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Cryotherapy versus radiofrequency ablation in the treatment of dysplastic 
Barrett’s esophagus with or without early esophageal neoplasia: a systematic 
review and meta-analysis  

Cryotherapy and radiofrequency ablation are equally effective in achieving complete eradication of intestinal metaplasia 
and dysplasia in patients with dysplastic Barrett's esophagus with or without early esophageal neoplasia.
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Background/Aims: Radiofrequency ablation (RFA) is the first-line therapy for dysplastic Barrett’s esophagus (BE). Therefore, cryo-
therapy has emerged as an alternative treatment option. This study aimed to compare the efficacies of these two techniques based on 
the rates of complete eradication of intestinal metaplasia (CE-IM) and dysplasia (CE-D). Adverse events and recurrence have also been 
reported. 
Methods: An electronic search was conducted using the Medline (PubMed), Embase, LILACS, and Google Scholar databases until De-
cember 2022. Studies were included comparing cryotherapy and RFA for treating dysplastic BE with or without early esophageal neo-
plasia. This study was performed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guide-
lines. 
Results: Three retrospective cohort studies involving 627 patients were included. Of these, 399 patients underwent RFA, and 228 were 
treated with cryotherapy. There was no difference in CE-IM (risk difference [RD], –0.03; 95% confidence interval [CI], –0.25 to 0.19; 
p=0.78; I2=86%) as well as in CE-D (RD, –0.03; 95% CI, –0.15 to 0.09; p=0.64; I2=70%) between the groups. The absolute number of 
adverse events was low, and there was no difference in the recurrence rate. 
Conclusions: Cryotherapy and RFA were equally effective in treating dysplastic BE, with or without early esophageal neoplasia. 

Keywords: Barrett esophagus; Cryotherapy; Radiofrequency ablation  

INTRODUCTION 

Barrett’s esophagus (BE) is characterized by a change from a 
normal squamous epithelium to a columnar epithelium with 
intestinal metaplasia.1 It is considered a premalignant condition 
owing to the established risk of developing dysplasia.2  

Mucosa with dysplasia may progress to adenocarcinoma, a 
disease with an increasing incidence and low survival rates.3,4 
Endoscopic eradication therapy (EET) of dysplastic areas pre-
vents disease progression.5,6 

Radiofrequency ablation (RFA) is considered first-line ther-
apy.7 Previous studies demonstrated its high efficacy and safety. 
The rate of complete eradication of intestinal metaplasia (CE-
IM) varied between 78% and 88%, while the complete eradica-
tion of dysplasia (CE-D) varied between 91% and 96%.8,9 More 
recently, the final 10-year UK National HALO Radiofrequency 
Ablation Registry report published in 2022 revealed a CE-IM of 
62.7% and a CE-D of 88% at 2 years.10 Adverse events reported 
after RFA include stenosis, bleeding, and chest discomfort, al-
though these are not very frequent.9-11 

Cryotherapy has emerged as a treatment option in the last 
decade. There are three systems: liquid nitrogen, carbon diox-
ide, and a cryoballoon focal ablation system (nitrous oxide).12 
Studies have revealed that CE-IM ranges from 64% to 82% and 
CE-D ranges from 82% to 94% when this method is primarily 
used.12,13 However, cryotherapy is usually considered a rescue 
alternative for patients who fail therapy.14,15 Cryotherapy is asso-
ciated with less postprocedural pain than RFA, which may help 
with treatment adherence.16 Postprocedural stenosis has been 

described in some studies as an uncommon complication of 
cryotherapy.17 

This meta-analysis was based on the clinical requirements 
of RFA and cryotherapy for treating dysplastic BE. This study 
compared the efficacy of RFA and cryotherapy using CE-IM 
and CE-D in adult patients with BE and histological evidence 
of low-grade dysplasia (LGD), high-grade dysplasia (HGD), or 
intramucosal adenocarcinoma (IMC). The number of adverse 
events and recurrences reported in these studies have also been 
described. 

METHODOLOGY 

Study protocol and registration 
This meta-analysis was performed in accordance with the 
Preferred Reporting Items for Systematic Reviews and Me-
ta-analyses checklist and registered in the International Pro-
spective Register of Systematic Reviews PROSPERO (CRD 
42022374012). 

Search strategy 
An electronic search was conducted of the Medline (PubMed), 
Embase, LILACS, and Google Scholar databases, as well as a 
manual search of the references of the most relevant studies. 

The search strategies were based on a combination of the 
term Barrett with descriptors referring to radiofrequency ab-
lation (Catheter Ablation OR Radiofrequency OR Radio-Fre-
quency OR Radio Frequency OR RFA) and Barrett with 
descriptors referring to cryotherapy (Cryotherapy OR Cold 
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Therapy OR Cold Therapies OR Cryogen OR Cryosurgeries 
OR Cryoablation OR Cryoablations). 

These were conducted between March 2022 and December 
2022. There were no restrictions on the language or publication 
period, and full texts or abstracts were included. Alerts were 
created in these databases to obtain new results. 

Selection criteria 
The following inclusion criteria were established (PICOS): (1) 
Population: adults with BE and histological evidence of LGD, 
HGD, or IMC; (2) Type of intervention/comparison: RFA ver-
sus cryotherapy; (3) Outcomes: CE-IM, CE-D, adverse events, 
and recurrence; (4) Study design: observational cohort or ran-
domized clinical trials. 

The following exclusion criteria were established (1) Deter-
mining the BE eradication rate by non-histopathological meth-
ods; (2) Absence of at least one surveillance endoscopy after 
completion of treatment.  

Selection of studies and data extraction 
Duplicate studies were excluded from the analysis. Two inde-
pendent reviewers read the titles and abstracts and discarded 
those that did not answer the research questions of interest. Full 
texts were read and selected based on inclusion and exclusion 
criteria. The reviewers reached a consensus during disagree-
ments at any selection stage. 

Data were independently extracted by two reviewers and 
recorded using specific collection forms. Information on study 
design, year, center, recruitment period, number of patients, 
demographic profile, mean maximum BE length, histology 
before ablation, CE-IM, CE-D, number of adverse events, and 
recurrence was collected. Divergence was resolved by consen-
sus among the reviewers after retrieving information from the 
original article. 

Risk of bias and quality of studies 
The risk of bias was assessed using the Cochrane risk-of-bias 
tool for non-randomized studies risk of bias in non-randomised 
studies-of interventions (ROBINS I).18 The quality of evidence 
was analyzed with the Grading of Recommendations Assess-
ment, Development, and Evaluation (GRADE) criteria.19 

Outcomes assessed 
The primary outcomes analyzed were the rate of CE-IM and 
the rate of CE-D. CE-IM is characterized by the absence of 

intestinal metaplasia on histopathological analysis of biopsies 
performed after treatment. Similarly, CE-D is defined by the 
absence of dysplasia from the histopathological analysis of 
biopsies taken after treatment. The secondary outcomes were 
adverse events and recurrence. 

Data synthesis and Statistical analysis 
Sex, adverse events, and the total number of patients with LGD 
or HGD/IMC are expressed as absolute numbers. Age, maxi-
mum BE length, and body mass index are presented as means 
with standard deviations. Statistical analyses of CE-IM, CE-
D, and recurrence outcomes were performed using the Review 
Manager software ver. 5.4 (Cochrane). Heterogeneity was 
assessed using the statistical inconsistency index (I2). values of 
<30%, 30% to 60%, 61% to 75%, and >75% were considered low, 
moderate, high, and very high, respectively. The random-effects 
model was used for high/very high values, and the fixed-effects 
model was used for low/moderate values. These results were 
risk differences (RDs) with corresponding confidence intervals 
[CIs] (95% CI). 

RESULTS 

Result of the literature search 
A total of 11,107 studies were identified using this search strate-
gy. A total of 4,827 duplicate articles were excluded. Evaluation 
of the titles and abstracts led to the selection of 14 studies that 
answered the clinical question and were analyzed in full text. 
Based on the inclusion and exclusion criteria, 10 were excluded 
for incomplete data and one for the analysis of another popula-
tion profile. The remaining three studies were included in the 
final analysis. A schematic diagram of the identification and 
selection of the studies is shown in Figure 1. 

Study characteristics 
Three were retrospective cohort studies. Two were multicenter 
studies,20,21 and one was a single-center study.22 In one study, the 
number of pathologists was not mentioned,20 whereas in others, 
the participation of two independent pathologists was report-
ed.21,22 However, all the included studies referenced pathologists 
specializing in the gastrointestinal tract. All evaluated patients 
with CE-IM and CE-D underwent a minimum follow-up of 
one year with surveillance endoscopy. Regarding the cryother-
apy modality, two studies used liquid nitrogen,21,22 and one 
used nitrous oxide.20 Endoscopic examinations were performed 
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using high-definition devices, chromoscopy, and protocolized 
biopsies (Table 1).20-22 

Demographic profile and histological characteristics 
A total of 627 patients were included in this analysis. Of these, 
228 were in the cryotherapy group, and 399 underwent RFA. 
There was a predominance of overweight/obese men, with 
a mean age of over 60 years and a mean maximal BE length 
greater than 3 cm in both groups in all studies. Among those 
with LGD, 182 underwent RFA, and 79 underwent cryother-

Fig. 1. Study selection flowchart according to Preferred Reporting 
Items for Systematic Reviews and Meta-analyses.

Table 1. Study characteristics 
Study details Agarwal et al.20 Fasullo et al.21 Thota et al.22

Type Retrospective cohort Retrospective cohort Retrospective cohort
Year of publication 2022 2022 2018
Country USA USA USA
Center Multicenter Multicenter Single center
Database 2014–2020 2009–2020 2006–2011
Cryotherapy modality CBA LNSC LNSC

CBA, cryoballoon ablation; LNSC, liquid nitrogen spray cryotherapy.
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Total=11,107
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Reports evaluated by abstract 
(n=78)

Reports assessed for eligibility 
(n=14)

Studies included in review (n=3)

Records excluded by 
title (n=6,202)

Reports excluded by 
abstract (n=64)

Reports excluded:
Reason 1: insufficient 

data (n=10) 
Reason 2: other 
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Records removed before 
screening:
Duplicate records 

removed (n=4,827)

apy; among those with HGD/IMC, 217 received RFA and 149 
received cryotherapy. Patients with visible lesions were evaluat-
ed for resection prior to ablative therapy. The detailed data are 
presented in Table 2.20-22 

Technical differences in ablative modalities 
The three included studies performed RFA using circumferen-
tial and sectorial catheters. The energy applied was 12 to 15 J/
cm2 every 3 cm, in a downward manner, in the area to be treat-
ed. The coagulated tissue was scraped using a cap mounted on 
an endoscope. A second series of ablations was then performed. 
When the sectorial catheter was used, energy was applied twice 
before scraping, which was performed using the tip of the focal 
catheter. 

Thota et al.22 and Fasullo et al.21 used a cryospray catheter 
passed through the endoscope’s working channel, delivering 
liquid nitrogen at –196 ºC to perform cryotherapy. A gastric de-
compression device was also required to remove the gas. Areas 
measuring 2 to 3 cm2 were progressively treated semicircularly 
until the entire BE was reached. Each site was frozen for 2 to 3 
cycles of 20 to 30 seconds each, with at least 45 to 60 seconds 
between cycles to allow tissue thawing. 

On the other hand, Agarwal et al.20 used a cryoballoon cath-
eter. The device was passed through the working channel and 
positioned in the area to be treated to perform this procedure. 
Then, the nitrous oxide was released with inflation of the bal-
loon and application of cryogen for 10 seconds, cooling the 
tissue to –85 ºC. Areas 2 to 3 cm in diameter were treated until 
the entire segment of the BE was reached. 

The number of sessions and interval between sessions for 
each ablative technique in each study are described in the sup-
plementary material (Supplementary Table 1).20-22 

Advantages and disadvantages of ablative modalities 
The advantages of RFA are its greater availability, better direct 
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visualization of the mucosa during the procedure, avoidance of 
overlapping treated areas, and better options in cases of altered 
gastric anatomy, such as gastric bypass, stomach stapling, and 
gastrojejunostomy, as there is no gas insufflation, which reduces 
the risk of perforation. Its disadvantages include a greater num-
ber of endoscopic intubations per session owing to the need to 
scrape the mucosa between ablations, the need to use sectorial 
catheters to approach residual areas, and the difficulty in pass-
ing the circumferential catheter (owing to its large diameter) in 
patients with stenosis. 

Cryotherapy has the advantage of causing less pain after the 
procedure, is better applicable to patients with an irregular 
esophageal wall, and has the potential to reach a greater depth 
of the mucosa. Its disadvantages include the need to pass a 
probe for gastric decompression for devices that use nitrogen 
spray catheters, a longer procedure time during the treatment 
session owing to the need for freezing and thawing cycles, a 
greater potential risk of stenosis because it reaches a greater 
depth, and a lower availability of services.  

Risk of bias and quality of studies  
Application of the ROBINS I tool identified two studies with 
a serious risk of bias, mainly due to confounding and patient 
selection bias,21,22 and one with a low risk of bias.20 A detailed 
description of the risk of bias is presented in Figure 2. The qual-
ity of evidence in the included studies was considered very low 
(Supplementary Table 2). 

Rate of CE-IM 
A total of 627 patients from three studies were analyzed.20-22 
There was no difference in the rate of CE-IM between the RFA 

and cryotherapy groups (RD, –0.03; 95% CI, –0.25 to 0.19; 
p=0.78; I2=86%) (Fig. 3). GRADE analysis revealed a very low 
certainty of evidence. 

Rate of CE-D 
A total of 627 patients from three studies were analyzed.20-22 
There was no difference in the rate of CE-D between the RFA 
and cryotherapy groups (RD, –0.03; 95% CI, –0.15 to 0.09]; 
p=0.64; I2=70%) (Fig. 4). GRADE analysis revealed a very low 
certainty of evidence. 

Adverse events and recurrence 
Recurrence occurred in patients with at least 12 months of fol-
low-up after CE-IM. A total of 186 patients from two studies 
were analyzed.21,22 There was no difference in the recurrence 
rate between the RFA and cryotherapy groups (RD, 0.09; 95% 
CI, –0.02 to 0.19; p=0.12; I2=0%) (Fig. 5). GRADE analysis 
revealed a very low certainty of evidence. Adverse events were 
described in two studies.20,21 Because of their low occurrence, 
their values were expressed in absolute numbers (Table 3).20-22 

DISCUSSION 

We present the first meta-analysis to compare RFA and cryo-
therapy for dysplastic BE with or without early esophageal 
neoplasia. This study showed that both were equally effective 
and that there was no difference in the recurrence rate of intes-
tinal metaplasia. The number of adverse events was low in both 
groups. 

This meta-analysis gathered the available scientific evidence 
to date. No randomized clinical trials have compared these two 

Table 2. Demographic profile and histological characteristics 

Characteristic
Agarwal et al. (2022)20 Fasullo et al. (2022)21 Thota et al. (2018)22

RFA CRYO RFA CRYO RFA CRYO
No. of patients 226 85 100 62 73 81
Mean age±SD (y) 65.6±10 67.1±10.1 67.7±11.4 67.1±12.3 66.4±9.5 69.8±10.7
Male sex (n, %) 177 (78.3) 71 (83.5) 92 (92.0) 51 (82.3) 66 (90.4) 65 (80.2)
Mean BMI±SD (kg/m2) 30.8±5.9 28.9±4.9 28.6±5.7 27.7±5.2 31.7±7.3 30.1±6.3
Mean maximal BE length±SD (cm) 5.1±3.8 3.6±3.0 4.4±3.0 4.7±3.0 5.2±3.2 5.2±3.4
LGD 108 32 61 36 13 11
HGD+IMC 118 53 39 26 60 70
CE-IM (%) 57.3 69.8 64 66.1 66.7 41.3
CE-D (%) 78.3 85.7 81 71 87.5 78.8

RFA, radiofrequency ablation; CRYO, cryotherapy; SD, standard deviation; BMI, body mass index; BE, Barrett’s esophagus; LGD, low-grade dysplasia; 
HGD, high-grade dysplasia; IMC, intramucosal carcinoma; CE-IM, complete eradication of intestinal metaplasia; CE-D, complete eradication of dyspla-
sia.
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D1 D2 D3 D4 D5 D6 D7 Overall

Agarwal S, 2022 – – + + + + – –

Fasullo M, 2022 × × + + + – – ×

Thota PN, 2018 × × + – – – – ×
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Fig. 2. Risk of bias by ROBINS I.

Fig. 3. Rate of complete eradication of intestinal metaplasia. M-H, Mantel-Haenszel test; CI, confidence interval; I2, heterogeneity.
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Fasullo et al, 2022
Thota et al, 2018

Total (95% CI)
Total events
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Fig. 4. Rate of complete eradication of dysplasia. M-H, Mantel-Haenszel test; CI, confidence interval; I2, heterogeneity.

methods. Only four existing studies were cohort studies. Three 
studies were included in the meta-analysis. One study with 46 
patients was not included because it evaluated efficacy using 

non-histological methods. The excluded studies used visual 
scoring to assess the replacement of BE mucosa with squamous 
mucosa during endoscopy after a single treatment session. In-
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terestingly, this study found no significant difference in efficacy 
between the two methods.23 

Only Thota et al.22 identified a difference in the CE-IM anal-
ysis (66.7 vs. 41.3%, p=0.002), favoring RFA. In this study, cryo-
therapy was the method of choice in cases where RFA was not 
feasible owing to an uneven surface, stenosis preventing passage 
of the RFA device, and IMC in the proximal esophagus without 
the possibility of resection. This method of choice is also suit-
able for patients with a bleeding diathesis. These baseline differ-
ences between the groups may have influenced the results. 

Cryotherapy is a novel technique that has improved over the 
last several years owing to the increasing experience. Thus, old-
er studies may underestimate the efficacy of this method com-
pared to the effect. Newer cryotherapy devices offer numerous 
theoretical advantages, including more effective ablation over 
wider areas. This phenomenon may explain the results of the 
study by Thota et al.,22 which revealed a CE-IM of only 41.3% 
using data collected from 2006 to 2011, the oldest period 
among the included studies.  

Differences were also observed among the cryotherapy mo-
dalities used. All modalities share the same principle of using 
freeze-thaw cycles, but the technique with the cryoballoon 
stood out compared to others. A study conducted by Canto et 
al.24 in 2018 revealed that cryoballoons can achieve a CE-IM of 
88% and a CE-D of 95%. Previously published meta-analyses 
evaluating the efficacy of cryotherapy also pooled different mo-

dalities, as in the present study.12,13 

Importantly, there is a need to maintain posttreatment sur-
veillance for both ablative modalities because of the possibility 
of recurrence. Two studies evaluated these outcomes.21,22 Re-
currence was defined as endoscopically visible or histological 
BE after CE-IM. These studies evaluated occurrence among 
patients with at least 12 months of follow-up. At the end of 
treatment, patients underwent surveillance endoscopy with bi-
opsies every 3 to 6 months during the first year. Although there 
was a continuation of follow-up after the first year, there was no 
precise description of the total follow-up time. 

A prospective study by Cotton et al.25 assessed long-term 
(four-year) outcomes and showed that most recurrences oc-
curred in the first year after ablative therapy. This study also 
demonstrated that the probability of recurrence in the first year 
after CE-IM was higher than that in the following four years 
combined. 

A comparative statistical analysis of adverse events was not 
performed because of a lack of data in one of the studies22 and 
the very low number of endpoints in the others.20,21 Studies with 
larger patients are required to evaluate this outcome accurately. 

The lack of randomization and preferential assignment of 
patients to a particular therapy in all three studies may have in-
fluenced the results by promoting differences between groups. 
Thus, bias vulnerability, such as confounding factors and se-
lection, can be identified. Agarwal et al. attempted to minimize 

Table 3. Adverse events 
Agarwal et al. (2022)20 Fasullo et al. (2022)21 Thota et al. (2018)22

RFA CRYO RFA CRYO RFA CRYO
Strictures 10 9 0 0 No data
Perforation 0 0 0 0 No data
Bleeding 0 0 0 0 No data

RFA, radiofrequency ablation; CRYO, cryotherapy.

Study or subgroup
Fasullo et al, 2022 
Thota et al, 2018

Total (95% CI)
Total events
Heterogeneity: Chi2=0.45; df=1 (p=0.50); I2=0%
Test for overall effect: Z=1.55 (p=0.12)
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6
9

15

41
33

74

6
7

13

64
48

112

56.1%
43.9%
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0.09 [–0.02, 0.19]

Events
Cryotherapy Radiofrequency ablation Risk difference Risk difference

EventsTotal Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI

Fig. 5. Recurrence. M-H, Mantel-Haenszel test; CI, confidence interval; I2, heterogeneity.
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the bias by conducting subgroup analyses and propensity score 
matching.20 After these adjustments, similar efficacy data were 
obtained for RFA and cryotherapy. 

The patient profile in this meta-analysis was similar to that of 
the population with the highest prevalence of BE in real-world 
clinical practice. The representative patient population makes 
these data applicable in clinical practice and likely reproducible. 
However, the populations included in the studies were followed 
up at tertiary referral centers, which likely led to a referral bias. 
Importantly, leading gastroenterology and endoscopy societies 
uniformly recommend that EET be performed at centers with 
experience in endoscopic resection and ablation.26-28 

The main strength of this meta-analysis was the inclusion of 
only comparative studies (cryotherapy vs. RFA) with histolog-
ical evaluation by experts for diagnosis and effectiveness after 
treatment. Other relevant aspects include the determination of 
CE-IM and CE-D as primary outcomes because they are the 
most established measures of efficacy, the presence of a sample 
composed of a reasonable number of patients, the presence of 
two multicenter studies, and the exclusion of studies without 
adequate follow-up. 

This meta-analysis had some limitations. All included studies 
were retrospective cohort studies; however, they were the only 
available evidence. The main outcomes showed high heteroge-
neity, which may have been secondary to methodological and 
clinical variability. This study was vulnerable to confounding 
factors and selection and referral biases. It was impossible to 
evaluate the efficacy adjusted for subgroups according to BE 
length or initial histological grade owing to the lack of data. 

The choice of RFA or cryotherapy in treating dysplastic BE 
with or without early esophageal neoplasia should be made in-
dividually considering device availability, cost, personal experi-
ence, and patient preference; in terms of efficacy, both methods 
appear comparable. More studies, especially randomized clini-
cal trials, are required to expand the available evidence to assist 
in clinical decision-making.

In conclusions, the available data suggest that cryotherapy 
and RFA are equally effective in achieving CE-IM and CE-D 
in patients with dysplastic BE with or without early esophageal 
neoplasia.  
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