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Introduction

Barrett’s esophagus (BE) is the only known precursor 
to esophageal adenocarcinoma (EAC), with progression 
thought to occur in a stepwise fashion from non-dysplastic 
BE (NDBE), to low grade dysplasia (LGD), to high grade 
dysplasia (HGD), and finally, to EAC (1). Therapy is 
indicated in patients with HGD and intramucosal cancer 
(IMC), and select cases of LGD and submucosal cancer, to 
halt progression to invasive cancer and ultimately improve 
mortality (2). In the last 2 decades, Barrett’s endoscopic 
therapy (BET) has revolutionized the management of 
dysplastic BE. Prior to the availability of BET, treatment 

was traditionally performed with esophagectomy, a 
procedure with high complication rates ranging between 
30–50% (3). As such, this has been largely replaced by 
BET which carries lower cost and lower procedural 
morbidity and mortality (4). Several endoscopic therapeutic 
techniques are currently available that either resect 
tissue such as endoscopic mucosal resection (EMR) and 
endoscopic submucosal dissection (ESD) or ablate tissue 
such as radiofrequency ablation (RFA), cryotherapy, 
or argon plasma coagulation (APC) (1,2). While these 
techniques have not yet been compared in head to head 
trials, data is accumulating to better inform best therapeutic 
practices in different patient populations. In this review, we 
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will describe how each of these techniques is positioned in 
the treatment and management of BE lesions. We present 
the following article in accordance with the Narrative 
Review reporting checklist (available at http://dx.doi.
org/10.21037/aoe-20-73).

Methods

We conducted a literature search in ‘PubMed’ and ‘Google 
Scholar’ since year of inception of both databases till 
present day, with focus on articles published in the last  
15 years (i.e., between 2005 and 2020). We included articles 
published in full text as society guidelines or original papers 
(i.e., meta-analyses, retrospective and prospective cohort 
studies, randomized control trials) written in the English 
language.

To treat or not to treat?

The decision of whether to treat a segment of BE relies 
primarily on the presence or absence of dysplasia and 
patient preference.

NDBE 

At the present time, there is insufficient data to risk stratify 
BE patients without dysplasia, i.e., which patients will 
progress and likely benefit from BET. As such, currently, 
surveillance every 3–5 years is recommended for NDBE 
patients as per various GI society guidelines, and BET is 
not recommended in this patient population (1,2). 

Neoplastic BE

Due to the high inter observer variability in the diagnosis 
of LGD and variable rates of progression reported in the 
literature, these patients can consider either undergoing 
surveillance or be referred for endoscopic therapy, with 
risk and benefits of each option discussed with the patient 
to foster a patient centered decision approach (1,2). For 
patients with HGD/T1 (a) cancer, GI societies recommend 
endoscopic therapy over esophagectomy given high 
efficacy rates of eradication along with lower morbidity 
and mortality associated with BET over surgery (1,2). For 
T1b cancers, surgery had traditionally been the preferred 
management given the risk of lymph node metastasis, 
however, currently endoscopic resection techniques can 
be considered as an alternative for patients with SM1 

tumors (<500 micron submucosal invasion) and low risk 
features (well-differentiated, size <2 cm, no lymphovascular 
invasion) especially if they are poor surgical candidates (2).  
Lesions that are staged beyond T1b (SM1) cannot be 
treated with BET and require other modalities (1). Caution 
is advised when determining depth of invasion of lesions 
as differentiating T1a from T1b can be challenging, and 
even more so when differentiating SM1 from SM2 invasion, 
especially in community practice. Rigorous preoperative 
evaluation of depth of invasion is thus paramount to 
decide on management options. While EMR can provide 
information on invasion depth, advanced imaging 
modalities have also been shown to be helpful. Narrow 
band imaging in combination with magnifying endoscopy 
has been shown in a systematic review of ten studies to 
be superior to white light endoscopy in predicting the 
invasion depth of superficial squamous cell cancer (5). More 
studies are needed to show a similar accuracy in BE. EAC 
patients being considered for endoscopic therapy should be 
discussed in a multidisciplinary tumor board setting with 
involvement of a gastroenterologist, oncologist, pathologist, 
and surgeon. 

Which modality to use?

In the following section, we will discuss the role of different 
endoscopic resective and ablative modalities that can be 
utilized depending on the length and circumferential extent 
of the BE segment, as well as, the presence of any visible 
lesions (Figure 1). 

Flat dysplasia without visible lesions

Circumferential and/or long segments
It is important to note that more than 80–90% of patients 
with HGD and/or early EAC within BE will have visible 
lesions documented on a high quality examination of the 
esophagus using high definition white light endoscopy and 
virtual chromoendoscopy (Narrow Band Imaging, Blue 
Light Imaging, i SCAN) (2). Therefore, it is extremely 
important to conduct a careful inspection of the BE mucosa 
prior to proceeding to ablation type therapy without 
resection. RFA remains the preferred modality of treatment 
for flat-type, dysplastic BE and is currently recommended 
by societal guidelines as first-line therapy (1,2). 

For circumferential lesions, traditionally the Barrx360 
system (Medtronic, Minneapolis, MN, USA) was used, 
which consisted of an ablation catheter with a 3 cm long 
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Figure 1 Algorithm for management of Barrett’s esophagus with endoscopic eradication therapy.
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electrode. After sizing the esophageal inner diameter at 
multiple levels using a sizing balloon, an appropriately sized 
ablation catheter was introduced and 2 ablations at 12 J/cm2 
with a cleaning phase in between was performed (6). Using 
this device, initial studies reported complete eradication of 
dysplasia (CE-D) rates between 92–98% and metaplasia 
(CE-IM) ranging between 88–91% (7,8). 

More recently, a new self-sizing 360 Express RFA 
balloon catheter (360 Express, Medtronic, Minneapolis, 
MN, USA) with a 4 cm electrode has been under study. A 
pilot study showed that the new system leads to decreased 
procedure time while maintaining efficacy, however, 
pronounced esophageal scarring was observed in 23% of 
patients, with 10% requiring dilation, especially when 
cleaning was not performed between ablations (9). A recent 
multicenter cohort study comparing the manual versus self-
sizing circumferential balloon catheters found that when the  
10 J application was used, there was no significant difference 
between the 2 devices in terms of stricture formation, rates 
of and time of CE-IM and CE-D. The self-sizing catheter 
was again shown to have significantly shorter procedure 
time (10). 

There has also been recent interest in the use of spray or 

balloon cryotherapy as an ablative modality. Cryoablation 
is a noncontact method that consist of directed spray of a 
cryogen, like liquid nitrogen, which causes rapid freezing 
and thawing. This process causes vascular ischemia, and 
causes thrombosis, resulting in the necrosis of superficial 
esophageal mucosa layers. A recent meta-analysis of studies 
using spray cryotherapy as the primary BET modality 
included 6 studies with a total of 282 patients and showed 
CE-IM rate of 69.35% (95% CI: 52.1–86.5%) and CE-D 
rate of 97.9% (95% CI: 95.5–100%) (11). More recently, 
cryoballoon ablation was developed to address some of the 
challenges associated with the spray technique namely the 
variable ablation depth, unstable positioning of the catheter, 
and need of a decompression tube to vent accumulated gas 
from the stomach (12). Until recently, the cryoballoon was 
designed to treat only focal BE, however, a new cryoballoon 
(Swipe90 Ablation System; CbSAS90) with a 3 cm long 
ablation over a quarter of the esophageal circumference, has 
been under study (13). A recent prospective, multicenter 
study in the first human application of this device showed 
that it had comparable procedure times to RFA and was 
able to eradicate BE effectively with a median BE surface 
regression percentage of 93% (95% CI: 88–96%), with no 
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significant adverse events (13). However, more comparative 
studies between cryotherapy and other modalities are 
needed before the widespread adoption of this technique as 
a primary modality of therapy. Currently, it is mostly used 
as salvage therapy in patients who have previously failed 
RFA.

Non-circumferential and/or short segments of BE
Focal and targeted ablation either using the Barrx 90 RFA 
Focal Catheter, hybrid APC and focal cryotherapy can be 
used to treat focal lesions or residual BE areas following 
circumferential RFA treatment. For focal RFA, the catheter 
is attached to the scope externally at the 12 o’clock 
position and 2 applications are administered in succession, 
followed by debridement, and subsequently an additional 2 
applications. This method of application has been compared 
in a randomized trial to a more simplified approach that 
consists of 3 applications using the focal RFA device 
without an intermediate cleaning phase and showed that the 
simplified approach was non-inferior and saved time (14). 

APC consists of a non-contact probe that delivers 
electrical energy transmitted through ionized argon 
plasma gas. Initially, this technique fell into disfavor due to 
associated complications such as perforation, bleeding, and 
pneumomediastinum (15). However, a modified technique 
of hybrid APC, where normal saline is first injected into the 
submucosa followed by APC ablation has shown promise 
with CE-IM of 78% and only 2% stricture rate (16). A 
randomized trial is currently underway comparing hybrid 
APC to RFA for the treatment of neoplastic BE.

The focal cryoballoon ablation system has been evaluated 
to ablate short-segments of BE with each 10-second 
application resulting in ice patches of 2 cm with studies 
reporting promising CE-IM and CE-D rates, ranging from 
88% to 95% (17). A multicenter, non-randomized trial 
comparing focal cryotherapy to focal RFA showed that the 
2 modalities had comparable BE regression (88% vs. 90%, 
P=0.62), however, the use of cryotherapy was associated 
with less severity and duration of pain, as well as, less use of 
analgesics (18). 

BE with visible lesions

Complete and focal resection of any visible lesion within 
the BE segment should be performed using either EMR or 
ESD. This not only can be curative, but can also distinguish 
submucosal cancers, lymphatic invasion, and poorly 
differentiated cancers. EMR is the most commonly used 

technique for resection of BE cancers in Western countries. 
Multiple mucosal resection devices exist, including 
multiband mucosectomy and cap devices. While both yield 
similar specimens and side effect profiles, the multiband 
mucosectomy device is preferable as it is less expensive 
and less time consuming (19). After resection of visible 
lesions, the remainder of the flat BE mucosa still needs to 
be treated as data has shown that endoscopic surveillance 
of the residual flat segment yields unacceptably high rates 
(14.5–36.7%) of recurrent HGD or adenocarcinoma (20). 
While stepwise resection can achieve high rates of CE-IM, 
this is associated with high rates of esophageal strictures (21). 

ESD can be considered instead of EMR for lesions with 
a bulky intramural component, lesions greater than 15 mm, 
or those with features suggesting submucosal involvement 
or advanced histology (22). A systematic review and meta-
analysis of 524 BE lesions treated with ESD showed a 65% 
curative resection rate with less than 2% rate of bleeding 
and/or perforation. Post ESD, recurrence was low at 
0.17% at 23 months (23). Compared to EMR, ESD offers  
en bloc resection with more precise histology, higher rates of 
curative resection (58.8% vs. 11.7%, P=0.01), and perhaps 
lower rates of residual and local recurrence (24). 

An important adverse event to anticipate with ESD is 
esophageal stricture formation which can occur in 10–20% 
of patients. Risk factors for stricture formation include 
a mucosal defect >75% of the luminal circumference of 
the esophagus, a tumor length greater than 30mm, and 
histologic invasion depth extending greater than M2 (lamina 
propria). Stricture formation approaches 100% in patients 
who have had circumferential ESD performed (25).

The most common method to prevent stricture 
formation is local injection of steroids immediately after 
performing the ESD. Studies have shown that patients who 
receive steroid injection have significantly lower rate of 
stricture formation compared to historical control (10% vs. 
66%) (26,27).

Overall, ESD requires significant expertise and patients 
should be considered for referral to centers of excellence, 
especially in Western countries.

Conclusions

Endoscopic therapy has revolutionized the treatment of 
neoplastic BE in the past few decades. Multiple techniques, 
including EMR, ESD, RFA, cryotherapy, and hybrid 
APC, used alone or in combination, can yield high rates of 
eradication of neoplasia and metaplasia. The unique merits 
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of each of these techniques, and patient characteristics 
wherein one might be preferred over the other, are still not 
well studied. Head to head comparisons of these different 
modalities are still needed to better inform endoscopists 
regarding which technique is better suited for a certain 
clinical scenario. With multiple innovations already under 
study, the future of this field appears bright. 

Acknowledgments

Funding: None. 

Footnote 

Provenance and Peer Review: This article was commissioned 
by the Guest Editor (Madhav Desai) for the series 
“Endoscopic Therapy for Barrett’s Esophagus” published in 
Annals of Esophagus. The article has undergone external peer 
review.

Reporting Checklist: The authors have completed the 
Narrative Review reporting checklist. Available at http://
dx.doi.org/10.21037/aoe-20-73

Peer Review File: Available at http://dx.doi.org/10.21037/
aoe-20-73

Conflicts of Interest: Both authors have completed the 
ICMJE uniform disclosure form (available at http://dx.doi.
org/10.21037/aoe-20-73). The series “Endoscopic Therapy 
for Barrett’s Esophagus” was commissioned by the editorial 
office without any funding or sponsorship. PS reports grants 
and personal fees from Medtronic, grants and personal fees 
from Olympus, personal fees from Boston Scientific, grants 
and personal fees from Fujifilm, grants from US Endoscopy, 
during the conduct of the study; personal fees from Bausch, 
grants from Ironwood, grants from Erbe, grants from 
Docbot, grants from Cosmo pharmaceuticals, grants from 
CDx labs, outside the submitted work. The authors have no 
other conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 

Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.	 Shaheen NJ, Falk GW, Iyer PG, et al. ACG Clinical 
Guideline: Diagnosis and Management of Barrett’s 
Esophagus. Am J Gastroenterol 2016;111:30-50; quiz 1.

2.	 Sharma P, Shaheen NJ, Katzka D, et al. AGA Clinical 
Practice Update on Endoscopic Treatment of Barrett’s 
Esophagus With Dysplasia and/or Early Cancer: Expert 
Review. Gastroenterology 2020;158:760-9.

3.	 Tseng EE, Wu TT, Yeo CJ, et al. Barrett’s esophagus 
with high grade dysplasia: surgical results and long-term 
outcome--an update. J Gastrointest Surg 2003;7:164-70; 
discussion 170-1.

4.	 Wu J, Pan YM, Wang TT, et al. Endotherapy versus 
surgery for early neoplasia in Barrett’s esophagus: a meta-
analysis. Gastrointest Endosc 2014;79:233-41.e2.

5.	 Yu T, Geng J, Song W, et al. Diagnostic Accuracy of 
Magnifying Endoscopy with Narrow Band Imaging and Its 
Diagnostic Value for Invasion Depth Staging in Esophageal 
Squamous Cell Carcinoma: A Systematic Review and 
Meta-Analysis. Biomed Res Int 2018;2018:8591387.

6.	 Ma GK, Ginsberg GG. Radiofrequency Ablation of 
Barrett’s Esophagus: Patient Selection, Preparation, 
and Performance. Gastrointest Endosc Clin N Am 
2017;27:481-90.

7.	 Phoa KN, van Vilsteren FG, Weusten BL, et al. 
Radiofrequency ablation vs endoscopic surveillance for 
patients with Barrett esophagus and low-grade dysplasia: a 
randomized clinical trial. JAMA 2014;311:1209-17.

8.	 Shaheen NJ, Overholt BF, Sampliner RE, et al. Durability 
of radiofrequency ablation in Barrett’s esophagus with 
dysplasia. Gastroenterology 2011;141:460-8.

9.	 Belghazi K, Pouw RE, Koch AD, et al. Self-sizing 
radiofrequency ablation balloon for eradication of 
Barrett’s esophagus: results of an international multicenter 
randomized trial comparing 3 different treatment 
regimens. Gastrointest Endosc 2019;90:415-23.

10.	 Kahn A, Priyan H, Dierkhising RA, et al. Outcomes of 
radiofrequency ablation by manual versus self-sizing 
circumferential balloon catheters for the treatment of 

http://dx.doi.org/10.21037/aoe-20-73
http://dx.doi.org/10.21037/aoe-20-73
http://dx.doi.org/10.21037/aoe-20-73
http://dx.doi.org/10.21037/aoe-20-73
http://dx.doi.org/10.21037/aoe-20-73
http://dx.doi.org/10.21037/aoe-20-73
https://creativecommons.org/licenses/by-nc-nd/4.0/


Annals of Esophagus, 2021Page 6 of 6

© Annals of Esophagus. All rights reserved. Ann Esophagus 2021;4:37 | http://dx.doi.org/10.21037/aoe-20-73

dysplastic Barrett’s esophagus: a multicenter comparative 
cohort study. Gastrointest Endosc 2021;93:880-887.e1.

11.	 Hamade N, Desai M, Thoguluva Chandrasekar V, et al. 
Efficacy of cryotherapy as first line therapy in patients 
with Barrett’s neoplasia: a systematic review and pooled 
analysis. Dis Esophagus 2019;32:doz040.

12.	 Xue HB, Tan HH, Liu WZ, et al. A pilot study of 
endoscopic spray cryotherapy by pressurized carbon 
dioxide gas for Barrett’s esophagus. Endoscopy 
2011;43:379-85.

13.	 van Munster SN, Overwater A, Raicu MGM, et al. A novel 
cryoballoon ablation system for eradication of dysplastic 
Barrett’s esophagus: a first-in-human feasibility study. 
Endoscopy 2020;52:193-201.

14.	 Pouw RE, Künzli HT, Bisschops R, et al. Simplified 
versus standard regimen for focal radiofrequency 
ablation of dysplastic Barrett’s oesophagus: a multicentre 
randomised controlled trial. Lancet Gastroenterol 
Hepatol 2018;3:566-74.

15.	 Manner H, May A, Miehlke S, et al. Ablation of 
nonneoplastic Barrett’s mucosa using argon plasma 
coagulation with concomitant esomeprazole therapy 
(APBANEX): a prospective multicenter evaluation. Am J 
Gastroenterol 2006;101:1762-9.

16.	 Manner H, May A, Kouti I, et al. Efficacy and safety of 
Hybrid-APC for the ablation of Barrett’s esophagus. Surg 
Endosc 2016;30:1364-70.

17.	 Canto MI, Shaheen NJ, Almario JA, et al. Multifocal 
nitrous oxide cryoballoon ablation with or without EMR 
for treatment of neoplastic Barrett’s esophagus (with 
video). Gastrointest Endosc 2018;88:438-46.e2.

18.	 van Munster SN, Overwater A, Haidry R, et al. Focal 
cryoballoon versus radiofrequency ablation of dysplastic 
Barrett’s esophagus: impact on treatment response and 
postprocedural pain. Gastrointest Endosc 2018;88:795-
803.e2.

19.	 Pouw RE, van Vilsteren FG, Peters FP, et al. Randomized 
trial on endoscopic resection-cap versus multiband 
mucosectomy for piecemeal endoscopic resection of early 
Barrett’s neoplasia. Gastrointest Endosc 2011;74:35-43.

20.	 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;57:1200-6.

21.	 van Vilsteren FG, Pouw RE, Seewald S, et al. Stepwise 
radical endoscopic resection versus radiofrequency 
ablation for Barrett’s oesophagus with high-grade 
dysplasia or early cancer: a multicentre randomised trial. 
Gut 2011;60:765-73.

22.	 Draganov PV, Wang AY, Othman MO, et al. AGA 
Institute Clinical Practice Update: Endoscopic Submucosal 
Dissection in the United States. Clin Gastroenterol 
Hepatol 2019;17:16-25.e1.

23.	 Yang D, Zou F, Xiong S, et al. Endoscopic submucosal 
dissection for early Barrett’s neoplasia: a meta-analysis. 
Gastrointest Endosc 2018;87:1383-93.

24.	 Terheggen G, Horn EM, Vieth M, et al. A randomised 
trial of endoscopic submucosal dissection versus 
endoscopic mucosal resection for early Barrett’s neoplasia. 
Gut 2017;66:783-93.

25.	 Shi Q, Ju H, Yao LQ, et al. Risk factors for 
postoperative stricture after endoscopic submucosal 
dissection for superficial esophageal carcinoma. 
Endoscopy 2014;46:640-4.

26.	 Pih GY, Kim DH, Gong EJ, et al. Preventing esophageal 
strictures with steroids after endoscopic submucosal 
dissection in superficial esophageal neoplasm. J Dig Dis 
2019;20:609-16.

27.	 Yu JP, Liu YJ, Tao YL, et al. Prevention of Esophageal 
Stricture After Endoscopic Submucosal Dissection: A 
Systematic Review. World J Surg 2015;39:2955-64.

doi: 10.21037/aoe-20-73
Cite this article as: Hamade N, Sharma P. A narrative review 
of endoscopic therapies in Barrett’s esophagus. Ann Esophagus 
2021;4:37.


