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 Abstract
Background: Barrett’s esophagus is a premalignant condition for esophageal adenocarcinoma. Endoscopic treatment is recommended for 
dysplastic Barrett’s given its increased risk of malignant transformation. The aim of this study was to evaluate the efficacy, durable response, 
and safety of radiofrequency ablation and identify risks for disease progression and reduced eradication.

Methods: A retrospective cohort study was conducted of patients with Barrett’s esophagus  undergoing radiofrequency ablation at a single 
tertiary care center over a 10-year period. The electronic medical record was reviewed to collect patients’ demographics and medical history 
regarding the diagnosis, treatment, and post-procedural follow-up of Barrett’s esophagus.

Results: 273 patients with BE who underwent RFA were assessed. 228 patients (83.5%) were male and 252 were Caucasian (92.3%). 
The mean age at BE diagnosis was 62.4 years. The average BE segment length was 4.73 cm (range 1 cm to 18 cm). 118 (43.2%) patients 
progressed to a higher risk pathology prior to or during endoscopic therapy including 8 undergoing esophagectomy for EAC. 155 (56.8%) 
patients underwent ≤ 3 RFA sessions, 108 (39.6%) underwent 4-6 RFA sessions, and 10 (3.7%) underwent ≥ 7 RFA sessions. 91.2% (249 
of 273) achieved complete eradication of intestinal metaplasia (CE-IM) and 96.7% (264 of 273) achieved complete eradication of dysplasia 
(CE-D). 20 (7.3%) patients had procedure related complications, including stricture (5.3%), bleeding (1.0%), and aspiration (0.3%). The 
average length of follow up at our institution was 36.3 months. 

Conclusion: At our tertiary center, radiofrequency ablation was confirmed to be an effective and safe ablative technique eradicating dysplastic 
Barrett’s esophagus. Complications rates were low with development of stricture being most common.
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Introduction
Barrett’s esophagus (BE) is a premalignant condition 
characterized by replacement of normal stratified squamous 
epithelium by intestinal metaplasia (IM), affecting 0.5%-
2.0% of the general population [1, 2]. Nondysplastic Barrett’s 
esophagus (NDBE) is a known precursor of esophageal 
adenocarcinoma (EAC) and is associated with a 0.38% 
annual risk for progression to high-grade dysplasia (HGD) or 
esophageal or gastric cardia cancer [3]. The incidence of EAC 
has risen more rapid than any other malignancy in the West 
and despite therapeutic advancements, the prognosis remains 
poor [1].

The American College of Gastroenterology guideline 
recommends ablation of dysplastic BE and endoscopic mucosal 
resection (EMR) or endoscopic submucosal dissection (ESD) 
of nodular disease [4]. Endoscopic eradication therapies (EET) 
include radiofrequency ablation (RFA), cryoablation, and 
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photodynamic therapy (PDT). Given RFA’s safety, efficacy, 
and ease of use and adaptability, this has become a widely 
accepted EET for dysplastic BE [5- 7]. Recent studies have 
shown a low risk of post-ablative IM recurrence, however 
extended follow up is limited [5, 6]. 

We performed a ten-year retrospective study evaluating 
patients with and without dysplastic BE at our center to better 
understand the natural history following RFA. The aim was 
to evaluate the efficacy, durable response, and safety of RFA 
and identify risk factors for disease progression and reduced 
eradication.
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Methods
A chart review of 317 BE patients who had undergone 
endoscopic eradication with RFA at Thomas Jefferson 
University Hospital (TJUH) from March 2006, through 
March 2016, was performed. Patients who underwent EMR 
for nodules were included however none received other 
ablative techniques such as cryotherapy, PDT, or argon plasma 
coagulation. 16 patients were excluded as records of ablations 
completed at an outside facility prior to referral were not 
obtained. 28 patients who were still undergoing RFA at the 
time of data collection were also excluded.

All pathology establishing the diagnosis of BE from referring 
hospitals, excluding tertiary referrals with experienced BE 
centers, were obtained and underwent review with an internal 
expert gastrointestinal pathologist. Discrepancies in pathology 
from either the referral center or internal diagnosis underwent 
review with another internal expert, thus utilizing the post 
review diagnosis as the documented original pathology. All 
specimens with dysplasia or indefinite for dysplasia were 
reviewed by a second expert gastrointestinal pathologist and 
these results served as the basis the results reported herein. 

All RFA treatments were performed by four expert 
gastroenterologists using HALO™ ablation system. Patients 
with nodular disease underwent EMR in combination with RFA. 
The Seattle protocol for tissue sampling was recommended, 
and patients undergoing RFA were surveilled, with additional 
treatment if appropriate, approximately 12 weeks after an 
ablation. The following data was obtained from the medical 
record: age at diagnosis of BE and for those with EAC on 
index endoscopy, sex, race, family history of esophageal 
cancer, endoscopy findings, pathology results, number of RFA 
sessions, and length of follow up at TJUH. Successful EET 
was defined as complete histopathologic eradication of IM, 
and durable response was defined as the absence of histologic 
or endoscopic recurrence after successful EET. Peri-procedural 
complications including stricture, hemorrhage, and aspiration 
were assessed. The primary endpoint of follow-up was at 
minimum one year following complete eradication of IM with 
or without low grade dysplasia (LGD), two years following 
complete eradication of IM with HGD, or the completion 
study date.

Univariate association tests for categorical variables were 
carried out by Chi-square tests and exact Chi-square tests 
where necessary. T-tests were used for univariate comparisons 
of continuous covariates. Multiple logistic regression models 
were built through a process of backwards selection with a p < 
0.20 required to remain in the model. Approval for this study 
was obtained from the Institutional Review Board at TJUH.

Results
In the 273-patient cohort, 83.5% (228) were male and 92.3% 
(252) were Caucasian, and the mean BMI was 28.9 kg/m2 with 
35.9% (98) defined as obese with a BMI of > 30 kg/m2. BE was 
diagnosed at a mean age of 62.4 years and the mean segment 
length was 4.73 cm (range 1 cm to 18 cm). Patients underwent 

a median of 3 RFA sessions (range 1 to 10). 155 (56.8%) had 
≤ 3 sessions, 108 (39.6%) had 4-6 sessions, and 10 (3.7%) had 
≥7 sessions with an interval range of 6 to 17 weeks. 

Upon review of original pathology at time of BE diagnosis, 
78 patients (28.6%) had NDBE, 21 (7.7%) had indefinite 
for dysplasia (IFD), 73 (26.7%) had LGD, 83 (30.4%) had 
HGD, and 18 (6.6%) had intramucosal EAC. All patients with 
NDBE progressed to dysplastic disease, including 4 to IFD, 
27 to LGD, 42 to HGD, and 4 to EAC confirmed on routine 
surveillance biopsies prior to endoscopic therapy.

Collectively, 118 (43.2%) patients progressed to a higher 
risk pathology prior to or during endoscopic treatment. 20 
(7.3%) patients had IFD, 79 (28.9%) had LGD, 132 (48.4%) 
had HGD, and 42 (15.4%) had intramucosal EAC for whom 
8 underwent initial endoscopic treatment however followed 
by esophagectomy. In a logistic regression model adjusted for 
sex, family history of esophageal cancer, original pathology, 
and the number of RFA treatments, BE segment length 
was a significant independent predictor of progression to 
adenocarcinoma (OR=1.16, p=0.012). Every 1-centimeter 
increase in BE length correlated with a 16% increased 
progression risk to EAC. 

91.2% (249 of 273) achieved complete eradication of intestinal 
metaplasia (CE-IM) and 96.7% (264 of 273) achieved complete 
eradication of dysplasia (CE-D). 86 (31.5%) patients had at 
least one nodule requiring EMR with 55 nodules diagnosed 
before commencing RFA therapy and 31 after. Timeline of 
nodule identification respective to ablation or its pathology 
yielded no statistically significant differences in CE-IM or 
CE-D, however its presence decreased achieving CE-IM (OR 
0.29; p= 0.005) and CE-D (OR 0.22; p= 0.03). Other analyzed 
variables including BE segment length, original pathology at 
time of diagnosis, sex, race, BMI, or number of RFA treatments 
showed no statistically significant difference in eradication 
(Table 1). 

During follow-up, 31 (11.4%) patients had IM recurrence at a 
mean of 26.0 months (range 6 to 57 months) after eradication 
confirmed on biopsy. Of these, 28 had NDBE, 1 had IFD, 1 
had LGD, and 1 had HGD. 80.6% (25) of patients achieved 
CE-IM after repeat RFA therapy, 4 had ongoing treatment, and 
2 were lost to follow-up. 7.3% (20 of 273) of all patients who 
underwent RFA experienced procedure-related complications, 
including esophageal strictures (5.3%), bleeding (1.0%), and 
aspiration (0.3%). There were no esophageal perforations or 
deaths.

Discussion

Multiple EET techniques have been developed however RFA 
is a commonly used method in eradicating dysplastic BE and 
preventing neoplastic progression [5, 7-9]. This retrospective 
review analyzed outcomes of RFA in BE patients and attempted 
to identify risk factors for disease progression, and reduced 
eradication. 
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The study validated RFA as an established, safe endoscopic 
technique to eradicate dysplasia and intestinal metaplasia of 
the esophagus. 96.7% of patients achieved CE-D and 91.2% 
achieved CE-IM after RFA with or without EMR, and only 
11.4% had recurrent disease with 80.6% of those achieving 
complete eradication after repeat therapy. Our eradication 
and durable response rates were representative to the pooled 
estimates of the meta-analysis by Orman et al., the Ablation 
of Intestinal Metaplasia (AIM) randomized controlled trial 
(RCT), the AIM-II trial, and the randomized trial by Shaheen 
et al [5, 10-12]. Most studies included RFA performed with a 
balloon device for circumferential ablation and focal device 
using a standard energy (10 joules/cm2 or 12 joules/cm2) setting 
resulting in a uniform depth of tissue destruction. Orman el al. 
published a pooled percentage of 91% (95% CI: 87%-95%) 
achieving CE-D and 78% (95% CI: 70%-86%) with CE-IM [5]. 
In the AIM-RCT, 85.7% of patients achieved CE-D and 77.4% 
achieved CE-IM [10]. The AIM-II Trial reported a complete 
IM eradication rate of 92% over a mean of 4.22 years, while 
Shaheen et al. reporting a similar high IM eradication rate with 
greater than 85% of patients having complete eradication of 
dysplasia for three years without maintenance RFA [11, 12]. 

Due to the heterogeneity with patient samples, study settings 
and protocols, and provider factors, identifying variables that 
consistently effect efficacy are limited. Although inconsistent, 
prior studies have shown a trend towards reduced efficacy 
with baseline degree of dysplasia and long-segmented BE [5]. 
Theories include the higher degree of dysplasia increases the 
risk of harboring malignancy, thus more likely to penetrate 

the submucosa beyond the depth of ablation and potentially 
decreased susceptibility to destruction by thermal methods. 
Longer BE segment length has a greater surface area to treat, 
therefore a higher likelihood of untreated disease [5]. In a 
multivariate analysis, our study found no statistical difference 
in achieving eradication with RFA when analyzing the presence 
of baseline dysplasia or BE segment length. However, nodular 
disease, regardless of pathology or identification respective to 
ablation, significantly reduced achieving CE-IM and CE-D. 
The absence of statistical significance in eradication rates of 
IM or dysplasia stratified by length reduces the possibility of 
missing untreated pathologic disease and instead suggest how 
technician skills may affect efficacy. Nodularity is predictive 
of an underlying higher-grade lesion that can be missed on 
biopsy; therefore, EMR improves staging and diagnosis 
of Barrett’s associated dysplasia and early esophageal 
adenocarcinoma [9]. Its effect on reduced RFA efficacy may 
serve as an endoscopic marker for surveillance intervals.

Combined with the high percentage of eradication with 
a limited number of RFA sessions, our study included an 
extended duration of follow up with a comparable low 
complication and recurrence rate. 7.3% of our patients had 
procedural related complications that included esophageal 
strictures (5.3%), followed by bleeding (1.0%) and aspiration 
(0.3%). Stricture formation being the most common adverse 
event was comparable to both publications with 5% in the 
meta-analysis and 6.0% in the AIM RCT [5, 10]. 

The mean length of follow up in our study at 36.3 months 
was comparable to the AIM-II Trial and study published by 

Table 1: Analyzed variables comparing complete eradication/remission of nondysplastic and dysplastic Barrett’s esophagus. 
N=273 CR-IM P Value CR-D P Value

Race Caucasian other Y=230, N=22
Y=19, N=2 1.00 Y=244, N=8

Y=20, N=1 0.52

Sex Male
Female

Y=207, N=21
Y=42, N=3 0.78 Y=220, N=8

Y=44, N=1 1.00

BMI
<25

25-30
>30

Y=60, N=5
Y=130, N=11
Y=59, N=8

0.24
Y=53, N=2
Y=112, N=6
Y=99, N=1

0.25

Age (years)
≤55

56-69
≥70

Y=60, N=5
Y=130, N=11
Y=59, N=8

0.58
Y=61, N=3

Y=141, N=1
Y=62, N=5

0.020

BE segment length (cm)
≤2
2-7
>7

Y=85, N=6
Y=119, N=10
Y=45, N=8

0.19
Y=89, N=2

Y=125, N=4
Y=50, N=3

0.54

#RFA treatments
≤3
4-7
>7

Y=145, N=13
Y=97, N=11
Y=7, N=0

0.61
Y=153, N=5
Y=104, N=4
Y=7, N=0

1.00

Original pathology

NDBE
LGD
HGD
IFD
EAC

Y=73, N=5
Y=67, N=6
Y=76, N=7
Y=19, N=2
Y=14, N=4

0.32

Y=77, N=1
Y=69, N=4
Y=81, N=3
Y=21, N=0
Y=16, N=1

0.46

Nodule No 
Yes

Y=177, N=10
Y=72, N=14 0.005 Y=184, N=3

Y=80, N=6 0.030

Nodule before Vs. After 
Starting RFA

Before
After

Y=45, N=10
Y=27, N=4 0.52 Y=52, N=3

Y=80, N=6 0.66

BMI Body Mass Index; BE Barrett’s Esophagus; RFA Radiofrequency Ablation; CR-IM Complete Remission of Intestinal 
Metaplasia; Complete Remission of Dysplasia
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Shaheen et al.; all longer duration compared to the AIM-
RCT and studies published by Orman et al [5, 6, 10-12]. 
IM recurrence after successful eradication in our study was 
representative of the pooled estimates in the meta-analysis 
and retrospective cohort study by Orman et al. with 11.4% 
(31 of 273 patients) compared to 13% (95% CI, 9%-18%) 
and 7.48% (8 of 107 patients) [5]. Of those who developed 
recurrent disease, most were not histologically worse than 
the pre-treatment grade and the area affected was generally 
small. 80.6% (25 of 31) had CE-IM after retreatment and only 
3 patients developed dysplastic BE after initial eradication. 
These findings confirm the durability of RFA, but also indicate 
a low, but not inconsequential rate of IM recurrence. The 
considerable percentage of BE recurrence reinforces the need 
for continued surveillance as the neosquamous columnar 
junction may be an area at risk for the development of dysplasia 
or adenocarcinoma [6]. 

Currently, the degree of dysplasia is the most accepted risk-
stratification tool for determining surveillance intervals and 
management of patients with BE [4]. Guidelines suggest EET 
for patients with dysplastic BE compared to surveillance of 
non-dysplastic BE. However, the utility of EET for patients 
with higher lifetime risk of cancer including familial BE/EAC, 
long segment BE, and presence of nodules is unclear [1, 3, 
4, 13-15]. Eradication therapy may be considered in patients 
with long segment or nodular BE as recent studies published 
as independent predictors to neoplastic progression [9, 14].

There were several limitations in this review. The study 
was conducted at a tertiary referral center thus a lack of 
generalizability to a community setting may exist. The design 
of retrospective study limited adherence to strict surveillance 
intervals and the Seattle protocol for tissue sampling. Upon 
evaluating BE segment length, subjectivity in defining length 
by different observers may occur and the progression rates to 
dysplasia and EAC are likely falsely elevated due to the study 
only including patients who underwent EET.

In summary, this ten-year retrospective study validated RFA 
to safely eliminate BE with a low risk of recurrence. Until 
molecular biomarkers are identified and validated as adjunctive 
tools for risk stratification, our results in conjunction with 
clinical trial data offer several endoscopic markers that can 
be considered in risk stratifying patients who would benefit 
endoscopic ablation over surveillance. The safety profile of 
RFA coupled with the goal to minimize the risk of malignant 
progression favors early patient discussion in EET.
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