-DYS and CR-IM 

(unrelated dropouts censored) was 2 (IQR 1–2). In these treatment sessions, the median 

number of focal ablations required was 1 (IQR 1–1).

Table 1. Patients with dysplastic Barrett’s esophagus who underwent radiofrequency ablation (RFA) using 
a simplified (no cleaning) protocol: baseline characteristics

Patients (n=83)

Gender Male (%) 60 (72)

Age (years) Mean (SD) 68 (10)
BE length)[9] Median C1M3
ER prior to RFA

ER-technique

N (%)

MBM

ER-cap

Lift-and-snare

MBM and ER-cap

66 (80)

51

12

1

2
No. of ER-resection specimens* Median (IQR) 3 (2-5)
Worst documented histology** EAC

- Mucosal

- Submucosal (sm1)

HGD

LGD

53

48

5

25

5

BE = Barrett’s esophagus, RFA = radiofrequency ablation, ER = endoscopic resection, MBM = multiband 
mucosectomy, no.= number, EAC = early adenocarcinoma, HGD = high-grade dysplasia, LGD = low-grade 
dysplasia, *=only piecemeal resections (N=49), **=(based on ER-specimens and biopsies)
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Escape therapy for small residual Barrett’s esophagus areas was performed in 23 of the 78 
patients (29%) following RFA treatment. This comprised an endoscopic resection in 2 patients 
and APC in 19 patients, all for diminutive islands <5 mm; and 2 patients underwent escape 
therapy by means of endoscopic resection plus APC. One patient had undergone an escape 
endoscopic resection in between RFA treatment sessions. This endoscopic resection was 
carried out because of a mucosal visible abnormality and histopathological examination 
revealed a mucosal adenocarcinoma (T1m3G3), which was removed radically. Additional 
RFA treatments were performed until all Barrett’s esophagus was removed endoscopically 
and histologically. 

Adverse events

Focal ablation was associated with adverse events in 13/83 patients (16%), including 
the aforementioned 9 patients with esophageal stenosis. The other 4 patients were 
admitted to hospital because of pain after focal ablation (n  =  1; additional analgesics, 
1  day of hospitalization), food impaction (n  =  1; endoscopy without intervention, 1  day 
of hospitalization) and melena (n  =  1; conservative treatment, no transfusion, 3  days  
of hospitalization). 

The fourth patient was admitted 2 days after endoscopic resection (combined with focal 
ablation in the same session) because of pain, breathing problems, and fever. A small amount 

Figure 2. Endoscopic treatment of dysplastic Barrett’s esophagus. 

a Visible lesion in Barrett’s esophagus. b Appearance after endoscopic resection and primary circumferential 
radiofrequency ablation (RFA). c Gastroesophageal junction (GEJ) after focal ablation.   d Stenosis at the level 
of the GEJ after focal ablation. e Dilation of the stenosis. f Appearance after RFA treatment and dilation.
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of mediastinal air was seen on computed tomography (CT) imaging. This patient was treated 
conservatively with antibiotics, oxygen, and no oral ingestion. No endoscopic intervention 
was performed and 9 days after admission, this patient was discharged in good health. This 
complication was graded as ‘severe’, whereas the other complications were graded as ‘mild’ 
[13]. No treatment-related deaths were observed. 

D I S C u S S I O N
This retrospective cohort study demonstrates that focal ablation with the HALO90 device 
using the simplified protocol (3  ×  15  J/cm2, no cleaning) is effective in the short term in 
patients with dysplastic Barrett’s esophagus. CR-DYS was achieved in 94% of patients, and 
CR-IM was achieved in 87% of patients. When we excluded dropouts due to unrelated 
reasons from this analysis, CR-DYS and CR-IM were achieved in 100% and 92% of  
patients, respectively. 

Early dosimetric studies in swine and in humans prior to esophagectomy showed that 
circumferential ablation at 2×10J/cm2 or 2×12J/cm2 was most effective for achieving 
complete epithelial ablation without submucosal injury [14–16]. Based on these studies, 
the first US trial in patients with nondysplastic Barrett’s applied a protocol of 2×10J/cm2 for 
circumferential RFA [17], whereas the first European trial in patients with HGD/EAC in their 
Barrett’s esophagus applied a regimen of 2×12J/cm2 [18]. In both trials, an initial dose of 
energy was delivered, followed by cleaning of the ablation zone and ablation catheter, after 
which a second application of energy was carried out. The European study was the first study 
in which the HALO90 device for focal ablation was used, and logically the ablation regimen of 
2×12J/cm2 was also used for focal ablation. However, because of lack of efficacy after the first 
focal ablations the dose was escalated to 2×2×12J/cm2, doubling the application of energy 
before and after cleaning of the ablation zone and electrode, which resulted in improved 
efficacy [18]. This protocol was then advised for focal ablations. However, in the second 
European study in patients with Barrett’s esophagus and HGD/EAC, again a dose escalation 
to 2×2×15J/cm2 was implemented, which again showed improved efficacy without resulting 
in more complications [19]. This 2×2×15J/cm2 protocol was then adapted for focal RFA 
treatment in Europe, whereas 2×2×12J/cm2 remained the standard focal ablation protocol 
in the US. 

Van Vilsteren et al. subsequently suggested that omitting the cleaning step during focal 
RFA might result in higher eradication rates  [8]. The hypothesis was that removing debris 
from the ablated area with the edge of the ablation catheter might lead to edema of 
the esophageal mucosa, decreasing the effect of the second double application of energy. 
For circumferential ablation, van Vilsteren et al. investigated the omission of the cleaning 
step in a randomized, prospective study. Results showed that the simplified protocol (no 
cleaning) was as effective and safe as the standard protocol [20]. For focal ablation, Van 



E�cacy and safety of a simpli�ed regimen (3x15J/cm2) for focal RFA treatment

107

6

Vilsteren et al. showed that a simpli�ed treatment protocol (3×15J/cm2, no cleaning) was 
noninferior to the standard protocol (2×15 J/cm2–cleaning–2×15J/cm2). The proportion of 
completely eradicated Barrett’s esophagus islands 2 months after focal ablation was 67% for 
the patient group treated with the standard protocol, compared with 73% for the simpli�ed 
protocol. In addition no acute or severe complications were observed [8]. However, this 
study compared the focal ablation regimens only for pairs of islands in a patient, during 
one treatment session. The standard protocol was still used to ablate residual Barrett’s 
esophagus tongues and the circumference of the GEJ in these patients, as well as for all 
following focal RFA sessions. Our results now demonstrate that the simpli�ed protocol 
for focal ablation is also e�ective and relatively safe when used for focal ablation during 
the entire treatment algorithm for patients with Barrett’s esophagus, even if each focal RFA 
treatment is accompanied by circumferential ablation of the GEJ. 

The simpli�ed protocol might have several advantages over the standard protocol for 
focal ablation. Only a single introduction of the HALO90 device is required compared with 
two introductions of the endoscope and the catheter in the standard protocol. The use of 
the simpli�ed protocol may therefore lead to less discomfort for the patient and may reduce 
procedure time because of the omission of the cleaning step and the second introduction.

CR-IM was achieved in 72/78 (92%) patients (per-protocol analysis). In six patients, focal 
intestinal metaplasia was found immediately distal to the neo-SCJ after completion of 
RFA treatment, while the neo-SCJ appeared normal on endoscopy. In these patients, 
no additional focal ablation was performed because of co-morbidity or advanced age.  
Eradication rates reported in our study are similar to other reported eradication rates 
(CR-DYS 87%–92%, CR-IM  78%–87%) [21-23]. In our cohort a median of 2 RFA treatment 
sessions were required to eradicate all Barrett’s esophagus. Several studies have shown that 
an average of 1 circumferential ablation followed by 2 focal ablations is needed to achieve 
complete eradication of Barrett’s esophagus and Barrett-related neoplasia [7,20,24]. One 
might conclude that the simpli�ed protocol is more e�ective than the standard protocol 
for focal ablation, reducing the number of RFA sessions. However, the included patients had 
relatively short Barrett’s esophagus segments, and the majority of patients underwent an 
endoscopic resection before RFA treatment, which might have left little residual Barrett’s 
esophagus to be treated with RFA. In either way, based on our results, the simple protocol 
appears to have e�cacy comparable to that of the standard protocol. 

Although the treatment was e�ective, the observed adverse events raise some concern 
about the safety of the simpli�ed protocol. Stenoses requiring dilation therapy developed in 
11% of patients during RFA treatment and this rate is towards the high end of stenosis rates 
reported in the literature (0–14%) [2,6,22,25,26]. To acquire all relevant data for the included 
patients, all their medical records, endoscopy reports, and letters of referring hospitals were 
searched, leading to documentation of all dilation sessions that were planned because of 
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an esophageal stenosis during or after RFA treatment. We expect to have documented all 
relevant stenoses with this thorough search. 

Before RFA treatment, 8 out of the 9 patients who developed stenosis had undergone an 
endoscopic resection, and endoscopic resection of itself can lead to the formation of scar 
tissue and subsequent narrowing of the esophagus. The majority of patients developed 
the stenosis at the site of earlier endoscopic resection, so the resection may have contributed 
to the formation of the stenosis; this has also been postulated in previous studies [3,8]. 
Furthermore, 5 out of the 9 patients developed a stenosis at the level of the GEJ. These 
stenoses may be the consequence of using the simplified protocol, in which the GEJ is 
ablated circumferentially three times in succession. Because of the triple ablation without 
cleaning of the ablated area in between, heat might be ‘stacked’ between ablations. Thermal 
damage might therefore be more extensive and might lead to the development of fibrosis 
and subsequent narrowing of the esophagus. A median of 2 dilation sessions (IQR 1–8) 
were required to treat the stenoses effectively. However, in 3 patients (33%), 8 or 9 dilation 
sessions were needed to resolve the stenosis, which might suggest that these stenoses were 
severe in nature and resistant to therapy. 

Taking all this into account, reducing the radiofrequency energy from 15 to 12  joules per 
cm2 while adhering to a simplified ablation regimen (a focal ablation protocol consisting of 
3×12J/cm2, no cleaning) may appear an attractive option. This might reduce the number of 
stenoses that develop after focal ablation while maintaining the advantages of the simple 
“no cleaning” approach (fewer introductions of the endoscope, shorter procedure time). 

Our study has some limitations that need to be addressed. First, data used in this study 
were retrospectively collected. Therefore, only adverse events that required an endoscopy or 
hospital admission could be recorded accurately. Second, our results only encompass direct 
efficacy: long-term follow-up data are not yet available, and therefore our data are insufficient 
to prove durability of treatment using the simplified protocol. Third, focal ablations were 
performed in tertiary referral centers by highly experienced endoscopists. Thus the results 
described in this study may not be extrapolated to routine endoscopic practice. However, 
we advocate that RFA treatment of dysplastic Barrett’s esophagus or early Barrett’s neoplasia 
should only be performed in dedicated centers by well-trained endoscopists [5,26]. 

In conclusion, a treatment algorithm incorporating the simplified protocol (3×15J/cm2, no 
cleaning) for all focal RFA treatments, with circumferential treatment of the GEJ during all 
each focal ablation, appears to be effective, with results comparable to those reported for 
the standard protocol. The simplified protocol may be favorable compared with the standard 
protocol in focal ablation because of the shortening of the procedure time. However, our 
data raise some concern about the safety of this regimen. Further studies on the optimal 
ablation protocol for focal ablation are therefore warranted. 
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