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Abstract
Background: Dysplastic Barrett's esophagus is the precursor to esophageal adenocarcinoma. While traditional
therapy has included surgical resection, several endoscopic ablation techniques have become well-established. The
newest of these modalities is cryospray ablation using liquid nitrogen.
Objective: To determine efficacy of cryospray ablation therapy in eradication of Barrett's mucosa and dysplastic
tissue as well as the durability of these outcomes.
Methods: A retrospective analysis of 33 consecutive patients who underwent endoscopic cryoablation therapy
was performed. Patients were followed at 8 weeks, 6 months, and annually following completion of ablation.
Biopsies were taken.
Results: A mean of 2.4 sessions (range 1-4) was performed with a mean follow-up of 12.5 months (range 6-36).
100% of patients with low-grade dysplasia achieved complete eradication of dysplasia at a minimum follow-up of 6
months. 95% of highgrade dysplasia was eradicated at 6 months with 5% having persistent focal low-grade
dysplasia. In 9% of cases, intramucosal carcinoma was also treated successfully with cryospray ablation therapy.
Overall stricture rate was 3% following ablation therapy. No perforations or other serious complications occurred
Conclusions: Cryoablation therapy offers an effective minimimally-invasive method to treat dysplastic Barrett's
esophagus as well as some early intramucosal adenocarcinoma. There is minimal morbidity from this procedure and
has potentially durable results at follow-up endoscopic surveillance.
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Introduction
As more patients undergo earlier endoscopic evaluation for acid
reflux symptoms, the identification of Barrett’s esophagus has been on
the rise. The major concern, however, is the detection of dysplasia and
the subsequent risk of progression to esophageal adenocarcinoma.
Most cases of adenocarcinoma today arise from dysplastic Barrett
mucosa [1]. The standard of care for several decades has been careful
surveillance biopsies to detect dysplasia. Current guidelines
recommend that low-grade dysplasia (LGD) should warrant repeat
endoscopic surveillance at six months following high-dose protonpump inhibitor (PPI) therapy. High-grade dysplasia (HGD) has a
greater risk of cancer progression and often has concomitant early
esophageal neoplasia [2]. This requires definitive therapy which has
traditionally included surgical resection [3].
However, in recent years, several minimally-invasive therapies
have been used to perform ablation of Barrett’s mucosa including
endoscopic mucosal resection (EMR), radiofrequency ablation, and
cryospray ablation. Traditional therapy such as EMR and surgical
resection may have technical challenges and associated morbidity [4].
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The newest of the available methods, cryospray ablation has now
become an established modality for the treatment of dysplastic
Barrett’s tissue with minimal morbidity and favorable clinical
outcomes [5]. This method offers application of extremely frigid
thermal injury to the esophageal mucosa through repeated cycles of
freezing and thawing. Vascular stasis with ischemia and anoxia due to
vasoconstriction is a major part of the pathologic process. This results
in cell death with both immediate and delayed effects while preserving
the extracellular matrix. Thus healing involves the sloughing of the
treated mucosa and growth of neosquamous mucosa without
significant esophageal wall injury [6-8].
The objective of this study is to determine the efficacy of achieving
a complete response with cryospray ablation therapy for dysplastic
Barrett’s epithelium. A durable response is also to be examined with
analysis of long-term follow-up endoscopy. Furthermore, overall
safety and patient comfort with cryospray ablation in dysplastic
Barrett’s esophagus will be examined.

Methods
Study group
This was a retrospective analysis of 33 consecutive patients who
underwent cryospray ablation therapy for dysplastic Barrett’s
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esophagus. The study group included 25 males and 8 females with a
mean age of 65.3 years whose histology confirmed HGD (n=20), LGD
(n=10), and HGD with intramucosal cancer (n=3) in the form of a

nodule. All patients with intramucosal cancer had no extension of
tumor into lymph nodes or distant sites as determined by
computerized tomography (CT) and EUS imaging (Table 1).

Mean age

Mean length

Male

Female

LGD

HGD

IMC

PPI twice daily

65.3 years

5.5cm

25

8

10

20

3

100%

Table 1: Study demographics.

Upper endoscopy

Ethics

Upper endoscopy with narrow-band imaging (Olympus GIF1T180,
Tokyo Japan), was performed initially in all patients to identify the
length and nature of the Barrett’s esophagus as well as to detect
nodules or strictures. Four-quadrant biopsies were taken at 1cm
intervals in the esophagus using large capacity Radial Jaw-4 biopsy
forceps (Boston Scientific, Natick, MA). Patients who had HGD were
enrolled in the prospective study of cryospray ablation. Patients with
LGD were placed on esomeprazole 40mg twice daily and followed
clinically. If repeat biopsies at six months from the initial endoscopy
suggested persistent dysplasia, these patients were offered study
enrollment.

The study was conducted with approval from the Institutional
Review Board. Informed consent from human subjects was acquired to
collect and analyze data in a confidential manner. The study methods
conformed to the ethical guidelines of the "Declaration of Helsinki –
Ethical Principles for Medical Research Involving Human Subjects.”

Endoscopic ultrasound
Patients with high-grade dysplasia or carcinoma underwent index
radial endoscopic ultrasound exam (GFUE160, Olympus, Tokyo,
Japan) prior to cryospray ablation therapy. Tumor and nodal staging
was performed for carcinomas. The celiac axis and paraesophageal
regions were examined for lymph node enlargement or abnormality. If
lymph nodes were seen and measured at least 1.0cm, fine needle
aspiration biopsy was performed with a 25G needle.

Cryospray therapy procedure
Endoscopy was performed under monitored anesthesia care.
Ablation was accomplished using liquid nitrogen applied through a
specialized spray catheter (CSA Medical, Baltimore MD, USA) which
was placed through the accessory channel of the endoscope. Prior to
ablation, a decompression catheter with several distal openings was
positioned 1cm below the gastroesophageal junction. Constant suction
was applied during the spray delivery of liquid nitrogen. Additionally,
the abdomen was monitored by a nurse for over-distension. A clear
cap applied to the tip of the endoscope was used to help visualize the
mucosa during spray therapy. Standard protocol for ablation included
20-second freeze cycles performed twice for each site starting from the
proximal end of the Barrett mucosa and proceeding distally. The
patients were given acetaminophen if needed for pain control and no
narcotics were required after any procedure. Twice daily dose of
esomeprazole 40mg was continued for 8 weeks until the follow-up
endoscopy was performed. If any mucosal breaks or ulcerations were
noted, cryospray therapy was postponed until healing could be
confirmed. If a nodule was found, focal EMR was performed. If EMR
was performed initially, cryoablation therapy was performed at least 6
weeks later to ensure that no mucosal defects were present. If EMR
was performed following cryoablation therapy, this was achieved
either immediately in the same endoscopic session or anytime
thereafter during follow-up endoscopy.
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Statistical analysis
A descriptive analysis was performed to determine the mean length
of treatment, number of sessions, and complications. This included
calculation of the rate of successful resolution of dysplasia and the rate
of complete eradication of Barrett’s mucosa.

Results
The average length of Barrett’s mucosa was 5.8cm which required
a mean of 2.4 sessions (range 1-4) to achieve complete ablation of
dysplastic mucosa by cryospray therapy. Complete response was
defined as no visible Barrett’s mucosa and no dysplasia on subsequent
surveillance biopsies. Follow-up endoscopy with biopsies was
performed in all patients at 6 months following completion of therapy.
The range of follow-up was between 6 and 36 months with a mean of
12.5 months. In 100% of patients with HGD, complete response was
achieved at 8-week follow-up after final treatment session. At 6-month
follow-up, one (5%) had a focal area of LGD but no HGD. All 10
patients with original LGD achieved complete response which was
sustained at 6 month follow-up endoscopy. One patient died of
unrelated causes 8 months after achieving complete ablation. One
patient was lost to follow-up after 12 months due to insurance changes
but had complete response at 6 month follow-up (Figure 1a, 1b, and
1c).

Figure 1(a): Nodular carcinoma observation in 1st patient
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In all three patients with intramucosal nodular carcinoma,
endoscopic therapy was successful with no findings of residual disease
at six months – cryospray alone [1], EMR prior to cryotherapy [1], and
EMR following ablation [1]. One patient with T1N0 esophageal
carcinoma at the GE junction who was successfully treated with
combined ablation and mucosal resection was seen in follow-up at 24
months and had no abnormal endoscopic or histologic findings. In
addition, one patient underwent successful EMR at 8 week follow-up
after cryoablation therapy for a remaining 2 cm patch of dysplastic
Barrett’s mucosa [Table 2].
In regard to safety and complications, the procedure was welltolerated. No patients required narcotics or hospitalization following
the procedure. No perforations or bleeding episodes occurred.
Transient dysphagia without odynophagia was reported in 30% for a
mean of 5 days. In a total of 90 sessions of cryospray therapy, 3 (3.3%)
benign strictures developed in 2 patients as a result of therapy and
were treated successfully with single sessions of endoscopic balloon
dilation. In the patient with two episodes of strictures, noncompliance
was discovered with the prescribed daily double dose of esomeprazole
[Table 3].

Figure 1(b): Nodular carcinoma observation in 2nd patient

Figure 1(c): Nodular carcinoma observation in 3rd patient

Eradication
of Eradication of LGD
visible Barrett’s at
12 months
at 6 months

Eradication of HGD
at 6 months

33/33 (100%)

19/20 (95%)

Eradication of IMC Eradication of IMC Eradication of LGD Eradication of HGD
by cryo alone
by cryo + EMR
at 12 months
at 12 months
9/9(100%)

10/10 (100%)

1-Jan

2-Feb

18/18 (100%)

One died of unrelated One lost to follow-up
cause
endoscopy

Table 2: Study results; Note: one patient with HGD at 6 months had persistent LGD which was successfully treated and was not present at 12
months; LGD- Low grade dysplasia; HGD – High grade dysplasia; IMC – Intramucosal cancer; PPI – Proton pump inhibitor
Adverse events related to sedation

0

Transient dysphagia without intervention

30%

Dysphagia due to stricture requiring dilation

3.3%

Death related to Barrett’s or procedure

0

Unrelated death at 12 months

3.3%

Table 3: Complications

Discussion
The ablation of Barrett’s mucosa at the dysplastic stage can help
prevent the development of esophageal cancer [9]. While Barrett’s
esophagus affects only the mucosal layer, high-grade dysplasia and
subsequent carcinoma may involve deeper layers of the esophagus and
possibly paraesophageal lymph nodes [10]. Often, the histologic
distinction of high-grade dysplasia and carcinoma cannot be made and
thus EUS offers excellent visualization of the esophageal layers and
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paraesophageal lymph nodes to identify advanced disease [11,12] EUS
has been shown to have an accuracy of 85% in staging of high-grade
dysplasia and early esophageal cancer with regard to depth and
invasion into layers beneath the mucosa [13,14]. Furthermore,
suspicious lymph nodes can be identified. Thus, EUS imaging was
performed in many of the patients with HGD prior to ablation.
Cryospray ablation therapy offers a novel approach to a not-sonovel methodology in the destruction of unwanted tissue, in this case
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dysplastic Barrett’s mucosa. Cryospray with liquid nitrogen has been
used successfully in many other medical applications including
cervical dysplasia, early skin cancers and warts, oral leukoplakia and
respiratory tract papillomas and tumors [15-17]. Thus, the application
in the esophagus since its introduction in the past decade has other
areas of experience from which to learn.
All forms of ablation therapy including cryospray, radiofrequency
ablation, argon plasma coagulation, photodynamic therapy, and laser
therapy result in the destruction of the Barrett’s mucosal layer with a
replacement of newly developed squamous cells known as
neosquamous epithelium [18]. A major clinical concern, however,
with all forms of ablation has been residual or “buried” glands of
Barrett’s epithelium beneath the neosquamous epithelial layer [19].
This has been demonstrated in one study with photodynamic
therapy to occur in up to 27.3% of cases [20]. The true rate of such
residual glands from all forms of endoscopic ablation is unknown and
difficult to determine by endoscopic mucosal biopsies. Furthermore,
the clinical significance of this histologic finding particularly with
recurrence of dysplasia and cancer is unclear and is still undergoing
investigation. Nonetheless, in this study, biopsies in a standard 4quadrant protocol were performed in the areas of neosquamous
mucosa following complete cryoablation to help determine the
durability of the treatment. As the results demonstrate at a mean
follow-up of 12.5 months, a 100% rate of eradication of dysplasia was
achieved by cryospray ablation. Longer follow-up will be helpful to
determine further durability of this treatment and the possibility of
recurrent subepithelial Barrett’s glands.
The standard of practice for nodules in the background of Barrett’s
is to biopsy these separately to determine if there is advanced
pathology [21]. If endoscopic ablation therapy is being planned,
nodules may benefit from EMR initially. This permits complete
removal of a nodule that extends into the submucosa but does not
penetrate the muscularis propria. The advantage of EMR is complete
removal of a nodule or even small segments of Barrett’s mucosa
without concern for buried glands. However, large segments of EMR,
particularly circumferential resection is technically challenging and
fraught with complications such as bleeding, perforation, and
esophageal stricture rates of approximately 27% [22]. The advantage of
cryospray ablation in this setting is the technical ease of treatment of
large areas, including circumferential disease with minimal adverse
events. Often EMR is combined with endoscopic ablation therapy.
EMR has been shown to be successful following cryospray ablation
therapy but not as feasible following radiofrequency ablation [9,23].
Our study demonstrated similar technical success of EMR in three
cases following cryospray ablation. The delayed effect of cell death
without the immediate destruction of the intracellular matrix may
provide this ease of EMR therapy following cryospray ablation.
Ablation procedures that cause immediate tissue destruction with
intracellular disruption may potentially result in scarring that could
impair effective EMR technique.
Finally, patient tolerance to any ablation procedure is an important
factor to consider. In this series of patients, no significant pain was
reported from cryospray ablation therapy that required admission or
even the use of narcotic medications in a single patient. No serious
complications were encountered such as bleeding or perforation. The
stricture rate of 3% was similar to other reported studies such as a
recent meta-analysis of endoscopic radiofrequency ablation in which
esophageal stenosis occurred in 5% of patients [24]. In this group of
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cryoablation induced stricture, patients were easily treated within a
single endoscopic session with balloon dilation.

Summary
Cryospray ablation therapy offers a minimally invasive method to
treat dysplastic Barrett’s mucosa with low morbidity. Complete
ablation can be achieved by this method as evidenced by histology
specimens and endoscopic findings of neosquamous epithelium. This
modality has applications for HGD, persistent LGD, and intramucosal
cancers with durable response. Moreover, it is a technique that can be
combined with other endoscopic therapies such as endoscopic
mucosal resection. Given its superior safety profile and long-term
efficacy, endoscopic cryospray ablation has emerged as a viable
modality to eradicate dysplastic Barrett’s esophagus. This study
demonstrates excellent durability of results after a mean follow-up of
one year. Further studies of long-term durability will be helpful to
confirm these findings.
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