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A B S T R A C T
Background and study aim

Cryoablation can be used for the treatment of Barrett’s esophagus (BE). A recent dosimetry 
study, using the CryoBalloon Focal Ablation System (CryoBalloon), demonstrated that 
10-second ablations result in complete eradication of BE. However, the efficacy of 10-second 
ablation in a larger cohort of patients has not been investigated, nor has the potential 
of precise targeting of specific areas. The aim of the study was to assess the efficacy and 
performance (i.e. targeting of BE islands) of a 10-second cryoablation using the CryoBalloon.

Methods

Patients with	 dysplastic	 BE	 or	 residual	 BE	 after	 removal	 of	 early	 Barrett’s	 neoplasia	 were	
enrolled. One or two BE	islands	were	targeted	and	ablated	during	10	seconds.	Follow-up (FU) 
endoscopy with biopsy of the treated area(s) was performed at 6-8 weeks post-ablation. 
Primary outcome parameter was the percentage of completely eradicated BE islands. 
Secondary outcome parameters included device performance, and adverse events.

results

A total of 30 patients were enrolled (worst pathology: low grade dysplasia in 14 [47%], high 
grade dysplasia in 7 [23%], early adenocarcinoma in 9 [30%]). Of the 47 BE islands, 44 (94%) 
were adequately targeted. Complete eradication of intestinal metaplasia and dysplasia was 
observed in 100% of the completely ablated areas. No stenoses were observed.

Conclusion

Cryoablation of BE islands using the CryoBalloon is effective. BE islands were  
effectively targeted.
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I N T R O D U C T I O N
Dysplastic Barrett’s esophagus (BE) has a clear indication for treatment [1,2]. Radiofrequency 
ablation (RFA) has proven to be e�ective, safe, and durable for the eradication of dysplastic 
BE and is currently the preferred ablation method [3–5]. 

Cryoablation may be an attractive alternative to RFA, however. A recent clinical dosimetry 
study investigating ablation durations of 6, 8, and 10  seconds using the CryoBalloon 
Focal Ablation System (CryoBalloon; C2 Therapeutics, Redwood City, California, USA), 
demonstrated complete eradication of BE in 100% of patients after a 10-second ablation 
[6]. In this dosimetry study, however, precise targeting of speci�c areas of BE was limited by 
the need to manually rotate the entire device. Subsequently, the CryoBalloon was modi�ed 
to incorporate an independently rotatable di�user intended to facilitate targeting of speci�c 
BE areas. Furthermore, the e�cacy of the 10-second ablation has not yet been investigated 
in a larger cohort of patients. 

Therefore, the aim of the current study was to investigate the e�cacy and performance of 
a 10-second ablation using the CryoBalloon in patients with �at, dysplastic BE. 

PAT I E N T S  A N D  M E T H O D S
This prospective trial was performed at two referral centers for the treatment of BE-related 
neoplasia in The Netherlands: Academic Medical Center Amsterdam and St. Antonius 
Hospital Nieuwegein. 

Selection criteria

All patients with dysplastic BE or residual BE after removal of early adenocarcinoma who were 
scheduled for focal RFA treatment were reviewed. Previous treatment with circumferential 
RFA (Barrx360 or Barrx360-Express RFA balloon catheter; Covidien/Medtronic, Sunnyvale, 
California, USA) was allowed. Patients aged between 18 and 80 years were eligible if there was 
presence of one or more �at BE islands of approximately 1 cm2. Exclusion criteria included 
presence of a visible lesion requiring endoscopic resection, severe esophageal stenosis, and 
active esophageal in�ammation.

CryoBalloon Focal Ablation System

The CryoBalloon is a single-use device that consists of a battery-powered controller attached 
to a catheter with a low-pressure, compliant balloon (Figure 1). A cartridge containing liquid 
nitrous oxide is inserted into the controller. The second-generation controller includes 
a radial positioning feature that enables the location of the di�user to be adjusted by tilting 
the controller in a clockwise or counter-clockwise direction. The device has been described 
in detail elsewhere [6]. One ablation covers a surface area of approximately 2 cm2.
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Endoscopic procedure

On an outpatient basis, all patients underwent upper endoscopy under sedation with 
midazolam and alfentanil, or propofol. High-resolution endoscopy was performed using 
white-light endoscopy and narrow-band imaging. The BE extent was documented using 
the Prague C&M criteria, as was the presence of eligible BE islands [7]. In each patient, up to 
two BE islands of approximately 1 cm2 were ablated and documented on still images (Video 
1). After cryoablation, no additional treatment was performed for the remaining BE segment. 
All patients received high-dose proton pump inhibitors after treatment (40 mg twice daily).

Follow-up

Directly after the cryoablation procedure, the patient was asked to indicate their level of pain 
using a visual analog scale, where 0 indicated “no pain at all” and 10 represented “unbearable 
pain.” Patients were also contacted by telephone 2  days post-procedure, to inquire about 
their level of pain and any adverse events.

At 6–8  weeks after cryoablation, patients underwent a follow-up endoscopy to assess 
the e�ect of the cryoablation treatment. The treatment area was thoroughly inspected: 
images were made, and biopsies were taken from the treated area(s). 

Figure 1. CryoBalloon Focal Ablation System (CryoBalloon; C2 Therapeutics, Redwood City,  
California, USA).
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Histopathological analysis

All biopsies were �xed in formalin (10%), embedded in para�n, and stained with hematoxylin 
and eosin. At each center, an expert gastrointestinal pathologist examined the biopsies 
(S.M. and K.S.). A detailed description of the biopsies was obtained: speci�cally, presence 
of neo-squamous epithelium, residual BE or subsquamous glands (i.e. “buried Barrett’s”)  
was recorded. 

Outcome parameters

The primary outcome parameter was the percentage of BE areas that were completely 
eradicated, endoscopically and histologically. 

Secondary outcome parameters included: device performance, de�ned as the occurrence of 
device malfunction during treatment; adverse events; and pain post-treatment, de�ned as 
pain in the treatment area or pain during swallowing directly after the procedure, and 2 days 
post-procedure.

Ethics and statistics

At both participating centers, the Medical Ethics Review Committee approved the study 
protocol (NCT02249975). Written informed consent was obtained from all patients.

No formal sample size calculation was conducted for this study. A recent dosimetry study 
showed 100% complete eradication of intestinal metaplasia after 10  seconds of ablation, 
and therefore achieving su�cient power for an e�cacy study would have required a very 
large number of patients. 

Statistical analysis was performed using SPSS statistical software package version 20.0.0.1. 
for Windows (IBM Corp., Armonk, New York, USA). For descriptive statistics, the median with 
interquartile range (IQR) was used for variables with a skewed distribution. 

R E S U LT S
Patients

Between January 2015 and January 2016, 30 patients were enrolled. Baseline characteristics 
are shown in Table 1. The worst histology prior to cryoablation, from endoscopic resection 
specimen or biopsies, was low grade dysplasia in 14 patients (47%), high grade dysplasia in 
7 patients (23%), and early adenocarcinoma in 9 patients (30%).

Cryoablation treatment

A total of 47 BE areas were eligible for cryoablation treatment. One island could 
not be ablated because of di�culty positioning the balloon (the island was located 
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near the gastroesophageal junction, and the balloon slipped distally when inflated). 
Therefore, 46 BE areas were finally targeted and ablated, of which 44 (96%) were ablated 
completely. Two areas (4%) were incompletely ablated (Figure 2). The median endoscopy 
duration was 13 minutes (IQR 11–16), and the cryoablation procedure lasted a median of  
4 minutes (IQR 3–6).

Primary outcome parameter

Of the 30 patients enrolled in the study, 29 underwent follow-up endoscopy a median 
of 56  days (IQR 49–60) after treatment. In these 29 patients, 42 of the 44 BE areas (95%) 
achieved complete eradiation of intestinal metaplasia and dysplasia (Figure 3 and 4). In 
two cases (2/44) residual BE was observed, but these areas were incompletely ablated. Of 
the completely ablated BE areas, 100% (42/42) achieved complete eradication of intestinal 
metaplasia and dysplasia. No buried glands were detected in any of the biopsies (Table 2). 

Secondary outcome parameters 

Device performance and adverse events

Device malfunction was encountered in 5/30 procedures (17%). In four, the procedure was 
completed using the same device, and in one procedure another device was required to 
complete the ablation. Device malfunction included motor rotation problem (n = 1), start 
button dysfunction (n = 1), trigger dysfunction (n = 1), erroneous deflation of the balloon 
(n  =  1), erroneous disconnection of the catheter from the handle (n  =  1), and premature 
ending of 10-second ablation at 9 seconds (n = 1).

Table 1. Baseline characteristics

Patients 
(N=30)

Gender Male (%) 26 (87)
Age Years, median (IQR) 66 (63-74)
EMR prior to cryoablation N (%) 15 (50)
RFA HALO360-treatment prior to cryoablation N (%) 23 (77)
BE length prior to cryoablationa Circumferential extent, median (IQR) 0 (0-0)

Maximum extent, median (IQR) 2 (1-4)
Worst histology prior to cryoablation Low-grade dysplasia 14 (47)

High-grade dysplasia 7 (23)
Early adenocarcinoma 9 (30)

High dose PPI prior to cryoablationb N (%) 30 (100)

EMR = endoscopic mucosal resection, IQR = interquartile range, RFA = radiofrequency ablation, BE = Barrett’s 
esophagus, PPI = proton pump inhibitor
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Figure 2. Barrett’s esophagus (BE) area that was incompletely ablated with cryoablation. 

Figure 3. Cryoablation treatment and follow-up endoscopy. 

a  Eligible BE areas situated at the 9 o’clock position. b Pre-pu�, center of cryoablation.c  Ice patch formation 
directly after cryoablation using liquid nitrogen, with the white arrow indicating the BE area that is 
not ablated.d  Follow-up endoscopy revealed a residual BE island and little scarring of the area treated  
with cryoablation. 

a  Barrett’s esophagus (BE) island visualized with white-light endoscopy (WLE).b  BE island visualized 
with narrow-band imaging (NBI).c  Deployment of the CryoBalloon.d  Ice patch formation directly after 
cryoablation using liquid nitrogen. e,f  At follow-up endoscopy after 8 weeks, the BE island was completely 
eradicated, as observed with WLE (e) and NBI (f ).
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Figure 4. Flowchart of included patients. 

Table 2. Results cryoablation treatment 

By BE island (n=44) 
N (%)

Complete eradication of dysplasia and intestinal metaplasia 42 (95)
Complete eradication of dysplasia, no complete eradication of intestinal metaplasia 1 (2)
No complete eradication of intestinal metaplasia and dysplasia 1 (2)

BE= Barrett’s esophagus

Adverse events were observed in 5/30 patients (17%), but only in two patients were these 
considered to be possibly related to the cryoablation treatment. No stenosis or laceration 
was observed after cryoablation treatment.

Pain post-treatment

Directly after cryoablation, the median pain score in all patients was 0 (IQR 0–1). Eight 
patients (27%) reported mild pain in the treatment area directly after cryoablation. None of 
these patients required analgesics. Two days after cryoablation, the median pain score was 
0 (IQR 0–0). Three patients (10%) reported a very mild pain in the treatment area two days 
after treatment (Figure 5).  

BE, Barrett’s esophagus; IM, intestinal metaplasia; LGD, low grade dysplasia. *One patient did not undergo 
follow-up endoscopy: the patient discontinued participation after being diagnosed with lung cancer shortly 
after cryoablation treatment.
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D I S C U S S I O N
This study demonstrates that cryoablation of �at BE islands is e�ective and safe. BE areas 

were easily targeted using the CryoBalloon. Complete eradication of intestinal metaplasia 

was observed in 95% of the targeted areas, and in 100% of the completely ablated areas. 

The results of this study are in line with data from earlier studies on cryoablation, which 

all showed that cryoablation is e�ective for the treatment of BE [6,8,9,10]. Eradication 

rates are also comparable with rates reported for RFA for the treatment of dysplastic BE 

(88%–93%) [3,11,12]. However, cryoablation might be favorable over RFA because of the lack 

of capital equipment, and it therefore has the potential for widespread implementation 

into the community, especially in rural areas. Moreover, unlike heat-based technologies, 

cryoablation does not disrupt the extracellular collagen matrix, which theoretically might 

allow for deeper ablation without causing perforation or strictures [13].

In the current study, we observed no stenoses after cryoablation treatment, but we only 

treated limited BE areas. Canto et al. reported recently on the treatment of larger BE areas 

using the CryoBalloon (mean BE length 4.5  cm) and only 1/35 patients (3%) developed 

a symptomatic stenosis, which was treated e�ectively with dilation [10].

Mild pain was reported in our study by 27% of patients directly after treatment, and by 

only 10% of patients at 2-day follow-up. These �ndings, as well as the dosimetry study of 

Schölvinck et al., con�rm that cryoablation of small areas of BE is acceptable in terms of 

patient pain [6]. 

a) b)

Figure 5. Pain assessment using a visual analog scale (VAS). 

a) Pain in the treatment area. b) Pain during swallowing. FU, follow-up; ×, one patient did not undergo 
follow-up endoscopy.
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The strengths of the study include the fact that all biopsies taken after cryoablation were 
evaluated by expert gastrointestinal pathologists. This, together with the fact that no buried 
glands were observed, provides confidence that cryoablation indeed eradicates BE. 

Yet, a number of limitations have to be acknowledged. As only limited areas of BE were 
treated, the results of this study cannot be extrapolated to patients in whom more extensive 
BE segments must be treated, including circumferential ablation of the z-line as is standard 
practice in Europe during RFA treatment [14,15]. The generalizability of the results of this 
study is limited by the fact that the procedures were performed by endoscopists with 
extensive experience in the use of the CryoBalloon at BE expert centers. Furthermore, we 
included a limited number of patients and we did not perform a head-to-head comparison 
with RFA; future studies should focus on this. Finally, we did not acquire long-term follow-up 
of these patients; therefore this study cannot confirm the durability of cryoablation of flat BE. 

In conclusion, 10-second cryoablation using the CryoBalloon is safe and effective for 
the treatment of flat BE islands. Specific BE areas could easily and effectively be targeted.
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