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Objective: This review will aim to detail and discuss the most relevant data and current guidelines
regarding Barrett’s esophagus (BE), including its diagnostic and management strategies.
Background: BE is a premalignant condition of esophageal adenocarcinoma (EAC) that arises due to longstanding acid-biliary reflux disease. It is believed to largely progress in a stepwise fashion from nondysplastic
disease to low-grade dysplasia (LGD) then to high-grade dysplasia (HGD) and finally to EAC, which has
experienced a six-fold increase in incidence over the last three decades. To address this growing public health
issue, numerous rapidly evolving techniques and technologies have been developed in the areas of screening,
diagnostics, surveillance, and therapeutics.
Methods: A PubMed literature search along with a thorough review and cross referencing of relevant
society guidelines was conducted to produce this review.
Conclusions: In this comprehensive review, the latest consensus guidelines, expert opinion, widely used
technologies and high impact research related to the management of BE are discussed. Screening for BE is
a somewhat controversial topic, but it is generally recommended in select at-risk populations. Diagnosis is
traditionally made via upper endoscopy with biopsies per the Seattle protocol. Once a diagnosis is obtained,
surveillance is performed at various intervals, depending on presence and grade of dysplasia. Endoscopic
eradication therapy (EET) is the mainstay for treatment of BE, consisting of mucosal resection for nodularity
and ablation for dysplastic disease. As technologies for management of BE emerge, physicians’ abilities to
effectively diagnose and treat BE will continue to improve.
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Introduction
The management of Barrett’s esophagus (BE) is a rapidly
evolving field of study with numerous technologies and
management strategies continuously falling in and out of
favor due to the rapid pace of research and development in
this arena. This review aims to distill and synthesize the vast

amount of available primary data and society guidelines in
order to present the most current and widely used practices
and therapies available today. Below, we aim to discuss
the diagnosis, screening, surveillance, and medical and
interventional therapies. We present the following article in
accordance with the Narrative Review reporting checklist
(available at https://dx.doi.org/10.21037/aoe-21-31).
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Methods
For this review, we utilized the PubMed database to search
for English language articles from 2014 through April,
2021. Key search terms included “Barrett’s” in combination
with “esophagus”, “oesophagus”, “guidelines”, “diagnosis”,
“surveillance”, “treatment”, “ablation”, “eradication”,
“radio frequency”, “chemoprevention”, and “endoscopic
mucosal resection”. Additionally, the websites of the
major US GI societies including the American College of
Gastroenterology (ACG), American Gastroenterological
Association (AGA), and the American Society for
Gastrointestinal Endoscopy (ASGE) were also queried
with these search terms. Abstracts were not included
for review. Lastly the websites of the medical device
manufacturers discussed in this review were accessed for
technical information and to ensure accuracy/availability of
mentioned devices.
Background on BE
BE is characterized by the metaplasia of esophageal
stratified squamous epithelium into columnar epithelium
with goblet cells (1). This metaplasia is thought to occur due
to long-standing, repetitive injury from acid-bile reflux (1).
Both acidic refluxate from the stomach and non-acidic bile
salt refluxate from the duodenum are thought to contribute
to this process. However, bile salts, which become more
soluble as the pH rises in the esophagus, have been shown
to be particularly strong inducers of CDX2 expression and
goblet cell proliferation (2).
BE is a precancerous condition and is the only known
precursor of esophageal adenocarcinoma (EAC). Once
metaplasia occurs, BE usually follows a stepwise progression
from non-dysplastic BE (NDBE) to low grade dysplasia
(LGD) followed by high-grade dysplasia (HGD) and lastly
EAC, although non-stepwise progression can occur. NDBE
has been estimated to have a 0.33% annual incidence
of progression to EAC (1). For patients with LGD, this
incidence is considered to be 0.54–0.7% (3,4). Finally,
patients with HGD have been shown to have about a 6–7%
annual risk of progression to EAC (4-7). If a patient’s
biopsies are indefinite for dysplasia (IND), they can be
considered to be at similar risk as patients with LGD (4,8).
The prevalence of BE in the general population is about
1–2% (9,10). Risk factors for the development of BE include
increasing age, early age of onset of GERD symptoms, male
sex, cigarette smoking, central obesity, first-degree family
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history of BE, and Caucasian race (11-17).
The need for appropriate screening, surveillance,
and management of BE arises in order to prevent the
progression to EAC, and its associated morbidity and
mortality. The incidence of EAC is rapidly increasing in
Western countries, including the United States (18). The
five-year survival rate of all patients with EAC is just 21.4%
(19,20). This increases to 52.9% in patients with only
localized disease, highlighting the need for early detection
through appropriate BE screening and surveillance (20).
Fortunately, treatment of BE with dysplasia has been shown
to successfully reverse dysplasia and often BE itself, thus
decreasing disease progression (6,21-23).
Diagnosis
The diagnosis of BE in the United States requires
endoscopic visualization of at least 1 cm of typical BE
appearing mucosa, described as salmon-colored or
metaplastic columnar epithelium in the esophagus,
with biopsies revealing intestinal metaplasia (IM), the
hallmark of which is goblet cells. Of note, the British
Society of Gastroenterology does not require evidence
of IM (24). This is based on the notion that biopsies may
miss diagnosing IM, and even patients without IM may
progress to EAC (24-26). If the segment observed is <1 cm,
it is referred to as specialized IM of the esophagogastric
junction, as opposed to BE because of its significantly lower
risk of progression to EAC (4,27). If the segment of BE is
>3 cm, it is considered to be long-segment BE (LSBE), and
if <3 cm, it is short-segment (SSBE) (4). Notably, patients
with non-dysplastic LSBE have a greater risk of progression
to EAC compared to SSBE patients (0.31% vs. 0.06%
annual risk) (28).
When performing a high quality endoscopic exam, if
LA Grade B esophagitis or worse is found on endoscopy,
biopsies for BE should not be taken at that time, and a
proton pump inhibitor (PPI) should be used for 8–12 weeks
to allow for healing (4). This should be followed by repeat
endoscopy to rule out underlying BE, as 12% of patients
with erosive esophagitis had BE on repeat endoscopy
after PPI therapy (29). When documenting endoscopy
findings, the Prague C&M Criteria should be used,
which describes the affected area using its circumferential
extent and maximum length from the gastroesophageal
junction in centimeters (29). Additionally, the positions of
the diaphragmatic pinch, gastroesophageal junction, and
squamocolumnar junction should be documented.
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Table 1 BE Screening Guidelines per American Societies
Society

Screening criteria for BE

American College of Gastroenterology

GERD symptoms >5 years and/or at least weekly and; male and; at least one of the following:
(I) >50 years old, (II) Caucasian race, (III) central obesity (>102 cm waist circumference or waist:hip
ratio >0.9), (IV) current or previous smoker, (V) first degree relative with BE or EAC

American Society of Gastrointestinal
Endoscopy

Family history of BE or EAC or; GERD diagnosis and at least one of the following:
(I) >50 years old, (II) obesity/central adiposity, (III) current or previous smoker, (IV) male

American Gastroenterological
Association

Multiple risk factors for EAC: >50 years old; male sex; Caucasian race; chronic GERD; hiatal
hernia; elevated BMI; intra-abdominal distribution of body fat

BE, Barrett’s esophagus; EAC, esophageal adenocarcinoma.

Once suspected BE is identified endoscopically, ideally
at least eight biopsies should be taken to increase yield of
diagnosis if the segment is <2 cm (26). If that is not feasible,
then at least four biopsies per centimeter of circumferential
BE and at least one biopsy per centimeter of BE tongues
should be obtained (4). Otherwise, Seattle protocol sampling
should be followed, which includes four quadrant biopsies
every two centimeters in suspected LSBE or every 1 cm if
there is prior history of dysplasia (which is typical during
post-therapy surveillance) (4). Once biopsies are obtained,
any specimen identified as dysplastic should be reviewed
by a second pathologist with gastrointestinal expertise to
confirm the diagnosis, as dysplasia, especially LGD, is often
over-diagnosed (30,31).
Screening
Deciding on whom to screen for BE has been controversial
and inconsistent. While there are no studies directly
comparing screening vs non-screening patients at risk
for BE, expert recommendations remain in place to
screen at risk individuals. The American College of
Gastroenterology (ACG) recommends screening males with
chronic or frequent GERD symptoms, with two or more
additional risk factors for BE or EAC (see Table 1) (20).
The American Society of Gastrointestinal Endoscopy
(ASGE) recommends that if screening is performed, it is for
patients with a family history of BE or EAC or patients with
GERD plus one other risk factor (32). Lastly, the American
Gastroenterological Association (AGA) recommends
screening individuals with multiple risk factors (7).
High-definition white light upper endoscopy (HDWLE)
with biopsies remains both the gold standard and the most
common modality for BE screening and surveillance.
However, there are limitations to conventional upper
endoscopy, including operator dependence in endoscopy,
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inter-observer variability among pathologists, risks
associated with invasive procedures, and cost. Newer
modalities aim to decrease these limitations by increasing
diagnostic yield or by decreasing risk and cost with less
invasive techniques.
Transnasal endoscopy (TNE) uses a thinner endoscope
than standard upper endoscopy, eliminating the need
for sedation, and its associated risk and cost. As a result,
patients appear more willing to undergo TNE for BE
screening than standard upper endoscopy (30). TNE had a
respective sensitivity and sensitivity of 98% and 100% when
compared with standard per-oral sedated upper endoscopy
in a small prospective study (33). TNE is limited by the
decreased success in taking biopsies, as this requires a larger
sheath, which patients sometimes could not tolerate (34).
Furthermore, gastroenterologists and primary care
physicians have limited access to and experience with
unsedated TNE to perform screening.
Esophageal capsule endoscopy (ECE) is another
screening tool that does not require sedation. The capsule,
which is a small indigestible disposable capsule with a
camera on each end and takes images of the esophagus
at a combined rate of 14 frames per second (7 frames per
second from each side) is swallowed by the patient and
can capture esophageal changes consistent with BE as well
as other esophageal or gastric pathology (35). In a 2009
meta-analysis, ECE was found to be safe and preferred by
patients, with a respective sensitivity and specificity of 78%
and 90% compared to standard upper endoscopy (36).
Tethered capsule endomicroscopy (TCE) is a distinct
modality that uses optical coherence tomography (OCT)
to obtain high resolution images of the whole esophagus.
In a recent clinical trial, the correlation between TCE and
standard endoscopy for detection of BE was 0.77–0.79 (37).
While this modality is still young, it shows potential to
quickly and safely screen BE.
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Cytosponge is a screening technology gaining
momentum, which involves a swallowed gelatin capsule
housing a compressed mesh attached to a string. Once the
gelatin capsule dissolves in the gastric cardia, the sponge
is released. It is then retrieved via the string and collects
a cytologic specimen through abrasion of the esophagus
as it is pulled up from the mouth. The specimen is then
measured for trefoil factor-3, which is a cellular marker for
BE (38). When compared to standard upper endoscopy, the
respective sensitivity and specificity of Cytosponge was 73%
and 94% for detecting at least 1 cm of circumferential BE,
and 90% and 94% for detecting clinically relevant segments
at least 2 cm (39). In a recent randomized control trial,
Cytosponge was used in a primary care setting for screening
patients aged 50 years or older on a PPI. BE was ultimately
diagnosed in 2% of the intervention arm and 0.2% of the
control arm (P<0.0001), demonstrating its feasibility and
effectiveness (40).
Surveillance
Once a diagnosis of BE is made, surveillance is typically
performed despite conflicting data on its effect on mortality
(41,42). Patients with nondysplastic BE are recommended
to undergo surveillance every 3–5 years to monitor for
progression to dysplastic BE or EAC, but there is little
data to support this recommendation (4,32). The ACG
recommends that patients with BE with newly diagnosed
BE with IND undergo repeat endoscopy in 3–6 months on
optimized acid suppression, followed by annual surveillance
if diagnosis is confirmed (4). Patients with BE with LGD
are also recommended to undergo annual endoscopic
surveillance if no endoscopic therapy is performed (4).
However, progression from LGD to EAC is reduced
when ablative strategies are employed, so when possible,
endoscopic treatment should be offered to patients with BE
with LGD (43). If HGD is found, endoscopic eradication
therapy (EET) should be pursued, which is discussed
further below.
As stated, conventional HDWLE remains the gold
standard for BE screening and surveillance. Alternative or
adjunctive technologies are being studied and are often
utilized in practice, with the goal of increasing diagnostic
yield or minimizing the need for random biopsies which can
be time-consuming as well as inaccurate. Recently, widearea transepithelial sampling with computer-assisted threedimensional analysis (WATS3D) has been used in addition
to upper endoscopy with biopsies. WATS3D utilizes a
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brush that is able to take full thickness, intact samples of the
esophageal epithelium, as compared to traditional biopsies
which do not preserve the cellular structure. This allows a
greater area of the BE mucosa to be sampled, as traditional
forceps biopsies only cover a small area, and dysplasia may
often be missed. A computer software then analyzes these
samples, identifying areas of abnormal cells for pathologists
to further review (32). The ASGE currently recommends
using WATS3D in conjunction with standard WLE with
biopsies in patients with known or suspected BE. Their
systematic review found a relative increase in dysplasia
detection of 52% for patients with or without a history of BE
with dysplasia, with minimal incidence of adverse events (32).
Chromoendoscopy (CE) and more so, virtual
chromoendoscopy (VCE) are also among the most
prevalent of such surveillance modalities. CE, used less
commonly, utilizes a staining solution applied topically
to the esophagus to help identify mucosal abnormalities.
Solutions include methylene blue, Lugol’s solution,
and acetic acid. VCE does not use a stain and instead
uses blue light with narrow band filters. This allows for
improved visualization of the superficial mucosa and
vascular structures, as hemoglobin absorbs blue light.
On most standard endoscopes, VCE is available to be
instantly enabled during the procedure. Varying versions
of VCE are available based on endoscope manufacturer
and include narrow band imaging (NBI), Fuji intelligent
color enhancement (FICE), and i-Scan. CE and VCE can
help endoscopically identify areas of BE and dysplasia to
allow for more targeted, rather than random, biopsies.
The ASGE recommends using CE or VCE in addition
to WLE with biopsies for BE surveillance. This is based
on their meta-analysis, which found that employing these
techniques increased detection of dysplasia by 30.3% (32).
Autofluorescence imaging (AFI) uses fluorescence, which is
emitted by endogenous fluorophores in esophageal epithelium
and stroma after undergoing neoplastic changes (44).
This imaging can allow for endoscopists to take targeted
biopsies of abnormal areas, similar to CE and VCE.
However, AFI has been found to have a high false positive
rate for HGD of 49% (45). As a result, it is sometimes used
in conjunction with WLE and even CE/VCE.
Confocal laser endomicroscopy (CLE) visualizes the
esophagus on a cellular level in real time via a probe passed
through an endoscope. Prior to the procedure, the patient
must first undergo intravenous injection of a fluorescence
agent (46). While there is an advantage in CLE’s ability to
make a diagnosis of BE with or without dysplasia during
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the procedure, the ASGE’s review did not find a statistical
significance in the relative increase in diagnostic yield (32).
Volumetric laser endomicroscopy (VLE) employs OCT
via an inflated balloon in the esophageal lumen and provides
a real time image of the esophageal wall magnified similarly
to low-power microscopy. The newest version helps identify
areas of dysplasia using an artificial intelligence software
termed intelligent real-time image segmentation or IRIS (47).
With this information, endoscopists can make visible laser
marks on the esophageal mucosa to target biopsies and direct
therapy (48,49). VLE with laser marking for targeted biopsies
has a higher diagnostic yield than WLE with biopsies alone,
at 33.7% compared to 9.6% (50). However, the ASGE could
not recommend for or against the use of VLE, calling for
more evidence (32). Unfortunately, NinePoint Medical, the
maker of VLE filed for bankruptcy in October, 2020, calling
into question the future of this technology.
Artificial intelligence in the form of computer-aided
detection is in its infancy. A system has been studied in
the Netherlands that detected BE or EAC with 90%
sensitivity and 88% specificity and outperformed non expert
endoscopists (51,52). While this technology is nascent,
the potential to revolutionize screening and surveillance is
present.
TissueCypher is being studied as a method of analyzing
biopsy specimens using their epithelial, stromal, and
morphometric components. It provides a numeric score to
categorize the risk of progression to EAC and can thus help
guide decisions to perform endoscopic eradication therapies.
In several small studies, it has been validated to predict risk
of progression (53-55). Larger studies are needed before it
can be widely implemented.
Non-endoscopic based programs, such as a serum assays
have been studied as well and could potentially remove the
risk associated with invasive surveillance regimens. Several
different miRNAs have been found to be circulating in
patients with BE and EAC compared to patients with just
esophagitis (56,57). With continued studies and validation,
these tools can potentially be used as non-invasive forms of
screening and surveillance of BE patients.
Treatment
Chemoprevention
Therapy of BE begins with medical management, of
which PPIs are a mainstay, especially in the case of erosive
esophagitis, which can confer a five-fold risk of BE (58).
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However, there has been notable controversy regarding their
chemopreventive value in the past. Although data from the
2000’s and 2010’s was largely favorable, two high quality
observational studies out of Denmark and the UK actually
suggested an increased odds-ratio between EAC and PPI
use (59). Now the AspECT trial, a randomized factorial
trial involving about 2500 patients published in 2018,
demonstrated that in fact high dose PPI in combination with
aspirin therapy provided the greatest overall benefit (60).
Current guidelines, which predate the AspECT trial,
only support the use of daily PPI and actually recommend
against high dose PPI unless needed for refractory
reflux. They also do not endorse aspirin or NSAIDs for
chemoprevention at this time unless indicated for another
medical co-morbidity (4). However, given this new data,
this recommendation could change.
EET
EET, defined as the complete destruction and replacement
of BE mucosa with neosquamous epithelium via endoscopic
modality, has revolutionized the care of BE and is the firstline therapy for patients diagnosed with confirmed LGD,
HGD and EAC T1a (7). Especially in the case of EAC T1a,
EET when compared to esophagectomy has been shown
to be comparably effective in its therapeutic success while
superior in terms of morbidity, mortality and cost (61).
In the case of LGD, EET was previously considered
controversial due to high interobserver variability of
pathological diagnosis as well as a low rate of progression
of 0.5%. However, in LGD that is confirmed by expert
pathologist and found to be persistent on repeat EGD after
3–6 months of acid suppression, the annual progression
rate was found in fact to be 13.4% (7). The SURF trial
compared EET of LGD to surveillance alone and found
an absolute risk reduction of progression to HGD/EAC by
25% (43). Given this data, recent guidelines suggest both
EET and yearly surveillance are valid treatment strategies
(7). Lastly, in those with NDBE plus a family history of
EAC, EET could reasonably be offered on a case-by-case
basis, though in general, EET of NDBE is not considered
cost-effective (7,60). As stated, all cases of dysplasia/
neoplasia should be confirmed by an expert pathologist
prior to initiation of any advanced therapeutic regimen.
Because BE is largely considered to proceed (though not
always) in a stepwise fashion to EAC, early intervention
with EET can prevent progression to invasive cancer with
low risk of lymph node metastasis (0–2%) (7,62). The goal
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of EET is the complete eradication of dysplasia (CE-D) and
neoplasia (CE-N) with an end point of complete eradication
of intestinal metaplasia (CE-IM). The process begins with
a thorough endoscopic examination, followed by resection
of all nodules/visible abnormalities, then ablation of any
remaining flat BE, and ends with a surveillance program.
There is often a temptation when assessing nodules to
utilize endoscopic ultrasound (EUS) to assess the depth of
invasion. However, due to cost, risk of perforation, and false
positive rate (6–10%), it is not recommended to do so unless
attempting to examine a lymph node for metastasis (33).
Endoscopic resection
If any suspicious mucosal irregularities or nodularities are
identified, the lesion should undergo endoscopic mucosal
resection (EMR) or endoscopic submucosal dissection
(ESD). If the endoscopist cannot perform EMR, then
preferably, the patient should be referred to an expert rather
than performing biopsy, as this can make future resection
more challenging due to scarring (7). If HGD is identified
on biopsy of presumably flat BE, a repeat endoscopy should
be performed within 6–8 weeks to reexamine for nodules
and irregularities as truly flat HGD is uncommon (60).
EMR is not only therapeutic but also allows for superior
staging of the lesion, as compared to biopsy (62). It
does this by providing larger and deeper specimens with
preserved architecture, resulting in greater interobserver
agreement among pathologists and often in an upgraded
histopathologic diagnosis from original (63).
While multiple EMR devices are available, the multiband
mucosectomy (MBM) technique is currently favored due
to its lower cost, learning curve and procedure time (64).
There are currently two commercially available devices:
the established Duette® Multi-Band Mucosectomy
device (Cook Medical) and the newer Captivator (Boston
Scientific Ltd.). In general terms, MBM devices consist of
a transparent cap preloaded with multiple rubber bands,
which is affixed over the distal end of the endoscope; a
triggering cord that traverses through the suction channel;
and a hand-cranked ligator handle to which the triggering
cord attaches. The operator will suction the mucosal
abnormality into the suction channel and then turn the
ligator handle, firing the rubber band over and around
the lesion and causing it to be cinched at its base, thus
producing a pseudopolyp. The effect of the deployed
rubber band is to safely separate the mucosa and submucosa
from the muscularis propria, allowing resection to proceed
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with a lowered risk of perforation while obviating the need
for submucosal injection. A snare is then passed down the
scope, placed around the pseudopolyp and below the rubber
band, and then is cinched closed. Lastly electrocautery is
applied to resect the tissue. Up to 6 rubber bands can be
placed at a time per MBM device.
Both the Duette and Captivator have been shown to
be equally efficacious in a recent retrospective study of 40
patients (65). However, the authors did report an increased
mucosal resection size and depth with the Captivator,
leading them to conclude it may be more favorable for
larger lesions or when fewer resections are preferred (65).
Other authors have also reported improved visibility and
suction capability with the Captivator device (66). In
combination with ablative therapies of flat BE, EMR has
proven to be a successful modality with a CE-N rate of 92%
and CE-IM rate of 87% and recurrence rates of 4% and 8%
respectively (67). Nonetheless, EMR does have its pitfalls,
primarily of which is the limited rate of R0 resection due
to piecemeal resections. This limitation results in missed
areas of advanced neoplasia as well as a higher incidence of
recurrence (68).
Overcoming this disadvantage of EMR is ESD, an
alternative resection technique, albeit one that requires
much more intensive training as well as intraprocedural
time to perform. Developed in the 1990’s in Japan, ESD
quickly established itself in Asia due to the high rates
of gastric cancer with adoption slowly emerging next in
Europe and now in the US (69). Compared to EMR,
ESD is able to resect larger lesions, especially those >2
cm, and achieve a higher rate of R0 resection (69). In its
most basic form, ESD consists of thermally marking the
borders of a lesion, then using a submucosal injection to
lift an adjacent portion of the lesion, followed by incision
with an endoscopic knife to gain entry into the submucosal
space. Use of a transparent cap on the endoscope tip is
essential to create traction and visualization in this space
and allow continued submucosal dissection until the lesion
is entirely separated from the wall and can be removed en
bloc (69). While ESD does provide more R0 resections,
it also has higher incidence of adverse events without
necessarily improving rates of CE and elective surgery (7).
As mentioned, it also takes significantly longer to perform
and is not yet widely available in the US due to the rigorous
training required to safely and adequately perform the
procedure. ESD is specifically recommended over EMR
in the following scenarios: lesions >15 mm, morphology
indicating submucosal invasion such as ulceration or central

Ann Esophagus 2021 | https://dx.doi.org/10.21037/aoe-21-31

Annals of Esophagus, 2021

depression, and intramucosal carcinoma (61).
Once the lesion is successfully removed with no evidence
of residual tissue on pathology, ablative therapy, as detailed
below, should be performed on the remaining flat BE
mucosa in order to prevent metachronous and recurrent
disease, which can range from 14.5–36.7% (7). If pathology
reveals there is submucosal involvement (stage T1b), then a
multi-disciplinary approach should be considered, as these
lesions can have up to a 45% chance of lymphatic spread
(4,70). Further management of early EAC is beyond the
scope of this review but is found elsewhere in this series.
Endoscopic ablation
After successful resection or if starting with flat, confirmed
dysplastic BE, ablation is performed next. Several
modalities are currently available including photodynamic
therapy (PDT), argon plasma coagulation (APC), hybrid
APC, spray cryotherapy, balloon-based cryotherapy, and
radiofrequency ablation (RFA). RFA is the most widely used
modality followed by cryotherapy. Currently, given the
level I evidence documenting its efficacy and safety, RFA is
recommended by societal guidelines as the first line ablation
method (7).
The first pre-clinical RFA human trials were done in
2006 and to date, RFA is the most well-studied ablative
modality (62). RFA is performed every 2–3 months until
CE-IM is achieved using the Barrx system (Medtronic,
Minneapolis, Minn, USA), which delivers controllable RF
(450 to 500 kHz) energy to BE mucosa to the depth of the
muscularis mucosa (700–800 µm), inducing tissue necrosis
and resulting in regeneration of neosquamous epithelium
(71,72). Generally speaking, the treatment regimen typically
begins with a circumferential 360 balloon, followed by a
focal 60 or 90 ablation catheter to address any residual BE
tissue. There are currently two available versions of the
360 balloon: the first-generation 360 balloon, which has
a 3 cm long bipolar RF electrode wrapped around a 4 cm
non-compliant, cylindrical balloon; and a newer version
called the 360 Express, which features a 4 cm long electrode
around a self-sizing balloon that can adjust its diameter
endoluminally from 18 to 31 mm (71).
The procedure begins with instilling 1% N acetylcysteine
into the esophageal lumen to remove any excess mucous.
With the traditional balloon, the next step is sizing of the
esophageal inner diameter at multiple levels with a sizing
balloon catheter placed via guidewire and then selecting
the smallest appropriate sized RFA balloon catheter. Once
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the RFA catheter is in place, the endoscope is reinserted
for visualization and a “One-Clean-One” algorithm is
typically employed, whereby the first round of energy is
delivered, the sloughed coagulum is scraped off with a
transparent tip cap, and then a second round of energy is
delivered. However, the traditional balloon has two main
disadvantages; first, it required multiple, time-consuming
passes of the endoscope and sizing balloon catheters and
second, the fixed balloon diameter does not always produce
optimal mucosal contact due to the compliant and luminally
variable nature of the esophagus (73).
With the self-sizing balloon, the procedure remains
identical except that multiple passes with sizing balloons
are no longer needed. While this does lead to a significantly
decreased procedure time without sacrificing efficacy,
there was concern for increased stricture formation at the
traditional energy density setting of 12 J/cm2 due to larger
electrode and better electrode-mucosa apposition. As a
result, a setting of 10 J/cm2 is now recommended (73). In an
attempt to reduce the procedure time of the first generation
balloon, some studies investigated whether cleaning the
sloughed coagulum was in fact a necessary step and found
that the efficacy and safety were not reduced by skipping
this step (74). Interestingly in the case of the self-sizing
balloon, Belghazi et al. found that the cleaning step was
essential to preventing high rates of stricture formation (73).
They theorized that the cleaning phase allows for a “cooldown” period in between treatments as well as time for the
development of submucosal edema which further protects
the underlying tissue.
Focal RFA with the Barrx 90, 60, Ultra Long and
Channel endoscopic catheter is utilized for either
limited areas of dysplastic BE or in follow up after initial
circumferential RFA (Figure 1) (72). Excluding the channel
catheter which passes through the working channel,
the devices attach on the outside to the distal tip of the
endoscope with the electrode oriented at the 12 o’ clock
position. For the 90 and 60 device, the electrode is apposed
against the lesion and 2 applications of 12 J/cm 2 are
delivered, followed by a cleaning phase and then 2 more
applications, also known as a “Two-Clean-Two” algorithm.
For the Ultra Long, “One-Clean-One” algorithm is
performed (72).
Overall, RFA is a proven and successful modality with
recent meta-analysis demonstrating pooled CE-D and CEIM of 93.4% and 73.1%, respectively (75). It typically takes
two to three sessions to achieve CE. RFA is also considered
safe with a pooled stricture rate of 5.6%, bleeding rate of 1%,
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Figure 1 Images of Barrett’s ablation with RFA 90 catheter. RFA, radiofrequency ablation.

and perforation rate of 0.7% (7). Only about 4% of patients
experienced significant post-procedure chest pain, although
most experienced at least some chest discomfort (7).
Cryotherapy is the next most frequently utilized modality
and proposes to address some of the drawbacks of RFA such
as stricture formation, post-procedure pain, and failure
of CE-D (71). The use of cold therapy dates back to the
Egyptians around 3000BC (76). Modern application starts
with a cryogen, a substance that can be cooled to extremely
low temperatures and then applied to target tissue, typically
liquefied gas such as nitrogen or carbon dioxide (77). When
the cryogen is applied to BE mucosa, it triggers death via
several mechanisms, including cell membrane disruption,
protein denaturation, and destructive osmotic gradients
due to ice crystal formation as well as the upregulation of
apoptosis mediated by cytochrome C release (77). The
thawing process is also important for tissue destruction
because during thawing, ice crystals fuse and further
damage cell membranes. Additionally, vascular stasis due to
endothelial damage, platelet aggregation, and microthrombi
result in local ischemic injury (77). Because cryotherapy
does not utilize thermal therapy, it has been suggested that
it preserves more of the extracellular matrix architecture,
resulting in less stricture formation (71).
There are two types of cryotherapy systems currently
commercially available: spray cryotherapy (truFreeze, CSA
Medical, Lexington, Mass) and a more recently developed
balloon cryotherapy (Coldplay CryoBalloon Focal Ablation
System, C2 Therapeutics, Redwood City, Calif) (77). Spray
cryotherapy delivers liquid nitrogen at −196 ℃ to esophageal
mucosa via a catheter passed through the working channel
of a standard endoscope (Figure 2). Liquid nitrogen rapidly
converts to a gas so prior to spray initiation, a 20F dual
channel decompression tube is positioned coaxially with
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the endoscope to aid in active venting so as to prevent
perforation due to high pressure. The tip of the catheter
is positioned about 0.5 to 1 cm away from the target and
then the spray is discharged and “painted” on to the areas of
interest. The dosimetry timer (20 seconds) is started once
a white frost is formed. The tissue is then allowed to thaw
before applying a second dose. The balloon cryotherapy
device is also a focal and not circumferential device, but it
does not require a decompression tube or a large console
storing a liquid nitrogen tank. Instead, the disposable, handheld, and self-contained device utilizes a battery powered
handle housing a 23.5 g liquid nitrous oxide cartridge,
attached to a long catheter with a self-sizing balloon at the
tip. When the handle is triggered, the catheter delivers a
preset perpendicularly oriented focal spray at −85 ℃ inside
the balloon, the exterior of which is contacting the mucosa.
This catheter can be rotated inside the balloon to target
different areas. Areas are treated only once for about 6–10
seconds and each cartridge can treat 2–3 lesions. When the
balloon is deflated, the rest of the gas is vented back into the
handle (77).
Cryotherapy has shown promising efficacy and impressive
safety. A 2016 multicenter, prospective open label registry
demonstrated that for LGD, cryotherapy had CE-D and
CE-IM rates of 91% and 61%, respectively. For HGD,
CE-D and CE-IM were 81% and 65%, respectively (78).
Cryotherapy’s first retrospective cohort study in 2010
showed CE-D of 97% and CE-IM of 87% (79). No
perforation has yet been reported, the stricture rate has
been almost zero, and patients report significantly less
procedure-related pain (71). While cryotherapy is wellstudied, it does not have the robust level I evidence of
RFA or a head-to-head comparison trial. Additionally, its
performance does appear to be more operator dependent
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Figure 2 Both (A and B) show cryotherapy via a catheter showing the freezing of the mucosa. (C and D) Show post-ablative changes after
thawing of the freeze.

than RFA, so for these reasons, RFA is still considered first
line (72). However, for the approximately 20% of patients
who fail RFA, cryotherapy is emerging as a salvage therapy,
achieving CE-D and CE-IM rates of approximately 75%
and 30–50%, respectively (71).
PDT was a more widely used modality in the past but
has recently fallen out of favor due to its safety profile,
which includes unfavorable stricture rate and phototoxicity
(80). Prior to the procedure, patients must receive a
photosensitizer drug, either orally with 5-aminolevulinic
acid (not available in the US) 4 hours before or
intravenously with sodium porfimer 48 hours before (81).
This drug is preferentially taken up by dysplastic and
neoplastic tissue. A light fiber is then passed through the
endoscope and then photoradiation can be applied, typically
at “red” wavelengths of 630–635 nm, which activate the
drug resulting in cell death via reactive oxygen species (81).
APC (Erbe Elektromedizin, Tuebingen, Germany) is a
long-standing therapeutic option for BE, but like RFA, had
a stricture rate from 5–10% (82). Proposing to address this
drawback, Hybrid APC combines APC’s thermal therapy
with submucosal lift via isotonic saline injection. Both
of these functions are performed by a single integrated
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catheter (82). However, being a focal ablation device, its
success is still much more operator dependent than RFA.
While early studies show promising data, further study is
required.
Post-treatment surveillance
Once CE-IM has been achieved, post-treatment
surveillance begins. Surveillance must be diligent because
recurrence of BE is not uncommon post-therapy with
reported rates between 10–20% over 2 years and up to
49% at 8.6 years (73,83). The surveillance regimen depends
upon the initial staging of the lesion as LGD or HGD/IMC
as well as which society guideline the provider chooses to
follow. For LGD, the ACG recommends surveillance every
6 months for 1 year and then annually thereafter, while the
AGA recommends surveillance at 1 and 3 years. For HGD/
IMC, the ACG recommends surveillance every 3 months
for the first year, then every 6 months in year two, and then
annually. The AGA recommends surveillance at 3 months,
6 months, 1 year and then annually (83). As previously
discussed, Seattle protocol biopsies should be obtained and
strong consideration of the use of advanced imaging and
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sampling techniques, such as NBI, WATS3D, and possibly
VLE if available, should be made (32).
Surgical management
Anti-reflux surgery has been used in BE as well, with
laparoscopic fundoplication as the mainstay surgical
option. However, data do not show that it decreases the
progression of BE to EAC (84,85). A meta-analysis did
show an association between surgery and regression of BE
though (84). Regardless, the ACG does not recommend
it as a therapy for BE itself, but validates its continued
use for refractory GERD (4). The Society of American
Gastrointestinal and Endoscopic Surgeons recommends
considering surgical options for patients with BE with
symptomatic GERD, noting it remains controversial in
patients with asymptomatic BE, noting the data is too
inconclusive to comment on the resolution or improvement
of BE after anti-reflux surgery (86).
In regards to dysplastic BE and early EAC, esophagectomy
is increasingly becoming a treatment of last resort. However,
it is still the mainstay therapy of submucosal EAC (T1b).
It carries a morbidity and mortality rate of 30% and
6%, respectively (7). The detailed management of early
esophageal cancer is discussed elsewhere in this series.
Conclusions
The field of BE is a rapidly evolving area of study with
numerous technological innovations either in development
or quickly reaching maturity. Even with so much progress,
numerous controversies still exist from screening and
diagnosis to surveillance and eradication therapy. With
the incidence of EAC rising decade over decade, ongoing
research to clarify these management decisions will take
on ever increasing importance, particularly in regards to
targeted screening as well as progression risk stratification
in order to reduce the burden of unnecessary endoscopic
procedures. Clinical studies evaluating the integration of
acid testing, endoscopic findings, biomarkers and pathology
to develop a robust model of BE progression would be
especially helpful in addressing controversies in screening
and surveillance. As both advanced imaging and ablation
techniques become more advanced and refined, hopefully
rates of missed lesions and recurrence will further diminish.
The study of BE will continue to provide dramatic and
meaningful impact on the health and longevity of patients
for years to come.
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