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Abstract
Background: Acquired airway stenosis can be challenging to manage endoscopically because of difficult field
visualisation, instrument limitations and the risk of laser fire. At our institution, radiofrequency coblation has
been successfully used for the resection of subglottic and tracheal stenosis in adults. This paper presents our
experience with this technique.

Method: A retrospective case note analysis of all cases of airway stenosis in adults from2007 to 2012was performed.
Results: Ten adult patients underwent coblation resection for airway stenosis. All lesions were classified as

McCaffrey stage I (i.e. less than 1 cm long). Causes of stenosis included: idiopathic stenosis (40 per cent),
previous tracheostomy (30 per cent) and endotracheal intubation (20 per cent). Six patients (60 per cent)
required a single procedure and 4 (40 per cent) required multiple interventions. All patients reported significant
improvement in their symptoms following treatment. All patients were alive at the time of writing and none
have required open resection.

Conclusion: Radiofrequency coblation is an attractive alternative technique for the treatment of idiopathic or
acquired airway stenosis in adults.

Key words: Coblation; Airway Management; Airway Obstruction; Larynx; Trachea; Stenosis; Endoscopy

Introduction
The treatment of adult laryngotracheal stenosis repre-
sents a challenge for the surgeon. It is a relatively
rare condition in which the airway is narrowed
between the vocal folds and the carina. The aetiology
of laryngotracheal stenosis is varied, and includes pro-
longed intubation, tracheostomy, neoplasm, airway
trauma and idiopathic cases.1 Laryngotracheal stenosis
can be asymptomatic; however, it more frequently pre-
sents with dyspnoea, dysphonia, chronic cough, a
globus sensation, or, in more severe cases, stridor and
respiratory distress.
The primary aim of treatment is to establish a patent

airway, whilst maintaining an adequate voice and
avoiding tracheostomy if possible. Many surgical tech-
niques have been described for the management of
laryngotracheal stenosis, both open and endoscopic,
each with their own advantages and disadvantages.
At present, the most commonly employed therapies
are balloon dilatation, laser radial incisions, intralum-
inal stenting, and open resection or reconstruction of
the airway, with or without topical and/or injected
anti-fibrotic agents.1 However, re-stenosis rates

post-intervention remain significant, ranging from 20
to 40 per cent following open procedures and from
40 to 70 per cent following endoscopic techniques.2

Radiofrequency coblation (often considered syn-
onymous with ‘controlled ablation’) is a plasma-
based technology, first utilised in orthopaedics. Its
use in otolaryngology, and head and neck surgery is
increasing.3–7 In a direct response to surgeons’
requests, a dedicated laryngeal coblation wand was
introduced onto the market in 2004; the success of
this wand for the treatment of laryngeal pathology
has since been established.3,4 However, as yet, there
has been no published data on its use for the treatment
of laryngotracheal stenosis. This study aimed to review
and present our experience in using coblation for the
treatment of adult laryngotracheal stenosis.

Materials and methods

Study design

Ethical approval for the study design was obtained
from the Southern Adelaide Clinical Human Research
Ethics Committee. A retrospective case note review

Presented at the Australian Society for Otolaryngology Head and Neck Surgery Annual Scientific Meeting, 16–20 March 2013, Perth,
Western Australia, Australia.
Accepted for publication 3 June 2014 First published online 18 November 2014

The Journal of Laryngology & Otology (2015), 129 (Suppl. S1), S21–S26. MAIN ARTICLE
©JLO (1984) Limited, 2014
doi:10.1017/S0022215114002783

https://doi.org/10.1017/S0022215114002783 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215114002783


was performed on consecutive patients from both the
public and private sector who were treated in the
southern Adelaide region. All patients who underwent
radiofrequency coblation for the treatment of laryn-
gotracheal stenosis between January 2007 and
December 2011 were identified from ENT databases.

Patient data

Demographic characteristics, including data related to
age, gender, presenting symptoms, aetiology, the
nature and extent of stenosis, clinical severity, the diag-
nostic imaging techniques employed, and available
imaging scans were collected. Clinical records of out-
patient consultations and follow up were also collated.

Surgical technique

Suspension laryngoscopy was performed under general
anaesthetic with a Storz B laryngoscope (Karl Storz,
Tuttlingen, Germany), which was inserted into the
supraglottis, and a 4 mm rigid 0° or 30° endoscope
for video monitoring. Anaesthesia was maintained
using rocuronium (paralysis was reversed with sugam-
madex if required) and jet ventilation, with oxygen
received only through the laryngoscope or via a
Hunsaker Mon-Jet catheter (Medtronic-Xomed,
Jacksonville, Florida, USA) placed into the trachea.
Routine intravenous dexamethasone was administered
at induction. The stenosis was documented with
video-endoscopy.
A coblation PROcise LW Plasma Wand (Arthrocare,

Austin, Texas, USA), with an ablate setting of 7 and
coagulation setting of 3, was utilised with chilled
saline to ablate the stenotic segment over the anterior
270° of the trachea. Caution was used posteriorly to
avoid circumferential wounds or damage to the trachea-
lis muscle. In contrast to radial incision techniques,
complete ablation of stenotic soft tissue was performed
down to the normal tracheal rings, including the abla-
tion of cartilage when it protruded into the lumen
anteriorly following tracheostomy. For more distal
stenoses, the malleable coblation wand was straigh-
tened then re-angled nearer the rigid handle to allow
the distal electrodes to reach the middle third of the

trachea. In selected revision cases, controlled radial
expansion balloon dilatation was then applied to the
ablated segment in increasing sizes until normal
radius of the airway was achieved. Mitomycin C was
used as an adjunct treatment in one selected case.

Surveillance

On completion of surgery, patients were routinely
admitted to the high-dependency or intensive care
unit for overnight monitoring. Further intravenous
dexamethasone was given frequently and supplemental
oxygen was administered if required. Patients were dis-
charged the following day, once they were deemed to
be safe from airway compromise; they continued to
receive proton pump inhibitor therapy as a prophylaxis.
Patients were routinely followed up in out-patient

clinics at one week post-operatively by the performing
surgeon. Ongoing out-patient clinic appointments were
scheduled based on the clinical progress of the patient.
Patients that required re-intervention were considered
based on their clinical presentation. Those who
required immediate intervention for clinically assessed
potential urgent airway compromise proceeded directly
to laryngoscopy. Otherwise, patients were investigated
using pre-operative computed tomography, in an
attempt to assess stenosis severity. Nevertheless, for-
mally documented stenosis severity was based on find-
ings at laryngoscopy, rather than those from imaging.

Study end points

Primary end points were death from airway comprom-
ise, an airway emergency requiring unplanned trache-
ostomy or intubation, rates and degree of re-stenosis
in an airway requiring re-intervention, and resolution
of presenting symptoms (stridor, reduced exercise tol-
erance, dyspnoea at rest) as described by the patient.
The time between interventions and the aetiology of
stenosis were analysed using Fisher’s exact test.

Results
A total of 10 adult patients were identified from hos-
pital databases and included in this retrospective
review (Table I). There were 3 female patients and

TABLE I

PATIENT PRESENTATION AND INTERVENTION DETAILS

Gender Age (years) Aetiology Presentation Level of stenosis Severity (% stenosis∗) Coblation procedures (n)

Male 73 Tracheostomy Dyspnoea Tracheal 80 1
Male 58 Tracheostomy Dyspnoea Tracheal 50 1
Female 70 Intubation Dyspnoea Tracheal 50 1
Male 45 Intubation Dyspnoea Tracheal 50 1
Male 66 Tracheostomy Dyspnoea Tracheal 40 & 40 2
Male 57 Radiation Stridor Tracheal 40, 70, 30, 70, 80, 80, 70 & 60 8
Female 67 Idiopathic Stridor Tracheal 75, 10 & 80 3
Male 57 Idiopathic Dyspnoea Subglottic 50 1
Female 24 Idiopathic Dyspnoea Subglottic 50, 40, 60 & 50 4
Female 38 Idiopathic Dyspnoea Tracheal 40 1

∗Patents with laryngotracheal stenosis presented with severity ranging from 40 to 80 per cent. For patients that required multiple interventions,
the degree of stenosis at the time of re-intervention is listed after the initial degree of stenosis.

C L CHAN, C A FRAUENFELDER, A FOREMAN et al.S22

https://doi.org/10.1017/S0022215114002783 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215114002783


7 male patients, with a mean age of 55.5 years (stand-
ard deviation (SD)= 15.6). All patients presented with
a degree of dyspnoea; two presented with marked
stridor. Idiopathic stenosis was the most common
cause of pathology (40 per cent), followed by previous
tracheostomy (30 per cent), intubation (20 per cent) and
radiation therapy (10 per cent). All stenoses were less
than 1 cm in length and were thus classified as
McCaffrey stage I stenoses.8

All cases of laryngotracheal stenosis during the
study period were treated primarily with coblation.
Visiting specialists used balloon dilatation in selected
cases as an adjunct treatment technique, but not as a
primary intervention. Laser was not used for the treat-
ment of laryngotracheal stenosis during this period.
A total of 23 surgical procedures were performed on

the 10 patients, with a mean follow-up duration of 46.6
months (SD= 25.8). Mean total procedural time
(including anaesthesia) was 47 minutes (SD= 21).
For patients who required multiple coblation proce-
dures, the mean time between interventions was 173
days (SD= 115).
Minor haemorrhage was occasionally encountered,

but was easily managed with the coagulation pedal of
the coblation system. Post-operative imaging was per-
formed when the airway was poorly visualised or
when patients developed recurrent symptoms. Repeat
procedures were performed for symptomatic recur-
rences as required. Six patients required only a single
intervention; the remaining four patients required mul-
tiple interventions (two, three, four and eight proce-
dures). Three of these four patients also received
further treatment for laryngotracheal stenosis that did
not involve coblation: two patients received balloon
dilatation treatment and one patient required tracheo-
bronchial stenting and mitomycin C injection. The
single case of radiation-induced stenosis required
seven coblation procedures, one more with just
balloon dilatation, and one with balloon dilatation
with mitomycin C. This patient subsequently elected
to receive a stent as he was deemed too high a risk
for an open resection because of cardiovascular co-
morbidities.
Using Fisher’s exact test, we found no significant

correlations between the anatomical site, or aetiology
of stenosis, and the probability of requiring more than
one intervention (p= 0.99 and 0.52 respectively).
There were no complications in this study group
other than re-stenosis. All patients reported resolution
of their presenting symptoms following the coblation
procedure. All patients were alive and symptom-free
at the time of writing. None have required open recon-
structive procedures.

Discussion
Laryngotracheal stenosis is a condition associated with
morbidity and is surgically difficult to manage.
Historically, the aetiology of most cases of acquired
adult laryngotracheal stenosis has been secondary to

infection and external trauma.9 However, in more
recent times there has been an observed shift in aeti-
ology, with cases now being predominantly iatrogenic
in origin. Prolonged endotracheal intubation, ‘high’
tracheostomy and airway instrumentation are asso-
ciated with a higher risk of laryngotracheal sten-
osis.9–15 The reported incidence of tracheal stenosis
following tracheostomy ranges from 0.6 to 21 per
cent, compared to 6 to 21 per cent following prolonged
intubation.10

Various treatment modalities have been used to
manage laryngotracheal stenosis. Severe, long or recur-
rent stenotic segments require external surgical treat-
ments, including tracheal resection and anastomosis
or laryngotracheal reconstruction.13 For stenoses
smaller than 1 cm in length with no circumferential
scarring or loss of cartilaginous support, less invasive
techniques have emerged as the modality of choice.10

In 1955, Jatho16 employed elastic, hollow-groove
bougies to manage laryngotracheal stenosis. In1972,
Strong and Jako17 were the first to describe endoscopic
management of laryngotracheal stenosis with the
carbon dioxide (CO2) laser. Since then, endoscopic
techniques have subsequently evolved to include: con-
trolled radial expansion balloon dilatation, microdebri-
dement, cryotherapy and intraluminal stenting.13–15

More recently, laryngotracheal stenosis has even been
managed in the out-patient setting, using office-based
laser surgery conducted under local anaesthetic only,
with promising results.18,19 Yet, despite technical and
surgical advances, the management of laryngotracheal
stenosis remains associated with high rates of re-sten-
osis. The incidence of recurrence has been reported in
the literature to range from 20 to 40 per cent following
open procedures and from 40 to 70 per cent following
endoscopic techniques.2

The mechanism of re-stenosis following treatment of
laryngotracheal stenosis is thought to be related to sec-
ondary tissue damage caused by surgical intervention,
which is only partially dependent on the treatment
modality. This damage initiates an inflammatory
cascade that ultimately leads to fibroblast proliferation
and scar formation. As a means of inhibiting this
cascade, injection with antifibrotic agents such as mito-
mycin C has been advocated as an adjunct to primary
interventions, with varying degrees of success
described. In 2003, Lorenz9 reported that the applica-
tion of the antifibrinolytic increased the success rate
of endoscopic laser treatment of acquired upper
airway stenosis from less than 20 per cent to 75 per
cent.
Balloon dilatation, pioneered by Cohen et al.,20 has

the advantage of maximising the radial direction of
dilatation, whilst minimising damage to surrounding
healthy tissues.21 However, when only balloon dilata-
tion is used to treat laryngotracheal stenosis, multiple
repeat procedures and/or luminal stenting are usually
required to maintain patency.2 Thus, balloon dilatation
is often used in addition to incision or ablation of the
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stenotic segment, most commonly performed with a
laser. Use of the CO2 laser combined with airway dila-
tations is now a popular means of treating laryngotra-
cheal stenosis (since 1972, following Strong and
Jako’s17 experience). Radial incisions are made at the
level of the stenosis; this is followed by dilatation to
re-open the lumen. Yet, even this combination tech-
nique has disadvantages. Bakthavachalam and
McClay22 reported a decline over time in the use of
the CO2-laser in their own study of endoscopic treat-
ment of subglottic stenosis. This decline was primarily
a result of the effect of re-scarring and the need for
repeat procedures. In addition, with lasers operating in
the presence of high concentrations of inspired oxygen
(used in jet ventilation) and at temperatures upwards
of 400–600°C, there is a real risk of airway fire asso-
ciated with laser resection.23 Such a complication is
associated with severe morbidity and mortality.24–26

Jet ventilation was introduced in 1970 as an alterna-
tive to traditional tracheal tube ventilation in microlar-
yngoscopy. It has since become the preferred method
of ventilation in procedures involving the larynx or
trachea.27–29 However, this ventilation technique is
associated with known complications including: hypo-
xaemia, hypercarbia, airway obstruction and baro-
trauma (pneumothorax, pneumomediastinum and
surgical emphysema).29 In the setting of airway sten-
osis, these risks are further increased; therefore, any
technique that reduces the time required for ventilation
is desirable.
Coblation represents an alternative adjuvant endo-

scopic technique. It is fast, safe, haemostatic and min-
imally invasive, with the potential to reduce recurrence
because of its unique ablative properties (outlined
below). Having been initially used for tonsillectomy,5

the use of coblation now extends to surgery of the tur-
binates, soft palate and tongue.6 In the larynx and
trachea, the technology has also been used for the treat-
ment of recurrent laryngotracheal papillomatosis,
laryngeal cysts and malignancy.3,4,7

Coblation technology is based on bipolar radiofre-
quency, with the addition of saline applied over the
electrodes. This produces a localised, high-energy
plasma field, which ablates tissue into low-molecular
weight gases and seals blood vessels at the same
time, with minimal adjacent thermal effect.17,18

Coblation operates at temperatures of 40–70°C,
which is considerably cooler than the above-mentioned
400–600°C for monopolar cautery and the CO2 laser.

30

The use of coblation thereby reduces the likelihood of
collateral tissue damage, whilst also minimising or
even eliminating the risk of airway fires.31 Coblation
has been shown to enhance the healing of long-stand-
ing cutaneous ulcers;32 this is thought to be due to an
inhibition of fibroblast growth, and represents an add-
itional benefit of the plasma field.33 In addition, in an
unprotected airway, a rapid, haemostatic and precise
resection of stenotic tissue reduces the risks of CO2

retention and barotrauma, and minimises anaesthetic

morbidity and trauma associated with airway
instrumentation.
In our department, coblation has been used as an

alternative to the CO2 laser for a number of years for
the management of laryngotracheal stenosis. It has
been employed successfully in stenosis patients, even
in those with relatively severe stenosis. In some
cases, only a single treatment has been required
(Figure 1). In recurrent cases, coblation has been
used concurrently with both controlled radial expan-
sion balloon dilatation and/or mitomycin C injection,
potentially enhancing the efficacy of treatment.
Whilst gaining experience with the coblation tech-
nique, we have not used the CO2 laser as a primary
management technique. However, balloon dilatation
has been used for mild or longer (McCaffrey grade II
to IV8) stenoses.
The spectrum of disease in our relatively small series

was consistent with that described in the literature. To
our knowledge, there is no validated, standardised
measure of patient symptom severity in laryngotracheal
stenosis; it is therefore difficult to directly compare
severity at presentation with thresholds for re-interven-
tion. Dyspnoea scales, utilised in chronic obstructive

FIG. 1

Laryngoscopic views of the larynx in a patient who presented with
stridor. (a) Shows the patient at rest (pre-coblation), with laryngotra-
cheal stenosis severity of 80 per cent. (b) Shows the residual lumen
following coblation treatment; the patient experienced immediate

resolution of stridor post-operatively.
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pulmonary disease, have been suggested as a means to
quantify symptom severity in laryngotracheal sten-
osis.34 However, because of the retrospective nature
of this study, no formal symptom scoring was applied
to our patients. This could result in patient and
surgeon bias, but in the absence of a validated
symptom scoring measure, decision-making based on
patient-reported symptoms likely reflects current clinic-
al practice.
Overall, the rate of re-stenosis for the cohort was 40

per cent. The aetiology for the laryngotracheal stenosis
was iatrogenic in four (66.7 per cent) of the remaining
six patients who required only one procedure. Our
group of patients, who have now been followed up
for several years, did not have the high recurrence
rates observed by other teams.2 This may add weight
to the argument for aggressive ablative endoscopic
intervention as the first-line treatment of short-
segment, iatrogenic laryngotracheal stenosis, rather
than moving straight to an open procedure.

• Acquired airway stenosis can be challenging
to manage endoscopically because of difficult
field visualisation, instrument limitations and
laser airway fire potential

• The reported incidence of recurrence is 40–70
per cent following endoscopic techniques and
20–40 per cent following open procedures

• At our institution, radiofrequency coblation
has been successfully used for resection of
subglottic and tracheal stenosis in adults

• Efficacy is comparable to that of other
contemporary techniques

• There is less risk of airway fire and local
thermal tissue damage, and improved surgery
time compared with conventional techniques
(e.g. carbon dioxide laser)

• Coblation is an attractive adjuvant
endoscopic treatment modality for
management of laryngotracheal stenosis

The procedures were tolerated well by all participants,
with immediate resolution of symptoms post-operative-
ly. With an average procedural time of 48.1 minutes,
we feel that coblation offers a relatively fast surgical
option. In addition, it is not only cost-effective, but
potentially minimises patient morbidity. However, the
relatively small numbers of patients described in this
study, without a comparator arm or control group,
limits any further conclusions we can make. A multi-
centre, randomised, controlled trial is planned, to estab-
lish if coblation is more effective than laser treatment.

Conclusion
No surgical treatment has as yet proven to be the
‘gold standard’ for the endoscopic treatment of

laryngotracheal stenosis, with each technique having
both advantages and disadvantages. Coblation is an
attractive adjuvant endoscopic treatment modality in
the management of laryngotracheal stenosis. It has a
similar efficacy and safety profile to other contempor-
ary treatment options, with the additional benefits of
lower ablation temperature, excellent haemostasis,
decreased collateral tissue damage, short procedural
times and reduced risk of airway laser fire. However,
a well-powered, multi-centre, randomised, controlled
trial that compares coblation to other treatment modal-
ities will be required before firmer conclusions can be
drawn regarding the efficacy of this endoscopic tech-
nique for the management of airway stenoses. In add-
ition, animal studies will help to establish the exact
healing process that occurs following coblation treat-
ment of laryngotracheal stenosis. Nevertheless, our
experience has demonstrated that even patients with
severe stenosis have the potential to be successfully
cured with a single coblation intervention.
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