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Introduction 

Barrett’s esophagus (BE) is a pathological condition in 
which specialized columnar epithelium replaces stratified 
squamous epithelium that normally delineates the distal 
part of the esophagus. The condition usually develops due 
to chronic gastroesophageal reflux disease (GERD). BE 
is considered a precancerous condition that can possibly 
progress to low-grade dysplasia (LGD), high-grade dysplasia 
(HGD) and subsequently adenocarcinoma. Factors such as 

age, race and gender increase the risk for development of 
abnormal specialized epithelium and possible progression to 
malignancy.

Historically, patients with BE were followed up closely 
by repeat endoscopies and biopsies in order to detect HGD 
and/or early cancer. Previously, HGD and cancer had one 
treatment option, which was esophagectomy.

Due to significant morbidity and mortality associated 
with esophagectomy, minimally invasive interventions have 
developed to hinder progression or to achieve curative 
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resection, particularly in early stages of the disease. These 
interventions include radiofrequency ablation (RFA), 
cryoablation, endoscopic mucosal resection (EMR), 
endoscopic submucosal dissection (ESD) or a combination. 
The choice of treatment is dependent on the grade of 
dysplasia and the morphology of BE. For LGD and HGD, 
EMR is indicated for the removal of any visible lesion 
smaller than 2 cm in size; ESD is indicated for the removal 
of any visible lesions larger than 2 cm in size. This should 
be followed by RFA of the residual flat Barrett’s epithelium 
with the goal of complete eradication of BE. If no visible 
lesions were seen in BE with LGD or HGD, then RFA is 
the modality of choice. For T1a esophageal cancer, EMR 
is indicated for lesions smaller than 2 cm in size; if the 
endoscopist is confident that the lesion can be removed 
entirely en bloc with clean margins. ESD is the preferred 
modality for resection of T1a esophageal cancer 2 cm or 
larger given the higher curative resection rate of ESD. 
Selective cases with T1b esophageal cancer can be treated 
by endoscopic resection if favorable pathologic features such 
as submucosal invasion <500 µm [sm1], well or moderately 
differentiated tumor, absent lymphovascular invasion are 
present. Endoscopic resection of T1b esophageal cancer 

should be determined on a case-by-case basis after multi-
disciplinary tumor board discussion (Table 1). In this article, 
we will discuss in detail various endoscopic modalities for 
the treatment of BE. 

We present the following article in accordance with the 
Narrative Review reporting checklist (available at https://
dx.doi.org/10.21037/aoe-21-18).

Methods

Using PubMed, we performed a literature review of 
all published articles (from 1993 to 2021) focusing on 
endoscopic treatment of BE. The following terms were 
used: Barrett’s esophagus, radiofrequency ablation, 
endoscopic mucosal resection, endoscopic submucosal 
dissection. The search was limited to English language and 
excluded case reports.

Discussion

Radiofrequency ablation (RFA)

RFA is an endoscopic intervention to eradicate BE. A 
bipolar electrode mounted on a balloon or the scope tip 

Table 1 Endoscopic treatment modalities for Barrett’s esophagus based on degree of dysplasia

Non-dysplastic Barrett’s 
esophagus

Surveillance endoscopy every 3–5 years

Indefinite for dysplasia Acid suppression therapy and repeat EGD in 3–6 months.

Low-grade dysplasia EMR of visible lesions less than 20 mm and ESD of any visible lesions larger than 20 mm. 

Endoscopic ablation therapy of residual flat BE segment with the goal of complete eradication on subsequent 
sessions.

OR: EGD every 6–12 months with biopsies, tailor treatment to patient preferences. 

High-grade dysplasia EMR of visible lesions less than 20 mm and ESD of any visible lesions larger than 20 mm. 

Endoscopic ablation therapy of residual flat BE segment with the goal of complete eradication on subsequent 
sessions.

T1a esophageal cancer EMR of visible lesions less than 20 mm and ESD of any visible lesions larger than 20 mm. 

Endoscopic ablation therapy of residual flat BE segment with the goal of complete eradication on subsequent 
sessions.

T1b esophageal cancer EMR or ESD of the visible lesion should be considered. If T1b confirmed and favorable pathologic features 
(negative margins, submucosal invasion <500 µm [sm1], well or moderately differentiated, absent lymphovascular 
invasion), can consider EET on case-by-case basis after multidisciplinary tumor board discussion.

If T1b sm2-3 (deeper submucosal invasion) or poor pathologic features, referral to surgical oncology for 
esophagectomy.

BE, Barrett’s esophagus; EET, endoscopic eradication therapy; EMR, endoscopic mucosal resection; ESD, endoscopic submucosal 
dissection; EGD, esophagogastroduodenoscopy; HGD, high-grade dysplasia; LGD, low-grade dysplasia. 
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is used to apply energy to the lesion to ablate (burn) the 
epithelium in a circumferential (using the balloon) or 
targeted manner (using the electrode tip, focal ablation) 
(1,2).  Figure 1  i l lustrates esophageal mucosa post 
circumferential ablation.

Indications for RFA

High-grade flat lesions (HGD)
RFA requires adequate contact with the lesion to achieve 
the best outcome, thus RFA is usually used to ablate flat 
lesions in patients with BE and HGD. If successful, RFA 
prevents BE progression to cancer (3). RFA is highly 
effective and safe for flat lesions; however, nodular and 
visible lesions limit efficacy (4). If the patient has visible 
lesions, RFA can be combined with other modalities such 
as EMR or ESD to create a flat surface that is ideal for 
RFA application. This hybrid approach is used to ensure 
optimal outcome (5). In the landmark sham-controlled 
trial by Shaheen et al., complete eradication of HGD was 
achieved in 81% of patients with HGD randomized to the 
ablation arm compared to 19% of the control group (3). A 
retrospective study of 169 patients with BE and advanced 
neoplasia undergoing RFA for flat lesions with intramucosal 
cancer found focal endoscopic mucosal resection before 
radiofrequency ablation was equally effective and safe 
compared with radiofrequency ablation alone for the 
eradication of BE with advanced neoplasia (6).

Low-grade dysplasia (LGD)
Endoscopic treatment of LGD is associated with decreased 
progression to HGD and/or adenocarcinoma (7). 
Alternatively, surveillance of LGD could be implemented. 
Other factors including patient preference, age , comorbid 

conditions or length of Barrett’s segment should be 
considered before determining surveillance versus RFA in 
BE with LGD (8).

In a meta-analysis of 19 studies including a total of 2,746 
patients, RFA of LGD was found to be safe and effective in 
limiting disease progression with absolute risk reduction of 
10.9%. The cumulative rate of progression to HGD/Early 
Esophageal Adenocarcinoma (EAC) was lower in RFA 
compared with surveillance (1.7% vs. 12.6%, P<0.001) (7). 

Cost-analysis studies found that RFA is the preferred 
approach for LGD (9). It should also be noted that 
treatment of dysplasia improved quality of life and patient 
perception (10).

Outcomes
Several studies, including well designed randomized studies, 
found that RFA is safe and effective in BE with an 80–100% 
complete eradication rate (2,3,5,6,11-25). One of these 
studies assessed a 3-year follow-up of 106 patients and 
found complete eradication of dysplasia at a rate of 95%, 
and no recurrence in 91% of patients (19).

Effect on quality of life 
Quality of life following RFA of dysplastic BE assessed 
in a randomized trial of 127 patients, who received either 
ablation or sham therapy found improvement of patients’ 
quality of life secondary to perceived decreased of risk of 
cancer (10).

Recurrence and cancer risk 
BE patients with LGD and HGD are at low risk of 
developing esophageal adenocarcinoma (EAC) (19). In a 
multi-center registry of 4,982 patients who underwent RFA 
of BE, 100 patients (2%) developed EAC and 0.2% died of 
EAC (26). Another retrospective study of 306 patients who 
were treated with RFA for dysplastic BE, found that only 
4 patients developed esophageal adenocarcinoma which 
translates to an incidence rate of 0.65% person/year (27). In 
this trial, progression to EAC was related to certain factors 
including male sex, older age, longer BE segment length, 
and a higher pathology grade at baseline.

Adverse events 
RFA adverse events are usually mild, including chest pain 
stricture and hemorrhage (3,5). 

Stricture rates range from 0–6% and relate to technique 
and operator (3,5,18,20,24,28,29).

In one meta-analysis of 18 studies including 3,802 

Figure 1 Esophageal mucosa postcircumferential ablation.
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patients who underwent RFA for BE, 1% had hemorrhage, 
3% had chest pain while 5% had esophageal stricture (18).

Combining RFA with other procedures increased risk 
of complications (5). It is recommended to prescribe the 
patient a mild analgesic post-ablation for the treatment of 
possible chest pain which usually starts within a few hours 
to 24 hours post procedure and can last for a few days. 

Follow-up 
Follow-up after RFA is recommended to detect recurrence 
of HGD and/or progression to cancer. 

High-resolution endoscopy 8 to 12 weeks post-ablation 
with careful examination of the neo-squamocolumnar 
junction is recommended, since that is the area with the 
highest risk of recurrence (11,12). It is important to inform 
the patient that on average, two to three sessions of ablation 
are needed to achieve complete eradication of BE. Follow-
up endoscopy after complete eradication of BE depends on 
the degree of dysplasia. For HGD, follow-up endoscopy 
should be scheduled in 3, 6 and 12 months then annually; 
however, for LGD, EGD should be after 1 year and 3 years 
following eradication of BE (30).

Endoscopic cryotherapy (EC)

Endoscopic cryotherapy is another intervention aimed at 
the eradication of BE mucosa. A cryogen such as liquid 
nitrogen or liquid nitrous oxide is applied by endoscopy to 
the targeted lesion resulting in abrupt disruption of the cell 
membrane and coagulation of nearby blood vessels through 
cycles of freezing and thawing (31-33). Theoretically, 
cryotherapy can achieve deeper ablation with minimal chest 
pain due to its anesthetic effect. RFA remains the preferred 
modality of ablation over cryotherapy due to the technical 
difficulty of cryotherapy and limited data.

In a study of 60 patients with BE and HGD who 
completed all planned cryotherapy sessions, 97% had 
complete eradication of HGD, 87% had eradication of all 
dysplasia; buried dysplastic mucosa was found in 3% on 
follow-up, adverse events were noted in 3% of patients 
which included stricture, chest pain, or bleeding (31). In a 
prospectively collected cohort of 46 patients with BE who 
underwent either RFA or cryoablation, BE regression was 
similar in both groups (88% vs. 90 %, P=0.62) but pain 
level, as measured by pain scale, and pain duration were 
significantly lower in the cryoablation group (34). The exact 
role of cryoablation in the management of BE and whether 
it should be a first line treatment for flat BE or reserved for 
cases which failed RFA is currently being investigated in an 
ongoing prospective trial. 

Endoscopic resection techniques (EMR and ESD) 

EMR and ESD offer an alternative option to surgical 
resection when it comes to removing mucosal and 
submucosal lesions including superficial neoplastic tumors. 

EMR is usually the method of choice for the removal 
of small mucosal lesions using a cap and snare resection  
(Figure 2), although it can also be used in a piecemeal 
fashion to remove larger mucosal lesions. Drawbacks of 
piecemeal EMR include the inability to assess the resected 
specimen margins for complete removal. This may increase 
the risk of recurrence and result in fibrosis at the site of the 
lesion making subsequent interventions more difficult. This 
practice would overall worsen the outcome of endoscopic 
therapy and limit future treatment options.

ESD is the method of choice for larger lesions despite 
a steep learning curve and length of the intervention.  
Figure 3 shows the steps of performing esophageal ESD. 
EMR and ESD can be used separately or combined, the 
best approach should be tailored based on patient status and 
lesion stage. 

Lesion classification
Endoscopic preassessment of BE and its associated lesions 
is crucial to determine the need for endoscopic resection. 
Visual inspection of any nodularity within Barrett’s 
epithelium should be classified based on Paris classification 
as the following (35):

(I) Type 0-I lesions that are polypoid are subcategorized 
as:
(i) Type 0-Ip: protruded, pedunculated; 
(ii) Type 0-Is: protruded, sessile. 

Figure 2 Snare and cap technique for endoscopic mucosal 
resection. 



Annals of Esophagus, 2021 Page 5 of 10

© Annals of Esophagus. All rights reserved. Ann Esophagus 2021 | https://dx.doi.org/10.21037/aoe-21-18

(II) Type 0-II:  lesions that are nonpolypoid are 
subcategorized as:
(i) Type 0-IIa: slightly elevated; 
(ii) Type 0-IIb: flat; 
(iii) Type 0-IIc: slightly depressed. 

(III) Type 0-III: lesions are excavated. 
After determining the lesion’s topographic morphology, 

detailed examination of the lesion’s surface using 
normal white light endoscopy, chromoendoscopy or 
digital chromoendoscopy is recommended. Acetic acid 
chromoendoscopy was proven in several trials to aid 
in detecting dysplastic epithelium within BE and its 
use is encouraged due to high cost-effective value (36). 
Portsmouth acetic acid classifications system is novel 
classification which increased the sensitivity of detecting 
dysplasia in BE up to 98%. Loss of acetowhiting and 
irregular and crowded pit patterns are indicative of dysplasia 

in this classification (37). Several other classifications based 
on Narrow Band Imaging (NBI) or other advanced imaging 
modalities exists, but they are beyond the topic of this 
review. 

Indications for endoscopic resection
Standard EMR technique can be applied to treat esophageal 
cancer if the lesion is less than 2 cm, involving less than 
one-third of the circumference of the esophageal wall 
and limited to the mucosa (38,39). Lesions larger than 2 
cm which are limited to the mucosa can be managed by  
ESD (40). A subset of patients with T1b lesions can be 
managed endoscopically, provided that the lesion is limited 
to the upper third of the mucosa, the tumor is well-
differentiated and there is no evidence of lymphovascular 
invasion (41). Endoscopic resection can be combined with 
RFA and cryotherapy to improve patients outcome (35).

Figure 3 ESD of the for esophageal adenocarcinoma. (A) T1a esophageal adenocarcinoma before resection; (B) lesion retracted after 
circumferential incision and submucosal dissection; (C) post-resection bed; (D) resected T1a tumor with clean margins around the lesion. 
ESD, endoscopic submucosal dissection.
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Endoscopic resection outcomes 
Studies that assessed the overall outcome of endoscopic 
resection suggested that ESD has better outcomes compared 
with EMR in the management of early esophageal cancer 
(42,43). A meta-analysis of 15 studies, including 2,758 
patients, found ESD had better en bloc and curative resection 
rates with lower recurrence of premalignant and malignant 
conditions (OR 0.09, 95% CI: 0.04–0.18) (42).

For esophageal lesions, EMR and ESD have favorable 
outcomes with definitive curative resection in select 
patients. Low morbidity and low mortality rates were 
published in numerous reports following endoscopic 
resection with 5-year survival rates over 90 percent. Survival 
rates are lower in patients with lesions spreading beyond the 
lamina propria and recurrence can be treated with repeated 
intervention. 

I n  a  p r o s p e c t i v e  s t u d y  o f  5 3  p a t i e n t s  w i t h 
adenocarcinoma of the gastroesophageal junction treated 
with ESD, the 5-year overall survival rate was 94% and 
92% of the patients had no recurrence during a median 
follow up period of 6.1 year (44). 

A retrospective study using the National Cancer 
Database included 5,390 patients who underwent 
endoscopic resection vs. surgery for the treatment of 
superficial esophageal cancer from 2004–2010. In this 
study, 1,427 underwent endoscopic resection and 3,963 
underwent surgical resection. Patients treated surgically 
had a lower 30-day survival rate compared with patients 
treated endoscopically (96.5% vs. 99.5% respectively). 
After excluding all patients who died during the initial 30 
days post-surgery, the 5 years modified survival rate was 
better for patients who underwent surgical intervention 
in comparison with endoscopic resection (88% vs. 77%, 
respectively). This could be explained by poor patients’ 
selection in a subset of patients in the ER group, since most 
patients who died within 5 years after ER had a high risk for 
lymph nodes metastasis (T1b tumor on presentation) (45).

For BE, endoscopic resection achieved eradication of 
intestinal metaplasia at a rate of 59–100% and dysplasia 
at a rate of 86–100% (46-48). Endoscopic resection was 
performed in 349 patients with BE-HGD and mucosal 
adenocarcinoma. The mean follow-up period was  
63.6 (SD 23.1) months. Complete response was achieved 
in 96.6% patients and surgery was necessary in 13 patients 
(3.7%) who failed endoscopic therapy. Metachronous 
lesions developed during the follow-up period in 74 patients 
(21.5%); 56 died of concomitant disease, but none died 
of esophageal cancer. The calculated 5-year survival rate 

was 84%. Risk factors most frequently associated with 
recurrence in this study were piecemeal resection, long-
segment BE, no ablative therapy of BE, time until complete 
response was achieved (>10 months) and multifocal 
neoplasia (49).

Adverse events of endoscopic resection
Severe complications following endoscopic resection 
are relatively rare and most of the time can be managed 
with endoscopy (50-52). Piecemeal resection and large 
involvement of the mucosa can result in higher risk of 
complications (51,53). Endoscopic resection adverse events 
include perforation, bleeding and strictures. Adverse events 
are more common in ESD than EMR. 

The risk of bleeding after endoscopic resection 
varied from 0 to 45% in published series (4,54,55). In a 
retrospective series of 681 patients who underwent EMR, 
bleeding occurred in 0.01% (8 patients) and were addressed 
with endoscopy except in one patient which required 
surgery (56). The rate of symptomatic strictures after EMR 
in this series 1.0% (7 cases). All strictures were successfully 
treated with endoscopic dilation (56). In ESD, bleeding was 
noted in 0–0.7% of patients, in three retrospective studies 
including a total of 771 patients (57-59). 

Perforations rate is around 0 to 5% in published series 
(52,55,57,59). Most perforations encountered during ESD 
are microperforations which can be treated endoscopically 
by clip placement or endoscopic suturing. 

Strictures are more common after ESD, especially with 
a mucosal defect involving more than three fourths of 
the esophageal lumen circumference (60). Strictures are 
usually treated with endoscopic balloon dilation (EBD). 
In a retrospective study of 23 patients, oral steroid therapy 
dramatically reduced the need for EBD (61). In a case series 
of 41 patients, local injection with triamcinolone decreased 
incidence of stricture and frequency of required EBD (62).

Conclusions

Endoscopic treatment of BE includes ablative and resection 
techniques. Ablative procedures such as radiofrequency 
ablation or cryoablation can be used to treated dysplastic 
flat Barrett’s epithelium. Resection techniques such EMR 
or ESD should be used for nodular dysplastic Barrett’s 
epithelium or early esophageal adenocarcinoma limited 
to the mucosa. EMR should be used for the treatment 
of lesions smaller than 2 cm (preferably 1.5 cm or less). 
ESD ensures higher en bloc and curative resection rates for 
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lesions larger than 2 cm but has a steep learning curve and 
higher adverse events. Future research should be focused 
on methods to improve training and adoption of ESD in 
everyday practice. 
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