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Mucosal ablation of Barrett esophagus

Irving Waxman and Vani J. A. Konda

Abstract | The management of Barrett esophagus is evolving with the emergence of new endoscopic
technologies. Traditionally, patients with high-grade dysplasia or cancer were referred for esophagectomy.
However, with the advent of endoscopic ablative therapies for Barrett esophagus, the treatment paradigm has
shifted. Patients with high-grade dysplasia and intramucosal carcinoma are increasingly offered esophagus-
sparing therapies. Endoscopic ablative therapies can be categorized into tissue-acquiring and non-tissue-
acquiring modalities. Visible lesions in the setting of dysplasia should be treated with a tissue-acquiring
modality to stage and resect the lesion appropriately. One or more modalities may be used to eradicate the
entire region of affected esophagus totally. Total eradication treats all of the at-risk epithelium and, therefore,
treats any metachronous or synchronous lesions. Success of treatment may be gauged by complete remission
of cancer, dysplasia, or Barrett esophagus. In addition to procedure-related complications, the risk of residual
Barrett esophagus or subsquamous Barrett esophagus remains to be addressed. Endoscopic surveillance and

acid suppression is still currently required after ablation.
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Learning objectives

Upon completion of this activity, participants should be able to:

1 Describe the prognosis of Barrett’s esophagus.

2 Distinguish the most effective treatment for Barrett’s
esophagus with high-grade dysplasia and visible lesions on
endoscopy.

3 Describe the technique and efficacy of endoscopic mucosal
resection.

4 Compare newer ablative therapies for high-grade dysplasia
associated with Barrett’s esophagus.

Introduction

Barrett esophagus occurs when the normal squamous
lining of the esophagus undergoes conversion to
specialized, intestinal, columnar epithelium. The inci-
dence of esophageal adenocarcinoma in patients with
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nondysplastic Barrett esophagus is approximately 0.5%
per year.! The only feature that is currently widely
accepted as a clinical marker of risk of progression to
cancer is the presence of high-grade dysplasia on histo-
logical examination of esophageal biopsy specimens. The
risk of progression to adenocarcinoma among patients
with high-grade dysplasia and Barrett esophagus is
approximately 6.6 cases per 100 patient-years.>
Traditional management of patients with Barrett
esophagus involved surveillance protocols for those
without dysplasia or with low-grade dysplasia. Patients
who had high-grade dysplasia or resectable cancer
underwent esophagectomy. Over the past few years,
this approach to management of Barrett esophagus has
changed, owing to the emergence of endoscopic ablative
therapies. Patients with Barrett esophagus and high-
grade dysplasia or intramucosal carcinoma are now
offered esophagus-sparing therapies at centers where
these advanced endoscopic therapies are available.

The role of endoscopic therapy

Traditionally, patients with Barrett esophagus and high-
grade dysplasia underwent immediate esophagectomy
because of the estimated risk that 40% of such patients
harbored occult cancer.*> A 2008 systematic review
analyzed the risk of esophageal cancer in 441 patients
with Barrett esophagus and high-grade dysplasia who
underwent prophylactic esophagectomy for treatment of
their high-grade dysplasia. Although the pooled, average
rate of occult adenocarcinoma in the esophagectomy
specimens was 39.9%, the rate of proven invasive cancer,
as defined by the presence of submucosal invasion or
beyond, was only 12.7%.? The remainder of the adeno-
carcinomas were intramucosal carcinomas, which have
a low risk of nodal metastasis (approximately 0-3%) and
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Key points

= Total eradication of Barrett esophagus provides treatment not only for known
lesions, but also for metachronous and synchronous lesions in the remainder
of the at-risk epithelium

= Visible lesions in the setting of high-grade dysplasia or intramucosal carcinoma
should be treated with a tissue-acquiring modality to stage and treat the lesion
appropriately

= Ablative therapies, such as photodynamic therapy, radiofrequency ablation and
cryotherapy, hold promise for the treatment of Barrett esophagus

= The diagnosis of neoplasia in Barrett esophagus should be confirmed by expert
gastrointestinal pathologists

may be amenable to local therapy, such as endoscopic
mucosal resection.®” Given that risk of mortality for
patients who undergo esophagectomy is approximately
3-4%, even in experienced centers, the risk:benefit ratio
of using endoscopic approaches to treat high-grade dys-
plasia and intramucosal carcinoma was comparatively
reduced.® Improved understanding of the risk of occult
invasive cancer and advances in endoscopic technolo-
gies have, therefore, provided the rationale for the use
of endoscopic therapy to manage high-grade dysplasia
and intramucosal carcinoma in patients with Barrett
esophagus.’ The low risk of cancer for patients with
Barrett esophagus without dysplasia or with low-grade
dysplasia, combined with the risk of possible complica-
tions that are associated with endoscopic therapy, sug-
gests that ablative therapies do not provide the same level
of benefit to this group of patients as they do for patients
with high-grade dysplasia.'’

Appropriate evaluation before treatment
Screening endoscopies are performed in patients with
long-standing reflux to look for endoscopic and histo-
logical evidence of Barrett esophagus. Patients who
have Barrett esophagus then undergo surveillance
endoscopies to look for neoplasia. The standard endo-
scopic protocol for mapping and surveillance of Barrett
esophagus involves biopsy of all visible lesions as well
as four-quadrant mapping biopsies every 1-2 cm to
look for evidence of occult neoplasia. In patients with
known high-grade dysplasia, mapping biopsies should be
performed every 1 cm.

All biopsy specimens with dysplasia should be
evaluated by an expert gastrointestinal pathologist.
Nevertheless, significant variation in pathological
interpretation and poor interobserver agreement, even
between expert gastrointestinal pathologists, has been
reported.’ Even when protocols for biopsy of Barrett
esophagus are correctly followed, sampling error is
still a concern as the vast majority of the epithelium
is not sampled.

In addition to high-grade dysplasia, other factors that
can increase the risk of harboring adenocarcinoma in
an individual with Barrett esophagus have also been
identified. The length of the Barrett esophageal segment
and the presence of multifocal high-grade dysplasia,

visible lesions, large hiatal hernias and a de novo diag-
nosis of Barrett esophagus with high-grade dysplasia
have all been associated with an increased risk of adeno-
carcinoma.>'?'* The classification of Barrett esophagus
on the basis of the endoscopic appearance of visible
lesions is now becoming increasingly standardized
between countries, and nonprotruding lesions are typi-
cally thought to be associated with a raised risk of adeno-
carcinoma. The updated Paris endoscopic classification
of superficial neoplastic lesions is based on the Japanese
scheme for classification of gastric lesions.'>¢

According to the updated Paris classification, lesions
identified as superficial on the basis of their endoscopic
appearance can be graded as either protruding, pedun-
culated (type 0-Ip), protruding sessile (0-Is), slightly ele-
vated (0-IIa), completely flat (0-IIb), slightly depressed
(0-TIc), excavated (0-II), or of a mixed pattern.'®* Among
focally resected visible lesions, type 0-1p and type 0-IIc
lesions are associated with an increased risk of sub-
mucosal penetration of carcinoma.'” Standard endo-
scopic procedures for obtaining biopsy samples have
several limitations, including limited tissue sample size
and depth, and artifacts that result from compression
of the specimen. Appropriate diagnosis and staging of
visible lesions in Barrett esophagus is, therefore,
achieved by use of endoscopic mucosal resection (EMR)
or endoscopic submucosal dissection—techniques that
yield large and intact tissue specimens and can provide
a more reliable diagnosis than is possible with standard
procedures. These techniques are discussed in further
detail below.

In the absence of visible lesions, the Barrett esophageal
mucosa can be further characterized by use of enhanced
endoscopic imaging. Areas suspected to include high-
grade dysplasia or intramucosal carcinoma may be
examined with modalities such as magnification endo-
scopy, high-resolution endoscopy, narrow band imaging,
multiband imaging, autofluorescence imaging and
chromoendoscopy. By use of magnification chromo-
endoscopy with indigo and carmine dye-staining and
narrow band imaging, Sharma et al. demonstrated that
the presence of an irregular, distorted pattern accurately
predicts the presence of high-grade dysplasia.'®!? Such
enhanced endoscopic imaging modalities not only accu-
rately characterize mucosa in the absence of lesions, but
may also be less time-consuming than standard endo-
scopic techniques that require four-quadrant biopsies to
be obtained every 1-2 cm. These methodologies, there-
fore, serve as an important adjunct to standard biopsy
protocols. Further staging of Barrett esophagus may
be performed with use of endoscopic ultrasonography
and/or a CT scan before endoscopic therapy of lesions
is initiated.

Endoscopic ablative therapies

Endoscopic ablative therapies can be divided
into tissue-acquiring and non-tissue-acquiring methods.
Tissue-acquiring methods include focal EMR, complete
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eradication of Barrett esophagus by EMR and endoscopic
submucosal dissection. Non-tissue-acquiring methods
include photodynamic therapy, radiofrequency ablation
and cryotherapy. Visible lesions in patients with Barrett
esophagus and high-grade dysplasia or intramucosal
carcinoma should be treated with a tissue-acquiring
modality so that lesions can be appropriately staged
and resected. After all areas of localized neoplasia are
removed and appropriately staged, the remainder of
the Barrett epithelium may be eradicated by ablation to
treat metachronous or synchronous lesions. Molecular
abnormalities can persist in the remaining epithelium
even after targeted ablation has been performed,
which is sufficient reason to treat the whole of the ‘at-
risk’ esophagus by complete eradication of the Barrett
esophagus epithelium.?

The success of therapy may be gauged by evidence
of complete remission of cancer in the case of tissue-
acquiring modalities, or remission of dysplasia or Barrett
esophagus for all ablative modalities. The occurrence of
complications during or after the endoscopic procedure,
the presence of buried intestinal metaplasia on surveil-
lance endoscopy and progression to cancer are points of
particular concern. As increased experience with these
procedures is gained, assessments of 5-year survival will
offer an improved measure of the long-term outcome
of using endoscopic ablative therapies to treat lesions of
esophageal adenocarcinoma and their precursors. Some
centers are beginning to report 5-year survival rates for
patients who have received endoscopic therapies such
as EMR and photodynamic therapy; the results suggest
that endoscopic ablative therapy is a safe and curative
approach for the treatment of Barrett esophagus and
high-grade dysplasia or intramucosal carcinoma.?*?
Large studies with >5 years of follow-up might be
needed to assess how these endoscopic approaches affect
progression to cancer.

The myriad of nascent technologies in this arena is
exciting, but these technologies have varied potential
clinical applications and availability. The optimum
approach to the treatment of patients with Barrett
esophagus and high-grade dysplasia no longer involves
routine esophagectomy. Local expertise with the differ-
ent endoscopic modalities and patient-specific factors,
such as age, preferences and the presence of comorbidi-
ties, should guide decisions about whether an individual
undergoes intensive surveillance or esophagectomy,
or receives endoscopic management.”” The treatment
approach to Barrett esophagus with dysplasia should
be deliberate and have resources available to provide an
appropriate work-up and management. Given the rigor-
ous examination needed to detect neoplasia, the require-
ment for tissue-acquiring techniques, and the need to
monitor patients’ responses after administration of
ablative therapies, at this point in time these endoscopic
modalities are best provided by centers that have multi-
ple diagnostic and therapeutic modalities available and
in the context of clinical studies.

Tissue-acquiring ablative therapies

Advantages of a tissue-acquiring modality

The advantage of EMR compared with traditional endo-
scopic biopsy sampling is acquisition of a suitable histo-
logical specimen to stage disease and determine need for
further treatment. As mentioned above, biopsy speci-
mens obtained by conventional endoscopic approaches
have a limited size and depth, and include artifacts that
result from compression of the tissue. The differences
between intramucosal and submucosal carcinomas often
cannot be seen on histological examination of biopsy
specimens. EMR provides a specimen of sufficient area
and depth from which to make an accurate diagnosis.
En bloc resections obtained by EMR or ESD may allow
for a better assessment of lateral margins than can piece-
meal resections. Positive, lateral margins of the resection
area may be managed with further endoscopic treatment.
Positive, deep margins that penetrate into the submucosa
may, however, be an indication for esophagectomy.

Again, the importance of ensuring that histopatho-
logical analysis is performed by an expert gastrointestinal
pathologist who is experienced in Barrett esophagus
pathology must be highlighted. Factors such as duplica-
tion of the muscularis mucosa, a common feature of
Barrett epithelium, may contribute to misdiagnosis of the
depth of invasion.?* Evidence of lymphatic-vessel involve-
ment is correlated with increased risk of lymph-node
metastasis in esophageal squamous-cell carcinomas.?
Extrapolation of this finding to adenocarcinomas suggests
that histological evidence of lymphatic-vessel involvement
could be useful for stratification of cancer risk.

Some controversy exists about whether determination
of the depth of tumor invasion should use qualitative or
quantitative indices. Unlike the full-thickness specimens
obtained by esophagectomy, endoscopically resected
tissue might not include sample the entire submucosa and
the specimens themselves are subject to artifacts from
contraction and stretching. The submucosa (sm) can be
qualitatively divided into three layers—sm1, sm2 and
sm3, with sm1 indicative of ‘superficial submucosal inva-
sion. The quantitative, empirical cut-off for the super-
ficial submucosa of the esophagus is 200 pm. Regardless
of whether a quantitative or a qualitative approach is
used, the depth of submucosal invasion should somehow
be evaluated. One study demonstrated complete remis-
sion of Barrett esophagus in 95% of patients (n=19) with
low-risk submucosal adenocarcinoma lesions (sm1, mod-
erate to high differentiation with no vessel invasion, and
type I or II endoscopic lesions) who were treated with
endoscopic resection, with or without additional ablative
therapy.?® However, experience with endoscopic resec-
tion of esophageal adenocarcinomas with superficial sub-
mucosal invasion is limited, and the role of endoscopic
therapy of these lesions is yet to be defined.?”

Endoscopic mucosal resection
EMR may be accomplished with en bloc or piece-
meal resections. Commonly used EMR techniques
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lesions are promising. Complete remission of neoplasia
has been reported in 97-100% of cases.?"*-%¢

Ell et al. reported on their long-term experience with
EMR in 100 patents who had low-risk, early esophageal
adenocarcinoma lesions (<20 mm, types I, IIa, IIb or I,
with no lymphatic or vascular invasion, and moderate to
high differentiation).”” Complete remission was achieved
in 99% of patients. 11% of the cohort had metachronous
lesions that were successfully treated endoscopi-
cally. 5-year survival was 98%; the two deaths resulted
from causes other than esophageal cancer. No major
complications occurred in the study group.

Complete endoscopic mucosal resection

Complete Barrett eradication EMR (CBE-EMR) is a
technique that uses extended EMR to eradicate the
entire length of the Barrett esophagus epithelium. This
technique is used to treat all lesions that may be occult or
synchronous and should prevent the development of any
metachronous lesions as the entire at-risk epithelium is
removed. Several studies have investigated the effect of this
technique on Barrett esophagus. Seewald et al. described

Figure 1 | Endoscopic mucosal resection of a lesion with use of the cap-assisted
technique. a | A flat lesion of Barrett esophagus selected for endoscopic mucosal
resection. b | The mucosa is lifted with an injection of saline. ¢ | The lesion is then
resected using a cap-assisted snare technique. d | The resection site is carefully
inspected for complications.

can be injection-assisted, cap-assisted or ligation-
assisted.?® Injection-assisted techniques may be per-
formed either with an injection of saline and ‘free-
handed’ snare cautery to cut the tissue (also known as
an inject and cut approach), or with an injection of saline
and a dual-channel endoscope that uses forceps to grasp
tissue through one channel and a snare to resect the tissue
through the other channel (also known as an inject, lift
and cut approach). The cap-assisted technique uses a cap
that has a groove fitted on the tip of the endoscope. A
submucosal injection of saline causes the tissue to lift,
and a crescent-shaped snare is then inserted and placed
into the groove of the cap. Suction is applied, the snare
is closed, and cautery is applied to resect the tissue (also
known as a suck and cut approach, Figure 1). Ligation-
assisted resection may be performed by using a variceal
band to first ligate the target tissue before a snare is used
to resect it (also known as a band and cut approach).
Comparison of the cap-assisted and band-ligation tech-
niques revealed that they are equivalent in terms of their
safety, efficacy and the size of tissue specimen that they
can obtain.?**

A modified version of the ligation-assisted technique,
the multiband mucosectomy technique, uses a modified
multiband variceal ligator. This technique enables piece-
meal resections to be performed efficiently, because the
endoscope does not need to be withdrawn to place each
snare. However, the resection specimens obtained with
use of this technique are smaller in diameter than those
obtained with the standard ligation-assisted approach.*-*

Complications of EMR include stricture formation,
bleeding and, rarely, perforation. Most stenoses and
bleeding are amenable to endoscopic management. Initial
reports from studies that have used EMR to eradicate

effective ablation of Barrett esophagus in 12 patients by a
median of 25 sessions of CBE-EMR.” Peters et al. demon-
strated complete remission of Barrett esophagus in 89% of
patients (n=39) after a median of three sessions, Larghi
et al. demonstrated complete remission of Barrett esopha-
gus in 87.5% of patients (n=24) after a median of three
sessions and Lopes et al. described complete remission of
Barrett esophagus in 75.6% of patients (n=41) after the
first CBE-EMR session and in 90% of patients after
the second session.*** Esophageal stenoses occurred in
2-26% of cases in the above CBE-EMR studies, but all
were amenable to endoscopic treatment.**-*

Endoscopic submucosal dissection

Endoscopic submucosal dissection allows for en bloc
dissection of neoplastic lesions. This technique has
been predominantly used to remove superficial gastric
cancers in Japan. Endoscopic submucosal dissection may,
therefore, be a suitable modality to manage lesions that
are located at the gastroesophageal junction. However,
the use of this technique in the distal esophagus should
be approached with caution, given the potential for
reflux-induced submucosal fibrosis.** Yoshinaga et al.
performed endoscopic submucosal dissection at the
gastroesophageal junction in 24 patients for the treat-
ment of adenocarcinoma (15 of these patients had
Barrett esophagus). No recurrence of adenocarcinoma
was observed during the 30-month follow-up.*!

Non-tissue-acquiring ablative therapies
Photodynamic therapy

Photodynamic therapy is an ablation method that
involves exposure of the tissue to a photosensitizing agent
before light is delivered to it. This approach stimulates
the formation of oxygen radicals and subsequent cell
death. The photosensitizing agent approved by the FDA,
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porfimer sodium, is administered intravenously and
accumulates in esophageal tissue. 5-aminolevulinic acid
is another photosensitizing agent that is administered
orally and accumulates superficially in the mucosa. Light
is delivered to the tissue by use of either bare, cylindri-
cal diffusing fibers or balloon-diffusing fibers. Patients
need to avoid exposure of skin to sunlight after the pro-
cedure. Complications of photodynamic therapy include
skin photosensitivity, esophageal stricture, vomiting,
noncardiac chest pain and dysphagia.

Overholt et al. described their experience of admin-
istering photodynamic therapy to 103 patients (mean
follow-up 4 years).* Complete remission was achieved
in 78% of patients with high-grade dysplasia. The overall
rate of stricture formation was 30%.** A randomized,
controlled trial, which included 208 patients with Barrett
esophagus and high-grade dysplasia in the intention-to-
treat population, compared the effect of administration
of photodynamic therapy plus omeprazole with that of
omeprazole alone.?? After 5 years, complete remission
of high-grade dysplasia had been achieved in 77% of
patients who received combination therapy compared
with just 39% of patients who received omeprazole alone.
Of note, the rate of progression to cancer was lower in the
combination therapy group than it was in the omeprazole
monotherapy group (15% and 29%, respectively).?? In
this study, patients required up to three sessions to com-
plete therapy. No controlled trials have compared photo-
dynamic therapy and surgical therapy for the treatment
of Barrett esophagus; however, a retrospective study of
199 patients demonstrated that mortality and long-term
survival achieved by these modalities are comparable.*

As mentioned above, esophageal strictures occur
in approximately 30% of patients treated with photo-
dynamic therapy. The risk of stricture development
correlates with history of prior stricture, administra-
tion of EMR before photodynamic therapy, and use of
multiple photodynamic treatments in a given session.*
Whether esophageal strictures that develop after photo-
dynamic therapy are benign (that is, a consequence of
this treatment) or malignant (that is, owing to progres-
sion to adenocarcinoma) can be difficult to determine.
Buried glands contain foci of Barrett epithelium that are
covered by squamous epithelium and are another impor-
tant feature to identify. The significance of buried glands
is unknown, but the development of adenocarcinomas
under squamous epithelium has been reported.*>** In one
study that examined histological and pathological speci-
mens after photodynamic therapy, buried glands were
found under the squamous epithelium in 51% of patients;
27% of these harbored dysplasia or carcinoma.*

The ability of certain biomarkers to predict response
of Barrett esophagus to ablation, such as with photo-
dynamic therapy, has also been investigated. Panjehpour
et al. demonstrated that administration of photodynamic
therapy to patients with Barrett esophagus and high-grade
dysplasia significantly reduced expression of the trans-
cription factor p53 in the neosquamous epithelium.*”

REVIEWS

Figure 2 | Treatment of Barrett esophagus by radiofrequency ablation.

a | Endoscopic image that illustrates a segment of Barrett esophagus after a
circumferential application of radiofrequency ablation. b | Focal administration of
radiofrequency ablation to a tongue-like lesion of Barrett esophagus.

Prasad et al. determined that patients with a loss of
chromosome p16, as determined by fluorescence in situ
hybridization, were less likely to respond to photodynamic
therapy than were patients without such a loss.*® Future
investigations into different molecular markers that
predict response to therapy may help to stratify patients
who will probably respond to photodynamic therapy, and
may improve dosimetry for all patients. The development
of new photosensitizing agents may also improve the
risk:benefit ratio for photodynamic therapy.*’

Radiofrequency ablation

Radiofrequency ablation uses a balloon-based catheter,
such as that used by the Halo*® System (BARRX Medical
Inc., Sunnyvale, CA), which delivers a high-energy
pulse to the esophageal lining. An inflatable device that
is sequentially inflated at multiple levels of the esopha-
gus is used to determine the safest balloon size for the
patient. The ablated tissue, as depicted in Figure 2a, is
then removed by use of a scraping motion with a soft cap
on the endoscope. The circumferential balloon device
described above was subsequently supplemented with a
focal radiofrequency ablation device, the Halo? System,
also from BARRX Medical Inc., to treat residual areas of
Barrett esophagus (Figure 2b).

Porcine and human epithelia were successfully ablated
without causing submucosal injury by use of radiofrequency
ablation at 10]J/cm? and 12J/cm* The depth of ablation
correlates linearly with the density of energy delivered.
Complications associated with radiofrequency ablation
include chest pain, mucosal lacerations and stenosis.

The Ablation of Intestinal Metaplasia (AIM) trial
assessed the safety and efficacy of radiofrequency ablation
using the Halo*® System circumferential balloon device
in patients with Barrett esophagus. Complete remis-
sion was achieved in 70% of patients (n=48) with non-
dysplastic Barrett esophagus 12 months after treatment.”'
The AIM II trial used the Halo® System to treat residual
Barrett esophagus after administration of circumferential
radiofrequency ablation. With this approach, complete
remission was achieved in 98% of patients (n =69) with
Barrett esophagus without dysplasia.*® No evidence of
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buried glands was found on surveillance endoscopy in
any patient.*

A US, multicenter, registry study investigated 142
patients with Barrett esophagus and high-grade dys-
plasia who underwent radiofrequency ablation. 24 of
these patients had previously received EMR. Complete
remission of high-grade dysplasia was achieved in 90%
of patients with high-grade dysplasia and complete
remission of intestinal metaplasia was achieved in 54%
of patients.”® Shaheen et al. conducted a randomized,
controlled trial in 127 patients to compare the effi-
cacy of radiofrequency ablation with surveillance plus
administration of a PPI versus that of sham ablation with
surveillance plus administration of a PP1.>* 1 year after
administration of radiofrequency or sham ablation, 67%
of patients who received radiofrequency ablation had
achieved complete remission of dysplasia, compared with
0% of patients who received sham ablation. The rate of
esophageal stricture formation after radiofrequency abla-
tion was 6%—considerably lower than rates reported with
use of photodynamic therapy.

Gondrie et al. investigated the efficacy of radio-
frequency ablation for the treatment of Barrett esopha-
gus in patients who had a maximum pathological stage
of high-grade dysplasia after EMR of visible lesions.
After receiving stepwise circumferential and focal radio-
frequency ablation, complete remission of dysplasia and
intestinal metaplasia was reported in 100% of patients.”>*
An additional study by the same researchers examined
markers of apoptosis and proliferation, and evaluated
histological changes in the esophageal tissue of 10 patients
with high-grade dysplasia who received circumferential
followed by focal radiofrequency ablation. All patients
in this study achieved complete remission of their dys-
plasia and intestinal metaplasia, and no evidence of
buried glands was found in biopsy samples. Interestingly,
further analysis of the biopsy samples revealed altera-
tions in markers of cell proliferation and apoptosis and
demonstrated chromosomal abnormalities.”” The clinical
relevance of these changes are still unclear.

Cryotherapy

Cryotherapy uses a low-pressure spray of liquid nitrogen
to freeze the epithelium to a depth of 2mm. The spray is
applied focally to targeted areas, and freezing and subse-
quent thawing of this tissue disrupts its intracellular struc-
tures and causes ischemic necrosis. Cryotherapy requires
placement of a decompression tube in the lumen of the
esophagus to prevent overinflation. Therapy sessions may
be repeated every 4-6 weeks.

The use of cryotherapy to treat Barrett esophagus has
been less extensively studied than have other modalities,
but preliminary findings from studies of this modality
are promising. In one study, 11 patients with Barrett
esophagus that varied from no dysplasia to high-grade
dysplasia underwent cryotherapy. Complete remission of
Barrett esophagus was achieved in 78% of patients.® No
complications were reported and no evidence of buried

glands was found after 6 months. Other pilot studies
reported in abstract form have described cryotherapy to
be a relatively safe treatment for Barrett esophagus.>*

Argon plasma coagulation

Argon plasma coagulation uses a high-frequency, mono-
polar current of ionized argon gas to ablate the epithelium.
The depth of tissue injury is approximately 1-3 mm.
Adverse effects and complications include chest pain,
odynophagia and perforation of the esophagus. Many of
the initial studies that used argon plasma coagulation are
limited to the treatment of intestinal metaplasia; however,
a few studies have investigated this technique for the
treatment of dysplastic Barrett esophagus.

Studies that have combined argon plasma coagulation
with PPI therapy for nondysplastic Barrett esophagus
have reported success rates of 58-100%.5-** Two studies
examined the efficacy of argon plasma coagulation in
combination with surgical fundoplication for the treat-
ment of nondysplastic Barrett esophagus, with success
rates of 70-100%.5*%* Attwood et al. investigated the effi-
cacy of argon plasma coagulation for the treatment of
high-grade dysplasia; 22 of 29 patients (76%) achieved
complete remission of their Barrett esophagus.*®

On the basis of previous studies and experience, we
now know that argon plasma coagulation should not be
used to treat nondysplastic Barrett esophagus because
of the high rate of relapse, continued progression to
cancer, and a poor risk:benefit ratio.*** Currently, argon
plasma coagulation is reserved as a ‘touch up’ therapy to
treat areas of intestinal metaplasia left behind by other
ablative modalities.*!

Multipolar electrocoagulation

Multipolar electrocoagulation was one of the earliest abla-
tive methods studied for the treatment of Barrett esopha-
gus. This technique uses a heated catheter to contact
the mucosa and to induce focal thermal injury. Studies
have demonstrated the ability of multipolar electro-
coagulation to eradicate Barrett esophagus; however, this
technique has now largely been replaced by other ablative
methods.®*”® The use of multipolar electrocoagulation
may be considered in patients with implantable devices,
such as defibrillators who have areas of focal or residual
Barrett esophagus that need to be ablated.

Laser therapies
Laser therapies use an intense beam of light to produce
a contact injury in the targeted esophageal epithelium.
Neodymium-doped yttrium aluminum garnet (Nd:YAG)
lasers produce an injury with a depth of 3-4 mm, whereas
potassium titanyl phosphate (KTP) lasers and KTP YAG
lasers produce an injury with a depth of 1 mm.
Complications of laser therapy include retrosternal
pain, dysphagia, odynophagia, nausea, vomiting, fever,
epigastric pain, sore throat, headache, esophageal stric-
tures, bleeding and esophageal perforation. Short-term
success rates for the treatment of Barrett esophagus
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with use of laser therapy have been variable. The rate of
residual Barrett esophagus in patients after this treatment
ranges from 0% to 85%, and rates of buried glands range
from 0% to 90%.”'7

Management of complications

Specific complications associated with each of the abla-
tive therapies have been mentioned above. The overall
complication profile of endoscopic therapy is better than
that of esophagectomy. Appropriate endoscopic manage-
ment of Barrett esophagus requires the availability of
accessible resources to evaluate and manage potential
immediate and delayed complications. Esophageal-
stricture formation is a common complication of several
ablative modalities, but can be treated endoscopically
with dilation. Postprocedural admission for observa-
tion may be indicated in patients with severe chest pain.
Mucosal tears or lacerations may be endoscopically
managed with placement of covered stents or clips; these
complications can be evaluated immediately with radio-
logical procedures. Surgical expertise should be readily
available in the event of perforation.

Surveillance and maintenance of remission
Safe and effective eradication of the entire Barrett esopha-
gus epithelium has been made possible with increasing
experience of ablative modalities. Total eradication of
Barrett esophagus is advantageous in that the entire
at-risk epithelium is treated. Occult, synchronous lesions
and metachronous lesions that may develop subsequently
over time are, thereby, effectively managed. Thus, the
use of a technique or a combination of modalities to
achieve complete eradication of the Barrett esophagus
epithelium is more likely to maintain remission than are
local therapies.

Life-long surveillance by performance of biopsy sam-
pling throughout the location of the eradicated Barrett
esophagus is required to monitor for recurrence of this
condition, the presence of buried glands and the develop-
ment of neoplasia. All ablative therapies also need to be
accompanied by acid-suppression therapy, which pre-
vents injury of the distal esophagus, avoids recurrence
of Barrett esophagus and hence progression to dysplasia.
All patients who have received ablative therapy should,
therefore, also receive life-long, high-dose PPIs to control
reflux symptoms. Acid suppression may also decrease the
risk of progression to dysplasia in patients with Barrett
esophagus.” Improved understanding of how other
factors, such as genetic and molecular abnormalities,

influence the development of Barrett esophagus and neo-
plasia is also necessary. Increased understanding of under-
lying pathogenic factors might affect risk stratification
and management of patients in the future.

Conclusions

The development of endoscopic ablative therapies has
rapidly changed the management of Barrett esophagus.
Visible lesions in patients with dysplasia should be endo-
scopically resected to obtain a histological specimen with
which to properly stage disease and gauge treatment
response. Intramucosal carcinoma should be treated by
endoscopic mucosal resection; histopathological examina-
tion of deep and lateral margins will dictate whether the
lesion is amenable to endoscopic therapy and the need
for further treatment, respectively. Total eradication
of the Barrett esophagus epithelium would treat not only
the known lesions, but also any metachronous or syn-
chronous lesions in the remainder of the at-risk Barrett
epithelium. A combination of modalities might be needed
to achieve complete eradication.

Further investigations with endoscopic ablative thera-
pies are needed to characterize rates of clinical remission
of neoplasia and Barrett esophagus, long-term survival,
risk of buried glands, risk of progression to cancer, and
procedure-related complications of the different modali-
ties. Although the significance of buried glands is incom-
pletely understood, they can harbor dysplasia or even
cancer under squamous epithelium. Further studies are,
therefore, required to elucidate the role and consequence
of buried glands.

The role of ablative therapies for the treatment of low-
grade dysplasia and nondysplastic Barrett esophagus is
yet to be defined, and life-long surveillance remains the
current recommendation for affected patients. Although
further research into ablative technologies is required,
esophagus-sparing approaches will evidently become the
mainstay of therapy for patients with high-grade dysplasia
and intramucosal carcinoma.

Review criteria

MEDLINE and PubMed search engines were used
to select both original articles and review articles
published from 1990 to December 2008. Search

» o

terms were “Barrett esophagus”, “ablative therapies”,

n o«

“radiofrequency ablation”, “photodynamic therapy”,
“endoscopic therapy”, “endoscopic mucosal resection”,
and “cryotherapy”. Further articles were selected from
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