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Radiofrequency Ablation: 
An Overview

INTRODUCTION

Barrett’s esophagus (BE) is defined as a metaplas-
tic change from the squamous epithelium to
columnar epithelium containing goblet cells in

the lining of a portion of the distal tubular esophagus,
and occurs as a result of chronic injury and inflamma-
tion from acid and bile exposure characteristic of gas-
troesophageal reflux disease (GERD). If untreated,
approximately 10% of BE patients may develop
esophageal adenocarcinoma (EAC), a condition that is
increasing in the developed world.1 The prevalence of
BE has been difficult to estimate due to varying defin-

itions, but estimated rates of 3–5.6% have been
described in the general population.2, 3 More recent
data have shown that the prevalence of BE is on the
rise.4, 5 Increased detection may be due to more fre-
quent use of endoscopy or a higher prevalence of risk
factors associated with the development of BE. These
risk factors include long standing symptomatic reflux,
male gender, older age, Caucasian race, alcohol use,
smoking, and obesity.6

Prior to the development of EAC, BE is thought to
transition from intestinal metaplasia to low- and/or
high-grade dysplasia (LGD, HGD). The current man-
agement strategy of endoscopic biopsy surveillance
aims to detect disease progression at an early enough
stage to allow for intervention. Previously, esophagec-
tomy was the primary management option for HGD
and intramucosal cancer. However, esophagectomy is
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associated with significant mortality and morbidity
even in experienced centers.7 Therefore, over the last
decade, various endoscopic methods have been
employed for the treatment of HGD in an effort to
avoid surgery. These include ablative techniques such
as argon plasma coagulation (APC), laser therapy, pho-
todynamic therapy (PDT), and more recently, radiofre-
quency ablation (RFA) and cryotherapy. Endoscopic
mucosal resection (EMR) is another increasingly used
technique for focal lesions.8 Until recently, PDT was
the most studied modality, however, photosensitivity,
stricture formation and incomplete eradication of BE
have prohibited PDT from becoming a definitive ther-
apy. Focal EMR is beneficial through its provision of a
tissue sample for diagnosis and staging, however, the
residual Barrett’s tissue remains at risk for progression,
and cancer recurrences have been reported in up to 30%
of patients.9,10 With stepwise radical EMR, the removal
of all pathologic tissue is appealing. However, the pro-
cedure is technically demanding and associated with
significant stricture rates.9,11,12

More recently, endoscopic RFA has emerged as an
important modality in the management of patients with
BE. This article will focus on the appropriate indica-
tions, procedural aspects, potential complications, and
efficacy of RFA.

RADIOFREQUENCY ABLATION 
OF BARRETT’S ESOPHAGUS
As it pertains to BE, ablation is synonymous with
destruction and removal of intestinal metaplasia and
all grades of dysplasia. The metaplastic tissue is sub-
sequently replaced with neo-squamous epithelium.
The intent of RFA in this setting is to permanently
remove all cells that may include or progress to cancer. 

Prior to ablation, a meticulous white light examina-
tion of the lower esophagus must be performed. The
gastroesophageal (GE) junction and extent of Barrett’s
tissue should be carefully assessed and recorded. Biop-
sies should be taken in a four quadrant manner from
every centimeter of suspected Barrett’s tissue. Any focal
abnormalities should be sampled. Nodules should be
evaluated further with endoscopic ultrasound and
removed with EMR. Our policy is to perform EMR in
all patients with HGD on biopsy even if no focal lesions

are present. Limited data suggest that this approach will
further improve histologic staging.13 If available,
advanced imaging techniques such as high definition
endoscopy, dye chromoendoscopy or digital chromoen-
doscopy (i.e. narrow band imaging [Olympus], i-SCAN
[Pentax], or FICE [Fujinon]) may be employed to accu-
rately delineate the extent and margin of BE or any
abnormal focal areas. In cases of HGD and early EAC,
an expert gastrointestinal pathologist should be con-
sulted for review and confirmation of diagnosis. Aspirin
and other platelet-inhibiting medications should be held
for one week prior to the procedure.

RADIOFREQUENCY ABLATION SYSTEM

Circumferential Ablation System
The ablation system (BÂRRX Medical, Inc., Sunny-
vale, CA) consists of a high-power energy generator, a
balloon-based sizing catheter (HALO360) (Figure 1A)
with a maximum diameter of 33.7 mm, and a balloon-
based ablation catheter (HALO360+) (Figure 1B). The
ablation catheter diameters range in size from 18 to 31
mm. The energy generator provides automated, pres-
sure-regulated inflation of the sizing balloon and abla-
tion catheters. Prior to ablation, the esophageal inner
diameter is measured with a sizing balloon (4 psi) to
ensure appropriate ablation catheter selection. Once an
accurate measure of esophageal diameter is made and
recorded, an appropriately sized ablation catheter is
selected and exchanged over the guidewire. The abla-
tion catheter consists of a 4 cm long noncompliant 
balloon, over which a 3 cm long flexible bipolar
microarray circuit is attached. The array consists of 
60 independent electrodes that encircle the balloon. The
electrodes are tightly spaced (250 μm) and alternate in
polarity (plus/minus). The ablation catheter is inflated to
a maximum pressure of 4.5 psi, which causes transient
flattening of esophageal folds and tension along the
esophageal wall. This close approximation of the
inflated ablation catheter with the esophageal wall, cou-
pled with the bipolar and spacing characteristics of the
electrode, allow optimal energy current delivery over a
precise area and depth. Energy delivery is initiated with
a foot-activated pedal. The energy generator delivers
nearly 300 W of RF energy over a very short period of
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time (300 ms). The energy delivered is recorded in
joules per unit surface area of the electrode (J/cm2). This
amount of standardized energy generally does not pene-
trate the muscularis mucosae layer.14

Focal Ablation System
Ablation may also be delivered focally through a
smaller electrode (HALO90) (Figure 2). As with cir-
cumferential ablation, energy is produced by a genera-
tor and delivered to the focal ablation device. In
contrast to circumferential ablation, a sizing step is not
necessary. The focal ablation catheter consists of an
articulated platform (20 × 13 mm) which is covered
with an electrode array similar to that of the circumfer-
ential catheter. After mapping endoscopy is performed,
the focal ablation catheter is placed on the tip of the
endoscope, which is then re-inserted into the esopha-
gus. Once the area of interest is identified, the tip of the
endoscope is deflected upwards to approximate the

electrode surface with the targeted tissue. Energy is
then transmitted to the tissue through a foot-pedal sys-
tem similar to that employed in circumferential abla-
tion. Focal ablation may be used as primary ablation for
short (≤2 cm) segment BE or disease localized to the
GE junction, and as secondary ablation for any residual
tongues or islands of BE after primary treatment with
circumferential RFA, EMR, or photodynamic therapy.

INDICATIONS FOR RADIOFREQUENCY ABLATION
The circumferential and focal radiofrequency ablation
systems received 510(k) clearance from the FDA in
2001 and 2006, respectively. These systems are indi-
cated for use in the coagulation of bleeding and non-
bleeding sites in the gastrointestinal tract including,
but not limited to, the esophagus (Table 1). RFA is
accepted as an appropriate management option in BE
containing dysplasia. Evaluation of RFA in the setting
of non-dysplastic BE (NDBE) is ongoing, with some
physicians offering RFA therapy to select patients (i.e.
younger, long-segment disease, family history of EAC,
significant patient anxiety, etc.).15 The emergence of
long-term data in this patient group will further clarify
optimal clinical management.  

TECHIQUES OF RADIOFREQUENCY ABLATION

Circumferential RFA
Circumferential ablation is most commonly performed
in the outpatient setting. During endoscopy, the top of
the intestinal metaplasia (TIM, i.e. Z-line) and top of the

(continued on page 24)

Figure 1A. Sizing balloon catheter (Courtesy of BÂRRX 
Medical, Sunnyvale, CA).

Figure 1B. Circumferential balloon-based ablation catheter
(Courtesy of BÂRRX Medical, Sunnyvale, CA).

Figure 2. Focal ablation device with endoscope-mounted,
articulated electrode (Courtesy of BÂRRX Medical, 
Sunnyvale, CA).
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gastric folds (TGF) should be recorded. The esophagus
is then irrigated with 1% N-acetylcysteine to remove
mucus that may interfere with energy transfer. This irri-
gant is evacuated from the stomach prior to initiation of
ablation. No lubricant is to be used during the proce-
dure. A guidewire is inserted through the biopsy chan-
nel into the stomach and the endoscope is removed. The
sizing catheter is passed over the guidewire and posi-
tioned 12 cm above the TGF (TGF-12), which is the
starting point for sizing measurements. Sizing is gener-
ally performed blindly, however, the endoscope may be
introduced in a side-by-side manner to size under direct
visualization, if desired. Advancing proximal to distal,
sizing is performed every 1 cm. At each level, the
energy generator inflates the sizing catheter up to a pres-
sure of 4 psi, and measures the esophageal inner diame-
ter through the application of a pressure:volume
algorithm. The generator displays the inner diameter of
the esophagus and the associated recommended ablation
catheter size, which are recorded on a sizing worksheet.
After inflation and sizing, the balloon automatically
deflates. The endoscopist then advances the sizing
catheter 1 cm distally, and repeats the sizing steps 
(Figure 3A). An abrupt increase in diameter indicates
that the sizing balloon has passed into a hiatal hernia or
the gastric cardia. After the last sizing step, the deflated
sizing catheter is then exchanged over the guidewire.

The physician reviews the sizing worksheet and
selects the smallest sized ablation catheter that was
recommended over the course of sizing. Even if multi-
ple sizes were recommended during sizing, it is imper-
ative to select the smallest sized ablation catheter to
optimize safety. This ablation catheter is passed over
the guidewire and positioned such that the top of the
electrode array is 1 cm above the TIM (Figure 3B).
The endoscope is reintroduced next to the catheter and
positioned approximately 1–2 cm proximal to the bal-
loon so as to enable visualization of ablation. The
physician selects the appropriate energy density to use
based on grade of BE (12 J/cm2 for dysplastic BE, 10
J/cm2 for non-dysplastic BE). When the ablation
catheter and endoscope are satisfactorily positioned,
the operator initiates ablation. Energy is then delivered
at the pre-determined dose (Figure 3C). After the ini-
tial ablation, the electrode will automatically deflate
and is then advanced distally under direct visualiza-
tion. It is critical to align the proximal margin of the
electrode with the distal margin of ablated tissue to
ensure continuity of ablation (Figure 3D). The process
of ablation is repeated until the GE junction is reached
(Figure 3E), after which the ablation catheter, endo-
scope and guidewire are slowly removed under direct
visualization. After removal, the electrode is cleaned
to remove mucus and coagulum. A small transparent

(continued from page 22)

Table 1. 
Indications for Radiofrequency Ablation

Condition Type of Ablation

Intestinal metaplasia (Barrett’s esophagus) Circumferential/focal
• High grade dysplasia (HGD)
• Low grade dysplasia (LGD)*
• Non-dysplastic intestinal metaplasia*

Gastrointestinal bleeding Focal
• Gastric antral vascular ectasia (GAVE)
• Radiation proctitis (RP)

Squamous cell carcinoma (early)* Circumferential/focal

*Data is accruing regarding long-term efficacy and cost-effectiveness in these conditions. 
The decision to use RFA in these disease states should be individualized.
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3A.

3B.

3C.   

Figure 3. Sizing commences 12 cm above the top of gastric
folds, and measurements of the esophageal inner diameter
are taken every centimeter as the balloon is moved distally
(Courtesy of BÂRRX Medical, Sunnyvale, CA).
3A. Sizing balloon in position. Esophageal inner diameter

and recommended ablation catheter size are reported by 
the generator and recorded on a worksheet. A sudden
increase in diameter indicates passage of balloon into
gastric lumen.

3B. Ablation catheter exchanged over guidewire and posi-
tioned 1 cm above top of intestinal metaplasia. 

3C. Inflation of electrode under endoscopic visualization
and delivery of energy. 

3D. Deflation and repositioning of electrode distally to
ablate additional tissue. 

3E. Final results after one pass.

3E.

3D.
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plastic cap (HALO CAP) is affixed to the tip of the
endoscope, which is then reintroduced into the esoph-
agus. Using the plastic cap, the previous area of abla-
tion is cleaned by gently pushing the coagulum into the
stomach, applying small volumes of plain water irriga-
tion as needed. Removal of coagulum from both the
electrode and esophageal surface ensures an optimal
second ablation. After cleaning, the scope is removed
and the ablation steps are repeated so that the abnormal

tissue receives a total of two ablation applications.
Endoscopic images from a representative circumferen-
tial RFA case are shown in Figure 4.

Focal RFA
The focal RFA catheter consists of a flexible silicone
sleeve that fits on the tip of a standard endoscope. The
catheter is attached in such a manner that the electrode
surface is positioned at 12 o’clock as depicted on the
video monitor. Similar to circumferential ablation, the
esophagus is irrigated with 1% N-acetylcysteine, which
is evacuated from the stomach prior to initiation of abla-
tion. The electrode is positioned under the targeted tis-
sue, and contact is achieved by deflecting the endoscope
tip upwards. Once tissue contact has been established,
energy is delivered twice in a standardized manner (12
J/cm2). After all targeted tissue has undergone ablation,
the tip of the electrode is used to remove the overlying
coagulum. The endoscope is then removed to clean the
electrode surface. The endoscope and electrode are rein-
troduced, and abnormal tissue is ablated again twice, for
a total of four energy applications.
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4A. Abnormal Barrett’s tissue in the distal esophagus prior
to ablation.

Figure 4. Endoscopic appearance before and after treatment
with circumferential ablation catheter.

4C. Lower esophagus at three month follow-up. Endoscopy
reveals an irregular Z-line and two focal islands of per-
sistent IM, which were treated with focal ablation. On
follow-up 3 months later there was no endoscopic evi-
dence of metaplastic columnar tissue and all biopsies
were negative for IM (CR-IM).

4B. Typical appearance of white coagulum after first ablation
pass.



POST-ABLATION MANAGEMENT
The standard medication regimen on discharge
includes maintenance high dose proton pump inhibitor
therapy, liquid acetaminophen with codeine, liquid
antacid/lidocaine, sucralfate, and antiemetics. Diet
should be fully liquid for 24 hours, which may be
advanced to soft diet for seven days. Platelet inhibiting
agents (i.e., aspirin, clopidogrel, non-steroidal anti-
inflammatory agents) and anti-thrombotic agents (i.e.,
heparin, warfarin) may be resumed one week after pro-
cedure. Proton pump inhibitor therapy should be con-
tinued indefinitely for symptomatic relief and
prevention of disease recurrence.

After initial ablation (generally circumferential),
follow-up focal ablation may be performed. Ablation
should be performed at least two months after previous
ablation to allow adequate healing of esophageal
mucosa. After complete endoscopic resolution is seen,
biopsies should be taken per surveillance protocol to
confirm histological eradication. 

OUTCOMES OF RADIOFREQUENCY ABLATION:
CLINICAL DATA SUMMARY

Optimal Ablation Settings and Safety
An early multi-phase study by Ganz and colleagues
reported the effect of ablation on esophageal epithe-
lium.14 Using a porcine model, the study evaluated the
energy density necessary to completely ablate
esophageal epithelium, as well as the ablation depth
and stricture rate at various energy density and power
density settings. The final phase assessed the extent
and degree of ablation in patients undergoing
esophagectomy for EAC. Phase I of this trial demon-
strated that energy density settings of 9.7 to 29.5 J/cm2

completely eliminated esophageal epithelium. Phase II
showed that stricture frequency and severity were
directly proportional to energy density, with >20 J/cm2

resulting in universal stricture formation, and 10.6
J/cm2 or lower not causing any stricture formation.
Phase III showed that the amount of energy density
applied was directly proportional to the depth of abla-
tion confirmed on histology. Phase IV suggested that
energy densities of 10 and 12 J/cm2 were sufficient to

completely ablate epithelium without direct injury to
submucosa or stricture formation. 

In an effort to determine optimal RFA parameters
(energy density and number of applications) necessary
to complete ablation of squamous esophageal epithe-
lium without damage to deeper layers, 13 EAC
patients underwent RFA prior to esophagectomy.16

Subjects were randomized to receive energy density
settings of 8, 10, or 12 J/cm2 prior to surgery. After
surgery, histologic examination of the ablation zones
was performed to assess depth and completeness of
ablation, and thickness of residual ablation effect after
tissue necrosis. The results demonstrated that complete
ablation was achieved consistently at 10 J/cm2 deliv-
ered twice (2×) and 12 J/cm2 1×–2×, whereas 8 J/cm2

1×– 2× and 10 J/cm2 1× only partially ablated the
epithelium.

In order to evaluate optimal settings for ablation of
IM with HGD, eight patients with IM-HGD underwent
RFA prior to esophagectomy.17 Energy was applied at
10, 12, or 14 J/cm2 for 2×, 3×, or 4× applications
respectively. After surgery, esophageal specimens
from ablation zones were inspected for maximum
ablation depth and complete ablation of all IM-HGD.
The deepest ablation was achieved at an energy dis-
bursement of 14J/cm2 4×; this setting led to edema of
the superficial submucosa. Complete ablation was
achieved in 9 of 10 ablation zones. At 12 J/cm2 2×
there was a single focus of HGD that remained at the
margin of 1 out of 10 ablation zones. This was attrib-
uted to incomplete overlap of the second ablation
application. No specimens showed submucosal injury.
The authors concluded that the maximum ablation
depth increased with the amount of energy density
applied and number of applications. 

The Ablation of Intestinal Metaplasia (AIM) trial
sought to determine the dose-response and safety of
delivering 6 to 12 J/cm2 with a single application. Out-
comes at 1 and 3 months demonstrated similar histo-
logic response rates for the 10 and 12 J/cm2 groups
that were superior to those of the 6 and 8 J/cm2 groups.
In addition, the adverse events were transient and mild
(chest pain, focal scarring, fever, etc.), with rates com-
parable for all groups. As a result, the initial dosimetry
phase allowed for the selection of 10 J/cm2 2× for the
effectiveness phase of the trial. 
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Clinical Outcomes in BE Patients
The effectiveness phase of the AIM Trial evaluated
circumferential RFA in 70 patients with NDBE. At 12
months 70% of patients demonstrated a complete
response (CR), defined as all biopsy specimens nega-
tive for BE, after a mean of 1.5 ablation procedures.
There were no adverse events, such as stricture forma-
tion, or buried glandular mucosa.18 The AIM-II study
followed these patients prospectively to assess long-
term safety and efficacy of stepwise circumferential
ablation followed by focal ablation.19 After undergo-
ing a mean of 1.9 focal ablation sessions, CR-IM was
attained in 98% of patients (60 of 61 patients; per pro-
tocol analysis) with 2.5 years of follow-up. There were
no strictures or buried glands at either 12 or 30 months. 

A large multicenter trial recently assessed the
safety and efficacy of circumferential ablation for
treating BE with HGD.20 142 patients with HGD
(median length of 6 cm) received circumferential abla-
tion (median 1 treatment session) with median follow-
up of 12 months. Follow-up biopsies were performed
and evaluated for histological response, defined as
negative for HGD (CR-HGD), negative for dysplasia
(CR-D), and negative for IM (CR-IM). Outcomes from
this study were CR-HGD 90.2%, CR-D 80.4%, and
CR-IM 54.3%. Limitations of this particular study
included non-randomized study design, lack of control
arm, lack of centralized pathology review, and lack of
follow-up beyond 12 months.

A single-center prospective study evaluated step-
wise circumferential and focal ablation for the eradica-
tion of IM and LGD over 2 years.21 Ten patients with
LGD underwent circumferential ablation at baseline
with repeat circumferential ablation at 16 weeks for
any residual IM. Endoscopy with biopsies was per-
formed at 1, 3, 6, 12 and 24 months. After 1 year, focal
ablation was performed for any residual IM. Patients
were also prescribed lansoprazole 30 mg twice daily.
At 2 years, CR-D was 100% and CR-IM was 90%.
There were no strictures or evidence of buried glands.
One patient with persistent IM at 2 years received one
additional focal ablation (off-trial) and was eventually
cleared of IM. 

Gondrie and colleagues examined a prospective
cohort of 11 patients with BE.22 After visible abnor-
malities were resected with EMR (6 patients), 2

patients remained with LGD and 9 with HGD. After
undergoing a median of 2 circumferentialand 2 focal
ablations, and an ‘‘escape’’ EMR in one patient, all 11
patients had complete eradication of dysplasia and IM.
Another study published by the same group evaluated
the safety and efficacy of using stepwise circumferen-
tial and focal RFA for BE containing flat HGD or BE
with residual dysplasia after EMR for HGD and/or
intra-mucosal carcinoma (IMC).23 A total of 12
patients were enrolled, 11 with HGD and 1 with IMC.
After a median of 1 circumferential ablation, 2 focal
ablations, and an ‘‘escape’’ EMR in one patient, CR-D
and CR-IM was achieved in all 12 patients. 

A recent multicenter, prospective cohort study
assessed the efficacy of combination therapy with
focal EMR and RFA.24 Pouw and colleagues examined
24 patients with BE containing HGD or early cancer
(median length 8 cm). Visible lesions were removed
via EMR followed by RFA of the residual flat 
Barrett’s >6 weeks later. Focal escape EMR was used
for persistent Barrett’s mucosa after RFA. Neoplasia
and intestinal metaplasia were eradicated in 95% and
88% of patients, respectively; after escape EMR in 2
patients, rates improved to 100% and 96%, respec-
tively. Follow-up (median 22 months) revealed no
recurrence of neoplasia. 

A recent single center experience was reported in
patients with all grades of BE.25 Sixty-six patients with
a median Barrett’s length of 3 cm (range, 1–14) under-
went stepwise circumferential and focal RFA. Twelve
patients (18%) had HGD and 7 patients were post Nis-
sen fundoplication. No immediate procedure-related
complications were reported. Four strictures were
reported in patients with >6 cm segments of Barrett’s.
Six patients had a Nissen fundoplication performed at
the same time of ablation, leading to the conclusion
that RFA did not hinder fundoplication. 

A randomized, multicenter, sham-controlled trial
assessed the utility of RFA in 127 patients with dys-
plasia (AIM Dysplasia Trial).26 Patients were random-
ized to RFA or sham in a 2:1 ratio, and stratified
according to grade of dysplasia and BE length (<4 vs.
4–8 cm). Using intention-to-treat analysis, complete
eradication of dysplasia following ablation was seen in

(continued on page 30)
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90.5% of patients with LGD compared with 22.7% in
the control group. Among patients with HGD, com-
plete eradication was seen in 81% in the ablation group
compared with 19% in the control group. Overall,
77.4% of patients in the ablation group had complete
eradication of intestinal metaplasia in contrast to 2.3%
of those in the control group. In addition, patients who
underwent ablation had less disease progression (3.6%
vs. 16.3%) and fewer cancers (1.2% vs. 9.3%) than
those that received the sham procedure at 12-month
follow-up. 

For long-segment BE containing neoplasia, Her-
rero and colleagues performed RFA in 26 patients.27 On
baseline EMR, 11 patients had EAC, 6 HGD, and 1
LGD; after EMR and prior to RFA 16 had HGD and 10
LGD. All patients had BE segment length ≥10 cm.
Patients underwent focal endoscopic resection for visi-
ble lesions, followed by circumferential and focal RFA
every 2–3 months until complete remission was
achieved. Follow-up endoscopy with biopsies was per-
formed at 2, 6, and 12 months. Twelve percent of
patients showed poor healing after RFA, and stenosis
and scarring after EMR resulted in superficial lacera-
tion after circumferential RFA in 27% of patients. After
a median follow up of 9 months, no recurrence of neo-
plasia was found. No buried BE was found in 752 neo-
squamous biopsies. A complete response was seen in
14/17 (83%) patients, suggesting that long segment BE
may be safely and effectively treated with RFA.

Lyday and colleagues recently demonstrated a
favorably safety and efficacy profile of RFA in a com-
munity setting.28 Four hundred twenty-nine patients
underwent a total of 788 ablations for NDBE, LGD,
and HGD. Efficacy was reported in 2 cohorts; Effi-
cacy-A (subjects with any post-RFA biopsy despite
some not having completed therapy) and Efficacy B
(subjects with post-RFA biopsy >1 year post-RFA).
Complete response to dysplasia and IM was seen in
89% and 72% of subjects in Cohort-A, respectively,
and in 100% and 77% of subjects, respectively, in
Cohort-B. The investigators concluded that data from
community endoscopy centers compared favorably to
data from specialized centers.

A recently published study examined 27 patients
with either NDBE or LGD. The average length of 
Barrett segment treated was 4.6 cm. Ablation was per-

formed with follow up EGD at 8 weeks. In all patients,
the BE was replaced with normal squamous epithe-
lium. GERD symptoms regressed in 16 patients (60%)
with RFA and proton pump inhibitor therapy.29

Durability of Cure
The longest term follow-up to date is from the AIM II
patient cohort. Fifty patients with baseline NDBE and
CR-IM at 2.5 years recently underwent extensive 5-
year endoscopic biopsy follow-up, with a mean of 31
biopsy specimens obtained per session. CR-IM was
maintained in 92% of patients. There was no disease
progression; in the four patients with recurrence, each
had NDBE. After one focal ablation session and
biopsy follow-up 2 months later, each of these 4
patients resumed CR-IM status.30 Two- and three-year
durability data from the AIM Dysplasia Trial has
recently been reported by Shaheen et al. Of the 62
patients who were CR-IM at 1 year, 59 remained CR-
IM (95.2%, per protocol) at 2 year follow-up, and of
the 13 patients with CR-IM at 1 year who reached 3-
year follow-up, 13 (100%) remained CR-IM.31

Effect of Ablation on Esophageal Cancer 
Progression
The extent of reduction of esophageal adenocarcinoma
(EAC) incidence in BE patients after endoscopic abla-
tion was the subject of a recent meta-analysis.32

Patients with NDBE, LGD, or HGD and follow-up of
at least 6 months were included. Using weighted-aver-
age incidence rates, the rate of cancer in patients
undergoing ablative therapy was compared to cancer
rates calculated from natural history data. The natural
history vs. post-ablation progression rates to cancer
per patient year of follow-up were 6.6% vs. 1.7% for
HGD, 1.7% vs. 0.16% for LGD, and 0.6% vs. 0.16%
for NDBE. The investigators concluded that ablation
may be associated with a reduction in cancer inci-
dence, with greatest benefit observed in BE patients
with HGD. 

Role of Acid Suppression
To examine the role of acid suppression in ablation
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efficacy, Roorda and colleagues combined circumfer-
ential RFA and twice daily PPI therapy.33 Thirteen
patients were included, three with HGD, four with
LGD, and six with NDBE. Circumferential RFA was
followed by twice daily PPI and surveillance every 3
months for a total of 12 months. Patients received a
second ablation if any metaplasia or dysplasia was
seen at follow-up. After a mean of 1.4 ablation ses-
sions, complete eradication was achieved in 6/13
NDBE patients and 5/7 dysplastic BE patients. A 24-hr
ambulatory esophageal pH of less than 4 was seen less
than 4% of time in only 5 of 13 patients. The data sug-
gest that optimal pH control leads to more favorable
response to RFA. 

Effect of Ablation on Genetic Markers
Two clinical studies have evaluated the effect of abla-
tion on genetic abnormalities present in abnormal
epithelium. In the first study, 16 patients with BE-LGD
received a single ablation, while 5 received two abla-
tions.34 Following a 2.5-year follow-up period, 51
micro-dissection specimens were analyzed for a panel
of 16 allelic imbalance mutational markers affecting
1p, 3p, 5q, 9p, 10q, 17p, 17q, and 21q. RFA achieved
CR-IM in 15/16 patients (94%), and previously pre-
sent mutations were no longer detectable in any
patients. In the one patient with persistent metaplasia,
only highly expanded mutations were present, sug-
gesting that highly clonally expanded mutations were
more resistant to regression and required follow-up
ablation. In addition, the investigators noted that muta-
tional regression was time-dependent and could occur
6–12 months following treatment. In the second study,
Pouw and colleagues assessed the elimination of pre-
existing genetic abnormalities in dysplastic BE after
step-wise circumferential and focal ablation.35

Twenty-two patients with dysplastic BE characterized
by abnormal Ki67 and p53 staining along with fluo-
rescent in-situ hybridization (FISH) abnormalities at
baseline underwent stepwise circumferential and focal
ablation. Two months after the focal ablation, CR-D
and CR-IM were achieved in all patients (100%), and
subsequent biopsies of the neo-squamous epithelium
revealed complete eradication of all oncogenetic
markers seen at baseline. 

Initial Ablation Data for 
Gastrointestinal Bleeding
Data from two tertiary care centers have suggested that
focal segmental ablation using HALO90 is safe and
efficacious for treatment of gastric antral vascular
ectasia (GAVE) and chronic hemorrhagic radiation
proctitis (RP). Ablation in both of these settings was
associated with increased baseline hemoglobin and
decreased transfusion requirement.36,37 Six patients
with GAVE (4 men, mean age 58 years, range 47–65
years) underwent ablation of antral lesions (mean focal
ablation treatments 1.7). The mean Hgb level
improved from 8.6 to 10.2 g/dl (mean 2 months after
last ablation). Five of six no longer required blood
transfusions to maintain stable hemoglobin levels.
Endoscopic images from a representative GAVE focal
RFA case are shown in Figure 5.

Three patients with chronic hemorrhagic RP
underwent 1–2 focal ablation sessions. The authors
reported endoscopic findings of re-epithelialization of
squamous mucosa over areas of prior hemorrhage. No
patients required transfusions after ablation therapy.
No stricturing or ulceration was seen on follow-up up
to 19 months after RFA treatment. Endoscopic images
from a representative RP focal RFA case are shown in
Figure 6.
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Figure 5A. Endoscopic view of GAVE prior to treatment
(Courtesy of David L. Diehl, M.D. of Geisinger Health System,
Danville, PA).
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Initial Ablation Data for 
Squamous Cell Carcinoma
Pouw and colleagues reported the case of a 66-year-
old male with a 35-mm flat-type early squamous cell
carcinoma surrounded by high grade dysplasia. Abla-
tion resulted in complete endoscopic and histological
eradication of cancerous tissue. No adverse events
were reported.38 More recently, Zhang et al. have
described their early clinical experience with RFA for
superficial esophageal squamous neoplastic lesions,
with focus on patient selection and technique. The
authors report that appropriate RFA candidates have
flat-type esophageal squamous cell neoplasia (type 
0-IIb) on endoscopy, and a pre-treatment biopsy 
diagnosis of medium- or high-grade intraepithelial
neoplasia (MGIN, HGIN), or well-to-moderately dif-
ferentiated invasive cancer limited to the lamina pro-
pria (m2).39

Clinical trials are currently underway in China, 
the U.S., and the Netherlands, with results eagerly
awaited. 

COMPLICATIONS OF RADIOFREQUENCY 
ABLATION
Complications inherent to RFA include chest pain,
chest tightness, dysphagia, and odynophagia. Gener-
ally, these are self-limited (<3 days) and can be man-
aged symptomatically.18,19 In rare instances, stricture
may develop at site of ablation requiring dilation. The
strictures are generally described as easily amenable to
dilation, with resolution after 1–3 dilation ses-
sions.20,26,28 Other complications that are common to
all endoscopic procedures include esophageal perfora-
tion, aspiration pneumonia, bleeding, and sedation-
related adverse events. In larger trials in both academic
and community practices (total ablations performed =
1,170), complication rates were as follows: stricture
(1.4%), mucosal injury (0.9%), chest pain (0.7%),
bleeding (0.7%), dysphagia (0.4%), and fever
(0.2%).28 Other reported complications included seda-
tion-related transient airway obstruction in one patient,
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Figure 5B. HALO90 ablation catheter being applied to the
stomach with white coagulum evident (Courtesy of David L.
Diehl, M.D. of Geisinger Health System, Danville, PA).

Figure 5C. Near complete resolution of disease following two
RFA treatments (Courtesy of David L. Diehl, M.D. of
Geisinger Health System, Danville, PA).



PRACTICAL GASTROENTEROLOGY • JUNE 201034

and sedation-related hypotension in one patient.18

There have been no RFA procedure-related deaths.

COST EFFECTIVENESS OF RADIOFREQUENCY
ABLATION
Two recent economic decision analysis models have
explored the cost utility of RFA vis-à-vis endoscopic
surveillance. Inadomi and colleagues examined patient
populations with NDBE, LGD, or HGD.40 Strategies
compared were no endoscopic surveillance; endo-
scopic surveillance with ablation for incident dyspla-
sia; immediate ablation followed by endoscopic
surveillance in all patients or limited to patients in
whom metaplasia persisted; and esophagectomy. Abla-
tion modalities that were modeled included RFA,
APC, PDT, and multipolar electrocoagulation. The
authors concluded that if RFA permanently eradicated
at least 28% of LGD or 40% of NDBE, ablation would
be preferred to surveillance. Overall, cost effectiveness
was dependent on the long-term effectiveness of abla-
tion and whether surveillance endoscopy could safely
be discontinued after successful ablation. The second
analysis by Das and colleagues employed similar com-

peting strategies but focused on patients with NDBE
only. Evaluation included natural history of NDBE
without surveillance; surveillance performed per ACG
practice guidelines; and endoscopic ablation. This par-
ticular model was biased against ablation with a con-
servative estimate of complete response and continued
standard surveillance even after complete ablation. All
potential complications were accounted for, and an
incomplete histological response after ablation was
presumed to have the same risk of progression as
untreated Barrett’s. Threshold analysis revealed the
critical determinants of ablation cost-effectiveness to
be rate of complete response to ablation, total cost of
ablation, and risk of progression to dysplasia. The
authors concluded that ablation for NDBE was more
cost-effective than endoscopic surveillance.41

SUMMARY
Available data suggest that RFA is a promising option
for the management of dysplastic and nondysplastic
Barrett’s esophagus. To date, RFA has been shown to
be highly effective in eradicating intestinal metaplasia
and associated dysplasia. Complication rates have
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Figure 6A. Endoscopic appearance of radiation proctitis seen
on retroflexion (Courtesy of F. Scott Corbett, M.D., of Gas-
troenterology Associates of Sarasota, FL).

Figure 6B. After ablation of target site using HALO90 ablation
catheter (Courtesy of F. Scott Corbett, M.D., of Gastroen-
terology Associates of Sarasota, FL.).



been very low in specialized centers, and data is now
accruing that rates may be similar in trained commu-
nity practitioners. Technically, in trained hands, RFA is
straightforward to perform with minimal side effects. 

Questions, however, remain regarding optimal
patient selection and durability of cure. Long-term fol-
low-up data are required to assess if RFA is adequate
enough to either obviate the need for endoscopic sur-
veillance or lengthen surveillance intervals in these
patients. For patients with IMC, HGD, and LGD, RFA
± EMR appears to be a clinically effective, cost-effec-
tive, and safe management strategy. In patients with
NDBE, the role of RFA is evolving. The decision to
perform RFA in such patients should be individualized
in the context of the overall clinical scenario. Further
studies should focus on long-term follow-up data, and
development of biomarkers to predict malignant pro-
gression of IM. n
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Practical Points
• RFA ± EMR is a potential alternative to esophagectomy

or alternative endoscopic management strategies for
intramucosal esophageal adenocarcinoma, high-grade
dysplasia and low-grade dysplasia.

• The role of RFA in non-dysplastic metaplasia is 
evolving. The decision to perform RFA in these patients
should be individualized.

• Short- and mid-term data has not demonstrated 
residual or recurrent intestinal metaplasia after RFA.
Long-term data regarding durability of cure will guide
future surveillance guidelines. Presently, patients
should remain under endoscopic surveillance.

• Preliminary data have demonstrated superior cost-
effectiveness and safety of RFA when compared to
other eradication/ablation techniques.

• Future studies should focus on optimal patient 
selection, durability of cure, and development of 
biomarkers to predict malignant progression of 
Barrett’s esophagus.
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