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Tumors of and trauma to the trachea and bronchi can
result in loss of integrity of the airway and death. Once
treated primarily with thoracic surgery, these condi-
tions are increasingly being managed with interven-
tional pulmonary procedures outside the operating
room but requiring the assistance of anesthetists.
These interventional procedures require airway instru-
mentation, necessitating anesthesia care for ventila-
tion and obtundation of airway reflexes. A thorough
preoperative assessment and consultation with the
pulmonologist or surgeon performing the procedure

are essential for successful completion of the tumor
and scar reduction and subsequent stent placement.

In addition, anesthetists may care for patients
undergoing nonpulmonary surgery who have an exist-
ing bronchial or tracheal stent or patients requiring
correction of displaced stents. A discussion on the pre-
ferred methods for caring for patients in these situa-
tions is included.
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Objectives
At the completion of this course, the reader should be
able to:
1. Identify pathological processes that may require tra-

cheal or bronchial stent placement.
2. Understand the need for careful planning and imple-

mentation of anesthetic care in a patient undergoing
tracheal and bronchial surgery and stent placement.

3. List and discuss complications of tracheal and bron -
chial stent placement.

4. Describe the causative factors in airway fires during
bronchial and tracheal stent placement.

5. Articulate issues in anesthetizing patients who have
tracheal stents in place for procedures other than pul-
monary.

Introduction
At one time, airway closure from tumors within or im-
pinging on the trachea, trauma, and resultant granulation
tissue was nearly impossible to treat. Surgery was fre-
quently the only option, and many conditions were inop-

erable. Loss of the airway and resultant death followed. In
recent years, nonsurgical approaches to treatment of the
obstructed airway have evolved considerably. Tumors can
be resected by mechanical processes, lasers, and electro-
surgical units through flexible and rigid bronchoscopes.
Tracheal and bronchial stenosis or compression by tumors
can be opened by the insertion of mechanical stents.

Complications of stent placement include bleeding,
tracheal and bronchial rupture, subcutaneous emphyse-
ma, infection, and death. These are high-risk procedures.
Patients must be informed that while the procedures may
be necessary to treat disease and prolong life, the potential
for serious, possibly life-threatening complications is real.

Stent placement can also be anxiety producing for
anesthetists and pulmonologists. Small amounts of blood
in the airway are potentially lethal. Stent placement may
require periods of apnea. Other complications, which
will be discussed in this course may cause patient injury,
death of the patient, or fire while in the procedure room.

The placement of these stents presents unique chal-
lenges to anesthetists. Although these procedures are
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being performed primarily in larger, tertiary medical
centers, practitioners in community hospitals may be re-
quested to care for patients in these situations. Patients
who have received tracheal and bronchial stents may be
admitted to community hospitals with complications fol-
lowing airway stent placement, such as stent migration.
They may also be admitted for nonpulmonary surgery, re-
quiring an anesthetist to manage the airway with the
stent in place. This course describes the processes of
tumor resection and stent placement, including methods
for treatment of patients with in situ airway stents.

Anesthesia for Tumor Resection and Airway
Stent Placement
Patients undergoing endotracheal tumor resection and
stent placement are commonly classified as ASA physical
status III or IV owing to their ventilatory difficulties and
comorbidities. A careful preoperative assessment is re-
quired, including review of preoperative diagnostic
imaging. An analysis of the particular airway impingement
and discussion with the pulmonologist or surgeon per-
forming the procedure is required. (Persons performing
this procedure come from several medical specialties, in-
cluding pulmonology, thoracic surgery, and critical care.
For simplicity, the terms pulmonologist and surgeon are
used in this course. This course makes no statement con-
cerning guidelines for performing the procedure.)
Decisions concerning the type of airway management to be
used and whether spontaneous ventilation must be main-
tained cannot be made without reviewing the preoperative
imaging assessment of airway impingement and discussion
of the pulmonologist’s plan with the entire care team.

Bronchial and tracheal stent placement may be per-
formed in a pulmonary laboratory or in an operating
room. In either location, equipment for the administra-
tion of anesthesia and airway management, including
tools for management of the difficult airway and jet ven-
tilation, must be immediately available. If there is a high
likelihood of the need for surgical intervention, for
example, tracheotomy or thoracotomy, the operating
room is the preferred location.

For procedures performed through a flexible fiberop-
tic bronchoscope, a laryngeal mask airway (LMA) is one
possible approach.1 If the tumor or other disease process
requires spontaneous ventilation, the LMA may be in-
serted while the patient is awake, with local anesthesia
and mild sedation if the patient’s condition allows.

The LMA may also be inserted after induction of
general anesthesia if airway management with positive
pressure ventilation is elected. The bronchoscope will be
inserted into the trachea through the LMA using a con-
nector (double swivel connector with port) so that venti-
lation, spontaneous or positive pressure ventilation, can
be accomplished.

The anesthesia techniques will differ, depending on

the experience and comfort levels of the team. The tech-
niques described herein are used at The University of
Texas MD Anderson Cancer Center, Houston, which has
a great deal of experience in bronchial and tracheal stent
insertion. It is recommended that the teams at institu-
tions beginning a program carefully review the methods
available at an institution with abundant experience in
the domain and arrive at a consensus before beginning a
program of stent insertions. Team members may want to
visit facilities where there is a great deal of experience
with these procedures before beginning their program.

For example, at MD Anderson, muscle relaxants may
be used if there is no contraindication to mechanical ven-
tilation, even with an LMA in place. Many providers
would not be comfortable with this technique. The ad-
vantage of muscle relaxation is inhibition of the coughing
associated with instrumentation of the airway, giving the
interventionalist a quiet field to perform the procedure
safely. Clearly, the anesthesia team and the pulmonologist
must be comfortable with the method selected.

Although the LMA is favored in many cases, a large-di-
ameter endotracheal tube may also be used. The precise
diameter of the endotracheal tube necessary will be
decided in conjunction with the team performing the pro-
cedure and will be determined by the patient’s anatomy,
disease, and the size of the bronchoscope to be used.

The method of intubation is determined by the
patient’s condition. The selection process is not necessar-
ily different from that used in the operating room.
Patients may have intravenous anesthesia induced with
propofol, thiopental, or etomidate and muscle relaxation
initiated before intubation if appropriate. Fiberoptic intu-
bation may be accomplished awake or after induction.
The pulmonologist may prefer to view the trachea before
intubation so that the entire trachea can be visualized. If
doing so, the pulmonologist may proceed with the
fiberoptic intubation.

Tumor resection is accomplished by using a laser or an
argon plasma coagulation (APC) system through the port
of the bronchoscope. Care must be taken, as with any use
of laser or APC in the airway, to prevent fires. The pul-
monologist and anesthetist will jointly determine the
concentration of oxygen to be used. Although the lowest
concentration of oxygen possible is preferable for the pre-
vention of fires, the patient’s pulmonary condition and
the procedure to be performed may not permit the use of
a low fraction of inspired oxygen. Some procedures may
require intermittent periods of apnea, making use of a
low fraction of inspired oxygen impracticable.

Communication with the pulmonologist performing
the procedure as to the concentration of oxygen is vital.
The pulmonologist and anesthetist must coordinate their
care to maximize patient safety. All attendant personnel
should be thoroughly familiar with the procedural man-
agement of an airway fire.
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Rigid tracheoscopes are used to place stents and to
resect tumors in the trachea. Skeletal muscle relaxation is
provided to facilitate the intubation of the trachea by the
rigid tracheoscope. During rigid tracheoscopy, ventilation
may be accomplished through the side port of the tra-
cheoscope with a jet ventilator.

If mechanical ventilation is used instead of jet ventila-
tion, significant gas leaks may occur because the tracheo-
scope is not cuffed. In this case, the mouth and nose may
be packed with gauze. Nose clips may also be helpful in
preventing gas loss. Damp gauze may be used at the in-
sertion point for instruments into the rigid scope to
prevent leaks. Petroleum jelly-soaked gauze has been
used for this purpose, but it must be remembered that pe-
troleum jelly is an excellent fuel and may trigger an
airway fire; water- or saline-soaked gauze is a better al-
ternative. All intraoral sponges must be accounted for at
the conclusion of the procedure. Even with gauze
packing, a leak may be present. This can be dealt with by
using high gas flows. Oxygen and air may be used at the
appropriate mixture; helium is also an excellent second-
ary gas because of its low density and lack of flammabil-
ity. Total flows of up to 20 L/min may be required for
short periods to overcome the leak in the system. When
large leaks are present, total intravenous anesthesia is
usually used to prevent the personnel in the room from
ambient exposure to waste gasses. Propofol, remifentanil,
and dexmedetomidine are preferred at MD Anderson;
however, other intravenous agents can be used.

The anesthesia circuit may be attached directly to the
tracheoscope’s 14-mm connector. A short, flexible con-
nector will create less pull on the tracheoscope, easing
the process for the pulmonologist. To compensate for the
loss of gas with the leak, the oxygen flush button on the
anesthesia machine may be used, but if laser or APC re-
section of the tumor is being performed, using the flush
valve will increase the concentration of oxygen present.
The flush button should never be used while the laser or
APC is engaged because it may create a blowtorch effect.
In addition, if inhalation anesthesia is being used, the use
of the oxygen flush valve bypasses the vaporizer, and the
inhalation agent concentration will be diluted.

Certain types of tumors may necessitate the use of
spontaneous ventilation. Tumors in the airway may
create a “ball-valve” effect, and air trapping may occur,
creating a situation in which the air enters the lungs but
is unable to exit during exhalation. Cases of tracheoma-
lacia require the consideration of complete tracheal col-
lapse after skeletal muscle relaxation is administered.
Careful consideration must be made among all members
of the team before proceeding. Tracheal collapse and ball-
valve effects are potentially deadly complications. The
team must also consider rescue mechanisms, such as
bronchial intubation with a smaller endotracheal tube in
situations when this may occur.

Spontaneous ventilation may be maintained with
inhaled or intravenous anesthetic techniques. Careful
titration will be necessary to allow the procedure to be
performed yet maintain spontaneous ventilation. The
anesthetist may select the particular drugs to be used.
Sevoflurane, desflurane, isoflurane, dexmedetomidine,
fentanyl, midazolam, remifentanil, and propofol have all
been used. Glycopyrrolate may be administered to reduce
secretions.2 Instillation of 2% lidocaine topically through
the bronchoscope or tracheoscope can be a considerable
help in reducing the amount of coughing during proce-
dures with spontaneous ventilation. The pulmonologist
must account for the total dose of lidocaine instilled
because the lidocaine will be rapidly absorbed into the
bloodstream with direct tracheal instillation. It is possi-
ble, even easy, to administer toxic levels of lidocaine
through tracheal instillation. Plasma levels seen with tra-
cheal instillation are similar to those seen with intra-
venous administration. Because spontaneous ventilation
precludes the use of muscle relaxation, it is not com-
monly performed with a rigid bronchoscope. Traumatic
injury could result from patient movement when using a
rigid bronchoscope.

Patients whose trachea and bronchi are unlikely to
collapse with positive pressure ventilation may be given
muscle relaxants and ventilated mechanically or by hand.
Mechanical ventilation may be used in some cases, de-
pending on the procedure performed. Frequently, tech-
niques used during the procedure will preclude the use of
mechanical ventilation. Such techniques may include
suctioning, disconnecting the connector’s cap to allow
access to the airway for insertion and removal of the
fiberoptic bronchoscope, insertion and removal of flexi-
ble forceps for biopsies, and the use of a rigid broncho-
scope. All of these techniques may cause large leaks, re-
quiring high gas flow from the anesthesia machine and
the frequent use of the oxygen flush valve. In these cases,
controlled ventilation with hand and reservoir bag is pre-
ferred over mechanical ventilation because of the ease of
controlling gas flows, tidal volumes, and respiratory rates
because patient compliance needs may rapidly change.
Jet ventilation has been used for ventilation during inter-
ventional pulmonary procedures.3 The use of the oxygen
flush valve with high gas flow and rapid or low frequen-
cy ventilation rates can be used to provide sufficient
oxygen for gas exchange.

Several types of stents may be used in the airway.4 The
choice of stent type is based on a number of patient-spe-
cific surgical issues and is beyond the scope of this
course. Metal stents (Figure 1) are inserted in the col-
lapsed state, covered with a latex sheath, and then de-
ployed when in proper position. Fluoroscopy may be
used in conjunction with bronchoscopy to determine
position. The stent is continually viewed as it is de-
ployed to ensure that it remains in the proper position.
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During deployment (Figure 2, Figure 3, and Figure 4),
ventilation is usually possible through the side port, al-
though there may be large air leaks. If this or any other
type of stent occludes the airway when deployed, it must
be immediately repositioned. If that is not possible,
pushing the stent into one of the bronchial main stems
as a temporary fix must be considered by the pulmo-
nologist so that ventilation may resume until the stent
can be properly placed.

Rigid stents, usually made out of silicon, may also be
used. They may be tubular stents made to rest over a
small area (Figure 5) or a Y-type of stent that sits at the
carina (Figure 6). The Y stents must be folded, held in a
forceps, and advanced through the rigid bronchoscope.
There are periods during this placement when it may be
impossible to ventilate sufficiently because the folded
stent will occlude the entire trachea during insertion.
Communication between the pulmonologist and anes-

thetist is crucial during stent advancement and place-
ment. When the stent is released from the forceps, it may
not initially be in the correct position. Repositioning may
be required, and ventilation may be difficult or impossi-
ble until the stent is repositioned.

After stent placement, the anesthetist and the operator
must be prepared for possible reintubation and/or subse-
quent bronchoscopy. Although not usually needed, rein-
tubation may be required after stent placement to venti-
late, clear secretions, or to reposition the stent.
Coughing, laryngospasm, and bronchospasm are fre-
quent occurrences after stent placement. Treatment is
similar to what would be used in nonbronchoscopy situ-
ations, with a greater emphasis on the use of topical lido-

Figure 3. Stent in the Process of Deployment

Figure 4. Fully Deployed Stent

Figure 1. A Mesh Tracheal Stent With the Covering
Pulled Halfway Back

Figure 2. Flexible Stent in Constricted Area Before
Deployment
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caine. Coughing can be treated with intravenous codeine
and lidocaine nebulizers. Placement of Y stents at the
carina is particularly likely to induce coughing. Often the
pulmonologist will inject lidocaine into the trachea
before completion of the procedure.

Laryngospasm may occur after removal of the bron-
choscope during emergence and may be treated with
positive pressure and lidocaine. If positive pressure and
lidocaine cannot relieve the spasm, the anesthetist may
have to use small doses of succinylcholine, although
this is usually not necessary. There is no consensus on
whether methods such as early extubation before return
of airway reflexes lower the possibility of laryngospasm.
Bronchospasm is treated with humidified oxygen, al-
buterol, and other bronchodilators. Postprocedure
airway edema can be treated with nebulized racemic ep-
inephrine.

Hemoptysis and stent migration require immediate
rigid bronchoscopy and possible reintubation. Stents
must be replaced to the correct position or removed.
Depending on the source of the bleeding, hemoptysis is a
potentially catastrophic complication. Bronchoscopy for
hemoptysis in a patient with a tracheal or bronchial stent
in place could result in massive blood loss. Advance
preparation should be made to replace large volumes of
fluid and blood in case of erosion through the airway into
a major blood vessel. In addition, the team should con-
sider whether a thoracic surgeon should be consulted and
whether the procedure would be better performed in an
operating room. The possibility of severe bleeding and
the need for surgical intervention make the need to trans-
fer a patient from a pulmonary laboratory to the operat-
ing room a decision that the team should consider before
initiating the procedure.

Consideration for a Patient With Stents 
in Place
Long-term complications of tracheal and bronchial stent
placement include infection and stent migration. Patients
may be admitted to the emergency department with acute
ventilatory impairment following stent migration. Dis -
lodgement of a stent must be suspected in any patient
with a bronchial or tracheal stent who has signs of respi-
ratory distress, obstruction, or bleeding. Rigid bron-
choscopy is required for the repositioning of migrated
stents but may not be available in all facilities or at all
times. Repositioning of silicon stents by the anesthesia
provider with a flexible fiberoptic laryngoscope has been
reported.5 Patients should be given a wallet card and
necklace or bracelet after their stent placement that
should be carried with them at all times so that emer-
gency medical personnel are aware of the stent as a pos-
sible source for respiratory distress.

Another long-term complication that may require
emergency treatment by the anesthetist is granulation
tissue formation with stent obstruction. Granulation
tissue formation at the proximal and distal ends of the
stent causing airway stenosis has been reported in as
many as 81% of patients with stents in place for benign
disease.6 The stent could also cause erosion of the airway,
resulting in hemoptysis. The precise treatment of the
problem will depend on exactly where the obstruction or
bleeding is located, its severity, and the availability of a
pulmonologist or surgeon experienced with the manage-
ment of the issues. The anesthetist will have to consider
a full range of anesthetic and airway tools, including
fiberoptic bronchoscopes, double-lumen tubes, bronchial
blockers, and LMAs. Consultations with an available pul-
monologist, thoracic surgeon, otolaryngologist or other
airway expert should be undertaken whenever possible.

Patients with stents may be admitted for nonpul-
monary surgery. The anesthetist, pulmonologist, and
surgeon will need to jointly devise a plan of care.
Anesthetic techniques that do not require manipulation
of the airway, for example, by a central neuraxial block or
nerve or field block or under monitored anesthesia care,

Figure 5. Silicon Stent for Use in the Trachea or a
Bronchus

Figure 6. A Y-Type of Stent That Sits on the Carina
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are preferred when possible. If general anesthesia is nec-
essary, use of an LMA eliminates the possibility of dis-
lodgment of the stent. The anesthetist must always
prepare for the possibility that endotracheal intubation
will become necessary.

Endotracheal intubation presents several problems for
a patient with a tracheal or bronchial stent in place. First
is the risk of dislodging the stent with the endotracheal
tube. When using a standard laryngoscope, endotracheal
intubation is a blind procedure below the vocal cords. It
is recommended that intubation be accomplished with a
flexible fiberoptic laryngoscope so that direct vision of
the tube and stent can be maintained, providing visual
confirmation that the stent has not been displaced. Blind
intubation can also lead to the complication of the endo-
tracheal tube creating a false passage between the stent
and the trachea (Figure 7). Attempting to pass a tube
through this false passage of weakened trachea could
result in bleeding or perforation, both potentially lethal
complications.

If the endotracheal tube cuff is positioned within the
stent and inflated, there may be a significant air leak
(Figure 8). Depending on whether the stent’s location in
the trachea allows for placement of the endotracheal
tube, placement within the stent may be the only way for
the procedure to proceed. High inspiratory pressures
should be avoided to prevent damage to the already
weakened trachea.

Conclusion
Tracheal and bronchial stent placement present anes-

thetists with the problems of shared airway and airway ob-
struction because of anatomic issues and from intentional-
ly inserted foreign bodies (stents). Preparation and consul-
tation with pulmonologists and/or surgeons performing
the procedures and consideration of the anatomic issues of
the particular patient are essential. The team must develop
a plan and alternative plans for management of the case
and be prepared to execute the plans. Even anesthetists
who do not participate in stent-related procedures should
be aware of them and be prepared to treat patients with
complications of stent placement. Anesthetists must also
be prepared to anesthetize patients with airway stents in
place who are admitted for nonpulmonary surgical proce-
dures. Choosing an anesthesia technique other than
general endotracheal intubation avoids the problems of
dislodgement of the stent, inability to ventilate because of
air movement around the stent, and creating a false
passage with the endotracheal tube. If endotracheal intu-
bation is unavoidable, it should be accomplished under
direct vision above and below the vocal cords.
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