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4.1  Introduction

Since the recognition of Barrett’s esophagus as a 
precancerous condition, efforts have focused on 
its eradication. Aggressive acid suppression with 
medical or surgical anti-reflux therapy led to 
inconsistent results in regression of Barrett’s epi-
thelium. It has been observed that Barrett’s can 
revert to normal squamous epithelium when it is 
ablated and maximal acid suppression is main-
tained. This has led to initial reports of ablation 
of non-dysplastic Barrett’s using endoscopic 
laser therapy [1]. Subsequent efforts were focused 
on endoscopic therapy in Barrett’s patients with 
high-grade dysplasia (HGD) who were poor sur-
gical candidates as they are at highest risk of pro-
gression to cancer. Since then, ablative therapies 
have evolved and have become the mainstay of 
therapy for Barrett’s associated neoplasia.

Removal of dysplastic areas only without 
complete eradication of entire Barrett’s segment 
is associated with high risk of developing meta-
chronous neoplasia [2]. Hence, the current stan-
dard of management for Barrett’s includes 
endoscopic mucosal resection (EMR) of visible 
abnormalities followed by ablation to eradicate 

remaining Barrett’s epithelium with ongoing sur-
veillance. Although endoscopic therapy cannot 
cure neoplasms that have metastasized to regional 
lymph nodes, such nodal involvement is present 
in only 1–2 % of patients with intramucosal ade-
nocarcinoma in Barrett’s esophagus and there-
fore is useful in selected cases of intramucosal 
cancers. Currently, endoscopic therapy is recom-
mended in patients with HGD and intramucosal 
cancer and is considered in confirmed cases of 
low-grade dysplasia (LGD) as there is a higher 
risk of progression. In addition, there have been 
recent case series describing the use of endo-
scopic therapy in early submucosal cancers.

4.2  Ablative Techniques

The various available ablative therapies include 
radiofrequency ablation (RFA), photodynamic 
therapy (PDT), cryotherapy, argon plasma coag-
ulation (APC), and multipolar electrocoagulation 
(MPEC). What are the criteria of an ideal abla-
tion technique in Barrett’s esophagus? As 
described by Bergman et al. [3], firstly it should 
remove all dysplasia and intestinal metaplasia. 
Secondly, the neosquamous mucosa that devel-
ops after ablation should be free of oncogenetic 
abnormalities such as those present in the pre-
treatment metaplastic mucosa, and no residual 
areas of metaplastic columnar mucosa should 
remain hidden underneath it (“buried Barrett’s”). 
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Thirdly, it should be very precisely targeted at the 
mucosa without damaging the deeper layers, 
thereby minimizing complications and preserv-
ing the normal functional characteristics of the 
esophagus. Finally, it should be quick and easy, 
removing all Barrett’s mucosa, preferentially in 
one procedure. No such ideal ablation technique 
exists, but RFA has demonstrated efficacy, dura-
bility, and safety in multiple clinical trials mak-
ing it the preferred technique of ablation.

4.3  Radiofrequency Ablation

The most widely used ablation technique for 
Barrett’s dysplasia is RFA using HALO system 
first developed in 2000. Well designed, random-
ized controlled trials and subsequent experience 
have demonstrated its superior efficacy and 
safety profile in ablation of dysplastic Barrett’s. 
RFA is performed using the Barrx FLEX system 
(previously HALO FLEX system), which is com-
prised of two distinct types of ablation catheters: 
the circumferential ablation catheter or Barrx 360 
for primary ablation and focal ablation catheters 
which include Barrx 90, Barrx 90 ULTRA, and 
Barrx 60 and through the scope Channel RFA 
device. The FLEX generator is used for both cir-
cumferential and focal RFA (Fig. 4.1).

4.3.1  Technique

Circumferential ablation: The Barrx 360 ablation 
catheter consists of a 165-cm-long shaft with a 
balloon at its distal end that contains a 3-cm-long 
bipolar electrode. The electrode array encircles 
the balloon through which radiofrequency energy 
is applied, ablating the Barrett’s mucosa. The 
ablation catheter is available in five outer diame-
ters (18, 22, 25, 28, and 31 mm once inflated). 
After careful determination of landmarks and 
exam for visible abnormalities in the Barrett’s 
segment, the esophagus is cleaned by washing 
with 1 % acetylcysteine or water. Then, the diam-
eter of esophageal lumen at different levels is 
assessed by passing a sizing catheter over a 
guidewire. Based on the size of lumen, a Barrx 

360 catheter of appropriate size is selected and 
advanced over a guidewire. Under endoscopic 
visualization, the catheter is placed 1 cm above 
the most proximal extent of the BE and inflated 
after which radiofrequency energy is applied. 
Then, the catheter is moved distally and radiofre-
quency energy is delivered sequentially. Then, 
the ablation catheter is removed, and the coagu-
lum is scraped off with a cap attached to the tip of 
the endoscope. Subsequently, a second series of 
ablation is performed. Recently, a 4-cm-long cir-
cumferential 360 Express RFA Balloon catheter 
is developed which bypasses the need for sizing. 
Eight to twelve weeks after the first circumferen-
tial ablation treatment, patients undergo addi-
tional therapy with either Barrx 360 or Barrx 90 
depending on the extent of residual Barrett’s.

Focal ablation: Barrx 90 consists of 
20 × 13-mm-sized electrode mounted on the tip of 
endoscope and placed at the 12 o’clock position in 
the endoscopic video image. Then, the endoscope 
is passed, and radiofrequency energy (at 12 J/cm2 
in the United States and 15 J/cm2 in Europe) is 
applied twice after the endoscope is deflected and 
electrode is closely applied to the esophageal wall. 
Then, the coagulated tissue is scraped off with the 
catheter and ablation is repeated as described 
before. Simplified regimens without a cleaning 
phase in between have also been described. Barrx 
90 Ultra has a larger surface area and has potential 
application in patients with dilated and tortuous 
esophagus when close opposition with Barrx 360 
is not feasible. Barrx 60 and Channel catheter can 
be used in patients with esophageal strictures or 
tight upper esophageal sphincter.

After ablation, patients are on high-dose twice 
daily proton pump inhibitor therapy along with 
liquid sucralfate 4 times a day for 10–14 days. 
They stay on liquid diet for a day and advance to 
solid food as tolerated. Then, the procedure is 
repeated again in 2–3 months.

4.3.2  Efficacy

RFA is highly efficacious in eradication of 
 metaplasia (71–93 %) and dysplasia (91–100 %). 
The most compelling evidence for the use of RFA 
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Fig. 4.1 Radiofrequency ablation equipment. (a) Generator. (b) Catheters. (c) Before ablation. (d) After ablation
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in BE with dysplasia comes from AIM dysplasia 
trial [4], a US multicenter randomized sham- 
controlled trial of 127 patients. At 1-year follow-
 up, 81 % in HGD and 90 % in LGD had eradication 
of dysplasia. The effect seems to be durable with 
eradication of dysplasia persisting in more than 
85 % of patients at the end of 3 years [5]. Another 
study demonstrating efficacy of RFA comes from 
SURF trial, a randomized controlled trial of 136 
patients with confirmed LGD. At the end of 2 
years, RFA reduced risk of progression to HGD or 
cancer (1.5 % in RFA group vs. 26.5 %, in surveil-
lance arm p < 0.001) [6].

4.3.3  Complications

RFA is a safe procedure with few adverse events. 
The most commonly reported in order of decreas-
ing frequency are strictures (5 %), chest pain 
(3 %), and bleeding (1 %).

4.4  Cryotherapy

Cryotherapy is based on the principle of ablating 
Barrett’s tissue by application of a cryogen lead-
ing to extremely cold temperatures. Repeated 
cycles of rapid freezing followed by slow thaw-
ing lead to cell membrane rupture. Delayed 
injury includes tissue anoxia due to the loss of 

microcirculation and immune-related processes. 
There are two types of cryotherapy devices com-
mercially available: one is cryospray (CSA 
Medical) which uses liquid nitrogen delivered at 
−196 C (Fig. 4.2), and the other is Polar Wand 
(GI supply) which utilizes carbon dioxide gas 
cooled to −78 C. A recently developed simplified 
through the scope focal cryoballoon system (C2 
Therapeutics) is being studied for Barrett’s abla-
tion. Since cryoablation does not require any 
contact, it is useful for patients with tortuous 
esophagus and nodular uneven mucosal surface.

4.4.1  Technique

Cryotherapy is performed by passing the catheter 
through the accessory channel of an endoscope, 
and the tip of the catheter is held 5–10 mm away 
from the target tissue. The foot pedal is depressed, 
which triggers the release of the cryogen. The 
cryogen is sprayed onto the target tissue until it 
turns white, which means that freezing has taken 
place. This generally occurs after 10–15 s of 
application. Thawing usually takes place within 
10–30 s. The same area is typically subjected to 
the freezing–thawing cycle 3 or 4 times to achieve 
ablation. In cryospray system, a decompression 
tube is used to evacuate the excess gas from the 
stomach, whereas in Polar Wand system, suction 
catheter is attached to the tip of the endoscope.

Cryospray Tank CryotherapyCryotherapy Catheter

a b c

Fig. 4.2 (a) Cryospray tank. (b) Cryotherapy catheter. (c) Cryotherapy
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4.4.2  Efficacy

The evidence of efficacy comes from retrospec-
tive studies. In a study of 60 Barrett’s patients 
with HGD who underwent cryospray therapy, 
87 % had complete eradication of all dysplasia 
with persistent non-dysplastic intestinal metapla-
sia, and 57 % had complete eradication of all 
intestinal metaplasia during a mean follow-up of 
10.5 months [7]. The effect seems to be durable 
as reported by a retrospective study of 32 patients 
with HGD with a mean follow-up of 37 months 
where HGD was eradicated in 97 % and eradica-
tion of intestinal metaplasia was observed in 
81 % [8]. Recurrent HGD was found in 6 (18 %) 
which was treated by cryotherapy. In another 
study of 49 patients with esophageal cancer (46 
with adenocarcinoma), complete response was 
seen in 75 % with intramucosal cancer during a 
mean follow-up of 10.6 months [9]. In a small 
study of 39 patients published in abstract form, 
cryotherapy with carbon dioxide was effective in 
complete eradication of dysplasia in 80.6 % and 
eradication of metaplasia in 42 % [10].

4.4.3  Complications

Cryotherapy is generally well tolerated, with few 
side effects and rare complications reported. 
Common side effects include chest pain (17.6 %), 
dysphagia (13.3 %), and odynophagia (12.1 %) 
[11]. One case of gastric perforation occurred in 
a patient with Marfan syndrome, and another 
patient developed a lip ulcer, as a result of cold 
injury from contact with the endoscope, which 
resolved in 4 days without specific treatment 
[12]. Esophageal stricture noted in 3–13 % of the 
patients that responded to balloon dilation ther-
apy [8, 9].

4.5  Photodynamic 
Therapy (PDT)

PDT was one of the most widely studied abla-
tive therapies used in the treatment of Barrett’s 
esophagus prior to advent of RFA. It was ini-
tially used for palliation of advanced esophageal 

 cancer but subsequently found to be useful in 
management of patients with Barrett’s and HGD 
and early esophageal cancer who are poor surgi-
cal candidates.

4.5.1  Technique

Photodynamic therapy is based on the principle 
of cell destruction induced by photosensitizers 
when stimulated by light. In the United States, 
porfimer sodium (Photofrin, Pinnacle Biologics 
Inc) at a dose of 2 mg/kg of body weight is given 
as an intravenous bolus over 3–5 min. Two days 
later, visible red light at approximately 630 nm 
is transmitted by an optical fiber passed through 
accessory channel of endoscope or a balloon dif-
fusing fiber. For treatment of Barrett’s with HGD, 
the light dose recommended is 130–200 J/cm fiber. 
A second endoscopy is performed 2–3 days later 
to repeat the treatment if necessary. In Europe, 
other photosensitizers such as 5- aminolevulinic 
acid (5-ALA) and m- tetrahydroxyphenyl chlorin 
(mTHPC) are also used. ALA can be adminis-
tered orally, has shorter duration of skin photo-
sensitivity (24–48 h), and reduced incidence of 
strictures.

4.5.2  Efficacy

PDT is the first ablation technique proven to be 
effective and durable in a randomized controlled 
trial. In this trial of 208 patients with HGD ran-
domized to either porfimer sodium PDT plus 
omeprazole versus omeprazole alone, complete 
ablation of HGD was achieved in 77 % of PDT 
group compared with 39 % in the control group 
(p < .0001) on mean follow-up of 24 months [13]. 
Complete eradication of metaplasia was seen in 
52 % of patients in the PDT group compared with 
7 % in the omeprazole group (p < .0001). There 
was also a significant difference in progression to 
cancer, with 13 % of patients in the PDT group 
developing cancer compared with 28 % in the 
omeprazole group. Eradication of HGD at 5-year 
follow-up was achieved in 77 % of those treated 
with PDT plus omeprazole and 39 % of those 
treated with omeprazole alone. Progression to 
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esophageal cancer at 5-year follow-up was 15 % 
in the PDT group and 29 % in the omeprazole- 
only arm [14]. PDT can also be used for eradica-
tion of Barrett’s after EMR of intramucosal 
cancer. In a study of 17 patients who underwent 
PDT following EMR, 94 % remained in remis-
sion at 13 months [15]. Comparative retrospec-
tive data of patients undergoing PDT vs. surgical 
esophagectomy for BE HGD at a high-volume 
expert center demonstrated comparable overall 
survival over 5 years of median follow-up (83 % 
in patients treated with EMR only or EMR fol-
lowed by PDT versus 95 % IN patients who 
underwent esophagectomy for intramucosal can-
cer [16]. These data established porfimer sodium 
PDT as a viable alternative to esophagectomy, 
particularly among individuals – whether due to 
advanced age, comorbid illness, or preference 
against surgical esophagectomy.

4.5.3  Complications

The most common adverse events reported with 
porfimer sodium use were photosensitivity reac-
tions (69 %), esophageal strictures (36 %), vom-
iting (32 %), noncardiac chest pain (20 %), 
pyrexia (20 %), and dysphagia (19 %) [13]. 
5-aminolevulinic acid has less frequent side 
effects but not widely used in the United States.

4.6  Argon Plasma 
Coagulation (APC)

APC is a noncontact technique wherein ionized 
argon gas is delivered at energy settings of 
40–90 W to ablate Barrett’s. It was used for eradi-
cation of non-dysplastic Barrett’s and LGD but 
incomplete eradication is common. Buried glands 
were reported in up to 40 % of patients [17]. APC 
was also described in ablation of Barrett’s with 
HGD. In a study of 32 patients with HGD, 78 % 
had eradication of HGD and 69 % had eradication 
of Barrett’s. However, there was 13 % progression 
to EAC in a mean follow-up period of 34 months 
[18]. Another potential role is in palliative treat-
ment of advanced cancer causing dysphagia or 

bleeding [19]. Complications include strictures, 
fever, bleeding, and, rarely, perforation.

4.7  MPEC

Ablation of Barrett’s using multipolar electroco-
agulation (MPEC) is a fairly simple technique. A 
10 French MPEC probe is passed through a ther-
apeutic endoscope, and thermal energy is applied 
at 15–20 W setting till a white coagulum appears. 
Treatment is continued in a circumferential fash-
ion at intervals of few weeks till entire Barrett’s is 
ablated. It has been mainly studied in non- 
dysplastic Barrett’s [20], few cases of LGD [21], 
and a small case series of intramucosal cancer in 
combination with laser [22]. Eradication rate is 
about 78 % with subsquamous intestinal meta-
plasia (SSIM) observed in about 5–27 % [20, 21]. 
Since it is time-consuming to treat large areas of 
Barrett’s with this technique, it is best reserved 
for treating small areas of residual Barrett’s after 
prior ablative therapy with different technique.

4.8  Endoscopic Therapy 
Versus Esophagectomy

The traditional treatment for Barrett’s with HGD 
and intramucosal cancer had been esophagec-
tomy. The advantage of esophagectomy is that it 
not only removes the neoplasia but also the at- 
risk mucosa thereby eliminating the risk of 
recurrence and also the periesophageal lymph 
nodes to allow accurate staging. However, it is 
associated with high rate of morbidity in a range 
of 30–50 % and a small but definite risk of mor-
tality in even high-volume centers. There are no 
randomized controlled trials comparing endo-
scopic therapy to esophagectomy, but a number 
of studies show comparable long-term outcomes 
and much fewer complications with added 
advantage of preserving the esophagus. A 
recently published meta- analysis of 870 patients 
with early esophageal neoplasia [23] showed 
that there was no significant difference between 
endotherapy and esophagectomy in the neopla-
sia remission rate (relative risk [RR], 0.96; 95 % 
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CI, 0.91–1.01). The remission rate varied from 
97 to 100 % in patients with esophagectomy and 
84 to 97 % in patients with endoscopic treat-
ment. In addition, there was no difference in 
overall survival rate at 5 years (RR 1.00). The 
cumulative death rate was 11.4 % in the endo-
therapy group and 8.7 % in the surgery group 
during follow-up. Most patients died of baseline 
comorbidities including cardiovascular disease, 
pulmonary disease, diabetes, and prior malig-
nancy. The neoplasia-related mortality was 
0.2 % in the endotherapy group and 0.3 % in the 
surgery group. Patients undergoing endotherapy 
had a higher neoplasia recurrence rate (RR 9.50) 
and fewer major adverse events (RR 0.38). Most 
patients (77.8–100 %) with neoplasia recurrence 
underwent endoscopic retreatment and got neo-
plasia remission again or had stable disease.

4.9  Postablation Surveillance

There are two issues which need to be taken into 
consideration after successful eradication of 
Barrett’s which make postablation surveillance 
mandatory: first is the subsquamous intestinal 
metaplasia (SSIM or buried Barrett’s), and sec-
ond is the postablation recurrences after success-
ful eradication of Barrett’s.

4.10  Subsquamous Intestinal 
Metaplasia (SSIM)

SSIM or “buried Barrett’s” is the presence of 
intestinal metaplasia in the lamina propria 
beneath overlying squamous mucosa. This is not 
visible by endoscopic inspection and is detected 
either by histological sampling or enhanced 
imaging techniques. Theoretically, SSIM may 
have a lower neoplastic potential due to lack of 
exposure to gastric acid and bile, but there are 
numerous reports of HGD or cancer developing 
from SSIM [24]. SSIM is known to exist both 
prior to and after ablation. The origins are uncer-
tain but thought to be from neosquamous over-
growth over intestinal metaplasia in biopsy sites 
or as a consequence of ablation. The reported 

prevalence of SSIM varies from 0 to 28 % [25], 
but this may not be a true estimate as most of the 
endoscopic biopsies are not adequate to include 
subepithelial lamina propria [26]. Studies on 
SSIM in EMR specimens reported a prevalence 
of 28–98 % prior to any ablation therapy [27, 28]. 
The effect of ablation on prevalence of SSIM is 
not clear but may decrease following RFA. A 
recent systematic review on SSIM after endo-
scopic ablation procedures found SSIM in 14.2 % 
of patients treated with PDT and in 0.9 % of 
patients after RFA [29]. In view of this uncer-
tainty, patients need to stay in surveillance pro-
gram even after complete eradication of surface 
metaplasia.

4.11  Recurrences and Predictors 
of Recurrence

Recurrences are common and range from 20 to 
33 % in up to a 3-year follow-up period. In a mul-
ticenter consortium of 448 patients who under-
went RFA, 56 % had complete remission of 
which 33 % had disease recurrence within the 
next 2 years [29]. Most recurrences were non- 
dysplastic and endoscopically manageable, but 
continued surveillance after RFA is essential. 
Among 5521 patients in the US RFA registry 
[30], 85 % achieved complete eradication of 
intestinal metaplasia. In a mean follow-up of 
2.4 years after complete eradication, metaplasia 
recurred 20 % and was non-dysplastic or indefi-
nite for dysplasia in 86 % of patients. In Kaplan–
Meier analysis, more advanced pretreatment 
histology was associated with an increased yearly 
recurrence rate. Compared with patients without 
recurrence, patients with recurrence were more 
likely to be older, have longer BE segments, be 
non-Caucasian, have dysplastic Barrett’s before 
treatment, and require more treatment sessions. 
The treatment strategy for recurrent dysplasia is 
similar to primary dysplasia. EMR is performed 
for any visible abnormalities for treatment and 
staging purposes followed by ablative therapy for 
recurrent flat areas. If resistant to one modality, 
switching to a different mucosal ablation tech-
nique should be considered.
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4.12  Follow-Up Intervals

Continued endoscopic surveillance following 
endotherapy is recommended, with intervals 
guided by prior grade of dysplasia and response 
to treatment. Currently, there is no consensus on 
the frequency of surveillance or biopsy protocol 
in postablation patients. As per recently pub-
lished British guidelines [31], in patients treated 
for HGD, endoscopic follow-up is recommended 
every 3 months for 1 year and yearly thereafter. 
This should include biopsies at the cardia and 
within the previous extent of the Barrett’s epithe-
lium. For patients with LGD, annual surveillance 
is recommended.

4.13  Patient Selection 
and Technical Considerations

Patients referred for endoscopic therapy should 
have a detailed white light exam with a high- 
definition endoscope to identify landmarks and 
any visible abnormalities. Four quadrant surveil-
lance biopsies should be performed every 1 cm 
along with endoscopic resection of suspicious 
areas. Diagnoses of dysplasia need to be con-
firmed by an expert gastrointestinal pathologist. 

In cases of HGD and intramucosal cancer with 
low risk of lymph node metastases such as lesion 
size less than 2 cm, well-differentiated histology, 
and absence of lymphovascular invasion, endo-
scopic therapy is preferred over esophagectomy. 
After EMR of visible lesions, residual Barrett’s 
needs to be ablated in view of high risk of meta-
chronous neoplasia. In the absence of visible 
lesions, ablative therapy is the treatment of 
choice. In view of risk of recurrence, patients 
need to be on ongoing surveillance with treat-
ment of recurrences endoscopically.

Due to the lack of head-to-head randomized 
controlled trials comparing different ablative 
therapies, no one ablation modality suits all 
patients. A comparison of different ablation 
techniques is presented in Table 4.1. In patients 
with long-segment Barrett’s where large surface 
areas need to be treated, RFA is the treatment 
modality of choice. Other options include PDT 
and cryotherapy. For small areas of residual 
Barrett’s, APC and MPEC may be cost-effective 
modalities. For patients with nodular disease 
where close apposition with RFA is not possible, 
options are cryotherapy, PDT, and stepwise radi-
cal EMR. In patients with persistent areas of 
Barrett’s in spite of repeated ablation, EMR can 
be used.

Table 4.1 Comparison of different ablative techniques

Ablative technique
Dysplasia 
eradication (%)

Metaplasia 
eradication (%) Strengths Limitations

RFA 91–100 71–93 RCT available
High response rate
Low complication rate

High costs

Cryotherapy 87–97 42–81 Good safety profile
Useful for nodular 
areas

Small studies (no RCTs)
No long-term follow-up 
data

PDT 40–77 52 RCT available
Treatment of nodular 
areas

High stricture rate
Photosensitivity
Buried Barrett’s

APC 67–86 69 Widely available
Inexpensive

Feasible for short segments 
only
Buried Barrett’s

MPEC – 75–100 Widely available
Inexpensive

Feasible for short segments 
only
Buried Barrett’s

RCT randomized controlled trial, RFA radiofrequency ablation, PDT photodynamic therapy, APC argon plasma coagu-
lation, MPEC multipolar electrocoagulation
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