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ndoscopic Therapy for Barrett’s Esophagus

ICHARD E. SAMPLINER
outhern Arizona VA Health Care System, University of Arizona College of Medicine, Tucson, Arizona
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ecent retrospective cohort data and a prospective randomized
ham controlled trial have clearly documented the impact of
ndoscopic ablation therapy on dysplasia and Barrett’s esoph-
gus (BE). The clinical indications for ablation of BE includes
igh-grade dysplasia and intramucosal adenocarcinoma. The
echniques of resection of mucosal irregularities and of ablation
re reviewed, primarily thermal and photodynamic ablation.
blation of BE with neoplasia has appropriately entered the
linical arena.

ndoscopic therapy for Barrett’s esophagus (BE) has been
used for 20 years. It has been applied increasingly around

he world although it has been met with skepticism by some. A
ecent retrospective cohort series of surgery versus endoscopic
herapy and a prospective randomized sham controlled trial of
ndoscopic therapy have catapulted this intervention into the
linical arena. This article reviews the indications for BE abla-
ion; the techniques for ablation; their advantages, disadvan-
ages, and level of documentation; and the goals of endoscopic
herapy.

Retrospective cohorts from one high-volume institution
ave reported equivalent results from surgery and endoscopic
herapy for BE with high-grade dysplasia (HGD).1 Seventy pa-
ients underwent esophagectomy and 129 patients underwent
hotodynamic therapy (PDT). The majority of the PDT patients
lso underwent endoscopic resection (ER) of mucosal lesions.
he overall mortality in each group was similar (9%) over a
-year follow-up period. There were no deaths from esophageal
denocarcinoma in either cohort.

In addition, a prospective randomized sham controlled trial
f radiofrequency ablation (RFA) was conducted in 22 centers
nd has been reported in abstract form.2 The 1-year interim
nalysis of 101 patients with HGD and low-grade dysplasia
LGD) showed a reduction of neoplasia progression (LGD to

GD or HGD to cancer) from 19% to 5%. In addition, 77% of
reated patients had clearance of intestinal metaplasia (IM) (ie,
E) versus none in the sham arm. These 2 major studies

epresent the beginning of the documentation of the efficacy of
arrett’s ablation.

Indication for Endoscopic Ablation of
Barrett’s Esophagus
Careful T and N staging of neoplasia is necessary to

etermine if endoscopic ablation is appropriate for a patient.
atients with HGD do not have lymph node involvement.3

atients with intramucosal adenocarcinoma (IMC) have a 3% or

ess metastasis to lymph nodes (T1a). Once the cancer is beyond
he muscularis mucosa and into the submucosa (T1b), the rate
f nodal involvement is 15% or greater. Thus, HGD or early
denocarcinoma above the muscularis mucosa is eligible for
ndoscopic ablation. Spread below the muscularis mucosa usu-
lly is taken as an indication for surgery. However, there is a
9-patient series that suggests that endoscopic therapy of the
rst level of the submucosa (sm1) is beneficial. These patients
ad invasion of the upper third of the submucosa, no lym-
hatic or venous infiltration, histologically well or moderately
ifferentiated, and macroscopically not ulcerated.4 However,
lassifying submucosal penetration depth by thirds often is
naccurate because only part of the submucosa is available for
istologic assessment in ER specimens.5 Currently, the most
ffective T staging is accomplished by ER of any mucosal
rregularity. T staging is directly histologically determined. N
taging still is accomplished most accurately by endoscopic
ltrasound. Nodal involvement indicates that a patient with
denocarcinoma is not resectable for cure. With the histologic
ocumentation of adenocarcinoma, computed tomography of
he chest and abdomen also is appropriate for staging, espe-
ially for distant metastases.

LGD that is persistent and confirmed by a second expert
athologist also potentially is treated with ablation. The RFA
rial includes patients with LGD and shows a significant reduc-
ion in neoplastic progression. There is no justification for
blation of nondysplastic BE other than in a trial of novel
herapy. The neoplastic progression of nondysplastic Barrett’s
s less than the complication rate of any ablation technique.

Techniques of Endoscopic Ablation
ER has been discussed as a staging technique. It also

an be used to eliminate BE.6 When applied circumferentially,
trictures commonly occur. ER also has been used as a curative
herapy of early esophageal adenocarcinoma, defined as having

diameter of 2 cm or less, no lymphatic or vascular invasion,
nd well or moderately differentiated histologically.7 One hun-
red consecutive such patients were treated with ER and fol-

owed up for a mean of 3 years with a calculated 5-year survival

Abbreviations used in this paper: APC, argon plasma coagulation;
E, Barrett’s esophagus; ER, endoscopic resection; HGD, high-grade
ysplasia; IM, intestinal metaplasia; IMC, intramucosal adenocarci-
oma; LGD, low-grade dysplasia; MPEC, multipolar electrocoagulation;
DT, photodynamic therapy; PPI, proton pump inhibitor; RFA, radio-

requency ablation.
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ate of 98%. Sixty-nine percent of the patients had short-seg-
ent BE. The recurrent or metachronous cancer rate was 11%
ith successful re-treatment with ER. The great advantage of
R over mucosal ablation is that the tissue that is removed is
vailable for careful documentation of the stage of the lesion.

Thermal therapies have been the most common type of
blation therapy used. These include multipolar electrocoagu-
ation (MPEC), which was the earliest used; argon plasma co-
gulation (APC), which is the most commonly used; and RFA,
hich is the most recently used. MPEC and APC are basically
oint-and-shoot techniques, with MPEC requiring contact and
PC requiring near contact (within 1–1.5 mm of the mucosa for

he electrical charge distribution). RFA uses a 3-cm balloon
pecifically sized for the diameter of the esophagus for circum-
erential therapy and a focal device that fits over the tip of the
ndoscope with a 1.5- by 2-cm surface area.

In a preliminary trial of MPEC, only half of the circumfer-
nce of the BE segment was treated to document the ability of
blation and acid reduction to lead to squamous re-epithelial-
zation.8 The dose of proton pump inhibitor (PPI) was adjusted
o reduce the esophageal acid exposure to a pH lower than 4 for
ess than 4.2% of a 24-hour period. Subsequently successful
emoval of BE was documented in a larger series of patients: 22
f 27,9 14 of 14 patients with antireflux surgery,10 and 45 of 58
atients in a multicenter study.11

Twelve large trials of APC ablation of BE have been pub-
ished with sample sizes varying between 15 and 94 patients.
dditional trials have used APC in combination with laparo-

copic fundoplication.12,13 The most remarkable results were in
0 patients treated with high-power APC (90 W) and high-dose
PIs (omeprazole 40 mg 3 times a day)— 69 patients had com-
lete squamous regeneration.14 In a long-term follow-up eval-
ation of this same series— 66 patients followed up for a mean
f 51 months— only 12% of APC ablated patients had evidence
f IM on biopsy evaluation of endoscopically suspected BE.15

his firmly shows the durability of reversal of BE with ablation
nd PPI therapy. Eighty-three percent of these patients were
reated with a PPI adjusted to symptoms or laparoscopic fun-

Figure 1. Targeting all colum
oplication. Maintenance of a reduced acid environment in the b
sophagus seems important for maintenance of the new squa-
ous epithelium.
APC also has been used to treat HGD.16 In the largest series

9 patients were treated with APC with a mean follow-up
eriod of 37 months.17 Twenty-five patients had elimination of
GD and 22 patients had elimination of BE. Most importantly,

he estimated 5-year survival was 82%, which was not different
rom the expected survival of a similarly aged population. The

ajor limitation of MPEC and APC is the limited area treated.
he painting technique, withdrawing the endoscope with the

reatment catheter in position, is tedious and subject to both
verlap and missed areas. Major complications such as stric-
ure, bleeding, or perforation are very uncommon.

RFA has been applied to nondysplastic BE and to HGD in a
egistry and a randomized trial. In an open prospective study of
0 patients with BE, 70% of patients had BE eliminated at 1
ear.18 At a 30-month follow-up evaluation after additional
ocal ablation of histologic intestinal metaplasia (IM), 97% of
1 available patients had no residual IM by intention-to-treat
nalysis.19 A 3-cm balloon-based radiofrequency device was used
or circumferential ablation. A registry of 92 patients with
ocumented HGD underwent the same circumferential abla-
ion. At a median follow-up period of 12 months 90% had no
GD, 80% had no dysplasia, and 54% had no IM.20 There was
randomized, multicenter trial of RFA versus sham in BE

atients with dysplasia (LGD and HGD) reported in abstract
orm.2 All histology was centrally confirmed by an expert GI
athologist. Circumferential 3-cm balloon and focal (2 � 1.5
m) RFA ablation (Figure 1B) was used and accompanied by
wice-daily PPI. A total of 101 patients were assessed in a
2-month interval analysis.2 Neoplastic progression in the
ham arm was 18.5% (LGD to HGD, 3 of 19 patients; HGD to
ancer, 4 of 18 patients) versus 4.7% (LGD to HGD, 2 of 39
atients; HGD to cancer, 1 of 25 patients) (P � .05). In an

ntention-to-treat analysis 77% of these RFA patients had com-
lete elimination of IM versus none of the sham (P � .001).
FA has the advantage of treating a larger surface area than
PEC and APC. It also is subject to overlap and missed areas

ppearing esophageal lining.
ut is technically less challenging. Short-term follow-up evalu-
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tion suggests that perforation and bleeding are rare, and stric-
ure occurs in 6%.

PDT has been used to treat BE neoplasia. The largest ran-
omized trial of ablation therapy was performed in the United
tates using intravenous porfimer sodium as the photosensi-
izer accompanied by PPI therapy. A total of 205 patients with
GD were randomized 2 to 1 to PDT or no PDT. At 24 months

n the PDT arm 77% had no HGD versus 39% in the no-PDT
rm. In a secondary analysis, 13% in the PDT arm developed
ancer versus 28% in the non-PDT arm (P � .006).21 The 5-year
ollow-up evaluation of the study showed similar results: PDT
ignificantly reduces but does not eliminate cancer.22 The re-
uction of HGD, the primary end point of the study, is signif-

cant, but the variable natural history of HGD is shown in the
oss of HGD in the non-PDT arm.

In Europe an oral photosensitizer for PDT, 5-aminolevulinic
cid, has been applied with success; this was first reported in 32
atients23 and subsequently in 66 patients with HGD or early
ancer.24 In the latter trial with a mean follow-up period of 37
onths there were 8 local recurrences re-treated, but no tumor-

elated deaths. In a light dosimetry study 5-aminolevulinic acid
as used in patients with HGD, most successfully in the high-

st dose.25 Forty patients with LGD had dysplasia eliminated
ith 5-aminolevulinic acid.26 The effect was maintained in a
ean follow-up period of 53 months. At 3 years 1 patient

eveloped cancer in an untreated area of BE, highlighting the
eed to eliminate all BE. The advantages of 5-aminolevulinic
cid versus porfimer included brief skin photosensitivity (range,
days versus 3 months) and no stricture formation versus 30%.
The latest technique of ablation therapy applied to BE with

he least experience in human beings is cryotherapy. Two sys-
ems have been used: one sprays liquid nitrogen through an
pen-tip catheter,27 the other forces a cryogenic refrigerant
carbon dioxide) through a catheter that also provides vent-
ng.28 The former technique was used to treat 11 patients with
o dysplasia, LGD, or HGD. At the 6-month follow-up evalu-
tion 9 patients had BE eliminated. This technique also has
een used to treat early cancer and palliate more advanced
ancer.

The technical challenges of all modalities of endoscopic
herapy include experience with the modality, experience of the
perator, the availability of all the necessary accessories, and an

Figure 2. Technical challenges in a
xperienced assistant. Additionally, the treatment of the
sophagogastric junction and below the upper esophageal
phincter pose special challenges. The junction flares to the
ight and is not always easy to target. The upper esophagus is
elow the closing end of the sphincter, again a difficult to target
rea (Figure 2).

Choice of Endoscopic Therapy
Mucosal irregularity necessitates ER, so this technique

ust be in the armamentarium of someone performing endo-
copic therapy (Table 1).

The techniques of choice for elimination of all IM is a
unction of availability of equipment, cost, complications, and
he experience of the endoscopist. APC is the thermal technique
hat has been used most widely and is available in many endos-
opy laboratories for treating bleeding lesions. Excess applica-
ion time and/or excess pressure can uncommonly lead to
erforation.

RFA has the advantage of treating a larger surface area than
ther thermal techniques. This is obvious for the balloon, but is
lso true of the focal disease. Thus, although it is a contact
echnique, it is not a point technique. The major complication
ate also is low: 6% strictures versus 30% in PDT with porfimer
odium.

PDT has the highest-quality fully published data supporting
ts efficacy. Yet, its side-effect profile, technical difficulty, and
xpense are likely to lead to the elimination of its clinical use.

Goal of Endoscopic Therapy
The proximate goal of endoscopic therapy is to elimi-

ate neoplasia. The ultimate goal is to prevent the development

n therapy of Barrett’s esophagus.

able 1. Endoscopic Ablation Modalities

hermal
MPEC
APC
RFA ablation
Cryotherapy

hotodynamic therapy
5-aminolevulinic acid
Porfimer sodium
echanical

Endoscopic resection
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f invasive cancer. First eliminating the dysplasia or IMC is
mportant but insufficient. Residual IM means the potential for
he continued harboring of clonal abnormalities29,30 and the
ltimate development of recurrent dysplasia and potentially
denocarcinoma. Therefore, the pragmatic goal is to eliminate
ll IM (Figure 1A). This leads to the issue of IM buried under
eosquamous epithelium. In a recent extensive evaluation of
ore than 33,000 biopsy specimens in the PDT trial, the most

dvanced dysplasia was never solely beneath the squamous
vergrowth.31 Thus, with a 4-quadrant, 2-cm biopsy protocol,
he most advanced diagnosis always was present in a surface
arrett’s biopsy. Although yet to be proven, it is reasonable to
roject that the elimination of all IM will result in the avoid-
nce of progression to cancer.32 This is the underlying, if un-
tated, assumption of esophagectomy: eliminate the majority of
he organ, including the distal esophagus harboring IM, and a
ancer-free survival will result. This is also the assumption of
he result of eliminating all IM with endoscopic ablation. Pre-
iminary data supporting elimination of all IM comes from the

ost experienced group in the world reporting on endoscopic
herapy in 349 patients with HGD and mucosal adenocarcino-

a.32 In patients with ablative therapy after treatment of neo-
lasia 16.5% had metachronous neoplasia versus 29.7% in those
eceiving no ablation.

We have entered a new era of the more widespread applica-
ion of endoscopic therapy for HGD and IMC in BE. We still
wait the long-term follow-up data to document the effective-
ess of this form of therapy. The evidence is building and
linical practice is shifting.

References

1. Prasad GA, Wang KK, Buttar NS, et al. Long term survival
following endoscopic and surgical treatment of high grade
dysplasia in Barrett’s esophagus. Gastroenterology 2007;
132:1226–1233.

2. Shaheen NJ, Sharma P, Overholt RF, et al. A randomized, multi-
center, sham-controlled trial of radiofrequency ablation for sub-
jects with Barrett’s esophagus containing dysplasia. Gastroenter-
ology 2008;134:A-37.

3. Buskens CJ, Westerterp M, Lagarde SM, et al. Prediction of
appropriateness of local endoscopic treatment for high-grade
dysplasia and early adenocarcinoma by EUS and histopathologic
features. Gastrointest Endosc 2004;60:703–710.

4. Manner H, May A, Pech O, et al. Early Barrett’s carcinoma with
“low risk” submucosal invasion: long-term results of endoscopic
resection with a curative intent. Am J Gastroenterol 2008;103:
2589–2597.

5. Peters FP, Brakenhoff KPM, Curvers WL, et al. Histologic evalua-
tion of resection specimens obtained at 293 endoscopic resec-
tions in Barrett’s esophagus. Gastrointest Endosc 2008;67:
604–609.

6. Ell C, May A, Pech O, et al. Curative endoscopic resection of early
esophageal adenocarcinomas (Barrett’s cancer). Gastrointest
Endosc 2007;65:3–10.

7. Ell C, May A, Gossner L, et al. Endoscopic mucosal resection of
early cancer and high grade dysplasia in Barrett’s esophagus.
Gastroenterology 2000;118:670–677.

8. Sampliner RE, Fennerty MB, Garewal HS. Reversal of Barrett’s
esophagus with acid suppression and multipolar electrocoagula-
tion: preliminary results. Gastrointest Endosc 1996;44:532–
535.

9. Kovacs B, Chen Y, Lewis T, et al. Successful reversal of Barrett’s
esophagus with multipolar electrocoagulation despite inadequate

acid suppression. Gastrointest Endosc 1999;9:547–553.
0. Montes CG, Brandalise NA, Deliza R, et al. Antireflux surgery
followed by bipolar electrocoagulation in the treatment of Bar-
rett’s esophagus. Gastrointest Endosc 1999;50:173–177.

1. Sampliner RE, Faigel D, Fennerty MB, et al. Effective and safe
endoscopic reversal of nondysplastic Barrett’s esophagus with
thermal electrocoagulation combined with high-dose acid inhibi-
tion: a multicenter study. Gastrointest Endosc 2001;53:554–
558.

2. Morina M, Rebecchi M, Giaccones C, et al. Endoscopic ablation
of Barrett’s esophagus using argon plasma coagulation (APC)
following surgical laparoscopic fundoplication. Surg Endosc
2003;17:539–542.

3. Tigges H, Fuchs KH, Maroske J, et al. Combination of endoscopic
argon plasma coagulation and antireflux surgery for treatment of
Barrett’s esophagus. J Gastrointest Surg 2001;5:251–259.

4. Schulz H, Miehlke S, Antos D, et al. Ablation of Barrett’s epithe-
lium by endoscopic argon plasma coagulation in combination
with high-dose omeprazole. Gastrointest Endosc 2000;51:659–
663.

5. Madisch A, Miehlke S, Bayerdorffer E, et al. Long-term follow-up
after complete ablation of Barrett’s esophagus with argon plasma
coagulation. World J Gastroenterol 2005;11:1182–1186.

6. VanLaethem JL, Jagodzinski R, Peny MO, et al. Argon plasma
coagulation in the treatment of Barrett’s high-grade dysplasia
and in situ adenocarcinoma. Endoscopy 2001;33:257–261.

7. Attwood SEA, Lewis CJ, Caplin S, et al. Argon plasma coagulation
as therapy for high-grade dysplasia in Barrett’s esophagus. Clin
Gastroenterol Hepatol 2003;1:258–263.

8. Wakelin DE, Al-Mutawa TS, Wendel CS, et al. A predictive model
for length of Barrett’s esophagus with hiatal hernia length and
duration of esophageal acid exposure. Gastrointest Endosc
2003;58:350–355.

9. Fleischer DE, Overholt RF, Sharma VK, et al. Endoscopic ablation
of Barrett’s esophagus: a multicenter study with 2.5 year follow-
up. Gastrointest Endosc 2008;68:867–876.

0. Ganz RA, Overholt RF, Sharma VK, et al. Circumferential ablation
of Barrett’s esophagus that contains high-grade dysplasia: a U.S.
multicenter study. Gastrointest Endosc 2008;68:35–40.

1. Overholt B, Lightdale C, Wang K, et al. Photodynamic therapy
(PDT) with porfimer sodium for the ablation of high-grade dyspla-
sia in Barrett’s esophagus (BE): international, partially blinded
randomized phase III trial. Gastrointest Endosc 2005;62:488–
498.

2. Overholt BF, Wang KK, Burdick JS, et al. Five-year efficacy and
safety of photodynamic therapy with Photofrin in Barrett’s high-
grade dysplasia. Gastroenterologist 2007;66:460–468.

3. Gossner L, Stolte M, Sroka R, et al. Photodynamic ablation of
high-grade dysplasia and early cancer in Barrett’s esophagus by
means of 5-aminolevulinic acid. Gastroenterology 1998;114:
448–455.

4. Pech O, Gossner L, May A, et al. Long-term results of photody-
namic therapy with 5-aminolevulinic acid for superficial Barrett’s
cancer and high-grade intraepithelial neoplasia. Gastrintest En-
dosc 2005;62:24–30.

5. Mackenzie GD, Jamieson NF, Novelli MR, et al. How light dosim-
etry influences the efficacy of photodynamic therapy with 5-ami-
nolevulinic acid for ablation of high-grade dysplasia in Barrett’s
esophagus. Lasers Med Sci 2007;23:203–210.

6. Ackroyd R, Brown NJ, Davis MF, et al. Photodynamic therapy for
dysplastic Barrett’s oesophagus: a prospective, double blind,
randomised, placebo controlled trial. Gut 2000;47:612–617.

7. Johnston MH, Horwhat JD, Dubois A, et al. Endoscopic cryother-
apy in the swine esophagus: a follow up study. Gastrointest
Endosc 1999;49:AB126.

8. Pasricha PJ, Hill S, Wadwa KS, et al. Endoscopic cryotherapy:
experimental results and first clinical use. Gastrointest Endosc

1999;49:627–631.



2

3

3

3

R

e
T
6

C

720 RICHARD E. SAMPLINER CLINICAL GASTROENTEROLOGY AND HEPATOLOGY Vol. 7, No. 7
9. Garewal HS, Ramsey L, Sharma P, et al. Biomarker studies in
reversed Barrett’s esophagus. Am J Gastroenterol 1999;94:
2829–2833.

0. Krishnadath KK, Wang KK, Taniguchi K, et al. Persistent genetic
abnormalities in Barrett’s esophagus after photodynamic ther-
apy. Gastroenterology 2000;119:624–630.

1. Bronner MP, Overholt RF, Taylor SL, et al. Squamous over-
growth is not a safety concern for photodynamic therapy for
Barrett’s esophagus with high-grade dysplasia. Gastroenterol-
ogy 2009;136:56–64.

2. Pech O, Behrens A, May A, et al. Long term results and risk factor
analysis for recurrence after curative endoscopic therapy in 349

patients with high-grade intraepithelial neoplasia and mucosal
adenocarcinoma in Barrett’s oesophagus. Gut 2008;57:
1200–1206.

eprint requests
Address requests for reprints to: Richard E. Sampliner, MD, South-

rn Arizona VA Health Care System, 3601 South 6th Avenue (111G-1),
ucson, Arizona 85723. e-mail: Richard.Sampliner@va.gov; fax: (520)
29-4737.

onflicts of interest

The author received research support from BARRX Medical, Inc.

mailto:Richard.Sampliner@va.gov

	Endoscopic Therapy for Barrett's Esophagus
	Indication for Endoscopic Ablation of Barrett's Esophagus
	Techniques of Endoscopic Ablation
	Choice of Endoscopic Therapy
	Goal of Endoscopic Therapy
	References


