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Background and Objective: Recent years have seen a paradigm shift from open resection to
endoluminal therapies for central airway obstruction (CAO). Historically, heat-based modalities, which have
been the most common treatment tools, have raised concern for additional scarring and disease progression
due to their disruption of the underlying extracellular matrix (ECM) and protein denaturation. In contrast,
spray cryotherapy (SCT) preserves ECM, thus allowing for a more favorable wound healing response and
scar remodeling. Herein we provide a review of current literature on the developments in SCT for CAO.
Methods: We conducted an electronic-based literature search on PubMed and Google Scholar databases
of English language publications to identify data on utility of SCT for CAO. We also manually searched the
reference lists of relevant studies.
Key Content and Findings: SCT is an advanced bronchoscopic technique that maintains the integrity
of underlying ECM allowing for controlled wound healing, scar remodeling and tissue regeneration. Several
recent studies have shown good outcomes with this therapy. Our group has had significant success in this area
and we have demonstrated the efficacy of SCT in patients with recalcitrant stenosis who have shown a poor
response to conventional therapies. We also provide a description of our technique using SCT for CAO.
Conclusions: Studies have shown SCT to be a safe modality that offers good long-term outcomes in patients
with CAO. There is a need for additional trials and studies to further demonstrate the efficacy of SCT.
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Introduction
Central airway obstruction (CAO) is a debilitating disorder
that can result from a wide range of conditions. Common
etiologies include iatrogenic trauma (post tracheotomy
or intubation), neoplastic disease, collagen vascular
disease (systemic lupus erythematosus, granulomatosis
with polyangiitis and sarcoidosis), tuberculosis, post lung
transplant stenosis and idiopathic strictures (1-4).
The causes of CAO may be broadly classified
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as benign and malignant. Foreign body aspiration,
tracheobronchomalacia, and tracheal strictures due to
tracheostomy tube placement are all benign causes of
stenosis. Less common causes include airway papilloma (5),
endobronchial hamartoma (6), and laryngocele (7).
Malignant causes include primary lung cancer (8,9),
primary tumors of the airway other than lung cancer,
and metastatic disease. The underlying etiology dictates
the mechanism of obstruction. Tumors cause intrinsic or
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extrinsic compression, while trauma, inflammation, and
infection may result in granulation tissue, calcium deposits,
and intramural edema. Finally, disorders of airway cartilage
result in wall thinning and subsequent collapse.
The vast majority of these stenotic lesions can be
addressed with bronchoscopic ablative modalities coupled
with mechanical dilation or stenting. There has been a
paradigm shift from open surgery to minimally invasive
endoluminal techniques for the management of CAO in
recent years (10). This is particularly true in patients with
long strictures, multiple comorbidities, diffuse inflammatory
conditions, recurrent disease or disease involving the
cricoid cartilage or sub-glottis where open resection would
endanger the recurrent nerves.
Tr a d i t i o n a l l y, h e a t - b a s e d m o d a l i t i e s s u c h a s
electrocautery, lasers and argon plasma coagulation have
been used in conjunction with mechanical dilation and the
results have generally been satisfactory. However, there
is concern that the use of heat leads to future additional
scarring and hence while effective in the short term,
may lead to extension of the stenosis (11,12). Heat based
modalities also carry a fire hazard and require patients
to tolerate a FiO 2 of less than 40% (13,14). The risk
of ignition also limits their use in proximity to airway
implants such as stents (13,14). Airway stents, on the other
hand, though convenient and easy to deploy, come with
their own set of complications such as granulation tissue
formation, neo-epithelialization, stent migration and mucus
plugging (15). There is a need, therefore to explore more
effective alternative therapies for CAO.
Cryotherapy is the process of using extreme cold
to destroy unwanted tissue. It was first used on an
endobronchial tumor in 1968 by Gage (16). Initial
technology included contact dependent cryoprobe -based
therapy that utilized the Joule-Thompson principle in
which rapid release of a compressed gas through a narrow
aperture achieves a concomitant drop in temperature. This
contact probe cryotherapy allows for a delayed cytotoxic
effect by direct application as well as immediate relief
by cryodebulking where the cryoprobe is adhered to the
obstructing mass and is then firmly pulled away removing
large pieces of tissue. This is often a tedious and timeconsuming process due to the surface area limitations of the
cryoprobe (17).
Spray cryotherapy (SCT) is a more recent application of
cryotherapy that has now been adopted at many centers. It
obviates the need for contact with target tissue. It utilizes
a 7-French catheter to spray liquid nitrogen (the cryogen)

© Current Challenges in Thoracic Surgery. All rights reserved.

Current Challenges in Thoracic Surgery, 2022

via the working channel of an endoscope to cause tissue
ablation by flash freezing at −196 ℃. One to two cycles of
cryospray for 5 seconds are followed by a one-minute thaw
period. SCT allows a linear distribution of cryogen over a
larger area as opposed to the cryoprobe that allows cooling
in a radial fashion from the point of contact only (12,13). It
bypasses many of the limitations of traditional heat-based
modalities and has been shown to have a hemostatic and
analgesic effect (18). SCT does not have a fire risk (19).
Herein we review current literature on SCT in the airway
and describe our own experience using this technique.
We present the following article in accordance with the
Narrative Review reporting checklist (available at https://
ccts.amegroups.com/article/view/10.21037/ccts-21-12/rc).
Methods
We conducted an electronic-based literature search on
PubMed and Google Scholar databases of English language
publications to identify data on utility of SCT for CAO
(Table 1). The time frame of our search included all studies
published up to January 2021. The following medical
subject heading terms, keywords and their combinations
were used: “Spray cryotherapy; SCT; Airway; Central
airway obstruction”. Only articles that were available as full
text articles were included in our review. We also manually
searched the reference lists of relevant studies.
Discussion
Cryotherapy causes the formation of extracellular and
intracellular ice crystals that induce cell death
Cryotherapy employs the Joule-Thompson effect where
rapid expansion of a gas from high to low pressure leads to
a dramatic drop in temperature (20). This application of
cold energy in tissue leads to the formation of ice crystals
by freezing intracellular and extracellular water. Contact
probe cryotherapy leads to a slow cooling down to –40 ℃
and causes mainly extracellular ice which leads to cell death
by electrolyte imbalance and dehydration (18). This is in
contrast to SCT that rapidly reduces tissue temperature
to –196 ℃ and causes instantaneous freezing of tissue
by the formation of intracellular ice crystals resulting in
cell death by damaging cellular machinery, in particular
the mitochondria (18,20). For benign strictures that are
acellular, a different mechanism is implicated. It is known
from previous dermatology literature that cryotherapy
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Table 1 Search strategy summary
Items

Specification

Date of search

March 1st 2021

Databases and other sources searched

PubMed, Google Scholar

Search terms used

Spray cryotherapy; SCT; airway; central airway obstruction

Timeframe

All studies published prior to January 2021

Inclusion criteria

Full text articles, English language articles

Selection process

Authors MZB, JW and ZM conducted literature review. All authors agreed on final
list of included studies.

Additional considerations

Manual search of reference lists of articles

SCT, spray cryotherapy.

induces connective tissue remodeling and this may allow
for a more easily dilated stricture (18). Other processes that
play a role in the therapeutic effect of SCT include local
vasoconstriction, thrombosis as well as immune mediated
damage (21).
SCT demonstrates preservation of extracellular matrix
(ECM) that may enhance subsequent healing
Collagen, cartilage and tissues with a poor vascular
supply and low water content are known to show relative
resistance to cryotherapy. Therefore, the ECM is usually
preserved and hence leads to healing with minimal
subsequent scarring (20). In a recent small animal
experiment, the histological changes observed after SCT
were enunciated (22). Six Yorkshire pigs underwent
evaluation with flexible bronchoscopy, endoscopy and
thoracotomy following SCT of the airway, esophagus
and other intrathoracic structures. In all structures, the
ECM was well preserved. This was in sharp contrast to
the protein denaturation that occurs with heat-based
modalities. It is hypothesized that the preservation of ECM
may be the histological basis of low rates of scarring as it
provides a structural scaffolding for wound healing (12,22).
Reduced scarring may also allow for a decreased number of
re-interventions as well as prolong the symptom free
interval between interventions (12). It is also reported that
following cryotherapy, underlying tissue may become more
malleable and this may allow subsequent scar remodeling
and regeneration of normal tissue architecture (12).
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Early experience with the initial SCT device demonstrated
promising outcomes
SCT was initially used to treat esophageal conditions such
as Barret’s esophagus, dysplasia and carcinomas (12,17).
Studies have shown that SCT eradicated 97% of high-grade
dysplasia in Barret’s esophagus and had a complete response
of intraluminal disease in 72% patients with T1 esophageal
cancers (22-24). These encouraging long term outcomes
led to investigators extending this modality to the airway. In
the initial report published, SCT was performed on 21 lung
cancer patients using the Cryospray Ablation System (CSA
Medical, Inc., Baltimore, Md) (17). All patients in the study
achieved regeneration of histologically normal epithelium.
Post procedural mean pain score on the visual analog scale
(VAS) was 2.9. There were no adverse effects of treatment.
In another study, SCT was utilized to manage three
patients with glottic and subglottic stenosis secondary to
neck radiation, prior tracheostomy and idiopathic causes.
Luminal patency with minimal blood loss, some degree of
mucosal normalization and restoration of laryngeal function
was achieved in all three patients (25).
Fernando et al. also demonstrated efficacy of SCT in
35 patients who developed CAO (19). Airway narrowing was
graded on a four-tier grading system based on the degree
of lumen involved. Follow up bronchoscopy in 28 patients
demonstrated a significant improvement in airway narrowing
from an initial grading score of 3.5 to 2.03 (P<0.001).
Seventeen (49%) patients required reinterventions.
Twelve (36.4%) patients reported complete resolution of
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symptoms whereas sixteen (48.5%) patients had improved
symptoms. There were only two complications reported
namely pneumothorax (n=1) and subglottic edema requiring
intraoperative tracheostomy (n=1).
Despite these encouraging results, a few studies reported
complications with the early off label use of SCT for CAO,
because of which the SCT device underwent a redesign.
These included hemodynamic events such as bradycardia,
hypotension, tachycardia, desaturations, ST segment
changes and airway tears as well as barotrauma induced
effects such as pneumothorax and pneumomediastinum
(13,14). In 2008, a clinical trial was initiated
(NCT00747461) to investigate the role of SCT in benign
airway disease. This trial was terminated prematurely due
to adverse effects. These studies were all done using the
older generation cryospray device and it was suspected that
complications arose due to inadequate egress of nitrogen
gas as well as the flow characteristics of the older device.
Consequently, several modifications were made and in 2012
the advanced truFreeze device with adjustable delivery and
flow rates gained US Food and Drug Administration (FDA)
clearance for use in the airway.
Studies with the latest generation truFreeze device have
shown good outcomes with low complication rates
As mentioned above, SCT works on the principle of flash
freezing unwanted tissue by spraying liquid nitrogen. These
liquid nitrogen droplets then transform into gas in the
endoluminal space and need to be evacuated in order to
prevent barotrauma. In the gastrointestinal tract, this can be
achieved through active suctioning. This is not a practical
option in the airway as there is less room for additional
tubes and the active suction may actually end up removing
oxygen from the patient’s lungs. Therefore, gas evacuation
in the airway is primarily achieved passively through the
mouth via pressure differentials.
The newer generation truFreeze device comes with an
adjustable flow rate. The previous device delivered liquid
nitrogen at only 25 watts of energy (normal flow). The
current device, on the other hand comes with a low flow
rate setting that delivers liquid nitrogen at 12.5 watts of
energy. This allows for a slower buildup of nitrogen gas and
gives more time to identify and manage nitrogen trapping.
The first report utilizing this new device described
four patients with CAO due to lung cancer and prior
intubation (26). Patency of the airway was achieved in all
patients and there were no reported complications. This
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report was soon followed by another study that described
an institutional experience in 27 patients who underwent 80
SCT sessions (27). Of these, 18 (22.5%) were done with the
previous device and 62 (77.5%) were done with the newer
system. Only three complications (all transient hypoxia) were
encountered and only one of these was with the new device.
We have also had success using the new truFreeze
cryospray. Our group has previously published data on
26 patients with benign CAO treated at a tertiary care
hospital (10). Thirteen patients had CAO secondary to
granulomatosis with polyangiitis, 8 had prior intubation and
5 patients had idiopathic strictures. We reported a median
follow up period of 11 months (range, 1–26 months)
There were no significant intraoperative or postoperative
complications encountered and all our patients had
improvement in symptoms. We observed a mean change
of 1.39 in grade of stenosis (P<0.001). Our study was
important as it demonstrated the efficacy of SCT in patients
with recalcitrant stenosis. Our cohort was a unique group as
the majority of patients had previously shown poor response
with other endoluminal therapies.
We recommend the procedure being done using
suspension laryngoscopy. We feel that is the safest approach
in terms of delivery of SCT. Laryngeal suspension is utilized
by some head and neck surgeons and is an important
technique for the thoracic surgeon s and interventional
pulmonologists to be familiar with. We believe it allows for
the most effective egress of nitrogen gas and hence adds
great safety to this procedure. Our technique involves only
the treatment of larger central airways. We sometimes
prime the catheter outside the patient and deliver the SCT
5 seconds after the appearance of frost through the working
channel of a therapeutic bronchoscope. We ensure adequate
egress which is confirmed visually and as described our
technique provides for a wide-open airway. And hence
allows for maximum egress of gas. We typically deliver
3–4 cycles of SCT interspaced with endoscopic balloon
dilation. It is possible and safe to perform the procedure
using an endotracheal tube however at a minimum 8.5 size
endotracheal tube should be used with the cuff completely
deflated and the circuit disconnected during delivery of
SCT. The takeaway lessons in our over 250 procedures with
minimal complications is to ensure complete egress of gas.
In addition, if there is any concern regarding egress then
a low flow setting can be employed. It is also important
to work with an anesthesiologist who is familiar with the
technique and of possible complications.
Figures 1-5 and Video 1 demonstrate our technique using
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Figure 4 Deployment of tracheal balloon.
Figure 1 Endoscopic view of subglottic stenosis.

Figure 5 Posttreatment view of a dilated stenosis.
Figure 2 truFreeze spray cryotherapy catheter tip at the level of
the subglottic stenosis.

Video 1 Endobronchial treatment of tracheal stenosis using spray
cryotherapy, micro laryngoscopy scissors and balloon dilation.

Figure 3 Spray application of liquid nitrogen.
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the truFreeze device to treat CAO.

See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

Summary and conclusions

References

SCT is an advanced bronchoscopic technique with
the potential to adequately treat benign and malignant
airway strictures. It maintains the integrity of underlying
ECM which allows for a more controlled wound healing
response, thereby encouraging scar remodeling and tissue
regeneration. Several recent studies have shown good
outcomes with this therapy. Based on our own experience
and current data, we believe SCT may be particularly
useful in patients who have had treatment failure with
conventional modalities. A prospective multicenter registry
is currently underway (NCT01802203) and is expected
to be completed soon. This should provide additional
information on the utility and efficacy of SCT for CAO.
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