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Abstract
In the last decade, the treatment of dysplastic Bar
rett’s esophagus has evolved into primarily endoscopic 

therapy. Many techniques have become well-established 
to destroy or remove the mucosal lining of Barrett’s 
esophagus. One of the newest therapies, cryospray 
ablation, has become a modality to treat both dys
plastic Barrett’s esophagus as well as esophageal 
carcinoma. In endoscopic applications, the cryogen 
used is either liquid nitrogen or carbon dioxide which 
causes tissue destruction through rapid freeze-thaw 
cycles. Unlike other endoscopic ablation techniques, 
its unique mechanism of action and depth of tissue 
injury allow cryoablation to be used effectively in flat 
or nodular disease. It can be combined with other 
modalities such as endoscopic mucosal resection or 
radiofrequency ablation. Its esophageal applications 
stem well-beyond Barrett’s into ablation of early 
carcinoma, palliative debulking of advanced carcinoma 
and reduction of tumor ingrowth into stents placed for 
dysphagia. Although there are fewer reported studies 
of endoscopic cryoablation in the literature compared to 
other endoscopic ablation methods, emerging research 
continues to demonstrate its efficacy as a durable 
ablation technology with a variety of applications. The 
aim of this review is to examine the pathophysiology of 
endoscopic cryospray ablation, describe its outcomes in 
Barrett’s with dysplasia and esophageal carcinoma, and 
examine its role in other gastrointestinal applications 
such as hemostasis in the stomach and rectum.
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Core tip: The current standard of care in treatment of 
dysplastic Barrett’s esophagus is endoscopic ablation. 
Cryospray ablation, the newest modality can achieve 
complete eradication of dysplasia and intestinal meta
plasia in over 90% of patients. Unlike other endos
copic methods, its unique mechanisms and depth of 
injury enable successful ablation of early esophageal 
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carcinoma, palliative debulking of advanced carcinoma 
and reduction of tumor ingrowth into stents. The appli
cations of cryospray ablation beyond the esophagus 
include control of bleeding from gastric antral vascular 
ectasia, portal hypertensive gastropathy, and radiation 
proctitis. This modality continues to evolve as an impor
tant tool of therapeutic endoscopy.
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INTRODUCTION
The treatment of Barrett’s esophagus with dysplasia 
or intramucosal cancer has evolved in the past decade 
from a primarily surgical management into endoscopic 
therapy as the initial modality. Many endoscopic tech­
niques have become well established to destroy or 
remove the mucosal lining of Barrett’s esophagus. One 
of the newest therapies, cryospray ablation, continues 
to evolve as a method for treatment of dysplastic 
Barrett’s esophagus as well as esophageal carcinoma. 
This technology was first introduced commercially to 
gastroenterologists in 2007 but has been based on 
methods used for over thirty years in fields such as 
dermatology, gynecology and urology to apply liquid 
nitrogen in the destruction of superficial lesions. In 
endoscopic applications, the cryogen used is either 
liquid nitrogen or carbon dioxide that are applied to 
cause rapid freezing and thawing of a target area with 
resulting tissue sloughing and subsequent growth 
of normal mucosa in its place. As one of the newest 
modalities for endoscopic ablation of Barrett’s, several 
studies have been reported and more are still underway 
to demonstrate its efficacy. 

After its introduction in treatment of esophageal 
disease, endoscopic applications of cryospray ablation 
have continued into other areas of the gastrointestinal 
tract. FDA approval of the technology has been granted 
for a broad range indication of “cryosurgical tool for 
destruction of unwanted tissue in the field of general 
surgery, specifically for endoscopic applications”. With 
this charge, cryospray ablation has been applied in 
treatment of a variety of conditions such as palliation of 
obstructive esophageal cancer, gastric antral vascular 
ectasia and radiation proctitis. This review will describe 
the pathophysiology as well as the clinical applications 
of cryospray ablation in mainly the esophagus but also 
other areas of gastrointestinal endoscopy.

PATHOPHYSIOLOGY OF CRYOSPRAY 
ABLATION
Introduced first in the 1960’s, liquid nitrogen cryosurgery 

was used to destroy lesions with applications of -20 ℃. 
Since then, it has been shown that cellular apoptosis 
is achieved after reaching temperatures less than 
-50 ℃[1]. Carbon dioxide cryospray ablation has been 
shown to reach temperatures of -78 ℃ while liquid 
nitrogen cryospray can reach temperatures of -196 ℃. 
Freezing is usually performed at two to three cycles 
with applications ranging between 10 to 30 s each. 
The mechanism of action of thermal injury has two 
modalities. Flash freezing and thawing cycles that 
are repeatedly applied to a tissue causes immediate 
effects of slowing cellular metabolism and freezing 
intracellular water. Subsequently, ice formation results 
in disruption of cellular membranes and organelle 
dysfunction. Repeat freeze-thaw cycles add to the injury 
and cellular apoptosis ensues. The stromal intracellular 
collagen matrix remains intact and so the injury is 
not seen by endoscopic view during the immediate 
phase except for hyperemia of the mucosal surface. 
There is an immediate vasoconstriction followed 
later by vasodilation of the microcirculation and thus 
bleeding is not a major component of the early cellular 
injury. Delayed effects of the freeze-thaw cycles begin 
within hours to days with mucosal edema, anoxia, 
microthrombi formation, and apoptosis of the remaining 
surrounding tissue. This inflammatory response results 
in a cytokine mediated response involving Th1 cells 
following cellular apoptosis[2]. As the cellular scaffolding 
remains intact, healthy tissue regeneration follows over 
several weeks. 

DEVICES FOR CRYOSPRAY ABLATION
There are two main devices available commercially for 
the endoscopic application of cryospray ablation. First 
is liquid nitrogen cryospray known as Trufreeze (CSA 
Medical, Baltimore, MD) and the other is carbon dioxide 
cryospray known as Polar Wand (GI Supply, Camphill, 
PA). Another device that is currently undergoing clinical 
testing is the Coldplay Focal Cryoballoon Ablation 
System (C2 Therapeutics, Redwood City, CA). 

Liquid nitrogen cryospray ablation
The Trufreeze liquid nitrogen system has become the 
most widely used of the endoscopic cryospray ablation 
systems with over 11000 treatments performed. 
This technology uses a generator that delivers cold 
liquid nitrogen at -196 ℃ through a flexible spray 
catheter with a low-flow (2-4 psi) continuous delivery 
in a noncontact method. Due to the potential for 
rapid expansion of the liquid nitrogen into 4 to 6 L of 
gas during a 20 s treatment, a multiport orogastric 
decompression catheter is placed with constant suction 
during the delivery of liquid nitrogen (Figure 1). The 
new generation flexible catheter permits retroflexion 
applications in the stomach or rectum up to 180°.

The treatment is performed with direct visualization 
of the mucosa to spray large areas of up to 4 cm 
length at a time. The depth of injury is dependent on 
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the dosimetry of liquid nitrogen spray time. Traditional 
applications use 20 s cycles performed twice at each 
site for dysplastic Barrett’s mucosa. In the setting of 
intramucosal carcinoma, treatment may be performed 
for longer cycles of 30 s. 

The depth of treatment is not limited to the mucosal 
surface. In contrast, radiofrequency ablation (RFA) has 
a set dosimetry and ablation depth of 500 microns 
which will not penetrate below the mucosal surface. 
Studies into the depth of penetration have been per­
formed with cryospray liquid nitrogen application in 
the esophagus. Ribeiro prospectively studied a group 
of patients who were to undergo esophagectomy and 
applied liquid nitrogen cryospray preoperatively. Using 
20 s cycles twice in the same area showed that 93% of 
patients had cell necrosis into the submucosal layer[3]. 
If applied in the same area long-enough, esophageal 
perforation can result as a combination of deep ablation 
as well as increased esophageal wall tension from rapid 
gas expansion[4].

Polar wand ablation 
This technology uses a through-the-scope spray 
catheter to deliver compressed liquid carbon dioxide 
that rapidly expands during spray and reaches -78 ℃ 
as it exits the catheter. This temperature has been 
shown to be effective for inducing cellular apoptosis. It 
has been given FDA clearance for use throughout the 
GI tract for focal mucosal ablation. Due to the lower 
flow volume compared to the liquid nitrogen cryospray, 
a separate decompression catheter is not required. 
However, a suction channel is directly connected to the 
spray catheter as it requires a flow of 6 to 8 L/min CO2 
to achieve a temperature of less than -70 ℃. Rapid 
expansion from a high pressure liquid to a low pressure 
gas results in a significant drop in temperature as 
explained by the Joule-Thomson effect.

Focal cryoballoon ablation 
While the vast majority of endoscopic ablation of 
Barrett’s mucosa is performed by either RFA or spray 
cryotherapy, both have their limitations such as the 
need for sizing, multiple deployment steps, large 

consoles, and decompression catheter placement. 
The new Coldplay Focal Cryoballoon Ablation System 
aims to overcome some of these restrictions. It uses 
a combination of an inflatable balloon passed through 
the accessory channel of the endoscope and applies 
liquid carbon dioxide. The balloon is highly compliant 
and conforms to the esophageal lumen without exce­
ssive tension of the esophageal wall and does not 
require special decompression catheters. Unlike the 
inflatable balloon device of RFA, pretreatment sizing is 
not required with this system. The device has received 
United States FDA 510 (k) clearance and is undergoing 
clinical study. 

APPLICATIONS IN BARRETT’S 
ESOPHAGUS
Endoscopic ablation of dysplastic Barrett’s has become 
well established and validated by many studies within 
the past decade. As per AGA guidelines, endoscopic 
ablation of Barrett’s esophagus is indicated in high-
grade dysplasia (HGD) and possibly persistent low-
grade dysplasia (LGD) but not in nondysplastic Barr
ett’s epithelium[5]. The ACG practice guidelines of 2015 
confirm these same recommendations and also recom
mend endoscopic mucosal resection (EMR) initially for 
nodules followed later by endoscopic ablation therapy[6]. 
The vast majority of recent studies have examined a 
different modality, RFA. In a meta-analysis of 18 studies 
in 3802 patients examining RFA for Barrett’s, the results 
show a complete response in eradication of intestinal 
metaplasia of 78% and overall dysplasia of 91%[7]. 
However, there are several important studies examining 
the efficacy of cryospray therapy. Most of these are in 
regard to liquid nitrogen therapy and show results that 
are equal to the outcomes of RFA (Figure 2).

Most patients undergoing esophageal cryoablation 
will require treatment in multiple sessions that are 
usually separated by 6 to 8 wk intervals to allow for 
healing of the mucosa. Contraindications to treatment 
include mucosal breaks such as active esophagitis, 
erosions, and ulcerations seen at the time of endoscopy 
due to potential perforation. A tight stricture of the 
esophagus through which a decompression catheter as 
well as endoscopic spray catheter cannot both be placed 
together will also preclude safe treatment. Altered 
anatomy such as bariatric surgery is a contraindication 
for therapy due to difficulty in ventilating gas safely from 
the gastrointestinal tract. The safety of this procedure 
has been shown in several studies below.

Shaheen et al[6] examined 98 patients with HGD with 
a mean age of 65.4 years and mean Barrett’s length 
of 5.3 cm. In this group of 87% males, an average of 
3.4 treatments per patient was performed with liquid 
nitrogen cryospray to achieve complete ablation. HGD 
was eradicated in 97% of all patients while 87% had 
complete eradication of all dysplasia. No perforations 
occurred and a stricture rate of 3% was identified 
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Figure 1  Decompression catheter placement for liquid nitrogen cryospray.
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squamous regeneration was noted in 47 treated areas 
(60 % of 6-s cycles, 82% of 8-s cycles, and 100% of 
10-s areas). Long-term follow-up of these patients 
as well as durable responses for HGD or LGD is being 
examined in ongoing studies[13].

APPLICATIONS IN ESOPHAGEAL 
NEOPLASIA
The presentation of esophageal neoplasia can range from 
a small nodule or flat area of intramucosal carcinoma to 
a large bulky obstructing tumor with ulceration, bleeding 
and metastases. The standard of care in management 
of nodular mucosa within Barrett’s esophagus is endo­
scopic mucosal resection. However, larger flat areas of 
intramucosal cancer may be difficult to treat with EMR 
alone as well as difficulty with overlapping areas for 
complete treatment[14]. The combination of cryoablation 
therapy with EMR has been reported to be effective. 

Liquid nitrogen cryoablation has been performed 
safely prior to and following EMR, as well as during 
the same session[15]. As described above, cryoablation 
causes destruction of cellular contents but maintains 
the intracellular collagen matrix. The structural injury 
is delayed and enables further therapy to the treated 
tissue. This may explain how this treatment can be 
easily combined with endoscopic mucosal resection 
which alone may be challenging if there is scarring or 
adherence of esophageal wall layers (Figure 3).

While the data for liquid nitrogen as the cryogen for 
ablation of esophageal neoplasia seems promising, the 
use of carbon dioxide has not been shown to achieve 
similar results. In a recent study of 30 patients with 
Barrett’s and early neoplasia, CO2 cryoablation therapy 
was performed. In 9 patients, nodular areas were first 
treated with EMR. With a mean of 2.5 cryoablation 
sessions and a six-month follow up of 10 patients, 
early termination of the study occurred due to the 
disappointing results with eradication of dysplasia in only 
44% and persistence of neoplasia in a large portion. 
This study suggests that CO2 cryoablation combined with 
EMR may not be an effective modality for treatment of 

and treated easily with endoscopic balloon dilation in 
all cases[8]. Additionally, this study showed a 1%-2% 
incidence of chest discomfort that required outpatient 
narcotic use. This is in contrast to RFA therapy which 
has been shown to have a significantly higher incidence 
of chest discomfort sometimes requiring hospitalization 
up to day 8 following the procedure compared to a 
sham treatment group and an overall esophageal 
stricture rate of 6%[9].

Greenwald et al[10] further demonstrated in a group 
of 7 patients with stage I esophageal adenocarcinoma 
that complete response was achieved in 100% with 
liquid nitrogen cryospray ablation alone. The same 
group demonstrated recently in a cohort of 33 patients 
followed long-term for at least 24 mo that a durable 
response can be achieved. Complete response for 
HGD was 97% and complete response for intestinal 
metaplasia was 87% at 24 mo[11].

Recurrence of disease after cryoablation for HGD 
achieved a complete response has also been evaluated. 
Halsey et al[12] prospectively examined a group of 36 
patients who had HGD and underwent liquid nitrogen 
cryospray therapy. In 11 (30%) patients, recurrent 
disease was identified at a median of 6.5 mo. In 70% of 
these patients, recurrences occurred below the neosqua­
mocolumnar junction including a variety of histology 
such as HGD, LGD, and intestinal metaplasia. In one 
patient, recurrent disease was esophageal carcinoma 
within the previously treated esophagus. This patient as 
well as a total of 33 patients (92%) ultimately achieved 
complete response to retreatment with cryotherapy[12]. 
This demonstrates the importance of follow-up sur­
veillance biopsies after completion of cryoablation 
therapy not only within the previously treated esophagus 
but also at the gastric cardia immediately below the 
squamocolumnar junction.

While the cryoballoon focal ablation system is not 
commercially available, it has been studied for feasibility 
and efficacy in ablation of Barrett’s mucosa. In a 
prospective, non-randomized trial of 39 patients, 62 
ablations were performed between 6-10 s. No adverse 
events occurred and no strictures resulted from the 
treatment. Mild pain was noted in 27% of patients. Full 
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Figure 2  Results that are equal to the outcomes of radiofrequency ablation. A: Barrett’s esophagus with high grade dysplasia; B: Liquid nitrogen cryospray 
ablation; C: Complete eradication of dysplasia and intestinal metaplasia.
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recognized entity that causes chronic blood loss from 
the upper gastrointestinal tract. It is often associated 
with connective tissue disease, liver cirrhosis, and 
renal failure but may also be of idiopathic origin[22]. The 
most common type is also known as “water-melon 
stomach” due to its classic endoscopic appearance of 
striped mucosa radiating from the pylorus. The other 
type is characterized by diffuse punctate erythematous 
angiomas of the antrum that is often associated with 
portal hypertension and cirrhosis[23].

Traditional endoscopic therapies of GAVE include 
the gold-standard of argon plasma coagulation (APC) 
which is a non-contact thermal method that can cause 
mucosal ablation and perhaps deeper injury as well. It 
often requires multiple sessions and has been shown 
to be very effective in mild to moderate disease but 
bleeding may be refractory in underlying cirrhosis or 
severe mucosal involvement[24]. Other treatments that 
have been tried with some limited success include 
thermal heater probe therapy, YAG laser ablation, 
and band ligation. In small studies, RFA has recently 
been demonstrated to be effective in reducing the 
blood transfusion requirements within the 6 mo period 
following treatment for those patients with GAVE 
refractory to initial APC therapy[25,26]. 

Cryospray ablation can be used as a secondary line 
of endoscopic therapy for refractory GAVE as it may be 
able to cover a larger area through spray therapy than 
other modalities. However, it is limited by gas flow and 
potential air entrapment in the small intestine. While 
it has been described, very few studies are available 
to show its efficacy. Kantsevoy showed in a pilot study 
of 7 patients with GAVE and recurrent bleeding that 
nitrous oxide cryoablation was effective in 71% for 
cessation of bleeding[27]. Carbon dioxide cryoablation 
was examined in a study of 12 patients with refractory 
GAVE and significant iron-deficiency anemia. All of these 
patients had undergone APC therapy with a median 
of 6 sessions. In this group, 50% achieved complete 
response with a mean of 3 sessions of cryoablation and 
50% had a partial response manifest by incomplete 
ablation but stable hemoglobin. The entire group had 
a mean increase in hemoglobin from 9.9 to 11.3 g/dL. 
No adverse events were noted in any patient[28]. 
Liquid nitrogen spray cryotherapy has also been exa
mined in treatment of GAVE and portal hypertensive 
gastropathy with refractory bleeding. It was shown to 
be very effective in cessation of bleeding from portal 
hypertensive gastropathy that did not respond to either 
APC or transjugular intrahepatic portosystemic shunt 
placement[29]. 

TREATMENT OF RADIATION PROCTITIS
Chronic radiation proctitis occurs in up to 15% of pati
ents within months to even decades following radiation 
therapy for pelvic malignancies. Most patients will 
present with recurrent rectal bleeding and often have 
rectal pain and tenesmus. Traditional medical therapies 

Barrett’s associated neoplasia[16]. 
Debulking of esophageal cancer for palliation of 

swallowing has been shown to be feasible (Figure 4). 
Tumor ingrowth into a palliative metal esophageal 
stent can also be treated[17]. No outcome studies of 
cryoablation for palliation of dysphagia have been 
published. In a recent report, a 63-year-old patient 
with esophageal squamous cell carcinoma who had 
recurrence of disease had tumor ingrowth at the ends of 
a previously placed metal stent resulting in dysphagia. 
Liquid nitrogen cryotherapy was used to recanalize 
the lumen of the metal stent successfully[18]. Cash et 
al[19] reported the first application of liquid nitrogen 
cryotherapy for recurrent esophageal squamous cell 
cancer that occurred 3 years after definitive chemo
therapy. This patient was disease-free at two year 
follow-up. In another study, 7 patients with superficial 
esophageal adenocarcinoma had complete response to 
cryoablation therapy in all patients at a range of follow-
up between 3 to 18 mo[10]. Greenwald et al[20] reported 
liquid nitrogen cryoablation treatment of 79 patients 
with adenocarcinoma (tumor stage included T1-60, 
T2-16, and T3/4-3). Complete response of intraluminal 
disease was achieved in 61% and in 75% of patients 
with intramucosal (T1) disease. Mean follow up was 
10.6 mo overall and 11.5 mo for T1 disease. 

Hemostasis of bleeding from advanced esophageal 
carcinoma has been shown to be feasible with endo­
scopic cryoablation. Shah et al[21] reported a case of a 
62-year-old male with locally advanced unresectable 
adenocarcinoma of the esophagus with bleeding that 
did not respond to chemotherapy, radiation therapy, 
brachytherapy, or photodynamic therapy. Liquid nitrogen 
cryospray ablation was used with three 20 s applications 
and resulted in reduction of blood transfusions from 30 
units over the preceding two weeks to one unit over 
the following two weeks. Immediate post-procedural 
hemostasis as well as a durable response was noted.

TREATMENT OF GASTRIC ANTRAL 
VASCULAR ECTASIA
Gastric antral vascular ectasia (GAVE) is a well-
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Figure 3  Endoscopic mucosal resection following liquid nitrogen 
cryoablation.
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Figure 4  Debulking of esophageal cancer for palliation of swallowing. A: Bulky friable esophageal adenocarcinoma causing dysphagia and bleeding; B: Liquid 
nitrogen cryospray ablation of tumor for palliation; C: Post-ablation appearance of tumor at 8 wk.
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