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Background: Many modalities have been used to ablate Barrett’s oesophagus (BO). However, long term
results and comparative effectiveness are unknown.
Aims: Our aim was to compare the long term efficacy of achieving complete reversal (endoscopic and
histological) between multipolar electrocoagulation (MPEC) and argon plasma coagulation (APC) in BO
patients and assess factors influencing successful ablation.
Methods: Patients with BO, 2–6 cm long, underwent 24 hour pH testing on proton pump inhibitor (PPI)
therapy. Patients were then randomised by BO length to undergo ablation with MPEC or APC every 4–
8 weeks until endoscopic reversal or maximal of six treatment sessions.
Results: Thirty five BO patients have been followed for at least two years following endoscopic ablation, 16
treated with MPEC and 19 with APC. There was complete reversal of BO in 24 patients (69%); 75% with
MPEC and 63% with APC (p = 0.49). There was no difference in the number of sessions required in the two
groups. There was no difference in age, pH results, BO length, PPI dose, or hiatal hernia size between
patients with and without complete reversal. One patient developed an oesophageal stricture but there
were no major complications such as bleeding or perforation.
Conclusions: In BO patients treated with MPEC or APC in combination with acid suppression, at long term
follow up, complete reversal of BO can be maintained in approximately 70% of patients, irrespective of the
technique. There are no predictors associated with achieving complete reversal of BO. Continued
surveillance is still indicated in the post ablative setting. As yet, these techniques are not ready for clinical
application (other than for high grade dysplasia or early oesophageal adenocarcinoma) and cannot be
offered outside the research arena.

B
arrett’s oesophagus (BO) is an acquired condition
resulting from severe oesophageal mucosal injury due
to gastro-oesophageal reflux disease (GORD). BO is

characterised by replacement of normal squamous oesopha-
geal epithelium by metaplastic intestinal epithelium contain-
ing goblet cells.1 2 Approximately 10% of patients with
chronic GORD are diagnosed with BO. BO is the premalig-
nant lesion for the majority of patients with oesophageal and
gastro-oesophageal junction adenocarcinoma.3 4 Oesophageal
adenocarcinoma (OAC) is a highly lethal cancer and
continues to be the most rapidly rising cancer in the USA
and the Western world.5 The relative risk of developing OAC
in BO patients appears to be 30 times that of the general
population.6 The goal of therapy in patients with BO is to
control reflux symptoms and promote healing of erosive
oesophagitis. Reducing oesophageal exposure to gastric acid
has been the cornerstone of modern GORD and BO therapy,
with the hope that this treatment will reverse Barrett’s
metaplasia and/or halt malignant progression to adenocarci-
noma.7

Theoretically, eliminating the Barrett’s epithelium could
decrease or eliminate the cancer risk. Unfortunately, neither
medical (profound acid inhibition) nor surgical (fundoplica-
tion) therapies for reflux appear to achieve complete
regression of BO and elimination of its cancer risk.
Antireflux surgery failed to convincingly demonstrate, in
prospective and retrospective studies, a reduction in the
extent of Barrett’s epithelium and in the risk of malignant
transformation.8–10 In the same way, longstanding intensive

acid reducing measures by pharmacological means did not
show, in a consistent manner, a reduction in the extent of BO
or a halt in the evolution to neoplastic transformation.11–13

A number of ablative techniques in combination with
reduction of oesophageal acid exposure, pharmacologically or
surgically, have been developed in attempts to reverse BO.
These include thermal ablation with lasers (neodymium-
yttrium aluminum garnet (Nd-YAG), potassium titanium
phosphate (KTP)), argon plasma coagulation (APC), multi-
polar electrocoagulation (MPEC), non-thermal ablation with
photodynamic therapy (PDT), and cryotherapy. Ablative
techniques are based on the hypothesis that injury of the
metaplastic epithelium in an acid reduced environment
would reverse the pathophysiological sequence that led to
the development of BO and subsequently lead to the
restoration of the normal squamous lining.14 Preliminary
results using these techniques have been promising but few
long term results are available. The long term stability of the
resulting neosquamous epithelium remains unclear. It is also
unclear which form of therapy is most efficacious in achieving
complete ablation of BO or which is best tolerated by patients.

Abbreviations: BO, Barrett’s oesophagus; MPEC, multipolar
electrocoagulation; APC, argon plasma coagulation; PPI, proton pump
inhibitor; GORD, gastro-oesophageal reflux disease; OAC,
oesophageal adenocarcinoma; Nd-YAG, neodymium-yttrium
aluminium garnet; KTP, potassium titanium phosphate; PDT,
photodynamic therapy; HH, hiatal hernia; HGD, high grade dysplasia;
LGD, low grade dysplasia
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The goals of this study were: (1) to compare the efficacy of
achieving complete reversal (endoscopic and histological) of
BO between MPEC and APC; (2) to evaluate the stability of
the neosquamous epithelium after two years of follow up;
and (3) to determine clinical factors (age, BO length, hiatal
hernia size, proton pump inhibitor (PPI) dose, and 24 hour
intraoesophageal pH control) that may help predict complete
reversal of BO.

METHODS
Patients
This study was conducted at two sites: the Veterans Affairs
Medical Center, Kansas City, Missouri and the Southern
Arizona Veterans Affairs Health Care System, Tucson,
Arizona from February 2000 to December 2004. A total of
35 patients with BO that presented for surveillance endo-
scopy with a length of 2–6 cm were prospectively recruited
for a trial of ablation by either MPEC or APC. Patients were
randomised by BO length (stratified randomisation using
sealed opaque envelopes) to undergo ablation with MPEC or
APC every 4–8 weeks until there was endoscopic reversal or a
maximal of six treatment sessions. All patients underwent
24 hour pH monitoring while on rabeprazole 20 mg twice a
day. Patient demographics (age, sex, race), BO length, hiatal
hernia (HH) size were recorded. Exclusion criteria were as
follows: a history of any oesophageal surgery, BO with high
grade dysplasia (HGD) or cancer, oesophageal stricture,
oesophageal or gastric varices, age ,18 years, allergy to
PPI, uncontrolled coagulopathy, and patients with uncon-
trolled significant comorbidities. The study was approved by
the Human Subjects Committee at both institutions and all
patients gave written informed consent prior to enrolment.

Endoscopy
Upper endoscopy was performed using therapeutic video
endoscopes (Olympus 2T-100 and 1T-140; Olympus America
Inc, Melville, New York, USA). BO was defined by the
presence of a columnar lined distal oesophagus, with
intestinal metaplasia, characterised by acid mucin containing
goblet cells using combined haematoxylin and eosin-alcian
blue pH 2.5 stain.15 Four quadrant biopsies were obtained
every 2 cm using jumbo biopsy forceps (Microvasive Corp.,
Natick, Massachusetts, USA). Biopsies were performed using
the turn and suction technique to maximise biopsy size. If
there was endoscopic evidence of erosive or ulcerative
oesophagitis, the grade of oesophagitis was recorded and
patients were asked to return for endoscopy after 2–3 months
of treatment with a higher dosage of PPI. The length of the
BO segment was defined as the distance from the incisors to
the end of the oesophagus minus the distance from the
incisors to the proximal margin of continuous appearing
Barrett’s epithelium.12 The gastro-oesophageal junction was
identified by the proximal margin of the gastric folds
coinciding with the pinch at the end of the tubular
oesophagus.16 HH size was measured from the gastro-
oesophageal junction to the diaphragmatic pinch.
Helicobacter pylori infection was determined by obtaining at
least eight biopsies from the stomach (antrum, body, and
cardia).

Oesophageal pH testing
Twenty four hour ambulatory intraoesophageal pH monitor-
ing was performed using a pH catheter connected to a
portable digital data recorder that stored pH data for up to
24 hours (Mark III Medtronics, Minneapolis, Minnesota,
USA). The pH electrode was passed transnasally and the
distal end of the probe was placed 5 cm above the lower
oesophageal sphincter. pH testing was done at least seven
days after PPI therapy was started. Data were analysed using

a PC with a standard software program (pw base model, pw
EsopHogram reflux analysis model) and Polygram for
Windows 2.0 (Medtronics Inc). The percentage of time with
pH ,4.0 in the distal oesophagus was analysed separately for
total, upright, and supine periods. Persistent abnormal acid
reflux was defined as a distal oesophageal pH ,4 for longer
than 4.2% of the total monitoring period. During upright and
supine positions, an oesophageal pH ,4 for more than 6.3%
and 1.5% of the respective monitoring periods was considered
abnormal.

Endoscopic ablation treatment
After interpretation of the initial endoscopic and biopsy
results, patients were randomised, using sealed opaque
envelopes. Randomisation was stratified by BO length
(,3 cm v >3 cm) to undergo ablation with MPEC or APC.

Thermal ablation with MPEC of Barrett’s mucosa was
performed using a 10F Gold Probe (Microvasive, Natick,
Massachusetts, USA). A 60 W energy source (ERBE USA Inc.,
Marietta, Georgia, USA) at a setting of 20 W and continuous
power were used for all treatment sessions. Patients
randomised to APC were treated with continuous pulses by
using a 10F (3.2 mm) forward firing APC probe and
generator (Argon Plasma Coagulator; ERBE USA Inc.), at a
power setting of 60 W and a gas flow of 1.4–1.8 l/min.
Treatment of the entire Barrett’s segment was attempted at
each session. Ablation of BO was initiated at the gastro-
oesophageal junction and thermal energy was applied with
mild tangential force (MPEC) or without contact (APC) using
a linear paint stroke technique until a white coagulum was
visualised in the targeted segment of Barrett’s epithelium
(fig 1). Distal treatment did overlap with the pinch at the end
of the tubular oesophagus coinciding with the proximal
margin of the gastric folds. Patients were interviewed by
telephone 48–72 hours after each treatment session to assess
the presence and severity of treatment related symptoms,
including fever, nausea, vomiting, sore throat, dysphagia,
odynophagia, haematemesis, melena, shortness of breath,
and chest pain. Endoscopic treatment sessions were con-
tinued at 4–8 week intervals until there was no endoscopic
evidence of BO. At the final endoscopy, visual elimination of

Figure 1 Endoscopic view of a patient with Barrett’s oesophagus before
first ablation therapy with argon plasma coagulation.

1234 Sharma, Wani, Weston, et al

www.gutjnl.com



Barrett’s was noted (fig 2) and confirmed by spraying 10–
20 ml of 2.5% solution of Lugol’s iodine over the former
extent of Barrett’s mucosa to highlight potential residual
areas (negative staining with Lugol’s) to target for further
therapy. Treatment was conducted on an outpatient basis.
Once intestinal metaplasia was documented as eliminated,
PPI dose was decreased to 20 mg daily or to the dose that
eliminated reflux symptoms. All patients underwent surveil-
lance endoscopy with biopsies per study protocol at six, 12,
and 24 month intervals.

Histology
All biopsy specimens were fixed in Bouin’s solution or 10%
neutral buffered formaldehyde and then embedded in
paraffin. Sections were cut from the paraffin blocks and
stained with haematoxylin and eosin in combination with
alcian blue stain at pH 2.5. Specimens were examined for the
presence of intestinal metaplasia, diagnosed by the presence
of blue staining goblet cells. Dysplasia in BO was identified by
standardised criteria and classified as negative for dysplasia,
indeterminate for dysplasia, low grade dysplasia (LGD),
HGD, and invasive adenocarcinoma. For the purpose of
statistical analysis, the categories of indeterminate for
dysplasia and LGD were considered together. Dysplasia was
recognised by the presence of cytological and architectural
abnormalities within the glandular epithelium. Each biopsy
specimen was examined specifically for the full thickness of
squamous epithelium, including the entire basal layer.
Special attention was paid to the presence of any goblet cells
either within or below the squamous mucosa, which would
be indicative of residual intestinal metaplasia. Presence of H
pylori infection was documented by histology from the gastric
biopsies, including evaluation of Steiner stained sections, if
required.

End points
The primary end point of the study was comparison of the
efficacy of the two ablation modalities (MPEC v APC) in
achieving endoscopic and histological reversal of BO.
Secondary end points included side effects of endoscopic

therapy, number of treatment sessions necessary for reversal
in the two groups, and clinical factors (age, BO length, HH
size, PPI dose, and pH scores) that may help predict complete
reversal of BO.

Statistical analysis
A statistical software program (SAS, version 8.0; SAS
Institute Inc., SAS Campus Drive, Cary, North Carolina,
USA) was used for data management and analysis.
Categorical variables were summarised by frequencies and
percentages and continuous variables were summarised by
medians and ranges. Fisher’s exact tests (for dichotomous
covariates) and Wilcoxon rank sum tests (for continuous
covariates) were used to study the effect of BO length, pH
scores, HH size, and ablation modality in achieving BO
reversal and to compare demographic characteristics of the
MPEC and APC populations. Logistic regression was also
employed to further examine differences in the two subject
groups in a multivariate fashion. For the primary outcome, to
determine if MPEC can ablate BO in 90% of the patients and
assuming that APC can ablate Barrett’s in 65%, it was
determined that 40 patients would be needed in order to
detect a significant difference between the two with 80%
power and a type 1 error rate of 5% using Fisher’s test for
paired dichotomous responses. These assumptions were
based on preliminary data acquired as part of a non-
randomised trial of BO ablation.

RESULTS
Clinical and endoscopic characteristics
Thirty five patients with BO have been followed for at least
two years after endoscopic ablation. There were 22 patients
that completed the study at the Veterans Affairs Medical
Center, Kansas City, Missouri, USA and 13 at the Southern
Arizona Veterans Affairs Health Care System, Tucson,
Arizona, USA. Sixteen patients were treated with MPEC
and 19 with APC. Baseline demographic and clinical
characteristics of the study population are summarised in
table 1. The study group was comprised of 34 (97.1%) males
and median age was 62 years (range 32–84). On endoscopy,
median BO length was 3 cm (range 2–6) and median HH size
was 3 cm (range 0–6). No oesophageal strictures or ulcers
were identified in any of the studied patients. Three patients
(6.5%) tested positive for H pylori infection using histology.
Three of the recruited patients (6.5%) had LGD and the
remainder had non-dysplastic BO. All patients tolerated
rabeprazole well and there were no withdrawals because of
side effects. All patients were compliant with the prescribed
treatment and this was confirmed by pill count.

Figure 2 Endoscopic view of the typical coagulation necrosis seen after
ablation therapy with argon plasma coagulation.

Table 1 Baseline demographics, and clinical,
endoscopic, and ambulatory 24 hour pH characteristics
of the study patients

Patient characteristics

n 35
Age (y) (median (range)) 62 (32–84)
Sex (Male) 34 (97.1%)
BO length (cm) (median (range)) 3 (2–6)
Hiatal hernia size (cm) (mean (SD)) 3 (0–6)
Helicobacter pylori infection 3 (8.6%)
24 hour pH monitoring

Total time pH ,4 (%) (median (range)) 0.6 (0–29.9)
Supine time pH ,4 (%) (median (range)) 0 (0–47.2)
Upright time pH ,4 (%) (median (range)) 0.7 (0–47.9)

Maintenance PPI dose (mg) (median (range)) 20 (20–80)

BO, Barrett’s oesophagus; PPI: proton pump inhibitor.
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Ambulatory intraoesophageal pH monitoring
Median values for pH testing were as follows: total per cent
time pH ,4 was 0.6% (range 0–29.9%), upright per cent time
pH ,4 was 0.7% (range 0–47.9%), and supine per cent time
pH ,4 was 0.0% (range 0–47.2%). Twenty six of the BO
patients (74.3%) treated with rabeprazole had a normal pH
study (median total per cent time pH ,4 0.2%). However,
nine patients had an abnormal result (median total per cent
time pH ,4 9.9%) and thus failed to achieve normalisation of
their 24 hour intraoesophageal pH. Thus 26% of BO patients
who were enrolled in this study exhibited pathological reflux
despite high dose PPI therapy. Five of these nine patients also
had abnormal acid reflux in the supine position (pH ,4 for
.1.5% of the supine period) whereas seven of these nine
patients had abnormal acid reflux in the upright position (pH
,4 for .6.3% of the upright monitoring period). Also, three
patients who had cumulative acid exposure within the
normal range for the entire monitoring period had abnormal
acid reflux in the supine position. Therefore, the total number
of patients with any abnormal pH value (that is, total, supine,
or upright was 12 (34.2%)).

Efficacy of ablative therapy
Complete endoscopic and histological reversal was documen-
ted in 29 (82.8%) patients on first surveillance endoscopy
post ablation therapy. At a long term follow up of at least two
years, complete endoscopic and histological reversal was
achieved in 24 (68.5%) patients. Endoscopic reversal was

achieved in 28 (80%) patients (that is, normal appearing
squamous epithelium on endoscopy). Biopsies of the treated
Barrett’s segments showed re-epithelialisation with typical
stratified squamous mucosa. All specimens of this squamous
tissue resembled normal squamous mucosa characterised by
thin, flat, polygonal cells (fig 3). BO was successfully ablated
in 12 of 16 (75%) patients treated with MPEC and in 12 of 19
(63%) patients treated with APC. There was no statistically
significant difference in the number of patients that achieved
complete reversal in either group (p = 0.49). The mean
number of endoscopic sessions required was 3.8 in the
MPEC group and 3.4 in the APC group (p = 0.48). There was
no statistically significant difference in the groups of BO
patients treated with MPEC and APC with regard to age
(p = 0.18), length of BO (p = 0.52), HH size (p = 0.44),
24 hour pH results (p = 0.90), PPI dose (p = 0.27), number
of endoscopic ablation treatments (p = 0.76), or number of
patients that had complete (endoscopic and histological)
reversal of BO (p = 0.49) (table 2). There was no instance of
dysplasia or cancer in the initial post ablation surveillance
biopsy specimens taken from the entire neosquamous zone.
No analysis with regard to H pylori infection was performed as
the number of patients infected was too low to allow any
reasonable assessment of this variable.

Predictors of reversal of BO with ablative therapy
The mean number of endoscopic treatments in patients who
achieved complete reversal of BO and in patients who
demonstrated residual intestinal metaplasia was 3.6 and
4.3, respectively. There was no significant difference
(p = 0.32) in the number of treatments in these two groups
of patients. There was also no significant difference in BO
length (p = 0.85), total per cent time pH ,4 (p = 1.0),
abnormal total per cent time pH ,4 (p = 1.0), HH size
(p = 0.22), or maintenance PPI dose (p = 0.57). Similarly,
there was no association between type of ablation therapy
(p = 0.49) and ability to achieve complete reversal of BO
(table 3). There was also no significant difference in the
group of patients that achieved complete reversal of BO
treated with MPEC compared with those treated with APC.
The factors evaluated included age, number of treatments,
BO length, total per cent time pH ,4, abnormal total per cent
time pH ,4, HH size, and maintenance PPI dose (table 4).
Differences between groups were tested using univariate and
multivariate logistic regression analysis.

Complications
No major complications, such as gastrointestinal bleeding or
perforation, were observed in the study group. Eighteen
patients (nine in the MPEC group and nine in the APC group)
complained of sore throat, seven patients (five in the MPEC
group, two in the APC group) complained of difficulty
swallowing post procedure, 10 patients (six in the MPEC

Figure 3 Photomicrograph of post ablation therapy biopsy specimen of
former Barrett’s segment showing neosquamous epithelium
(haematoxylin-eosin, 406).

Table 2 Patient characteristics by treatment group

MPEC (n = 16) APC (n = 19) p Value

Age (y) 60 (42–68) 65 (32–84) 0.18
BO length (cm) median(range) 3 (2–6) 4 (2–6) 0.52
Hiatal hernia size (cm) (median (range)) 3 (0–6) 3 (1–5) 0.44
24 hour pH monitoring

Total time pH ,4 (%) (median (range)) 0.6 (0–29.9) 0.6 (0–23.9) 0.90
Supine time pH ,4 (%) (median (range)) 0 (0–39.6) 0.05 (0–47.2) 0.51
Upright time pH ,4 (%) (median (range)) 0.95 (0–47.9) 0.65 (0–15.8) 0.57

Maintenance PPI dose (mg) (median (range)) 20 (20–60) 40 (20–80) 0.27
No of endoscopic treatments (median (range)) 4 (2–6) 3 (2–6) 0.76
No of patients with BO reversal (%) 12 (75.0) 12 (63.1) 0.49

(endoscopic and histological ablation)

BO, Barrett’s oesophagus, PPI, proton pump inhibitor.
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group, four in the APC group) had chest pain, two patients
complained of epigastric pain post procedure, and one patient
in the APC group had low grade fever post ablation. One
patient treated by APC developed an oesophageal stricture
that was treated successfully with a single dilatation.

DISCUSSION
In view of the rapid increase in the incidence of OAC, the
search for effective strategies of screening and prevention of
OAC has assumed importance.17 18 The current approach of
endoscopic screening and surveillance is labour intensive,
expensive and, for the most part, unproven.19 A technique
that can eliminate BO and its risk of cancer remains
desirable. Ablation of BO involves destruction of epithelium
using a variety of endoscopic modalities and maintenance of
an acid reduced environment. It has been shown that if the
metaplastic epithelium is ablated endoscopically and subse-
quently healed in an acid reduced environment, the
neoepithelium may be normal squamous mucosa.

MPEC,14 20–22 APC,23–27 heater probe,28 Nd-YAG, argon, and
KTP laser29 30 are different forms of thermal energy that have
been utilised endoscopically in an effort to reverse BO.
However, long term results of ablation, durability, and

comparative efficacies are not known. We studied 35 patients
with BO that were randomised by length to undergo ablation
with MPEC or APC every 4–8 weeks in combination with acid
suppression until endoscopic reversal or a maximal of six
treatment sessions was achieved. All patients underwent
24 hour oesophageal pH monitoring to evaluate intra-
oesophageal acid suppression on PPI therapy (rabeprazole
20 mg twice daily). This study demonstrates that BO can be
completely reversed (endoscopic and histological) and main-
tained in approximately 70% of patients at long term follow
up of at least two years. In this study, no specific patient
characteristics, including age, BO length, HH size, acid
control during high dose PPI therapy, or type of ablative
therapy (MPEC or APC) were significantly associated with
incomplete reversal of BO. There were no major complica-
tions that were observed and one patient developed an
oesophageal stricture that was treated successfully with
dilatation.

Thermocoagulation of the columnar epithelium can be
achieved using an electrocoagulation probe. Mucosal areas
are treated until a uniform white coagulum appears and,
compared with other ablation modalities, it is relatively
widely available and inexpensive. Side effects appear limited

Table 3 Comparison of data between patients with complete reversal of Barrett’s
oesophagus and patients with residual intestinal metaplasia (IM) post ablation

Complete reversal
(n = 24)

Residual IM
(n = 11) p Value

Age (y) (median (range)) 61.5 (32–78) 66 (42–84) 0.13
No of treatments (median (range)) 3 (2–6) 5 (2–6) 0.32
BO length (cm) (median (range)) 3.5 (2–6) 3 (2–6) 0.85
24 hour pH monitoring

Total time pH ,4 (%) (median (range)) 0.5 (0–29.9) 0.7 (0–28.2) 1.0
Supine time pH ,4 (%) (median (range)) 0 (0–47.2) 0 (0–39.6) 0.54
Upright time pH ,4 (%) (median (range)) 0.6 (0–47.9) 1.1 (0–22.1) 0.76

No of patients with normal total pH study (%) 18 (75) 8 (72.7) 1.00
Abnormal 6 (25) 3 (27.3)

No of patients with normal supine pH study (%) 20 (83.3) 7 (63.6) 0.22
Abnormal 4 (16.7) 4 (36.4)

No of patients with normal upright pH study (%) 18 (75) 10 (90.9) 0.39
Abnormal 6 (25.0) 1 (9.1)

Hiatal hernia size (cm) (median (range)) 3 (0–6) 3 (1–5) 0.22
Maintenance PPI dose (median (range)) 30 (20–60) 20 (20–80) 0.57
Ablation therapy

APC 12 (50.0) 7 (63.6) 0.49
MPEC 12 (50.0) 4 (36.4)

BO, Barrett’s oesophagus; PPI, proton pump inhibitor; APC, argon plasma coagulation; MPEC, multipolar
electrocoagulation.

Table 4 Comparison between patients treated with argon plasma coagulation (APC) and
multipolar electrocoagulation (MPEC) that achieved complete reversal of Barrett’s
oesophagus (BO)

APC
(n = 12)

MPEC
(n = 12) p Value

Age (y) (median (range)) 62 (32–78) 60 (44–67) 0.51
No of treatments (median (range)) 3 (2–6) 4 (2–6) 0.48
BO length (cm) (median (range)) 3.5 (2–6) 3.5 (2–6) 0.81
24 hour pH monitoring

Total time pH,4 (%), median (range) 1.3 (0–23.9) 0.3 (0–29.9) 0.56
Supine time pH,4 (%), median (range) 0 (0–47.2) 0 (0–39.6) 0.3
Upright time pH,4 (%), median (range) 0.7 (0–15.8) 0.4 (0–47.9) 0.78

No of patients with normal total pH study (%) 10 (55.6) 8 (44.4) 0.64
Abnormal 2 (33.3) 4 (66.7)

No of patients with normal supine pH study (%) 9 (45.0) 11 (55.0) 0.59
Abnormal 3 (75.0) 1 (25.0)

No of patients with normal upright pH study (%) 10 (55.6) 8 (44.4) 0.64
Abnormal 2 (33.3) 4 (66.7)

Hiatal hernia size (cm) (median (range)) 3 (1–5) 2.5 (0–6) 0.97
Maintenance PPI dose (median (range)) 30 (20–60) 30 (20–60) 0.87

PPI, proton pump inhibitor.
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but include transient dysphagia, odynophagia, chest dis-
comfort, and oesophageal stricture formation.31 In a multi-
centre study, Sampliner and colleagues22 studied 58 patients
with BO that were treated with MPEC and high dose PPI
therapy. Eighty five per cent had endoscopic reversal and 78%
had both endoscopic and histological reversal. APC is a device
used to perform thermal coagulation of tissue. It is a non-
contact electrocoagulation device that uses a high frequency
monopolar current, which is conducted to tissue via an
ionised argon gas. This therapy is purported to have a more
superficial depth of tissue injury than PDT or laser. However,
unintended contact with the oesophageal mucosa may lead
to deeper tissue damage. Reported complications rates have
ranged between 0% and 24%. These include pneumatosis,
pneumoperitoneum, subcutaneous emphysema, pain, ulcera-
tion, stricture formation, bleeding, perforation, and death.31

Van Laethem et al used APC in 31 patients with BO
maintained on omeprazole 40 mg daily.23 Visual elimination
of BO was achieved in 81% of patients. However, complete
reversal of intestinal metaplasia was achieved in only 19
patients (61%). Only a few studies have long term follow up
on their patients treated with ablation therapy. Kahaleh et al
evaluated the long term outcomes (median follow up
36 months) in patients who underwent APC for BO. Thirty
nine patients with BO (seven with LGD) underwent APC and
received PPI therapy. By 12 months, over 50% of patients,
regardless of PPI dose, had endoscopic or histological relapse.
Two cases of cancer developed in the cohort.32 In a long term
follow up study of 11 patients (including four with LGD), BO
was eliminated after mucosal ablation with MPEC and acid
control. Complete reversal (endoscopic and histological) was
achieved in 73% of patients. Durability of the new squamous
mucosa was documented over a mean follow up of three
years.20

There is also a paucity of data on comparison of different
treatment modalities. In a recent study, Dulai et al studied 52
BO patients that were randomised to treatment with APC or
MPEC combined with high dose PPI therapy. There was no
statistically significant difference between the two groups
with regard to the mean number of treatments and efficacy
to achieve endoscopic and histological reversal of BO.33 Hage
et al compared 5-aminolevulinic acid (ALA) PDT with APC in
40 patients, with a combination of metaplastic (n = 32) and
LGD (n = 8) on histology. Two different treatment regimens

were used for PDT and APC was administered at 65 W. The
study reported that fractionated PDT was marginally less
effective than APC and that fractionated PDT was as effective
as APC, although APC was cheaper and associated with less
discomfort during treatment.34

Acid suppression is essential for ablation although the
degree of control required is controversial. It has been
assumed that normalisation of oesophageal acid exposure is
essential for complete Barrett’s mucosa reversal.35 Prior
studies have shown that BO can be completely reversed with
endoscopic ablation therapy despite abnormal oesophageal
acid exposure and patients can fail reversal even with normal
oesophageal acid exposure.14 21 23 36 Shorter length of BO and
a normalised pH on PPI are predictors of successful
ablation.23 27 32

A few limitations of this study merit consideration. As
endoscopists cannot be blinded to the treatment group, there
is a potential for observer bias in determining one of the end
points of interest: endoscopic ablation. The study was
conducted in an older male veterans population and hence
effect of age and sex may be difficult to assess. Although the
sample size was predetermined, recruitment of 40 patients
was not possible. However, given the rates of BO ablation
observed in this study (MPEC 75% and APC 63%) recruit-
ment of an additional five patients would not change the
results. On basis of these results a significant difference could
only be detected if 496 subjects were enrolled (80% power, 5%
significance, Fisher’s exact test). A large multicentre trail will
be needed to study the difference between these two ablative
techniques. Patients with a BO length of .6 cm were not
included in the study and oesophageal motility studies and
multichannel intraluminal impedance monitoring was not
performed. Finally, the effect of PPI therapy on duodenogas-
tric reflux (bile reflux) with or without acid and intragastric
acid suppression on PPI therapy in these patients was not
measured.

One of the important questions that remains unanswered
is whether ablation can decrease the risk of OAC. Persistence
of underlying intestinal metaplasia (fig 4) after ablation is
not specific for MPEC or APC and a number of investigators
using various modes of ablative techniques, including PDT
and argon laser have reported this finding.20–23 37 38 Residual
intestinal metaplasia carries with it the potential to progress
to dysplasia and/or adenocarcinoma.39 40 Therefore, surveil-
lance endoscopy with procurement of biopsies from the area
of former Barrett’s is currently recommended, even after
reversal therapy. The ability of ablation therapy to decrease
the cancer risk of patients with BO can be proved only if these
patients are followed long term, but given that 30% of
patients have persistent intestinal metaplasia, this appears
unlikely.

What is the current clinical implication of these ablative
techniques? Currently, ablative therapy may be considered in
patients with HGD or intramucosal carcinoma that are not
operative candidates or those that prefer a non-surgical
approach to their disease. In patients with HGD/early OAC
undergoing ablation with PDT or undergoing endoscopic
mucosal resection, APC or MPEC can be used to ablate the
surrounding non-dysplastic tissue. Endoscopic ablation
therapy is not for all patients with BO as a minority will
progress to HGD and/or cancer. Identifying this subgroup of
patients should be the first step for selecting candidates for
reversal therapy. Further research may identify biological
markers to better define the subset of patients appropriate for
such a therapeutic approach. The natural history of BO, risk
factors for progression, level of acid suppression required for
treatment and maintenance of neosquamous epithelium,
efficacy of different ablation techniques, and documentation
of decreased cancer risk are a few important issues that

Figure 4 Photomicrograph of post ablation therapy biopsy specimen
showing the presence of intestinal metaplasia underlying neosquamous
epithelium (haematoxylin-eosin with alcian blue at pH 2.5, 406).
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should be addressed in future studies. Until then, these
techniques are not ready for clinical application (other than
for HGD or early OAC) and cannot be offered outside the
research arena.
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