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Abstract: Barrett’s Esophagus is a common condition associated with chronic gastroesophageal
reflux disease. It is well known that it has an association with a higher incidence of esophageal
adenocarcinoma, but this neoplastic transformation is first preceded by the onset of low and high-
grade dysplasia. The evaluation of low grade dysplastic esophageal mucosa is still controversial;
although endoscopic surveillance is preferred, several minimally invasive endoscopic therapeutic
approaches are available. Endoscopic mucosal resection and radiofrequency ablation are the most
used endoscopic treatments for the eradication of low-grade dysplasia, respectively, for nodular and
flat dysplasia. Novel endoscopic treatments are cryotherapy ablation and argon plasma coagulation,
that have good rates of eradication with less complications and post-procedural pain.

Keywords: Barrett’s esophagus; low-grade dysplasia; endoscopic mucosal resection; radiofrequency
ablation; cryotherapy; endoscopy

1. Introduction

Barrett’s Esophagus (BE) is a condition defined as a metaplastic transformation of the
distal normal esophageal squamous mucosa to intestinal columnar epithelium [1]. The
most important risk factor for this condition is non-treated and long-term gastroesophageal
reflux disease (GERD), developing in approximately 5% to 15% of patients that undergo
endoscopic examination with a clinical diagnosis of GERD [2]. BE is recognized as the only
established condition that increases the risk of esophageal adenocarcinoma (EAC) [3]. Risk
factors associated with increased incidence of BE are male sex, weight gain, age >50 years
old, hiatal hernia. The neoplastic progression from dysplasia to carcinoma consists of a
multistep process that takes a variable time to develop, during which mucosal alterations
occur [4]. For patients with high grade dysplasia (HGD), all the international guidelines
suggest the necessity of the endoscopic eradication of dysplasia because of the high rate of
progression to adenocarcinoma. On the other hand, the best management for patients with
low grade dysplasia (LGD) in Barrett is still controversial, first because is an over-diagnosed
condition, and second because the risk of progression to HGD and EAC is variable [3,5].

2. Diagnosis

The gold standard for BE diagnosis is endoscopy. The detection of metaplastic colum-
nar epithelium at least 1 cm in the distal esophageal mucosa can be achieved with many
optical methods, although certain diagnosis is performed by the histological examination
of mucosal biopsies. BE appears on esophagogastroduodenoscopy as a salmon-coloured
mucosa extending more than 1 cm proximal to gastroesophageal junction [3]. During
endoscopy, according to Praga classification, circumferential extension (C value) of BE and
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its maximum extension (M value) should be described from the gastroesophageal junc-
tion; the metaplastic mucosa may endoscopically present a segmental or circumferential
appearance [6] (Figure 1).
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When endoscopist suspects a diagnosis of BE, biopsies following Seattle Protocol
must be performed that involve 4-quadrant biopsy sampling every 2 cm throughout the
columnar-lined esophagus. Furthermore, every mucosal irregularity should be sampled
because in these areas it is more probable to find dysplastic tissue [7].

At histological examination, cells with BE-associated LGD appear with mild architec-
tural abnormalities, increased numbers of mitotes and cytologic atypia, such as increased
nuclear: cytoplasmic (N:C) ratio and nuclear elongation [8].

Both in USA and Europe, the most used grading system for the histopathological diag-
nosis of LGD is the modified Vienna classification, which reports five classes of epithelial
changes in gastrointestinal dysplasia [9] (Table 1).

Table 1. Revised Vienna Classification.

Category Diagnosis

1 Negative for neoplasia (ND)

2 Indefinite for neoplasia (ID)

3
Mucosal low-grade neoplasia (LGD)
Low-grade adenoma
Low-grade dysplasia

4 Mucosal high-grade neoplasia (HGD)
4.1 High-grade adenoma/dysplasia
4.2 Non-invasive carcinoma (carcinoma in situ)
4.3 Suspicious for invasive carcinoma
4.4 Intramucosal carcinoma

5 Submucosal invasion by carcinoma

However, there is no accordance between pathologists regarding the exact histological
definition of LGD, because this grading system is based on few categories that do not allow
to distinguish the various types of LGD.

A recent study reported that in clinical practice not all LGDs are the same, and only
a small percentage of these progress to HGD/EAC. This condition may depend on the
similar histological features between low-grade dysplastic and inflammatory tissue, which
make histological diagnosis non-specific [10]. For this reason, some histological criteria,
such as an increase of mitosis, mucin depletion, a nuclear enlargement and the loss of
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surface maturation of cells, allow better prediction than others on the progression risk to
HGD/EAC [11].

In particular, there are some differences in the interpretation of the histological findings
between American and European pathologists. Vennalaganti et al. [12], in their multicenter
prospective study, confirmed this discordance, showing that European pathologists tended
to diagnose fewer cases of LGD with predominant inflammatory features (LGD-I) using
fewer criteria for the definition of dysplasia compared with American pathologists, and
this could explain the increased rate of progression to HGD/EAC in the European studies.

Concerning LGD with predominant inflammatory features, the Expert Review from
the Clinical Practice Updates Committee of the American Gastroenterological Association
(AGA, Bethesda, MD, USA) recommended not performing surveillance biopsies in patients
with active esophageal inflammation and suggested repetition of endoscopic examinations
after an anti-reflux regimen to avoid an overestimation of LGD [13].

A high-quality endoscopic exam, although it does not replace the histological diagno-
sis, can increase dysplastic lesions detection rate [14]. Advanced imaging technologies can
show an irregular appearance of the esophageal mucosal surface with a high accuracy. Fur-
thermore, random biopsies performed with white light endoscopy may not be completely
accurate in the recognition of all dysplastic areas, that often present a focal distribution,
sampling only 4–5% of esophageal mucosa [15].

New, advanced imaging technologies can lead to targeted biopsies being developed to
improve early diagnosis of dysplastic Barrett in surveillance endoscopic programs, and tar-
geting the biopsy mapping of areas of greatest concern. Among these innovative techniques,
the most used are chromoendoscopy, virtual chromoendoscopy, confocal endomicroscopy
and artificial intelligence.

Conventional chromoendoscopy consists of topical application of dyes through a
spray catheter to enhance atypical features of dysplastic mucosa more than in white light
endoscopy [16]. Methylene Blue (MB) is the most used dye for BE detection, because it is
selectively absorbed into intestinal type cells. Canto et al. [17] showed that the accuracy
of methylene blue to detect specialized columnar epithelium was 95%, using histology
as a reference standard. Acetic acid is a weak acid, also used as non-absorbed contrast
agent for the upper gastrointestinal tract, which induces an acetowhitening reaction on the
esophageal mucosa. In dysplastic BE, this whitening reaction is followed by a focal redness,
defined by Longcroft-Wheaton et al., as a predictor of pre-neoplastic lesion [18].

In their prospective study, Longcroft-Wheaton et al. [19] showed that, in 132 patients,
neoplastic and dysplastic mucosal areas lost the acetowhitening reaction faster than non-
neoplastic mucosa, and that this is an objective method to evaluate suspected mucosal area.

Recently, the evolution of digital endoscopy allowed the development of the virtual
chromoendoscopy, an advanced imaging technique that allows the endoscopist to enhance
the visualization of the BE using specific wavelengths of light. Narrow band imaging (NBI)
uses green and blue lights to improve superficial mucosal details, such as vascular patterns
and mucosal irregularities, without the use of contrast agents (Figure 2). Competing
technologies are i-SCAN and FUJI intelligent chromo endoscopy, which use digital filters
for image acquisition with white light, enhancing vascular mucosal patterns [16].

Several studies reported the advantage of virtual chromoendoscopy in comparison to
traditional chromoendoscopy, both for the lower costs and for the shorter time procedure
related to the conventional technique. Furthermore, virtual chromoendoscopy has the
advantage to enhance vascular patterns, unlike the conventional chromoendoscopy [20].

In their meta-analysis, Mannath et al. [21] reported that a Narrow Band Imaging with
a sensitivity greater than 90% proved to be an effective screening method and an accurate
technique to perform targeted biopsies.

Quemseya et al. [22] showed that advanced imaging technologies increased the diag-
nostic yield by 34% compared to white light endoscopy, without a significant difference
between chromoendoscopy and virtual chromoendoscopy.
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Figure 2. Endoscopic evaluation of circumferential Barrett’s Esophagus (a) in white light endoscopy;
(b) in narrow band imaging vision (NBI).

Confocal endomicroscopy (CLE) is another advanced technology that allows the de-
tection of BE using a low-power light laser. The final image is derived from the reflection of
this light from the pointed surface. There are two systems of CLE: endoscopy (eCLE; Pentax,
Toshima, Japan), now commercially available, and a probe-based system (pCLE), that can
be used with a standard endoscope [23]. The high-resolution microscopic visualization of
mucosa is achieved by the intravenous infusion of a fluorescent contrast agent (usually
fluorescein). This visualization method has a high rate of LGD prediction, decreasing the
number of biopsies required for the histological examination [24].

At CLE examination, the crypt architecture of BE is characterized by intermittent dark
mucin in goblet cells in the upper parts of the mucosal layer. In the deeper parts, villous,
dark, regular cylindrical Barrett’s epithelial cells are present [25].

As reported in several studies, pCLE has proven to be an effective diagnostic technique
in dysplastic and neoplastic detection, with a sensitivity of 62.5% compared to the 32.7%
related to wight light endoscopy. Furthermore, pCLE has a high negative predictive
value (NPV) regarding BE and related dysplasia and neoplasia diagnosis, and a non-
inferior negative predictive value compared to 4-quadrant biopsies screening [26–28].
Dunbar et al. [29] in their prospective trial demonstrated an increased detection rate of
neoplasia for pCLE compared with the standard biopsy protocol.

Kiesslich et al. [30] created a confocal classification system that subdivides three types
of cells at the distal esophagus: gastric-type epithelium, Barrett’s epithelium, and neoplas-
tic, based on the microscopic mucosal architecture of cells and vessels in patients with
dysplastic BE. According with these criteria, the sensitivity for the detection of dysplasia in
these patients was 93%.

Despite the great enthusiasm for this advanced technology, in clinical practice pCLE is
not much used because of long training times higher costs [16].

The American Society of Gastrointestinal Endoscopy (ASGE) conducted a large met-
analysis to evaluate costs and benefits of advanced imaging technologies for the detection
of BE. The results supported the use of traditional chromoendoscopy, NBI and pCLE to
perform targeted biopsies in endoscopic surveillance, decreasing the number of biopsies
and improving accuracy with a lower procedure time [31].

New perspectives for advanced diagnostics of BE opened up with the advent of
artificial intelligence, that uses colour and texture filters to detect pre-neoplastic and neo-
plastic lesions by comparing with a computer algorithm. Recent data showed that artificial
intelligence had a sensitivity of 90% and a specificity of 88% for the detection of LGD [32].

3. Management

It’s difficult to understand the natural progression of the histological diagnosis of LGD
and its neoplastic and clinical outcomes. Weston et al, conducted a study showing that the



Diagnostics 2022, 12, 1295 5 of 13

progression rate of BE from LGD to HGD or EAC was 6%. In this trial, the diagnosis of LGD
was verified by a single pathologist [33]. However, this progression rate may not be reliable,
because LGD, initially diagnosed by a single pathologist, was not always confirmed on
endoscopic follow-up. Conio et al. [34] showed that among patients with histological
diagnosis of LGD at the first endoscopic exam, dysplasia was not confirmed in 75% of cases
on subsequent histological controls. Failure to confirm LGD during surveillance can be
explained by there being similar cytologic features between inflammation-mediated injury
and dysplasia, which makes it difficult to differentiate these two conditions and leads to an
overdiagnosis of LGD [12]. Therefore, various studies have affirmed that the agreement
between two or more experienced pathologists for the diagnosis of LGD increased the risk
of progression to HGD and EAC [35,36].

It is critically important to achieve a reproducible diagnosis of LGD for its impact in
the dysplastic progression and, consequentially, for its management. Actually, a confirmed
diagnosis of LGD involves a significant risk of neoplastic incidence, with a progression rate
to HGD and EAC from 0.5% to 13% per year [36].

Currently, there is not a consensual approved management for the Barrett’s LGD. The
American College of Gastroenterology (ACG) Guidelines recommended endoscopic therapy
for patients with confirmed LGD, even if endoscopic surveillance is still indicated [3]. The
European Society of Gastrointestinal (ESGE, Leuven, Belgium) Guidelines suggest that
endoscopic eradication of LGD should be proposed to patients with a histological diagnosis
confirmed by a pathologist with special interest in gastrointestinal pathology, after a
surveillance interval of six months [37]. Similarly, ASGE and American Gastroenterological
Association (AGA) in their latest guidelines consider the endoscopic eradication of LGD a
reasonable option in patients with a diagnosis confirmed at a second examination within
3 to 6 months, even if both eradication therapy and surveillance are indicated [38,39].

In Japan, the histopathologic evaluation of LGD differs from in Western Countries,
because this grade of dysplasia is defined as well-differentiated adenocarcinoma with low-grade
atypia (non-invasive). In the current status, Japan Gastroenterological Endoscopy Society
(JGES) guidelines recommend performing endoscopic resection for HGD, while a 6-monthly
endoscopic surveillance for LGD conditions is preferred [40,41].

Several studies compared the rate of LGD progression between patients undergoing
endoscopic treatment and endoscopic surveillance. Klair et al. [42], in their large meta-
analysis, included 543 patients with LGD and evaluated the progression risk of dysplasia
between patients treated with RFA and those under surveillance. In the RFA group, 11 pa-
tients developed HGD or EAC, while 71 patients of surveillance group progressed to HGD
or EAC, showing a significantly lower rate of progression in patients undergoing treatment.

Phoa et al. [43] published a randomized clinical trial showing that the risk of progres-
sion to HGD in patients undergoing an ablative treatment was less likely than the control
group (1.5% ablation group (n = 1) vs. 26.5% control group (n = 18), p < 0.001). Recent
studies by Small et al. [44] and Barret et al. [45] supported this data, showing that a timely
treatment from the first diagnosis of LGD is associated with a lower rate of progression
of dysplasia and a high percentage of complete eradication of dysplasia (CE-D), that is
defined as no further detection of dysplasia on endoscopic biopsies subsequent the initial
diagnosis (Table 2).

The first line treatment of dysplastic Barrett should be endoscopic eradication therapy
(EET) [49]. Various endoscopic techniques can be used for the endoscopic eradication
for dysplastic BE, including resective treatments such as Endoscopic Mucosal Resection
(EMR) and Endoscopic Submucosal Dissection (ESD), and ablative treatments such as
Radiofrequency ablation (RFA), cryotherapy ablation and Argon Plasma Coagulation
(APC), or a combination of these techniques. The endoscopic therapeutic approach depends
on the appearance of the esophageal mucosa affected by dysplasia. For non-nodular
Barrett Dysplasia, ablative treatment is the gold standard, and the most preferred ablative
technique is RFA [50]. Patients with nodularity BE should undergo EMR of the lesion. EET
can be achieved with ablative endoscopic therapy of the remaining BE [8].
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Table 2. Progression of LGD to HGD and EAC between patients treated with RFA and Surveillance.

Study Patients Time of
Follow-Up

Ratio of
Disease
Progres-

sion with
RFA to
HGD

Ratio of
Disease
Progres-

sion with
RFA to

IMC/EAC

Ratio of
Disease
Progres-

sion with
Surveil-
lance to

HGD

Ratio of
Disease
Progres-

sion with
Surveil-
lance to

IMC/EAC

CE-D in
RFA

Group (%)

CE-D in
Surveil-

lance
Group (%)

Barret et al.,
[45]

Randomized
trial 82 36 months 5/40 - 11/42 - - -

Phoa et al.,
[43]

Randomized
trial 136 36 months 1/68 1/68 18/68 6/68 98.4% 27.9%

Pouw et al.,
[46]

Randomized
trial 136 22 months 0/68 0/68 4/68 1/68 95% -

Shaheen
et al., [47]

Randomized
trial 64 12 months 2/42 0/42 3/22 0/22 90.5% 22.7%

Small et al.,
[44]

Retrospective
study 170 28 months 0/45 1/45 29/125 7/125 95.6% 31.2%

Kahn et al.,
[48]

Retrospective
study 173 90 months 7/79 14/94 97.5% 61.7%

LGD = Low Grade Dysplasia; HGD = High Grade Dysplasia; RFA = Radiofrequency Ablation; CE-D = Complete
Eradication of Dysplasia.

EMR and ESD. EMR and ESD are resective techniques used for the treatment of
nodular lesions of the esophageal mucosa. These procedures are considered an effective
and less invasive alternative to esophagectomy, which is associated with a higher risk of
mortality and morbidity [51].

EMR is a procedure based on the endoscopic snare resection of the flat mucosal lesion
preceded by injection of a saline solution into the submucosal layer to lift the lesion area
away from the deeper muscular layer [52].

EMR efficacy in patients with LGD has been shown in many clinical trials. Konda et al. [53]
demonstrated a rate of 95.9% for complete remission of dysplasia, with a recurrence of 8.1%
after 33 months of follow-up. Similar results have been reported by Gerke et al. [54], who
paid more attention to complication rate related to EMR. In their retrospective single-centre
study, among 41 patients treated with EMR for BE eradication, 65% of patients had a
complication after the procedure, and, in particular, 2 patients had esophageal perforation,
while, in 18 patients, esophageal strictures occurred. The most common complications of
endoscopic resection performed for BE treatment is stricture, followed by bleeding and
perforation. The incidence of strictures seems to increase with the length of BE segment and
when a single-session circumferential resection of more than >75% of the circumference is
performed [55].

ESD is an advanced technique that can be used in selected cases, requiring a higher
level of experience compared to EMR. Furthermore, ESD has a higher complication rate,
which results unnecessarily in most cases of LGD [56].

The advantage of endoscopic resection over ablation techniques is to allow a histo-
logical examination of the resected specimen, defining the grade of dysplasia and the
appropriate treatment [57]. Several studies reported a relevant change of histopathologic
staging of dysplastic Barrett’s mucosa from 25% to 35% in patients undergoing EMR, sup-
porting this endoscopic treatment for a more accurate therapeutic management [58,59].
This technique could be recommended for any visible abnormality of esophageal mucosa,
but data in the literature on the efficacy of EMR for patients with flat dysplasia are limited.

Resective endoscopic techniques are non-destructive procedures with the advantage
of accurate histopathological analysis of the dysplastic resected tissue. However, these
procedures are characterized by a longer operative time and a higher complication rate
compared to ablative endoscopic treatment.

RADIOFREQUENCY ABLATION. Radiofrequency ablation (RFA) is the most per-
formed ablative treatment for BE with LGD. RFA is an endoscopic technique that uses
thermal energy to induce necrosis of esophageal dysplastic mucosa and regeneration of
normal mucosa [50]. This system consists of an energy generator, which is a bipolar elec-
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trode array with 60 tightly spaced electrodes encircling the balloon catheters. RFA can be
performed with two different ablation devices, for focal or circumferential ablation. The
circumferential balloon (HALO 360) is indicated for long segment and circumferential BE,
while the focal balloon (HALO 90) works better for focal lesions with a difficult anatomical
localization, as with a hiatal hernia [1]. Despite the choice of the focal or circumferential
device according to the morphology of dysplastic lesion, a comparative study between
these showed that focal balloon seems to be more effective compared to the circumferential
balloon, allowing a significant reduction of the lesion at the first treatment session with a
fewer number of sessions to achieve LDG eradication [60].

The first study that evaluated RFA efficacy was the AIM dysplasia trial [47], which
included patients with non-nodular dysplastic BE who were randomized to RFA or a
sham procedure. This multicentric trial showed that after 12 months of follow up, 90.5%
of patients with LGD treated with RFA achieved CE-D compared to 22.7% of the control
group. Orman et al. [61] compared 14 studies evaluating the efficacy and durability of RFA
for treatment of LGD; the eradication of dysplasia was achieved in 91% of patients.

Other studies demonstrated the efficacy of RFA to eradicate LGD, showing that
patients treated with RFA eradicated CE-D in 91–95% of cases [43,44,62,63].

RFA is indicated for the ablation of residual or metachronous dysplastic BE even in as-
sociation with endoscopic resection techniques [64]. In a prospective cohort trial, 23 patients
underwent 25 endoscopic resections before RFA. In 20 of 21 patients with residual low-
grade intraepithelial neoplasia/high-grade intraepithelial neoplasia (LGIN/HGIN) after
endoscopic resection and before ablation, complete remission of neoplasia (CR-neoplasia)
was achieved with RFA (95%), proving it to be a safe treatment with a low rate of adverse
events [46]. The English RFA registry revealed a significant improvement in the achieve-
ment of CE-D when RFA was preceded by EMR in a cohort of 500 patients, with a CR-D in
patients with LGD of 86% after 6-years follow-up [65].

The safety profile of RFA is higher compared to other endoscopic therapies. Chadwick
et al. [66] compared the safety of RFA and complete EMR in dysplastic BE, showing that
RFA and complete EMR were equally effective but EMR was associated with a higher com-
plication rate. The most common adverse event in patients underwent RFA is esophageal
stricture, as reported in the metanalysis conducted by Qumseya et al. [67], although less
frequently, haemorrhage, chest pain and perforation may occur.

Recurrence after this ablative endoscopic treatment is possible, and patients treated
with RFA should be closely followed up [68]. The literature reports a variable rate of recur-
rent or persistent intestinal metaplasia after RFA. Gupta et al. [69] observed an incidence of
recurrence after 1 year of 20%, and after 2 years of 33%. A lower rate of recurrence was
showed by Orman et al. [70], with detection of intestinal metaplasia at follow-up of 7%.
Recent studies confirmed that the annual rate of recurrence of BE after RFA was 5–8%, with
a dysplasia recurrence of 0.9–2%/year [71–73].

CRYOTHERAPY ABLATION. Although RFA remains the most frequently used endo-
scopic ablative treatment for dysplastic BE, cryotherapy ablation is an emerging technique
that consists of cycles of rapid cooling with a cryogen, such as liquid nitrogen or carbon
dioxide, (unlike RFA that uses heat energy), that induces tissue necrosis of esophageal
dysplastic mucosa [74–76].

This is a non-contact technique, more targeted than RFA, and can explain the lower
risk of stricture incidence compared to RFA [77]. Moreover, cryotherapy can ablate deeper
to the submucosa, while RFA is limited to muscularis mucosa [78]. There are three systems
for the cryotherapy ablation technique: the first uses carbon dioxide as cryogen through a
spray catheter; the second, that is the most used, is based on liquid nitrogen through a spray
catheter; the last and more recent system employs nitrous oxygen to ablate esophageal
mucosa through a balloon device [50].

In a study conducted by Ghorbani et al. [79], 96 patients with LGD and HGD were
treated with the CryoSpray Ablation System using liquid nitrogen. Among patients with
LGD, 91% completely achieved the eradication of dysplastic mucosa. Mohan et al. [80]
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clearly displayed the outcomes of cryoablation treatment using liquid nitrogen, showing
a CE-D rate of 81–85%. Despite the absence of level 1 evidence supporting cryotherapy
treatment of BE, various studies showed cryoablation efficacy as first line therapy for LGD.
Hamade et al. [81] in their metanalysis collected data from six studies revealing that 97.9%
of the patients achieved complete eradication of dysplasia; similar rates were reported by
Tariq et al. [82].

The efficacy and safety of the most recent cryoablation technique, the Cryoballoon
Ablation, was investigated in metanalysis conducted by Westervald et al. [83], which
demonstrated the achievement of complete eradication of metaplasia (CE-M) and CE-D in
88% and 94% of patients with LGD, respectively.

Table 3 reports several studies showing CE-D rates between resective and ablative
treatments. Notably, it shows a similar efficacy between RFA and cryotherapy, reporting a
comparable rate of CE-D as initial therapy (Table 3).

In this regard, a retrospective cohort study conducted by Fasullo et al. [84], evaluated
the clinical outcomes of RFA, compared to the most used liquid nitrogen spray cryotherapy
(LNSC), in patients with dysplastic BE, and a similar rate of CE-D between RFA and LNSC
groups was reported (81% vs. 71%). The LNSC group required a higher number of sessions
compared to RFA group to achieve CE-D. Similar results were reported by Thota et al. [85],
supporting the use of cryotherapy, especially in older patients with comorbidities.

Solomon et al. [86] focused attention on the incidence of postprocedural pain between
RFA and cryotherapy ablations. The numeric pain scale score was evaluated between the
two ablation modalities groups, showing immediate and 48-h-post procedural pain scores
being lower in patients treated with Cryoablation. In the literature, data on Focal Cryoballon
ablation (CRYO) of dysplastic BE are still limited. Van Munster et al. [87] showed a similar
efficacy between a single session of RFA and CRYO, but patients treated with CRYO
reported less post-procedural pain compared with RFA. Often, the length of Barrett’s
dysplastic mucosa and the hiatal hernia interferes with the achievement of complete
eradication in patients treated with RFA; therefore, there may be a role for cryotherapy
in patients who fail to respond to initial RFA [88,89]. A single center retrospective study
demonstrated the efficacy of the salvage cryotherapy with liquid nitrogen in patients with
recurrence of LGD after RFA, with a CE-D of 83% (5/6 patients) [88]. Trinidade et al.’s
study [90] supports Sengupta’s data.

Argon Plasma Coagulation. Argon plasma coagulation (APC) is an ablation technique
based on the induction of dysplastic tissue necrosis using a probe-based catheter with jet-
ionized argon gas. Although it has been used in the gastrointestinal tract and for BE
treatment for his effectiveness, this technique in the esophageal mucosa has a high risk of
perforation. For this reason, recently an advanced form of this ablative technique has been
developed, i.e., Hybrid-APC, which combines APC with a preventive saline submucosal
injection [91].

The safety and efficacy of Hybrid-APC have been confirmed by several studies, which
mainly included cases of refractory BE. Manner et al. [91] conducted a study including
60 patients with residual BE-related dysplasia after endoscopic resection; 96% of these
achieved complete macroscopic remission after Hybrid-APC treatment, with a low rate of
stricture formation, which represents the most frequent adverse event. Estifan et al. [92]
showed a particular indication of Hybrid-APC: an 81-years old patient underwent ESD
for an esophageal nodule with HGD, was treated with Hybrid-APC for the residual low
dysplastic lateral margins of lesion, reaching the complete eradication of residual intestinal
metaplasia and associated dysplasia. Recently, Wronska et al. [93] conducted a large study
for the evaluation of short and long-term outcomes of Hybrid-APC in LGD. They showed
a complete ablation rate of 60–78% at 6 weeks, and a CE-D rate of 93% after 2 years-follow
up in patients treated with one or more APC sessions.
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Table 3. Characteristics of studies comparing the different techniques for LGD BE-related treatment.

Study Patients Achievement of
CE-D (%)

Recurrence
after CE-D (%)

Number of Sessions
for CE-D (Median)

Konda et al. [53] EMR 107 80% (80/107) 8.1% (9/107) -
Gerke et al. [54] EMR 41 85.4% (36/41) 21.9% (9/41) 2.4

Shaheen et al. [47] RFA 42 90.5% (38/42) 5% (2/42) -
Shaheen et al. [62] RFA 52 98% (51/52) - -

Phoa et al. [43] RFA 68 92.6% (63/68) 1.5% (1/68) -
Small et al. [44] RFA 45 95.6% (43/45) 2.2% (1/45) 2

Vliebergh et al. [63] RFA 342 93% (318/342) - 2
Ghorbani et al. [79] LNSC 23 91% (21/23) - 2.9

Westerlvald et al. [83] CRYO 75 93.8% (70/75) - 1.5
Thota et al. [85] RFA 73 87.5% (63/73) 11.1% (7/73) 3

LNSC 81 78.9% (63/81) 14.3% (9/81) 3
Fasullo et al. [84] RFA 100 81% (81/100) 11.1% (11/100) 2.5

LNSC 62 71% (44/62) 13.6% (8/62) 4.8
van Munster et al. [87] RFA 26 90% (23/26) - -

CRYO 20 88% (17/20) - -
Manner et al. [91] Hybrid-APC 50 96% (48/50) - 3.5
Wronska et al. [93] Hybrid-APC 71 93% (66/71) 4% (3/71) 2

EMR: Endoscopic Mucosal Resection. RFA: Radiofrequency Ablation. LNSC: Liquid Nitrogen Spray Cryotherapy.
CRYO: balloon-based focal cryoablation. Hybrid-APC: Hybrid-Argon Plasma Coagulation. CE-D: Complete
Eradication of Dysplasia.

4. Conclusions

LGD associated with BE is a controversial condition, that does not have a consensual
management line. The rate of progression to HGD and EAC is variable, but a certain
diagnosis of low-grade dysplasia is a predictive risk of progression to adenocarcinoma. For
this reason, patients with LGD diagnosis should be referred to an endoscopic treatment and
follow-up. Several options are available for the eradication of the esophageal dysplasia. The
ablation methods are usually used for flat dysplastic BE, even if the resection techniques
allow a confirmed diagnosis by histological examination. Endoscopic surveillance is
recommended in patients not undergoing endoscopic treatment.

Author Contributions: Conceptualization, F.M. and R.M.; methodology, M.M. (Marco Milone);
validation, A.C. and G.D.D.P.; formal analysis, G.C.; investigation, M.M. (Michele Manigrasso);
resources, N.G.; data curation, A.M.; writing—original draft preparation, R.M.; writing—review and
editing, A.C.; visualization, G.D.D.P.; supervision, G.D.D.P.; project administration, F.M. All authors
have read and agreed to the published version of the manuscript.

Funding: This review was funded by the Department of Clinical Medicine and Surgery, University
of Naples “Federico II”, 80131 Naples, Italy.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Acknowledgments: Figures 1 and 2 are taken from the endoscopic database of the Department of
Endoscopic Surgery of Policlinico Federico II, Naples.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Cholapranee, A.; Trinidade, A.J. Challenges in Endoscopic Therapy of Dysplastic Barrett’s Esophagus. Curr. Treat Options

Gastroenterol. 2019, 17, 32–47. [CrossRef] [PubMed]
2. De Palma, G.D. Management strategies of Barrett’s esophagus. World J. Gastroenterol. 2012, 18, 6216–6225. [CrossRef] [PubMed]
3. Shaheen, N.J.; Falk, G.W.; Iyer, P.G. ACG Clinical Guideline: Diagnosis and Management of Barrett’s Esophagus. Am. J.

Gastroenterol. 2016, 111, 30–50. [CrossRef] [PubMed]
4. Hameeteman, W.; Tytgat, G.N.; Houthoff, H.J.; Van Den Tweel, J.G. Barrett’s esophagus: Development of dysplasia and

adenocarcinoma. Gastroenterology 1989, 96, 1249–1256. [CrossRef]

http://doi.org/10.1007/s11938-019-00215-8
http://www.ncbi.nlm.nih.gov/pubmed/30663018
http://doi.org/10.3748/wjg.v18.i43.6216
http://www.ncbi.nlm.nih.gov/pubmed/23180941
http://doi.org/10.1038/ajg.2016.186
http://www.ncbi.nlm.nih.gov/pubmed/27356842
http://doi.org/10.1016/S0016-5085(89)80011-3


Diagnostics 2022, 12, 1295 10 of 13

5. Pandey, G.; Mulla, M.; Lewis, W.G. Systematic review and meta-analysis of the effectiveness of radiofrequency ablation in low
grade dysplastic Barrett’s esophagus. Endoscopy 2018, 50, 953–960. [CrossRef]

6. Anand, O.; Wani, S.; Sharma, P. When and how to grade Barrett’s columnar metaplasia: The Prague system. Best Pract. Res. Clin.
Gastroenterol. 2008, 22, 661–669. [CrossRef]

7. Levine, D.S.; Blount, P.L.; Rudolph, R.E. Safety of a systematic endoscopic biopsy protocol in patients with Barrett’s esophagus.
Am. J. Gastroenterol. 2000, 95, 1152–1157. [CrossRef]

8. Khieu, M.; Mukherjee, S. Barrett Esophagus; StatPearls Publishing LLC: Treasure Island, FL, USA, 2021; Volume 11.
9. Kaye, P.; Haider, S.; Ilyas, M. Barrett’s dysplasia and the Vienna classification: Reproducibility, prediction of progression and

impact of consensus reporting and p53 immunohistochemistry. Histopathology 2009, 54, 699–712. [CrossRef]
10. Tsoi, E.; Williams, R.; Christie, M. Not all low grade dysplasia in Barrett’s oesophagus is the same: Using specific histological

criteria in predicting progression to neoplasia. Pathology 2021, 53, 700–704. [CrossRef]
11. Ten Kate, F.; Nieboer, D.; Ten Kate, F. Improved Progression Prediction in Barrett’s Esophagus with Low-grade Dysplasia Using

Specific Histologic Criteria. Am. J. Surg. Pathol. 2018, 42, 918–926. [CrossRef]
12. Vennalaganti, P.; Kanakadandi, V.; Goldblum, J. Discordance among Pathologists in the United States and Europe in Diagnosis of

Low-Grade Dysplasia for Patients with Barrett’s Esophagus. Gastroenterology 2017, 152, 564–570. [CrossRef] [PubMed]
13. Wani, S.; Rubenstein, J.; Vieth, M. Diagnosis and Management of Low-Grade Dysplasia in Barrett’s Esophagus: Expert Review

from the Clinical Practice Updates Committee of the American Gastroenterological Association. Gastroenterology 2016, 151,
822–835. [CrossRef] [PubMed]

14. Kolb, J.M.; Wani, S. Barrett’s esophagus: Current standards in advanced imaging. Transl. Gastroenterol. Hepatol. 2021, 6, 14.
[CrossRef] [PubMed]

15. Nogales, O.; Caballero-Marcos, A.; Clemente-Sánchez, A. Usefulness of Non-magnifying Narrow Band Imaging in EVIS EXERA
III Video Systems and High-Definition Endoscopes to Diagnose Dysplasia in Barrett’s Esophagus Using the Barrett International
NBI Group (BING) Classification. Dig. Dis. Sci. 2017, 62, 2840–2846. [CrossRef] [PubMed]

16. Espino, A.; Cirocco, M.; Dacosta, R. Advanced imaging technologies for the detection of dysplasia and early cancer in barrett
esophagus. Clin. Endosc. 2014, 47, 47–54. [CrossRef] [PubMed]

17. Canto, M.I.; Setrakian, S.; Petras, R.E. Methylene blue selectively stains intestinal metaplasia in Barrett’s esophagus. Gastrointest.
Endosc. 1996, 44, 1–7. [CrossRef]

18. Chedgy, F.J.; Subramaniam, S.; Kandiah, K. Acetic acid chromoendoscopy: Improving neoplasia detection in Barrett’s esophagus.
World J. Gastroenterol. 2016, 22, 5753–5760. [CrossRef]

19. Longcroft-Wheaton, G.; Brown, J.; Basford, P. Duration of acetowhitening as a novel objective tool for diagnosing high risk
neoplasia in Barrett’s esophagus: A prospective cohort trial. Endoscopy 2013, 45, 426–432. [CrossRef]

20. Pohl, J.; May, A.; Rabenstein, T. Comparison of computed virtual chromoendoscopy and conventional chromoendoscopy with
acetic acid for detection of neoplasia in Barrett’s esophagus. Endoscopy 2007, 39, 594–598. [CrossRef]

21. Mannath, J.; Subramanian, V.; Hawkey, C.J. Narrow band imaging for characterization of high grade dysplasia and specialized
intestinal metaplasia in Barrett’s esophagus: A meta-analysis. Endoscopy 2010, 42, 351–359. [CrossRef]

22. Qumseya, B.J.; Wang, H.; Badie, N. Advanced imaging technologies increase detection of dysplasia and neoplasia in patients
with Barrett’s esophagus: A meta-analysis and systematic review. Clin. Gastroenterol. Hepatol. 2013, 11, 1562–1570. [CrossRef]
[PubMed]

23. Shailendra, S.C.; Barham, K.A.; Yasser, M.B. Confocal laser endomicroscopy. Gastrointest. Endosc. 2014, 80, 928–938.
24. Urquhart, P.; DaCosta, R.; Marcon, N. Endoscopic mucosal imaging of gastrointestinal neoplasia in 2013. Curr. Gastroenterol. Rep.

2013, 15, 330. [CrossRef] [PubMed]
25. De Palma, G.D. Confocal laser endomicroscopy in the “in vivo” histological diagnosis of the gastrointestinal tract. World J.

Gastroenterol. 2009, 15, 5770–5775. [CrossRef]
26. Sharma, P.; Meining, A.R.; Coron, E. Real-time increased detection of neoplastic tissue in Barrett’s esophagus with probe-

based confocal laser endomicroscopy: Final results of an international multicenter, prospective, randomized, controlled trial.
Gastrointest. Endosc. 2011, 74, 465–472. [CrossRef]

27. Pohl, H.; Rösch, T.; Vieth, M. Miniprobe confocal laser microscopy for the detection of invisible neoplasia in patients with Barrett’s
oesophagus. Gut 2008, 57, 1648–1653. [CrossRef]

28. Bajbouj, M.; Vieth, M.; Rösch, T. Probe-based confocal laser endomicroscopy compared with standard four-quadrant biopsy for
evaluation of neoplasia in Barrett’s esophagus. Endoscopy 2010, 42, 435–440. [CrossRef]

29. Dunbar, K.B.; Okolo, P., 3rd; Montgomery, E. Confocal laser endomicroscopy in Barrett’s esophagus and endoscopically inapparent
Barrett’s neoplasia: A prospective, randomized, double-blind, controlled, crossover trial. Gastrointest. Endosc. 2009, 70, 645–654.
[CrossRef]

30. Kiesslich, R.; Gossner, L.; Goetz, M. In vivo histology of Barrett’s esophagus and associated neoplasia by confocal laser endomi-
croscopy. Clin. Gastroenterol. Hepatol. 2006, 4, 979–987. [CrossRef]

31. ASGE Technology Committee; Thosani, N.; Abu Dayyeh, B. ASGE Technology Committee systematic review and meta-analysis
assessing the ASGE Preservation and Incorporation of Valuable Endoscopic Innovations thresholds for adopting real-time
imaging-assisted endoscopic targeted biopsy during endoscopic surveillance of Barrett’s esophagus. Gastrointest. Endosc. 2016,
83, 684–698.

http://doi.org/10.1055/a-0588-5151
http://doi.org/10.1016/j.bpg.2008.02.001
http://doi.org/10.1111/j.1572-0241.2000.02002.x
http://doi.org/10.1111/j.1365-2559.2009.03288.x
http://doi.org/10.1016/j.pathol.2021.06.116
http://doi.org/10.1097/PAS.0000000000001066
http://doi.org/10.1053/j.gastro.2016.10.041
http://www.ncbi.nlm.nih.gov/pubmed/27818167
http://doi.org/10.1053/j.gastro.2016.09.040
http://www.ncbi.nlm.nih.gov/pubmed/27702561
http://doi.org/10.21037/tgh.2020.02.10
http://www.ncbi.nlm.nih.gov/pubmed/33409408
http://doi.org/10.1007/s10620-017-4581-3
http://www.ncbi.nlm.nih.gov/pubmed/28432477
http://doi.org/10.5946/ce.2014.47.1.47
http://www.ncbi.nlm.nih.gov/pubmed/24570883
http://doi.org/10.1016/S0016-5107(96)70221-3
http://doi.org/10.3748/wjg.v22.i25.5753
http://doi.org/10.1055/s-0032-1326630
http://doi.org/10.1055/s-2007-966649
http://doi.org/10.1055/s-0029-1243949
http://doi.org/10.1016/j.cgh.2013.06.017
http://www.ncbi.nlm.nih.gov/pubmed/23851020
http://doi.org/10.1007/s11894-013-0330-8
http://www.ncbi.nlm.nih.gov/pubmed/23771504
http://doi.org/10.3748/wjg.15.5770
http://doi.org/10.1016/j.gie.2011.04.004
http://doi.org/10.1136/gut.2008.157461
http://doi.org/10.1055/s-0029-1244194
http://doi.org/10.1016/j.gie.2009.02.009
http://doi.org/10.1016/j.cgh.2006.05.010


Diagnostics 2022, 12, 1295 11 of 13

32. De Groof, A.J.; Struyvenberg, M.R.; Can Der Putten, J. Deep-learning system detects neoplasia in patients with Barrett’s esophagus
with higher accuracy than endoscopists in a multistep training and validation study with benchmarking. Gastroenterology 2020,
158, 915–929. [CrossRef] [PubMed]

33. Weston, A.P.; Badr, A.S.; Hassanein, R.S. Prospective multivariate analysis of clinical, endoscopic, and histological factors
predictive of the development of Barrett’s multifocal high-grade dysplasia or adenocarcinoma. Am. J. Gastroenterol. 1999, 94,
3413–3419. [CrossRef] [PubMed]

34. Conio, M.; Blanchi, S.; Lapertosa, G. Long-term endoscopic surveillance of patients with Barrett’s esophagus. Incidence of
dysplasia and adenocarcinoma: A prospective study. Am. J. Gastroenterol. 2003, 98, 1931–1939. [CrossRef] [PubMed]

35. Skacel, M.; Petras, R.; Gramlich, T. The diagnosis of low-grade dysplasia in Barrett’s esophagus and its implication for disease
progression. Am. J. Gastroenterol. 2000, 92, 3383–3387. [CrossRef] [PubMed]

36. Wani, S.; Falk, G.W.; Post, J. Risk factors for progression of low-grade dysplasia in patients with Barrett’s esophagus.
Gastroenterology 2011, 141, 1179–1186. [CrossRef]

37. Weusten, B.; Bisschops, R.; Coron, E. Endoscopic management of Barrett’s esophagus: European Society of Gastrointestinal
Endoscopy (ESGE) Position Statement. Endoscopy 2017, 49, 191–198. [CrossRef]

38. Qumseya, B.; Sultan, S.; Bain, P. ASGE guideline on screening and surveillance of Barrett’s esophagus. Gastrointest. Endosc. 2019,
90, 335–359. [CrossRef]

39. Gupta, S.; Li, D.; El Serag, H. AGA Clinical Practice Guidelines on Management of Gastric Intestinal Metaplasia. Gastroenterology
2020, 158, 693–702. [CrossRef]

40. Ishihara, R.; Arima, M.; Iizuka, T. Endoscopic submucosal dissection/endoscopic mucosal resection guidelines for esophageal
cancer. Dig. Endosc. 2020, 32, 452–493. [CrossRef]

41. Kew, G.S.; Soh, A.Y.S.; Lee, Y.Y. Multinational survey on the preferred approach to management of Barrett’s esophagus in the
Asia-Pacific region. World J. Gastrointest. Oncol. 2021, 13, 279–294. [CrossRef]

42. Klair, J.S.; Zafar, Y.; Nagra, N. Outcomes of Radiofrequency Ablation versus Endoscopic Surveillance for Barrett’s Esophagus
with Low-Grade Dysplasia: A Systematic Review and Meta-Analysis. Dig. Dis. 2021, 39, 561–568. [CrossRef] [PubMed]

43. Phoa, K.N.; Van Vilsteren, F.G.; Weusten, B.L. Radiofrequency ablation vs. endoscopic surveillance for patients with Barrett
esophagus and low-grade dysplasia: A randomized clinical trial. JAMA 2014, 311, 1209–1217. [CrossRef] [PubMed]

44. Small, A.J.; Araujo, J.L.; Leggett, C.L. Radiofrequency ablation is associated with decreased neoplastic progression in patients
with Barrett’s esophagus and confirmed low-grade dysplasia. Gastroenterology 2015, 149, 567–576. [CrossRef] [PubMed]

45. Barret, M.; Pioche, M.; Terris, B. Endoscopic radiofrequency ablation or surveillance in patients with Barrett’s oesophagus with
confirmed low-grade dysplasia: A multicentre randomised trial. Gut 2021, 70, 1014–1022. [CrossRef] [PubMed]

46. Pouw, R.E.; Wirths, K.; Eisendrath, P. Efficacy of radiofrequency ablation combined with endoscopic resection for Barrett’s
esophagus with early neoplasia. Clin. Gastroenterol. Hepatol. 2010, 8, 23–29. [CrossRef]

47. Shaheen, N.J.; Sharma, P.; Overholt, B.F. Radiofrequency ablation in Barrett’s esophagus with dysplasia. N. Engl. J. Med. 2009, 360,
2277–2288. [CrossRef]

48. Kahn, A.; Al-Qaisi, M.; Kommineni, V.T. Longitudinal outcomes of radiofrequency ablation versus surveillance endoscopy for
Barrett’s esophagus with low-grade dysplasia. Dis. Esophagus 2018, 31, 31. [CrossRef]

49. Wani, S.; Qumseya, B.; Sultan, S. Endoscopic eradication therapy for patients with Barrett’s esophagus-associated dysplasia and
intramucosal cancer. Gastrointest. Endosc. 2018, 87, 907–931. [CrossRef]

50. Dam, A.N.; Klapman, J. A narrative review of Barrett’s esophagus in 2020, molecular and clinical update. Ann. Transl. Med. 2020,
8, 1107. [CrossRef]

51. Zehetner, J.; DeMeester, S.R.; Hagen, J.A. Endoscopic resection and ablation versus esophagectomy for high-grade dysplasia and
intramucosal adenocarcinoma. J. Thorac. Cardiovasc. Surg. 2011, 141, 39–47. [CrossRef]

52. Maione, F.; Chini, A.; Milone, M. Diagnosis and Management of Rectal Neuroendocrine Tumors (NETs). Diagnostics 2021, 11, 771.
[CrossRef] [PubMed]

53. Konda, V.J.; Gonzalez Haba Ruiz, M.; Koons, A. Complete endoscopic mucosal resection is effective and durable treatment for
Barrett’s-associated neoplasia. Clin. Gastroenterol. Hepatol. 2014, 12, 2002–2010. [CrossRef] [PubMed]

54. Gerke, H.; Siddiqui, J.; Nasr, I. Efficacy and safety of EMR to completely remove Barrett’s esophagus: Experience in 41 patients.
Gastrointest. Endosc. 2011, 74, 761–771. [CrossRef] [PubMed]

55. Soehendra, N.; Seewald, S.; Groth, S. Use of modified multiband ligator facilitates circumferential EMR in Barrett’s esophagus
(with video). Gastrointest. Endosc. 2006, 63, 847–852. [CrossRef]

56. Zeki, S.S.; Bergman, J.J.; Dunn, J.M. Endoscopic management of dysplasia and early oesophageal cancer. Best Pract. Res. Clin.
Gastroenterol. 2018, 36, 27–36. [CrossRef]

57. Moss, A.; Bourke, M.J.; Hourigan, L.F. Endoscopic resection for Barrett’s high-grade dysplasia and early esophageal adeno-
carcinoma: An essential staging procedure with long-term therapeutic benefit. Am. J. Gastroenterol. 2010, 105, 1276–1283.
[CrossRef]

58. Wani, S.; Abrams, J.; Edmundowicz, S.A. Endoscopic mucosal resection results in change of histologic diagnosis in Barrett’s
esophagus patients with visible and flat neoplasia: A multicenter cohort study. Dig. Dis. Sci. 2013, 58, 1703–1709. [CrossRef]

http://doi.org/10.1053/j.gastro.2019.11.030
http://www.ncbi.nlm.nih.gov/pubmed/31759929
http://doi.org/10.1111/j.1572-0241.1999.01602.x
http://www.ncbi.nlm.nih.gov/pubmed/10606296
http://doi.org/10.1111/j.1572-0241.2003.07666.x
http://www.ncbi.nlm.nih.gov/pubmed/14499768
http://doi.org/10.1111/j.1572-0241.2000.03348.x
http://www.ncbi.nlm.nih.gov/pubmed/11151865
http://doi.org/10.1053/j.gastro.2011.06.055
http://doi.org/10.1055/s-0042-122140
http://doi.org/10.1016/j.gie.2019.05.012
http://doi.org/10.1053/j.gastro.2019.12.003
http://doi.org/10.1111/den.13654
http://doi.org/10.4251/wjgo.v13.i4.279
http://doi.org/10.1159/000514786
http://www.ncbi.nlm.nih.gov/pubmed/33503615
http://doi.org/10.1001/jama.2014.2511
http://www.ncbi.nlm.nih.gov/pubmed/24668102
http://doi.org/10.1053/j.gastro.2015.04.013
http://www.ncbi.nlm.nih.gov/pubmed/25917785
http://doi.org/10.1136/gutjnl-2020-322082
http://www.ncbi.nlm.nih.gov/pubmed/33685969
http://doi.org/10.1016/j.cgh.2009.07.003
http://doi.org/10.1056/NEJMoa0808145
http://doi.org/10.1093/dote/dox120
http://doi.org/10.1016/j.gie.2017.10.011
http://doi.org/10.21037/atm-20-4406
http://doi.org/10.1016/j.jtcvs.2010.08.058
http://doi.org/10.3390/diagnostics11050771
http://www.ncbi.nlm.nih.gov/pubmed/33923121
http://doi.org/10.1016/j.cgh.2014.04.010
http://www.ncbi.nlm.nih.gov/pubmed/24732285
http://doi.org/10.1016/j.gie.2011.06.009
http://www.ncbi.nlm.nih.gov/pubmed/21824611
http://doi.org/10.1016/j.gie.2005.06.052
http://doi.org/10.1016/j.bpg.2018.11.003
http://doi.org/10.1038/ajg.2010.1
http://doi.org/10.1007/s10620-013-2689-7


Diagnostics 2022, 12, 1295 12 of 13

59. Sayana, H.; Wani, S.; Keighley, J. Endoscopic mucosal resection (EMR) as a diagnostic tool in Barrett’s esophagus (BE) patients
with high-grade dysplasia (HGD) and early esophageal adenocarcinoma (EAC): A systematic review. Gastroenterology 2008,
132, W1878. [CrossRef]

60. Brown, J.; Alsop, B.; Gupta, N. Effectiveness of focal vs. balloon radiofrequency ablation devices in the treatment of Barrett’s
esophagus. United Eur. Gastroenterol. J. 2016, 4, 236–241. [CrossRef]

61. Orman, E.S.; Li, N.; Shaheen, N.J. Efficacy and durability of radiofrequency ablation for Barrett’s Esophagus: Systematic review
and meta-analysis. Clin. Gastroenterol. Hepatol. 2013, 11, 1245–1255. [CrossRef]

62. Shaheen, N.J.; Overholt, B.F.; Sampliner, R.E. Durability of radiofrequency ablation in Barrett’s esophagus with dysplasia.
Gastroenterology 2011, 141, 460–468. [CrossRef] [PubMed]

63. Vliebergh, J.H.; Deprez, P.H.; De Looze, D. Efficacy and safety of radiofrequency ablation of Barrett’s esophagus in the absence of
reimbursement: A multicenter prospective Belgian registry. Endoscopy 2019, 51, 317–325. [CrossRef] [PubMed]

64. Desai, M.; Saligram, S.; Gupta, N. Efficacy and safety outcomes of multimodal endoscopic eradication therapy in Barrett’s
esophagus-related neoplasia: A systematic review and pooled analysis. Gastrointest. Endosc. 2017, 85, 482–495. [CrossRef]
[PubMed]

65. Haidry, R.J.; Butt, M.A.; Dunn, J.M. UK RFA Registry. Improvement over time in outcomes for patients undergoing endoscopic
therapy for Barrett’s oesophagus-related neoplasia: 6-year experience from the first 500 patients treated in the UK patient registry.
Gut 2015, 64, 1192–1199. [CrossRef] [PubMed]

66. Chadwick, G.; Groene, O.; Markar, S.R. Systematic review comparing radiofrequency ablation and complete endoscopic resection
in treating dysplastic Barrett’s esophagus: A critical assessment of histologic outcomes and adverse events. Gastrointest. Endosc.
2014, 19, 718–731. [CrossRef] [PubMed]

67. Qumseya, B.J.; Wani, S.; Desai, M. Adverse Events after Radiofrequency Ablation in Patients with Barrett’s Esophagus: A System-
atic Review and Meta-analysis. Clin. Gastroenterol. Hepatol. 2016, 14, 1086–1095. [CrossRef] [PubMed]

68. Subramanian, C.R.; Triadafilopoulos, G. Endoscopic treatments for dysplastic Barrett’s esophagus: Resection, ablation, what else?
World J. Surg. 2015, 39, 597–605. [CrossRef]

69. Gupta, M.; Iyer, P.G.; Lutzke, L. Recurrence of esophageal intestinal metaplasia after endoscopic mucosal resection and ra-
diofrequency ablation of Barrett’s esophagus: Results from a US Multicenter Consortium. Gastroenterology 2013, 145, 79–86.
[CrossRef]

70. Orman, E.S.; Kim, H.P.; Bulsiewicz, W.J. Intestinal metaplasia recurs infrequently in patients successfully treated for Barrett’s
esophagus with radiofrequency ablation. Am. J. Gastroenterol. 2013, 108, 187–195. [CrossRef]

71. Cotton, C.C.; Wolf, W.A.; Overholt, B.F. AIM Dysplasia Trial Group. Late Recurrence of Barrett’s Esophagus after Complete
Eradication of Intestinal Metaplasia is Rare: Final Report from Ablation in Intestinal Metaplasia Containing Dysplasia Trial.
Gastroenterology 2017, 153, 681–688. [CrossRef]

72. Cotton, C.C.; Haidry, R.; Thrift, A.P. Development of Evidence-Based Surveillance Intervals After Radiofrequency Ablation of
Barrett’s Esophagus. Gastroenterology 2018, 155, 316–326. [CrossRef] [PubMed]

73. Sami, S.S.; Ravindran, A.; Kahn, A. Timeline and location of recurrence following successful ablation in Barrett’s oesophagus: An
international multicentre study. Gut 2019, 68, 1379–1385. [CrossRef] [PubMed]

74. Mohy-Ud-Din, N.; Krill, T.S.; Shah, A.R. Barrett’s esophagus: What do we need to know? Dis. Mon. 2020, 66, 100850. [CrossRef]
[PubMed]

75. Lal, P.; Thota, P.N. Cryotherapy in the management of premalignant and malignant conditions of the esophagus. World J.
Gastroenterol. 2018, 24, 4862–4869. [CrossRef] [PubMed]

76. Johnston, C.M.; Schoenfeld, L.P.; Mysore, J.V. Endoscopic spray cryotherapy: A new technique for mucosal ablation in the
esophagus. Gastrointest. Endosc. 1999, 50, 86–92. [CrossRef]

77. Das, K.K.; Falk, G.W. Long-term outcomes for cryotherapy in Barrett’s esophagus with high-grade dysplasia: Just cracking the ice.
Gastrointest. Endosc. 2017, 86, 633–635. [CrossRef]

78. Trindade, A.J.; Pleskow, D.K.; Sengupta, N. Efficacy of liquid nitrogen cryotherapy for Barrett’s esophagus after endoscopic
resection of intramucosal cancer: A multicenter study. J. Gastroenterol. Hepatol. 2018, 33, 461–465. [CrossRef]

79. Ghorbani, S.; Tsai, F.C.; Greenwald, B.D. Safety and efficacy of endoscopic spray cryotherapy for Barrett’s dysplasia: Results of
the National Cryospray Registry. Dis. Esophagus 2016, 29, 241–247. [CrossRef]

80. Mohan, B.P.; Krishnamoorthi, R.; Ponnada, S. Liquid Nitrogen Spray Cryotherapy in Treatment of Barrett’s Esophagus, where do
we stand? A Systematic Review and Meta-Analysis. Dis. Esophagus. 2019, 32, doy130. [CrossRef]

81. Hamade, N.; Desai, M.; Thoguluva Chandrasekar, V. Efficacy of cryotherapy as first line therapy in patients with Barrett’s
neoplasia: A systematic review and pooled analysis. Dis. Esophagus 2019, 32, doz040. [CrossRef]

82. Tariq, R.; Enslin, S.; Hayat, M. Efficacy of Cryotherapy as a Primary Endoscopic Ablation Modality for Dysplastic Barrett’s
Esophagus and Early Esophageal Neoplasia: A Systematic Review and Meta-Analysis. Cancer Control 2020, 27, 1073274820976668.
[CrossRef] [PubMed]

83. Westerveld, D.R.; Nguyen, K.; Banerjee, D. Safety and effectiveness of balloon cryoablation for treatment of Barrett’s associated
neoplasia: Systematic review and meta-analysis. Endosc. Int. Open. 2020, 8, E172–E178. [CrossRef] [PubMed]

84. Fasullo, M.; Shah, T.; Patel, M. Outcomes of Radiofrequency Ablation Compared to Liquid Nitrogen Spray Cryotherapy for the
Eradication of Dysplasia in Barrett’s Esophagus. Dig. Dis. Sci. 2021, 1–7. [CrossRef]

http://doi.org/10.1016/S0016-5085(08)63383-1
http://doi.org/10.1177/2050640615594549
http://doi.org/10.1016/j.cgh.2013.03.039
http://doi.org/10.1053/j.gastro.2011.04.061
http://www.ncbi.nlm.nih.gov/pubmed/21679712
http://doi.org/10.1055/a-0739-7679
http://www.ncbi.nlm.nih.gov/pubmed/30360011
http://doi.org/10.1016/j.gie.2016.09.022
http://www.ncbi.nlm.nih.gov/pubmed/27670227
http://doi.org/10.1136/gutjnl-2014-308501
http://www.ncbi.nlm.nih.gov/pubmed/25539672
http://doi.org/10.1016/j.gie.2013.11.030
http://www.ncbi.nlm.nih.gov/pubmed/24462170
http://doi.org/10.1016/j.cgh.2016.04.001
http://www.ncbi.nlm.nih.gov/pubmed/27068041
http://doi.org/10.1007/s00268-014-2636-6
http://doi.org/10.1053/j.gastro.2013.03.008
http://doi.org/10.1038/ajg.2012.413
http://doi.org/10.1053/j.gastro.2017.05.044
http://doi.org/10.1053/j.gastro.2018.04.011
http://www.ncbi.nlm.nih.gov/pubmed/29655833
http://doi.org/10.1136/gutjnl-2018-317513
http://www.ncbi.nlm.nih.gov/pubmed/30635408
http://doi.org/10.1016/j.disamonth.2019.02.003
http://www.ncbi.nlm.nih.gov/pubmed/30808502
http://doi.org/10.3748/wjg.v24.i43.4862
http://www.ncbi.nlm.nih.gov/pubmed/30487696
http://doi.org/10.1016/S0016-5107(99)70352-4
http://doi.org/10.1016/j.gie.2017.03.1540
http://doi.org/10.1111/jgh.13909
http://doi.org/10.1111/dote.12330
http://doi.org/10.1093/dote/doy130
http://doi.org/10.1093/dote/doz040
http://doi.org/10.1177/1073274820976668
http://www.ncbi.nlm.nih.gov/pubmed/33297725
http://doi.org/10.1055/a-1067-4520
http://www.ncbi.nlm.nih.gov/pubmed/32010750
http://doi.org/10.1007/s10620-021-06991-7


Diagnostics 2022, 12, 1295 13 of 13

85. Thota, P.N.; Arora, Z.; Dumot, J.A. Cryotherapy and Radiofrequency Ablation for Eradication of Barrett’s Esophagus with
Dysplasia or Intramucosal Cancer. Dig. Dis. Sci. 2018, 63, 1311–1319. [CrossRef]

86. Solomon, S.S.; Kothari, S.; Smallfield, G.B. Liquid Nitrogen Spray Cryotherapy is associated with Less Postprocedural Pain
Than Radiofrequency Ablation in Barrett’s Esophagus: A Multicenter Prospective Study. J. Clin. Gastroenterol. 2019, 53, e84–e90.
[CrossRef]

87. Van Munster, S.N.; Overwater, A.; Haidry, R. Focal cryoballoon versus radiofrequency ablation of dysplastic Barrett’s esophagus:
Impact on treatment response and postprocedural pain. Gastrointest. Endosc. 2018, 88, 795–803. [CrossRef] [PubMed]

88. Sengupta, N.; Ketwaroo, G.A.; Bak, D.M. Salvage cryotherapy after failed radiofrequency ablation for Barrett’s esophagus-related
dysplasia is safe and effective. Gastrointest. Endosc. 2015, 82, 443–448. [CrossRef]

89. Visrodia, K.; Zakko, L.; Wang, K.K. Mucosal Ablation in Patients with Barrett’s Esophagus: Fry or Freeze? Dig. Dis. Sci. 2018, 63,
2129–2135. [CrossRef]

90. Trindade, A.J.; Inamdar, S.; Kothari, S. Feasibility of liquid nitrogen cryotherapy after failed radiofrequency ablation for Barrett’s
esophagus. Dig. Endosc. 2017, 29, 680–685. [CrossRef]

91. Manner, H.; May, A.; Kouti, I. Efficacy and safety of Hybrid-APC for the ablation of Barrett’s esophagus. Surg. Endosc. 2016, 30,
1364–1370. [CrossRef]

92. Estifan, E.; Cavanagh, Y.; Grossman, M.A. Hybrid Argon Plasma Coagulation for Treatment of Gastric Intestinal Metaplasia.
Cureus 2020, 12, e7427. [CrossRef] [PubMed]

93. Wronska, E.; Polkowski, M.; Orlowska, J. Argon plasma coagulation for Barrett’s esophagus with low-grade dysplasia: A ran-
domized trial with long-term follow-up on the impact of power setting and proton pump inhibitor dose. Endoscopy 2021, 53,
123–132. [PubMed]

http://doi.org/10.1007/s10620-018-5009-4
http://doi.org/10.1097/MCG.0000000000000999
http://doi.org/10.1016/j.gie.2018.06.015
http://www.ncbi.nlm.nih.gov/pubmed/29928869
http://doi.org/10.1016/j.gie.2015.01.033
http://doi.org/10.1007/s10620-018-5064-x
http://doi.org/10.1111/den.12869
http://doi.org/10.1007/s00464-015-4336-1
http://doi.org/10.7759/cureus.7427
http://www.ncbi.nlm.nih.gov/pubmed/32337147
http://www.ncbi.nlm.nih.gov/pubmed/32650347

	Introduction 
	Diagnosis 
	Management 
	Conclusions 
	References

