
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Optimizing endoscopic therapy for early Barrett’s neoplasia

Künzli, H.T.

Publication date
2018
Document Version
Other version
License
Other

Link to publication

Citation for published version (APA):
Künzli, H. T. (2018). Optimizing endoscopic therapy for early Barrett’s neoplasia. [Thesis, fully
internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/optimizing-endoscopic-therapy-for-early-barretts-neoplasia(0881b7cc-d3e3-43f4-bc9e-ac0fd14bec00).html


C H A P T E R 8TREATMENT OF BARRETT’S ESOPHAGuS 
wITH A NOvEL FOCAL CRYOABLATION 

DEvICE: INITIAL RESuLTS OF  
A DOSIMETRY STuDY

Dirk W. Schölvinck, Hannah T. Künzli, Chirstine Kestens,  
Peter D. Siersema, Frank P. Vleggaar, Marcia I. Canto, Hillary Cosby, 

Julian A. Abrams, Charles J. Lightdale, Elizabeth Tejeda-Ramirez, 
Steven R. DeMeester, Chirstina L. Greene, Blair A. Jobe,  

Jeffrey Peters, Jacques J.G.H.M. Bergman, Bas L.A.M. Weusten

Endoscopy. 2015 Dec; 47: 1106-12

Title adapted from: 

Treatment of Barrett’s esophagus with a novel focal cryoablation device: 
a safety and feasibility study.



134

A B S T R A C T
Background and aims

Currently, eradication of Barrett’s epithelium (BE) is preferably achieved by radiofrequency 
ablation (RFA) or spray cryoablation (SCA). However, both modalities suffer from drawbacks 
such as the need for sizing, multiple deployment steps, large controller units (RFA) and 
imprecise dosing and need for gas-venting (SCA). The new Cryoballoon Focal Ablation 
System (CbFAS) may address these limitations. This study assessed the safety, feasibility, and 
dose-response of the CbFAS in patients with flat BE with or without dysplasia.

Patients and methods

In this multi-center, prospective non-randomized trial, 39 patients were each treated with 
one or two ablations of 6, 8 or 10 seconds. Symptoms were assessed immediately and 2 days 
post-cryoablation. Follow-up endoscopy was performed 6-8 weeks post-procedure to assess 
response. Outcome parameters were incidence of adverse events, pain, esophageal stricture 
formation, and ablation response by cryogen dose.

Results

Of 62 ablations, 56 (10 with 6 seconds, 28 with 8 seconds, 18 with 10 seconds) were 
successfully performed. Six ablations failed because of device malfunction (n=3) and 
procedural or anatomic issues (n=3). Median procedure time was 7 minutes (interquartile 
range [IQR] 4-10). No major adverse events occurred; six patients experienced a minor 
mucosal laceration requiring no intervention. Mild pain was reported by 27% of patients 
immediately after cryoablation and by 14% after 2 days. No strictures were evident at follow-
up. Full squamous regeneration was seen in 47 treated areas (6 [60%] of the 6-second areas; 
23 [82%] of 8 second areas; 18 [100%] of 10-second areas).

Conclusion

Focal cryoablation of Barrett’s epithelium with the CbFAS is feasible and safe, resulting in 
squamous regeneration in the majority of patients.
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I N T R O D U C T I O N
Barrett’s esophagus (BE) harbors a signi�cant risk for the development of esophageal 
adenocarcinoma. Current guidelines recommend endoscopic treatment for all patients with 
early Barrett’s neoplasia (high grade dysplasia or early esophageal adenocarcinoma) [1, 2]. 
Endoscopic therapy consists of a two-step approach: any visible lesions are resected by 
endoscopic resection and sent for histopathological evaluation. Subsequently, the remaining 
�at Barrett’s segment is eradicated by ablation therapy to prevent the development of any 
metachronous neoplasia [3]. 

Radiofrequency ablation (RFA) is currently the preferred ablation method as it has proven 
to be highly e�ective for the eradication of intestinal metaplasia and dysplasia [4, 5]. RFA is 
delivered through either a balloon-based, fully circumferential device or a cap-based focal 
device (HALO; Covidien, Mans�eld, Massachusetts, USA). This heat-based technique aims 
to eliminate the mucosal tissue, while limiting the damage to the muscularis mucosa to 
prevent stricture formation [6, 7].

Alternatively, spray cryoablation (SCA) is used for the treatment of BE [8, 9]. Deep freezing 
and slow thawing causes disruption of cells, vascular ischemia, and thrombosis, resulting 
in necrosis of the super�cial esophageal layers [10]. In contrast to heat-based ablation, 
cryotherapy leaves the tissue architecture intact [11], and may result in less stricture 
formation. Although safe and e�ective, the use of either RFA or SCA is sometimes unwieldy 
as these methods su�er from certain drawbacks, such as frequent post-treatment pain, 
the need for precise sizing of the esophageal lumen, multiple deployment steps, plus large 
controller units in RFA procedures and imprecise dosing and the need for gas-venting in 
SCA. Recently a novel cryoablation technique, the Cryoballoon Ablation System (CbAS),was 
developed by C2 Therapeutics, Redwood City, California, USA. This cryotherapy device aims 
to combine the bene�cial properties of both RFA and SCA for a compliant, evenly spread 
ablation therapy with low stricture rate. Earlier studies have assessed the properties of 
the full circumferential CbAS [12]. For focal cryoablation, a new system, the Cryoballoon 
Focal Ablation System (CbFAS), has been developed. 

The aim of this study was to evaluate the safety and feasibility of this novel through-the-
scope balloon-based focal cryoablation device for the ablation of Barrett’s epithelium.

M E T H O D S
Cryoballoon Focal Ablation System

The Cryoballoon Focal Ablation System is a new ablation device that comprises of a battery-
powered handle with a trigger mechanism for which the duration of ablation (in seconds) 
can be electronically preset; a cartridge containing liquid nitrous oxide that is placed 
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in a compartment within the handle; and a catheter with a diameter of 3.6mm, which is 
attached to the handle, with a compliant balloon probe (30 mm in length, maximum 
diameter of 36 mm) with a single spray hole in the shaft (�gure 1). Once deployed through 
the working channel of a therapeutic endoscope (3.7-mm accessory channel) and positioned 
at the correct distance within the esophagus, the balloon will in�ate at approximately 5 
pounds per square inch (psi) and self-size to the diameter of the esophageal lumen after 
a single 1-second pull of the trigger. Small pu�s of nitrous oxide allow the position of 
the spray hole in the shaft of the balloon to be determined, and this may then be adjusted by 
torqueing the catheter. When it has been located in the correct radial position, a continuous 
pull on the trigger will release a constant �ow of nitrous oxide (at -85°C) until the device 
automatically stops at the preset duration of ablation (in seconds). The balloon is then 
de�ated. The gas, which develops from the nitrous oxide in the balloon when it comes into 
contact with the underlying mucosa, is vented back through the catheter and condenses 
into a sponge in the handle. This focal cryoablation results in freezing of the super�cial layers 
of the esophageal wall with a surface for a single ablation of approximately 2 cm2. Multiple 
cryoablations (two or three) can be performed from a single nitrous oxide cartridge. Empty 
cartridges can be exchanged while keeping the catheter in the esophagus. The entire device 
is designed for single use only.

Patients

This prospective non-randomized study was performed in multiple tertiary centers (�ve 
in USA, three in the Netherlands) with extensive expertise in endoscopic treatment of BE. 
The institutional review board at each center approved the study protocol. Written informed 
consent was obtained from all patients entering the study. 

Figure 1. Cryoballoon Focal Ablation System. 

The Cryoballoon Focal Ablation System (CbFAS) which consists of a battery-powered handle with a trigger 
mechanism for which the duration of ablation (in seconds) can be electronically preset; a cartridge 
containing liquid nitrous oxide that is placed in a compartment in the handle; and, attached to the handle, 
a 3.6-mm diameter catheter with a compliant balloon probe (30 mm in length) with a single spray hole in 
the shaft. This through-the-scope device allows for focal ablation (approximately 2 cm2) by the release of 
cryogenic �uid into the balloon that adapts to the diameter of the esophageal lumen.
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Patients were included when meeting the following criteria: 1) known BE; 2) scheduled for 
surveillance, endoscopic resection or ablative therapy; 3) a Prague classi�cation score of 
at least C≥2 and/or M≥3, and/or a BE island ≥ 1 cm2; 4) a �at treatment area (according 
to the Paris classi�cation [13]]; 5) age 18 – 80 years. Patients were excluded in case of: 1) 
the presence of active in�ammation; 2) visible nodules within 4 cm of the treatment area at 
endoscopy; 3) a stenosis within 4 cm of the treatment area that would prevent advancement 
of the endoscope; 4) prior treatment with any energy-based ablation system. 

To prevent any active in�ammation, acid suppression using double-dose proton pump 
inhibitors was administered to each patient at enrollment.

Treatment

Conscious sedation was achieved for all patients by the administration of midazolam 
or monitored anesthesia care using propofol. All endoscopies were performed with 
a therapeutic endoscope (3.7-mm accessory channel). The esophageal landmarks were 
recorded and still endoscopic images were obtained of the entire Barrett segment at  
1 cm intervals. 

After the ablation site at the proximal border of the BE segment had been determined, 
a single application of a 6, 8 or 10 seconds of focal cryoablation was given (�gure 2 [upper 
panel], video 1). In each patient one or two focal areas were treated, depending on the length 
and shape of the BE segment. The location of the ablation area was then recorded, and 
still images and digital videos were obtained. This was followed by a thorough inspection 
of the esophageal wall for any damage. Patients did not receive any further endoscopic 
treatment (endoscopic resection or ablative therapy) during this endoscopy. At discharge 
additional medication was administered at the discretion of the endoscopist.

Follow-up

For each patient, their symptoms were assessed with a standardized questionnaire 
at enrollment, on the day of procedure before and after treatment, and 2 days after 
the procedure. Pain and swallowing di�culty were scored on a 10-point scale from none (0) 
to severe (10). 

Patients were scheduled for follow-up endoscopy 6-8 weeks after cryoablation. Endoscopic 
landmarks were again recorded. The cryoablated area was located and any conversion of BE 
to neo-squamous epithelium based on the impression at endoscopy was recorded by still 
images (high de�nition television [HDTV], white-light imaging and narrow-band imaging 
[NBI]) and digital video. The treated area was inspected for any evidence of stenosis. One 
or two biopsies were obtained from the cryoablated area (�gure 2, lower panel). Further 
surveillance or treatment of any residual BE was then continued at the discretion of 
the endoscopist. 
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Data Monitoring Committee

The study was monitored by a data monitoring committee (DMC), consisting of an 
independent clinician, a committee administrator, a committee chairperson, and 
a statistician. Based on the safety and e�ects at follow-up endoscopy, a step-up 
approach for cryoablation dosing was followed. The �rst eight subjects were treated with 
a 6-second focal cryoablation. After approval by the DMC, the duration of cryoablation was 
increased to 8 seconds in the next 21 patients and the last 10 patients were treated with  
a 10-second cryoablation. 

Outcomes

The primary outcomes were the number of successfully performed ablations, the development 
of any esophageal stenosis at the location of the cryoablation, and the presence of any 
adverse events due to cryoablation. Stenoses were graded as none, mild (visible stenosis 

Figure 2. Endoscopic images of cryoablation procedure. 

A the area that is to be treated before therapy (9-11 o’clock); B the in�ated balloon positioned for 
the cryoablation procedure; C the appearance of the frozen mucosa following de�ation of the balloon after 
the preset duration of ablation; D a hyperemic area that remains visible at the location of the cryoabaltion 
30 seconds after completion of therapy. Histology. After they had been �xed in 10% formalin, all biopsies 
were sent to the USA (Gastrointestinal Pathology, Memphis, Tennessee, USA) for central processing. Biopsies 
were embedded in para�n and stained with hematoxylin and eosin (H&E). A gastrointestineal pathologist, 
blinded for the duration of ablation and location within the esophagus, recorded a detailed description of 
the presence of any squamous epithelium and/or any residual BE in every specimen.



Treatment of Barrett’s esophagus with a novel focal cryoablation device

139

8

upon endoscopy, but asymptomatic), moderate (clinical symptoms of dysphagia combined 
with visible stenosis upon endoscopy) or severe (any stenosis impairing passage of 
the endoscope). 

Secondary outcomes were the proportions of cryoablations that resulted in the endoscopic 
impression of the BE having been converted to neo-squamous epithelium (de�ned as ‘no 
conversion’ if <20% of total ablated area appeared to have been converted; ‘partly converted’ 
if >20% and <80%; ‘full conversion’ if >80%), con�rmation of the endoscopic impression by 
squamous epithelium being identi�ed in biopsies, the number of device malfunctions, and 
the presence of pain symptoms after cryoablation. 

Sample size estimation & statistical analysis

This study was the �rst human prospective feasibility trial, for which 40 patients each 
receiving up to two ablation treatments, was considered to be a su�cient sample size. 

Statistical analysis was performed with the Statistical Software Package version 20.0.0.1. 
for Windows (SPSS, Chicago, Illinois, USA). For descriptive statistics, the median with 
interquartile range (IQR) was used for variables with a skewed distribution. Comparison of 
endoscopic regeneration between di�erent duration categories was analyzed with a chi-
square test for trend analysis.

R E S U LT S
Patients and procedure

Between November 2012 and March 2014 a total of 42 consecutive patients were enrolled 
in this study. Three patients consented for the study did not undergo cryoablation because 
of withdrawal of informed consent (n=1), food remnants in the stomach during endoscopy 
(n=1), and the presence of a visible lesion in the intended treatment area (n=1) [�gure 4]. 

Therefore, 39 patients were evaluable and had been treated according to protocol. 
The baseline characteristics of these patients are displayed in Table 1. A total of 56 focal 
ablations (90.3%) were successfully performed in 37 patients (two ablation areas in 19 
patients, a single ablation area in 18 patients). In the two remaining patients the focal 
cryoablation procedure failed. In four of the 18 patients with a successful single cryoablation, 
a second attempt at cryoablation failed. This resulted in a total of six failed cryoablations 
(9.7%) for a variety of reasons (�gure 3): in one patient a stenosis in the treatment area 
became apparent after in�ation of the balloon; one intended treatment area was too close to 
the esophagogastric junction; one ablation was accidently performed in squamous mucosa; 
and three device malfunctions occurred (in one patient the balloon did not properly make 
contact with the esophageal wall despite continuous suction during cryoablation; in two 
other patients the device gave an ‘error’ signal when trying to in�ate the balloon).
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For the 56 cryoablations successfully performed, the duration of ablation was 6 seconds (n=10), 
8 seconds (n=28) or 10 seconds (n=18). The median treatment duration from introduction to 
retraction of the CbFAS was 4 minutes (IQR 2 – 7) in patients with a single ablation. In patients 
with two ablations, the median procedure time was 8 minutes (IQR 4 – 13).

In six patients (15%) a minor esophageal mucosal laceration occurred, with all durations of 
ablation being a�ected (6 seconds [n=2], 8 seconds [n=2], 10 seconds [n=2]), but no patients 
required any further intervention.

Pain scores

None of the patients reported pain at baseline (score of 0/10 on a visual analog scale 
[VAS]). Immediately after the procedure, the median pain score in the treatment area in all 
37 patients was 0 (IQR 0 – 2); however, for the 10 patients (27%) who did report pain in 
the treatment area, the median score was 2.5 (IQR 2 – 3). None of these patients required any 
additional pain medication.

During follow-up assessment after a median of 2 days (IQR 2 -2), �ve patients (14%) 
reported pain in the treatment area (median 4 [IQR 3 – 6]) and with swallowing (median 

Figure 3. Endoscopic images of the results of the cryoablation procedure from a follow-up endoscopy 
after 6-8 weeks. 

A regeneration of the Barrett’s epithelium with neo-squamous epithelium visible on white-light 
imaging; B and visible on narrow-band imaging. C,D the appearance after collection of biopsies for  
histopathological analysis
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Figure 4. Flow diagram of the study showing the 56 cryoablation procedures that were successfully 
performed in 37 patients (maximum two ablations per patient) and the reasons for the six failed 
ablations, which were attempted single ablations in two patients and second  ablations in four patients. 

Table 1. Baseline demographic and disease-speci�c characteristics of enrolled patients who underwent 
attempted cryoablation procedures. 

Patients, n=39

Age, median (IQR), years 66 (57–69)
Men, n (%) 35 (90%)
Reported use of proton pump inhibitors prior to enrollment, n (%) 35 (90%)
Barrett length (Prague classi�cation)
 Circumferential extent, median (IQR), cm 2 (2–4)
 Maximum extent, median (IQR), cm 5 (3–7)

Worst pre-cryoablation diagnosis*, n (%) Total cohort 6 seconds 8 seconds 10 seconds

 No dysplasia 9 (23%) 2 (25%) 6 (29%) 1 (10%)
 Inde�nite for dysplasia 1 (3%) 0 (0%) 0 (0%) 1 (10%)
 Low grade dysplasia 9 (23%) 1 (13%) 3 (14%) 5 (50%)
 High grade dysplasia 9 (23%) 3 (38%) 4 (19%) 2 (20%)
 Early adenocarcinoma 11 (28%) 2 (25%) 8 (38%) 1 (10%)
Pre-cryoablation EMR, n (%) 12 (31%) 2 (25%) 9 (43%) 1 (10%)

Time between EMR and cryoablation, median (IQR), days 67 (51–128)

IQR, interquartile range; EMR, endoscopic mucosal resection. * All visible lesions with adenocarcinoma and high 
grade dysplasia were removed by endoscopic resection before the cryoablation treatment.
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4 [IQR 2 – 5]). Three of the 37 patients (8%) used additional pain medication (nonsteroidal 
anti-inflammatory drugs [n=2], and acetaminophen [n=1]) on the days following  
the cryoablation procedure. 

Follow up

The median duration between the cryoablation procedure and the follow-up endoscopy was 
54 days (IQR 49 – 62). During this period no adverse events occurred in any of the patients. 
Follow-up endoscopy showed that none of the patients had developed a stenosis. 

Full conversion of BE to neo-squamous epithelium was observed significantly more frequently 
with increasing durations of ablation: in 60% of the ablated areas with 6 seconds ablation; 
in 23 areas (82%) after an 8-second ablation; and in 100% of the areas after 10 seconds of 
ablation (P=0.04). The conversion data are listed in Table 2. All treatment areas considered 
partly or fully regenerated with neo-squamous epithelium at endoscopy were histologically 
confirmed by the presence of squamous epithelium in the biopsies. Of the five treatment 
areas that were considered “failures”, one did not contain any squamous epithelium in 
the biopsies, two consisted of mixed squamous and BE, and two areas were not biopsied. 

D I S C u S S I O N
Over the past decade, ablation therapy has become one of the core approaches for 
the endoscopic treatment of Barrett’s esophagus. Several ablation techniques such as RFA, 
SCA and photodynamic therapy are currently available [4, 5, 9,14,15]. Recently the novel 
CbAS was developed, which aims to combine the beneficial properties of the SCA and RFA 
techniques [16]. In an earlier study, the circumferential CbAS appeared safe and feasible for 
the ablation of esophageal mucosa. In the current study, we found the new CbFAS to be 
safe and feasible for the focal treatment of BE. Over several decades, cryotherapy has been 
successfully used in a variety of medical applications. Two mechanisms facilitate the effects 

Table 2. The effects of cryogenic ablation duration on conversion of Barrett’s epithelium to neo-squamous 
epithelium at follow-up endoscopy after 6-8 weeks. 

areas with evidence of conversion1, n (%)

Length of ablation

P-value26 seconds 8 seconds 10 seconds

No conversion (<20%) 3 (30%) 2 (7%) 0 (0%)
Partly converted (20%-80%) 1 (10%) 3 (11%) 0 (0%) 0.04
Full conversion (>80%) 6 (60%) 23 (82%) 18 (100%)

1 Assessment based on the impression of the endoscopist at the time of endoscopy and a secondary check of 
the endoscopic images. 
2 Chi-square test for trend analysis.
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of this therapy: direct and indirect damage. The direct e�ect of freezing is characterized by ice 
crystallization in both extracellular and intracellular spaces with electrolyte shifts, damage 
to cell membranes, and eventually cell death. The indirect e�ect is achieved by endothelial 
defects in capillary walls with subsequent edema, microvascular stasis, and thrombosis, 
which results in ischemia and cell death. The severity of injury is dependent on the target 
temperature, the length of freezing, and the number of freeze-thaw cycles, although studies 
have shown that, at tissue temperatures of below −50 °C, cells are su�ciently damaged in 
a single freeze-thaw cycle [10].

At present, available cryotherapy for the treatment of Barrett’s epithelium consists of devices 
with spray application of liquid nitrogen or carbon dioxide onto the mucosa. Only a few 
studies have assessed the e�cacy of cryoablation. A retrospective study by Shaheen et al. 
[9] showed that 87% of the 60 patients undergoing complete cryoablation treatment had 
complete eradication of dysplasia and 57% had compete eradication of intestinal metaplasia 
after a follow-up of 10.5 months. In another retrospective study [14], complete eradication 
of intestinal metaplasia persisted after a follow-up of 2 years in 84% of the 32 patients with 
initial HGD in Barrett’s epithelium. However, the SCA technique harbors some drawbacks. 
First, an equal distribution in the application of the cryogenic �uid onto the esophageal 
mucosa is di�cult. Secondly, contact between the cryogenic �uid and the esophageal tissue 
results in the development of gas that needs direct ventilation using an orogastric tube to 
prevent complications such as perforations due to gastric distension [17]. The balloon-based 
system of the CbFAS allows for a controlled cryoablation in a single freeze-thaw cycle at 
−70 °C (mucosal temperature) at a single target area, with removal of the gas produced 
back through the catheter [16]. The CbFAS may carry some potential advantages over focal 
RFA for the treatment of Barrett’s epithelium. The focal RFA device, mounted at the tip of 
the endoscope, may hinder introduction of the endoscope and the approach to the target 
area. In contrast, the CbFAS is easily introduced and advanced through the accessory channel 
of the endoscope. In addition, current protocols with focal RFA advocate double applications 
per area with cleaning of the ablated area and the focal device in between applications, 
requiring multiple introductions of the endoscope. Al- though requiring a therapeutic 
endoscope, the CbFAS appears to successfully target focal ablation areas with one freeze-
thaw cycle per location, obviating the need for multiple introductions of the endoscope. In 
this study 56 ablations were successfully performed in the Barrett’s epithelium con�rming 
the feasibility of the CbFAS. Multiple endoscopists from di�erent tertiary care centers for 
the treatment of Barrett’s epithelium were able to correctly apply focal cryoablation with 
the CbFAS. Six procedures failed: three because of device malfunction and three related to 
procedural or anatomic issues. Future device improvements and increased user experience 
may reduce the number of failed ablations as well as the procedure times reported. After 
RFA treatment for Barrett’s epithelium, most of the patients experience some degree of 
chest pain [4,18]. In contrast, patients in this study reported few complaints of chest pain 
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or issues with swallowing immediately after treatment or during follow-up. Pain scores did 
not differ between the groups with different ablation durations. This limited amount of pain 
is consistent with the previous circumferential CbAS study and other cryoablation studies 
[9,12,19]. The rationale is that cooling of the tissue and the surrounding nerves during 
cryotherapy provides an anesthetic effect inhibiting pain sensations [20]. At follow-up 
endoscopy 6–8 weeks post-cryoablation, none of the patients had developed a stenosis. Even 
in the 15 patients in whom two areas were cryoablated at the same distance to the incisors, 
but in different radial positions, no stenoses developed. Although stenosis formation 
after focal ablation is not expected, stenosis after cryoablation in general appears scarce 
[9,19]. Cryotherapy is minimally destructive to the structural components of tissue, such 
as collagen, whereas heat-based ablation techniques irreversibly destroy proteins, thereby 
affecting the architecture of the collagen matrix [11]. After successful cryoablation, a small 
longitudinal mucosal laceration was observed in six patients when deflating the balloon, but 
no additional treatment was needed for these incidents. In the focal balloon-ablation system 
used in this trial, the average balloon inflation pressure was 5.3 psi (maximum 6.2 psi). A new 
generation of the CbFAS using lower inflation pressures is currently under development, 
which may possibly reduce the number of mucosal lacerations. In the light of the limited 
pain scores, the absence of stenosis, and the absence ofmajor bleeding or perforations, 
the CbFAS seems a safe focal ablation tool for the eradication of Barrett’s epithelium. 
Moreover, the conversion rate of Barrett’s epithelium to neo- squamous epithelium of 
100% in the group with 10-second ablations seems promising for focal cryoablation with 
the CbFAS. This study has certain limitations. First, although we found low pain scores and 
no stenosis formation, only a limited number of patients underwent two focal ablations. 
While it cannot be ruled out that treatment of more extensive areas with cryoablation will 
increase the occurrence and severity of these complications, earlier studies have shown that 
post-cryoablation pain is often mild [9,21] and this method leaves the extracellular matrix 
intact so has a low risk of stenosis formation [11]. Second, at this point a 10-second ablation 
seems optimal for regeneration of Barrett’s epithelium to neo-squamous epithelium without 
compromising safety; however, the number of procedures in each category of ablation 
duration was limited, and further assessment of the efficacy of 10 seconds as the optimal 
duration for focal ablation is required. 

In conclusion, this study showed that the novel CbFAS appears safe and feasible for the focal 
treatment of Barrett’s epithelium. Treatment with the CbFAS was well tolerated, and repeat 
endos- copies revealed no stenosis. A focal ablation duration of 10 seconds seems to result 
in full squamous regeneration without com- promising safety, although a study using this 
duration in a larger cohort is warranted.
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