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Airway management and CO2 laser treatment of
ubglottic and tracheal stenosis using flexible
ronchoscope and laryngeal mask anesthesia

Dinesh K. Chhetri, MD, Jennifer L. Long, MD, PhD
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Mild-to-moderate subglottic and tracheal stenosis can be effectively treated endoscopically, but safe
airway management is a key concern. Options have included tracheotomy, jet ventilation, and inter-
mittent apnea technique, each of which has limitations. This article presents the authors’ endoscopic
surgical technique using laryngeal mask anesthesia during CO2 laser treatment of subglottic and
tracheal stenosis. A flexible bronchoscope is passed through a laryngeal mask airway and permits
continuous ventilation during treatment with a flexible CO2 laser fiber or balloon dilator. This technique
allows excellent airway control, access, and visualization during surgery and is easily mastered by
anesthesiologists and otolaryngologists.
© 2011 Elsevier Inc. All rights reserved.
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Treatment of subglottic and tracheal stenosis has come
full circle from Chevalier Jackson’s original rigid dilation in
awake patients, to open approaches as general anesthesia
became safer, and now back to largely endoscopic tech-
niques. The current resurgence stems from the innovation of
CO2 and Nd:YAG laser incisions of the scarred tracheal
segment1,2 and has been strengthened by the technique of
radial balloon dilation.3,4 CO2 laser energy is preferred for
ndoscopic treatment of subglottic and tracheal stenosis
ecause it enables precise radial incisions with minimal
ateral thermal damage, thereby preserving viable cells for
eepithelialization of the injured area. However, intraoper-
tive airway control remains a challenge in those patients
ho are not tracheostomy-dependent, because laser inci-

ions cannot be made precisely and dilation cannot be ac-
omplished in the presence of an endotracheal tube.
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Airway management during endoscopic treatment of air-
ay stenosis has been accomplished through 2 main ap-
roaches. The simplest is to perform the procedure during
ntermittent apnea or spontaneous shallow ventilation, with
entilation via face mask or repeated endotracheal intuba-
ions between brief treatment intervals. This approach ne-
essitates prolonged waiting times in the operating room for
reoxygenation, and the airway control is tenuous as intu-
ation with an adequately sized endotracheal tube may not
e possible in moderate or severe subglottic stenoses. In
ore difficult or severely stenotic airway, venturi jet ven-

ilation via a small supraglottic needle catheter permits more
ontinuous oxygen delivery.5 This method does require an
nesthesiologist who is comfortable with the technique. Jet
entilation also may carry a slight risk of hypoxemia or
neumothorax if the stenosis blocks adequate ventilatory
xchange.6

As office-based procedures have become more common,
awake or mildly sedated endoscopic treatments with spon-
taneous ventilation have been performed via flexible bron-
choscopy.7,8 Some authors advocate minimal sedation and
airway manipulation in the difficult airway patients, but not

all patients can tolerate such procedures. In particular, bal-
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loon dilation necessitates a brief period of apnea regardless
of the airway management method.

As an alternative to these approaches, we describe a
method of continuous airway control under general anes-
thesia that does not compromise visualization or surgical
access during endoscopic treatment of subglottic or tracheal
stenoses. The recent invention of a hollow core fiber enables
flexible delivery of CO2 laser energy via the working chan-
el of a flexible bronchoscope.9 Laryngeal mask anesthesia

maintains ventilation while flexible bronchoscopy is used to
deliver fiber-based laser or balloon dilators. This technique
treats airway stenoses with radial laser incisions and balloon
dilation, while maintaining airway control and general an-
esthesia. The laryngeal mask airway has recently been ad-
vocated for airway management in patients with difficult
airways, including for flexible endoscopic treatment of tra-
cheal stenoses.10

Indications

The laryngeal mask anesthesia technique can be applied in
all patients with subglottic or tracheal stenosis without a
tracheostomy. Patients with tracheostomies do not benefit
from this approach. Pediatric application is feasible, al-
though the smaller internal diameter of the pediatric laryn-
geal mask airway may limit passage of a large-diameter
bronchoscope. Patients with obesity and tracheomalacia
have been successfully treated. As with all endoscopic air-
way techniques, short segment stenosis without concurrent

Figure 1 Operative setup using the laryngeal mask airway an-
esthesia for CO2 laser treatment of airway stenosis. The flexible
ronchoscope is inserted through the mask device, past the vocal
olds, and into the trachea to visualize the stenotic segment. A
exible laser fiber is passed through the bronchoscope’s working
hannel.
tracheomalacia has improved outcome.
Technique

First, a laryngeal mask anesthesia (LMA North America,
San Diego, CA) airway device is prepared. Some types of
mask airways contain flexible polymeric bars on the laryn-
geal aperture, intended to prevent prolapse of the epiglottis
into the airway device. Before use of this type of laryngeal
mask airway, the aperture bars should be removed by cut-
ting them with a scissors to open a wider passageway for the
bronchoscope and instruments. Alternatively, an intubating
mask airway with an unimpeded aperture may be selected.

After inducing adequate sedation, the anesthesiologist
inserts the mask airway device into its standard position
over the supraglottis. The larynx and trachea are then visu-
alized by passing a flexible bronchoscope through the mask
device (Fig. 1). Laryngospasm is prevented by spraying 4%
lidocaine into the glottic airway before passing the bron-
choscope through the vocal folds. The grade and length of
stenosis are estimated by traversing the stenotic area with
the bronchoscope. If the large-diameter interventional bron-
choscope (usually about 6-mm outer diameter) cannot pass
through the stenosis, a smaller diameter or a pediatric bron-
choscope (as narrow as 2 mm) can be passed for complete
inspection. Once the distal airway is examined, further in-
tervention does require a bronchoscope with a working
channel to approach the proximal aspect of the stenosis.

Radial incisions of the airway stenosis can then be per-
formed with a flexible CO2 laser fiber (OmniGuide, Cam-
bridge, MA) passed through the bronchoscope’s working
channel (Fig. 2). Care is taken to follow routine laser safety
precautions before use of the laser, including draping the
patient with moist towels and eye pads, reducing the in-
spired oxygen content to less than 30%, having water avail-
able in a bulb syringe in case of airway fire, and supplying

Figure 2 Flexible CO2 laser fiber inserted through the working
channel of a flexible bronchoscope is used to make radial incisions

in the subglottic stenosis.
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eye protection for all operating room personnel. Suction for
smoke evacuation is not necessary as the anesthesia circuit
continually exchanges airway gases. The CO2 laser is ap-
plied at a power of 4-8 W. For circumferential stenosis, at
least 5 radial incisions are made within the soft tissue of the
stenosis, as has been described for traditional rigid bron-
choscopic techniques.2 The laser fiber is then removed from
he bronchoscope.

After the laser treatment, further airway improvement
an be achieved by dilation with a controlled radial expan-
ion pulmonary balloon dilator (Boston Scientific Corpora-
ion, Natick, MA) passed through the working channel (Fig.
). If the bronchoscope used has a working channel that
oes not allow passage of the balloon dilator, the dilator can
e passed alongside the bronchoscope. Dilation is typically
erformed 2 or 3 times for 15 seconds each, until the
ntended radial diameter is reached (Fig. 4). If desired,
ocally active medications, such as mitomycin C, vasocon-
trictive agents, or steroids, can be administered by spraying
r injecting through the bronchoscope’s working channel
irected to the involved area. The treated area and the distal
rachea are examined after dilation.

Costs

Cost of the laryngeal mask airway is similar to that of an
endotracheal tube. Estimated current costs of the other dis-
posables are about US$900 per laser fiber, and $200 per
balloon dilator. Those disposable costs would also be in-
curred when using these techniques with traditional airway
management methods. Cost savings also arise from de-

Figure 3 A balloon dilator is passed through the bronchoscope
working channel and inflated to dilate the stenotic subglottic seg-
ment after the radial incisions have been made.
creased operating room time relative to the intermittent
apnea technique and avoidance of a tracheostomy. Out-
comes may be improved by improved visualization of the
stenosis and treatment effects, because the bronchoscope tip
is focused close to the stenotic site during laser incision and
dilation.

Complications

To date we have not encountered any adverse events related
to the use of the laryngeal mask airway device or the use of
the flexible bronchoscope and the laser fiber. Potential com-
plications include ventilatory challenge from severe stenosis
or unrecognized severe tracheomalacia. Positive pressure
ventilation may cause pneumothorax if high peak pressures
are required. Overinflation of the laryngeal mask airway
device can cause minor local irritation and potentially more
serious nerve injury, which can be mediated by monitoring
cuff inflation pressures.11 Normal mask positioning places
ts posterior tip in the hypopharynx, which may result in
xcessive gas insufflation of the stomach or aspiration of
astric contents. Tracheal perforation may occur because of
ither laser injury to the tracheal wall or balloon dilation.

Airway laser fire is fortunately a rare occurrence but
equires vigilance. An added benefit of the laryngeal mask
irway is that there are no ventilating tubes beyond the laser
ber tip in the airway. However, similar to standard man-
gement with endotracheal intubation, the laryngeal mask
irway device should be immediately removed in case of
re to remove the oxygen source.

To prevent inadvertent laser damage to the broncho-
cope, the laser should not be fired unless the laser fiber tip
s visualized in the video monitor. However, in cases of
ber failure, there is no risk of damaging the bronchoscope.

Figure 4 Bronchoscopic view of the subglottic stenosis after

treatment with radial incisions and balloon dilation.
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The fibers are made of tough, thermoplastic polymers that
do not crack. Rather, when a fiber fails, its transmission is
immediately stopped by a thermal mechanism that induces
inward collapse of the polymer core and subsequent, instan-
taneous, cutoff of laser transmission.

Conclusions

Laryngeal mask anesthesia provides a simple, safe, and
convenient means of continuous general anesthesia during
endoscopic treatment of subglottic or tracheal stenosis. The
laryngeal mask airway permits passage of a flexible bron-
choscope for excellent visualization and subsequent deliv-
ery of a CO2 laser fiber and balloon dilator for endoscopic
reatment. This technique provides an excellent alternative
o awake treatments, jet ventilation, or intermittent apnea
echnique for these challenging airway patients.

References

1. Strong MS, Jako GJ: Laser surgery in the larynx. Early clinical expe-
rience with continuous CO2 laser. Ann Otol Rhinol Laryngol 81:791-

798, 1972
2. Shapshay SM, Beamis JF, Hybels RL, et al: Endoscopic treatment of
subglottic and tracheal stenosis by radial laser incision and dilation.
Ann Otol Rhinol Laryngol 96:661-664, 1987

3. Martin LM, Greenheck J, Friedman M, et al: Successful bronchoscopic
balloon dilation of nonmalignant tracheobronchial obstruction without
fluoroscopy. Chest 126:634-637, 2004

4. Hebra A, Powell DD, Smith CD, et al: Balloon tracheoplasty in
children: Results of a 15-year experience. J Pediatr Surg 26:957-961,
1991

5. Koufman JA, Little FB, Weeks DB: Proximal large-bore jet ventilation
for laryngeal laser surgery. Arch Otol Head Neck Surg 113:314-320,
1987

6. Cook TM, Alexander R: Major complications during anaesthesia for
elective laryngeal surgery in the UK: A national survey of the use of
high-pressure source ventilation. Br J Anaesth 101:266-272, 2008

7. Andrews BT, Graham SM, Ross AF, et al: Technique, utility, and
safety of awake tracheoplasty using combined laser and balloon dila-
tion. Laryngoscope 117:2159-2162, 2007

8. Rees CJ: In-office unsedated transnasal balloon dilation of the esoph-
agus and trachea. Curr Opin Otolaryngol Head Neck Surg 15:401-404,
2007

9. Jacobson AS, Woo P, Shapshay SM: Emerging technology: Flexible
CO2 laser waveguide. Laryngoscope 135:469-470, 2006

10. Hashmi NK, Mandel JE, Mirza N: Laryngeal mask airway in laryn-
goscopies: A safer alternative for the difficult airway. ORL J Otorhi-
nolaryngol Relat Spec 71:342-346, 2010

11. Seet E, Yousaf F, Gupta S, et al: Use of manometry for laryngeal mask
airway reduces postoperative pharyngolaryngeal adverse events. An-

esthesiology 112:652-657, 2010


	Airway management and CO2 laser treatment of subglottic and tracheal stenosis using flexible bro ...
	Indications
	Technique
	Costs
	Complications
	Conclusions
	References


